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DISCLAIMER

The contents oftlus report are offered as gwdance Hagler Badly SeMces, Inc, East West Energy Agency
and the Unrted States Agency for InternatIonal Development, and all techmcal sources referenced m tlus report
do not (a) make any warranty or representat1on, express or unplIed, WIth respect to the accuracy,
completeness, or usefulness ofthe mforrnatlon, apparatus, method, or process dIsclosed m thIS report may not
mfnnge upon pnvately owned nghts, (b) assume any babIhttes WIth respect to the use of, or for damages
resultmg from, any mforrnatIon, apparatus, method or process dIsclosed mtlus report ThIS report does not
reflect offiCIal VIewS or pohcles of the above named mstrtutIons MentIon oftrade names or commercIal
products does not constrtute endorsement or recommendatIon for exclUSIve use

QUALITY ASSURANCE STATEMENTS

The contents ofthIS report mclude recommendatIons based on data prOVIded by the chent organIzatIon
measurements made on srte calculatIons and engmeenng Judgement The ConclUSIonS reached were based
on a lmuted engagement of less than ten days duratIon at the enterpnse and not an exhaustIve engmeenng
analysIS Hagler BaIlly SeMces Inc certIfies that thIS report conforms to the level of best commercIal
practIce for mdustnal energy audrts of stmIlar level of effort, as conducted mthe Unrted States ThIS report
has been prepared under the gUIdance of a regtstered ProfeSSIonal Engmeer, lIcensed to practIce m the
Unrted States
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SECTION 1

EXECUTIVE SUMMARY

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

One ofthe programs sponsored by the United States Agency for InternatIonal Development (USAID) IS the
Energy EfficIency and Market Reform Project for RUSSIa (Contract No CCN-0020-C-OO-152-00) As part of
this project, a team of engmeers from East West Energy Agency m Moscow, led by Hagler BaIlly carned out
srte actIvItIes at the OAO Autoagregat facIlity m the lvanovo RegIOn TheIr ObjectIves were to work wIth the
enterpnse personnel and technIcal personnel from Ivenergo and to IdentIfy opportumtIes for unprovements m
energy effiCIency ofthe vanous mdustnal processes at OAO Autoagraget

Durmg the site VIsrt, a vast amount of data was collected on the operatmg charactenstIcs ofthe faCIlIty the
eqwpment mstalled, and the energy usage Metenng and measurements were done at key locatIonS to
detennme the energy usage levels and operatmg effiCIencIes of the eqUIpment All ofthts mforrnatlon was
then analyzed by the energy effiCIency experts and evaluated for areas of potentIal Improvements These
evaluatIons resulted m some recommendatIOns for unplementmg cost-effectIve modrficatlons to Improve the
energy effiCIency ofthe enterpnse

Based on the recommendatIons, the estImated overall savmgs for all energy effiCIency measures for five
measures IS 2,092 rntlhon rubles per year Table lIS a summary ofthese recommendatIons The table shows
each recommended measure and mcludes the estImated costs and benefits, together wIth the SImple payback
for Implementmg these

The management of OAO Autoagregat should reVIew these energy effiCIency measures and the costs and
benefits of each A declSlon on the measures to be Implemented and the determmatlon ofthe financmg for
these should occur as soon as pOSSIble Followmg that, the specrficatlons for eqUIpment and busmess plans
for ImplementatIon Will be wntten These Will be used m determmmg the financmg arrangements Once
approved, the energy effiCIency measures Will be procured and mstalled

Systems, unrts, parts and spare parts for cars are mam products ofthe enterpnse TIll the year 1996 AZLK
factory (Moscow) was the major consumer ofthe products manufactured by the enterpnse

Requrrements m steam and hot water for technolOgIcal purposes as well as heat load ofthe heatmg and hot
water supply systems are met by the enterpnse's own boIler house

Wlule makmg the calculatIons related to the effiCIency of usmg vanous measures the followmg assumptIons
were made

1 The calculatIons ofthe estImates of energy savmg amount were done m natural terms WhIle usmg the
savmg percentage dunng the ImplementatIon of a specrfic measure the estImates were done agamst the
1996 level ofconsumptIon

2 The followmg tanffs for energy resources were used m estImatmg the costs and savmgs m the study

Page 5
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• ElectncIty 450 rubles per kWh
• Natural gas 289,177 rubleslthousand m3 ofnatural gas
• Water consumptIon 300 rubles/m3

3 An exchange rate of 5,700 rubles per U S dollar was used mthe calculatIons of costs and savmgs

4 Dunng the calculatIon oftons of reference fuel mto thousands ofm3 ofnatural gas It was assumed that
natural gas heatlng value was at the level of 8000 Ccallm3 ofnatural gas (reference fuel has heatmg value
of 7000 Ccallkg)

5 Dunng the calculation ofheat losses m the heat supply system expressed m Gcal mto thousands of m3 of
natural gas It was assumed that bOilers efficIency was at the level of 90%

Table 1
Recommended Energy EffiCiency Measures

Descnpnon Umts Annual Annual Cost Simple
No Of Of Energ\' SaVIngs of Payback

Measure Measure Savmgs mRubles Measure m Years

1 Instal1atton ofMetenng K",h 1,0653 4794
on major energy users Gcal 13 897 5582

M 3 1028 308
4783 < 6 months

2 Rehabllttatton of Gcal 3304 1327 500 3 8 ) ears
Condensate RecO\,ery
S)stem

3 Installation of Steam M3 2288 6615 3-1- 2 < 1 month
Traps (1)

-I- Ptpeltne/Stop Valve M3 60 174 29 2 months

Inspeetton & Reparr (1)

5 On-gomg Combustion M3 7334 2121 171 < 1 month
AnalySIS &
AdJusttnents

Total for all Measures Kwh 10653 4794
(2) Gcal 17201 6909

M3 318-1- 2 9218

2092 1 1,0325 6 months

(l) The energy savmgs and costs reflect a smgle measure There are numerous pomts throughout the facIlIty
where these measures are appropnate, hence the costs, and savmgs, will be much greater

(2) The total reflects only a smgle measure as descnbed m (1), the totals WIll be greater as more measures are
accomplIshed

Page 6
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Section 2

Introduction

The purpose of conduetmg the energy audIt at OAO Autoagregat was to collect and analyze appropnate data
and mfonnatlon about the enterpnse and the energy usages wrtlun the facIlrty, then use thIs mfonnatlon to
make recommendations on cost-effectIve measures to mcrease the efficIency level of the plant The process
mvolved the collectIon ofhIstoncal use ofelectncrty, gas, coal and other fuels and theIr aSSocIated costs It
also mvolved some metermg and measurements ofkey energy usmg eqwpment at the facIlrty Thts was done
usmg the most current and sophIsticated energy aud.rtmg eqwpment avaIlable

Page 7
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Section 3

Enterprise Description and Energy ConsumptIOn

In order to better understand the overall sItuatlon WIth the enterpnse and rt==s energy use, rt IS unportant to
look at the charactensncs, operatIons, processes and energy reqUIrements TIus seCtlon proVIdes the
descnptlOn ofthe enterpnse, followed by a descnption ofthe facilIty rtself and then a descnptlon ofthe
energy uses and reqUIrements After that IS a descnptlon ofthe data colleCtlon from the measurements and
metenng that was done dunng the energy audrt

A Enterprise DesCriptIOn

The Jomt Stock pubhc company AO "Avtoagregat" was set up m 1992 and IS a legal successor of Kmeshma
works Avtoagregat that was a part of a system ofthe automobtle productIon concern Moskvtch It IS one of
major enterpnses ofmachme-bUIldmg sector ofRussIa that manufactures unrts, parts and spare parts for cars
Moskvtch, GAZ, LUAZ, UAZ, VAZ Its product hoe mcludes brake systems, body fixtures, front and rear
mountmg, fastenmg parts, metallic fluonne plastIC tape and bearers made of rt

The enterpnse has almost all types ofmodem machme-buIldmg productIon castmg, thermal, forgmg and
pressmg, mechanIcal assembly, weldmg, mechanIcal processmg, mstrumentatIon, pamtmg, etc Automated
Imes, digital control machme-tools, high-tech eqUIpment manufactured by western firms from Italy, BelglUm,
Germany, Japan and other countnes are Widely used

AO Avtoagregat has Its own water distnbution system, water treatment facIlrtIes, a boder house, a power
supply system, a transportatIOn shop, a constructIon facIlIty, etc

There IS a town created around the enterpnse, the assets ofthe enterpnse mclude a housmg complex, a
chIldren's center, a pohclmIc, a hosprtal, a sports center, a SUbSIdiary farm etc

Currently, the enterpnse IS nearly Idle due to a lack of orders for Its products The sItuatIon has been
aggravated over the recent years As IS known, the Moscow Works AZLK wluch IS the parent enterpnse of
the concern has been facmg a lot of difficulttes related to the sales of Its product - cars "Moskvtch' In the
past Avtoagregat formed part of AZLK and had a stable sale ofrts products, 1 e components and spare parts
for cars Moskvtch A change m the form ofownershIp and econOmIC mdependence of Avtoagregat from
AZLK accompanIed by senous econOmIC problems allowed AZLK to gradually refuse to support the
enterpnse, mcludmg Its help m a package of orders development Hopmg to develop m a stable way,
combmmg Its produCtlon work wrth the work ofAZLK, the enterpnse conducted aCtlve constructIon unttl
recently but had to mothball rt by 1996 For example the construCtlon ofa new tron-pig and castmg shop and
a mechanIcal assembly shop was started and practIcally completed (the buddmgs were constructed, but the
eqUIpment was not mstalled) At the moment the construCtlon has been mothballed A modem warehouse WIth
a computenzed system of accountIng was not COnumSSIoned A planned construct1on ofa new boder house
related to the planned expanSIon ofthe major productIon has been suspended for an mdefinrte penod

B FaCIlIty Description

The major organIzatIonal and admtntstrative subdivlSlons ofthe enterpnse are as follows

• MechanIcal shop #1

Page 8
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• Mechamcal shop #2
• AcbrumstratIve general purpose bwldmg #1 (AGB~I)

• Achrumstrat!ve general purpose bwldmg #2 (AGB~2)

• Castmg shop
• Neutrahzatton statIon
• BoIler house
• FIltratIon and flotatIon statIon
• Recycled water supply statIon
• Metalhc fluonne plastIc tape shop (MFPT)
• Mam 110/10 kV step-down statIon
• Compressor house #1
• Compressor house #2
• Heavy od faClhty
• Department of CapItal ConstructIon
• Garage
• Sport complex
• Freezmg statIon
• Warehouses
• SOCIal sphere a pohchmc, a techmcal school, a hostel, a hotel, a housmg complex (lnJcrocbstnct) a pIg

farm, etc

Product Output

The product output volume, by months of 1996, IS presented m Table 2 and m Figure 1 There were 64,227
1nJihon rubles worth ofproducts manufactured m 1996 The productIon mpnor years was 60,315 81nJihon
rubles m 1994 and 115,13 mllhon rubles m 1995 If the State StatIstIcal Agency data IS used as a baSIS, the
mflatlon mdex ill 1995 was about 2 relatIve to 1994, and It was 1 4 ill 1996 relatIve to 1995 Therefore, It IS
pOSSIble to state that the declme m produetxon m 1996 agamst 1994 was 2 8 It appears that the current
productIon output ofthe enterpnse IS only 15-20% ofthe deSIgn capacIty

In addrtlon to thIS It IS necessary to pay attentIon to a lack of rhythInJcal operatIon ofthe enterpnse, declme ill

productIon amounted to 50% ill certam months A SIgnIficant number ofemployees receIve mmImal salanes
wrthout commg to work at all

Table 2 Product Output In the Enterpnse In 1996

Product Type Unit OutDut Volume In 1996
1 2 3 4 5 6 7 8 9 10 11 12 year

Marketable min 6587 6762 3872 5901 3636 4OB3 558 6211 5897 5938 4561 5592 64227
product rub 7

Page 9
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Figure 1 Product Output by the Enterpnse by Months of 1996 a
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C ENERGY CONSUMPTION

The enterpnse AO Avtoagregat is a major fuel and energy consumer Table 3 presents data on consumption of
boller and furnace fuel, electncrty and crty water consumptiOn by the enterpnse over the penod of 1994-1996

Table 3 Energy Resources Consumption by the Enterpnse In 1994-1996

Item Unit 1994 1995 1996
Fuel consumption thousand tons of standard fuel 54710 46664 41907
ElectriCity consumption MWh 59106 51783 37684
Water Thousand m~ 1392 1339 1027

Table 4 and Figure 2 present data on energy resources consumptiOn m cost terms, m thiS case the share of
costs per each energy resource is calculated as regards the total volume ofthe product output (over 1994­
1996)

Table 4 Energy Resources Consumption by the Enterprise In Cost Terms In 1994-1996

Item Unit 1994 % 1995 % 1996 %
1994 1995 1996

Product output ml rub 603158 100 115134 100 62227 100
BOiler and ml rub 2238 37 9373 81 11685 182
furnace fuel
ElectriCity ml rub 1428 24 6448 56 11320 176
consumption
Water ml rub 4325 07 1 1258 1 0 15156 23
Total energy MIn rub 40985 68 16946 147 245206 381
resources

Page 10
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Data on the Energy Resources Consumption In Cost Terms (for 1994-1996)
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As IS clear from the data presented, the share ofenergy resources chd not only mcrease contmuously (rt IS
charactenstic m the mdustry as a whole due to the growth oftanffs over the recent years) but It may have
mcreased more than It should TIus may be explamed by a consIderable declme m productIon and a
sIgnIficant share of relatIvely fixed costs for energy supply ofthe enterpnse It IS typIcal for major enterpnses
(especIally, of enterpnses wIth a town around It), Avtoagregat IS one of such enterpnses large productIon,
auxiliary and resIdentIal premtses requIre heatmg, ventilatIOn and ltghtnmg (though m less degree) regardless
of the load mode ofmaJor productIon facIlitIes It becomes even more sensitIve for enterpnses that were
accustomed to a calm eXistence m the condrtIOns wIth no competitIon on the market for theIr products

Boder-Furnace Fuel ConsumptIon

In 1996,41,907 tons of reference fuel (natural gas and heavy 011) were consumed by the enterpnse for
technolOgIcal purposes and the boIler house operatIon The boIler house and heatmg furnaces ofthe preCIse
castmg shop, thermal and mstrumentatIon shops are major consumers ofnatural gas Fuel OllIS used as a
backup fuel for the boIler house

Tables 5 and 6 present data on major fuel consumtng units ofthe boder house and the productIon accordmgly

Table 7 presents data on the consumption of boIler and furnace fuel m 1996 by months Some data (for
example, consumptIon of boIler and furnace fuel m November of 1996) causes some doubts, that IS why they
were omrtted durmg the analysIS

Page 11
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Table 5 Fuel Consummg Equipment of the AO Avtoagregat Boller House
INFORMATION ABOUT THE EQUIPMENT AND OPERATION OF THE BOllER HOUSE

Pnmary Fuel natural gas
Backup Fuel fuel 011

Type ofthe Amount Capacity Pressure Gross Annual Fuel Annual Standard Fuel Corrvnent
Unit t1h kgf/cm2 Efficiency Consumption Heat Consumption to

Operatin data after thousand Supply Generate 1 Gcal

9 tests reference Gcauto of heat
(actual) units n

Deslon actual
Steam boilers
DKVR20/13

3 20 20 13(9) 92 156 kg r f IGoal gas.fuelol
OE1O·14OM 1 10 10 13(9) 894 159 8 kg r f/Gcal fuel 011

Hot water boilers
PTVM-30#1

1 30 255 20(12) 86 166 1 kg r f/Gcal gas-fuel 01

PTVM30#2 1 30 265 20 (12) 886 161 2 kg r fIGcal gas fuel 01

PTVM-30#5 1 30 255 20(12) 91 160 kg r f IGoal gas fuel 01
TOTAL
steam boilers 18368 102 707
hot water boilers

18425 113454

Table 6 Production Fuel Consummg Equipment of AO Avtoagregat
FUEL CONSUMING UNITS PERFORMANCE

# Unit Type Brand Purpose Amount Capacity Specific Fuel Installed
Consumption Capacity of

Electnc
Dnve

Unit amount
Precision casting shop

1 Unit 695 2 kglh 1CJ0.350 123kgrf/ln 06kW
2 Unit for roasting casting and cooling

675 2 kglh 450 5799 22kW
3 EndogeneratorEN~ 3 m/h 558 o093 kg r f 1m3 35kW
4 Parts normalization furnace 3 kglh 250 104kgrf/ln 17kW
5 Stand for drying ladles and kilns 3 m/h 10-12 119kgrflladle
6 Kiln for drying sand 2 kg/h &lOO 123kgrfltn 10kW
7 Machine for centnfugal casting 2 UnIt 10 2 6 kg r f least mold 4kW

Thermal shop
8 Fumace for heating rods for springs 16 1 kglh 900 71 3 kg r fit 14kW
9 Furnace for tempenng spnngs 1 kglh 900 429 kg rflt 31kW
10 Furnace for heating stabilization bar 1 kg/h 1200 51 2 kg r fit 11 kW
11 Slot furnace Interteck" 1 kgIh 400 1069kgrflt
12 Furnace for tempenng stabilization bars 1 kg/h 1200 184kgrflt 75kW
13 UmtEN~ 7 kglh 558 0093 kg r f 1m3 35kW

Bar stabilIZation line Reno-Industnale
14 Heating furnace 1 kglh 720 698kgrflt 33kW
15 Tempenng furnace 1 kglh 720 31 6 kg r fit 43kW

Spnng line Reno-Industnale

16 Heating furnace 1 kglh 3400 405kgrflt 33kW
17 Tempenng furnace MFPT 1 k~/h 3400 379kgrflt 36kW
18 Endogenerator MK-2 2 mill 558 0093 kg r f 1m3 35kW
19 Deguss furnace ISC 1 m3/h 60 229kW
20 Heatlna furnace 2 m311l 120 236 ka r f Jtn 35kW
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Consumption of Energy Resources by Months of 1996 (data
submItted by the enterpnse)

litem Unit Jan Feb Mar Apr Mav Jun Jut AUQ Sep Oct Nov Dec T

BOiler and Tons of 80358 70037 55664 3632 14187 1362 10215 8613 9006 3200 14755 73318 415
furnace fuel reference

Boller and Geel 56251 49656 38965 25424 0031 9534 7151 0029 63J4 22463 10329 51323 293
furnace fuel

Electnclty Thousand 45698 4ClO2 7 35443 27972 18056 236J1 25510 23567 32546 35319 31274 37826 376f
kWh

City water Thousand 1066 1002 755 71 7 552 561 753 866 1061 987 960 998 102
m3

Figure 3 Marketable Product Output (m min rubles) by Months of 1996 and
a) Consumption of Boller and Furnace Fuel (tons of reference
fuel) and Heat Supply (Gcal) b) Consumption of Electnc Power
(thousand kW/h) and CIty Water (thousand m~
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GeneratIon of Heat Power and Heat Supply to Consumers

The enterpnse has Its own boIler house wrth mstalled steam boIlers and hot water boIler unIts The bOller
house has four steam boilers and three hot water boIlers

• Three boIlers ofDKVR·20/13 type wrth a nommal steam generatIon capacIty of20 tonslhour and 09
MPa operatmg pressure of saturated steam at the exhaust

• One boIler of DE-lO/14GM type wrth a nommal capacIty of 10 tonslhour and a 0 9 MFa operatmg
pressure of saturated steam at the exhaust

• One boIler ofPTVM-30 type wrth a Dommal capacIty of 30 Gcal/hour under desIgn surplus pressure of
12 MPa

• One boIler of PTVM-30M type wrth a nommal capacIty of40 Gcal/hour under desIgn surplus pressure of
12MPa

• One boder ofTVGM-30 type wrth a nommal capacIty 000 Gcal/hour under desIgn surplus pressure of
12 MPa

All ofthe boIlers, except for DE-IO/14GM, are eqUIpped wrth gas and heavy 011 burners Heavy oIl IS used as
a backup fuel m case ofmterrupted natural gas supply or m the event the hmrt ofgas consumptIon at the
enterpnse IS exceeded The boIler DE-lO/14GM fires only heavy oIl

Hot water boIlers proVIde the heatmg and hot water supply system ofthe enterpnse, and supply heat to outsIde
consumers A hst ofeqUIpment that consumes heat (steam and hot water) at the enterpnse IS presented m
Table 8
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Table 8 Charaetenstlcs of the Unrts that Consume Heat (steam hot water)

# Umt Type Number Installed SpecifiC % of Condensate Comments
Brand Energy Capacity of Consumption of Recovery behind
Resource type Electric Drive Heat per One Umt the Umt

kW of Output Gcal
1 Washing 20 40 0

machines
2 Galvanic baths 162 0
3 MeltlnO baths 1 3 0

In 1996, 138,974 Gcal ofheat were supphed to meet the demand ofthe enterpnse

In addrtIOn to Its own uses, the enterpnse supplIes heat to outSide consumers The Houses construction
company (which was Idle when the study was conducted) buys heat m the form of steam Heat for heatmg
and hot water supply (WIth dehvery water) IS delIvered to the follOWIng consumers

• ReSidential mIcrodIstnct (around 30 thousand reSIdents)

• Sport complex
• VocatIOnal school # 13
• Corrective pnson
• ConstructIon and mstallatlon agency

• PolIclmlc
• HospItal complex Sadko
• House constructIon company

In 1996, 77,187 Gcal ofheat were supplIed to outSIde consumers

The heat generatIon by the enterpnse botler house m 1996 IS presented m Table 9 In total, 138,974 Gcal
were supplIed for technologtcal purposes, mcludmg 77,187 Gcal prOVIded to outSide consumers

Table 9 Generation of Heat by the Enterprise BOiler House by Months of 1996 (Gcal)

Item Jan Feb Mar Apr Mav June JulY Aua Sept Oct Nov Dec
Production 22425 23100 18300 9560 4995 4699 3520 3i64 4Cro 11988 10030 23200
purooses
OutSide 16692 14411 13382 8495 680 971 880 436 1802 5397 6436 7605
consumers
Total 39117 37511 31682 18CS5 5675 5670 4400 3500 5895 17385 16466 30805

ElectrIC Power Consumption

The electnc power consumptton, m 1996, IS shown m Table 7 and amounted to 37,684 Moo

The boIler house, metal processmg eqUIpment and electncal heatmg furnaces of the mechanIcal shops,
venttlatlon system and au condrtJ.onmg m the productIon shops are major consumers ofelectnc power

A central step·down 110/10 kV statIon, transfonner substatIon for the reSIdential mIcrodtstnct belong to the
enterpnse The over·the-fence supply of electncrty amounted to 16,373 MWh m 1996

An automated system KTS TsT-5000 has been mstalled to meter electncrty m the entrance feeders ofthe mam
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step-down statIon and the outsIde consumer feeders

At the present tnne, the mstalled capacIty ofthe enterpnse IS 35 MW But due to declme m productIon, the
current actual load IS about 7 MW plus 1 MW for the bOIler house dunng the wmter penod and 0 270 l\fW
dunng the summer penod In thIs case, the capacIty ofthe ventilatIon and arr concbtIonmg system IS estImated
at l!'¥fW

CIty Water Consumption

The total consumptIon of cIty water amounted to 1,027 8 thousand m' m 1996 Data on cIty water
ConSumptIon m 1996 by months IS gIven m Table 7

Metenng Energy Resources ConsumptIOn

To conduct cormnerclal metenng ofthe natural gas consumptIon, a dIaphragm deVIce that records gas supplv
to the boIler house and gas supply for technologIcal purposes IS mstalled at the gas dIstnbutiOD statIon To
meter natural gas consumptIon by each boller, DMl meters are mstalled at each boder, but because of overdue
calIbration checks and certam faults ofthe deVIces, the accuracy oftherr readIngs IS very doubtful

CommercIal electnc power metenng IS lIDplemented at the enterpnse by means of an automated system KTS
Ts-500 On-srte metenng at the enterpnse IS conducted usmg a calculatIon method

Metenng ofheat power generated by the enterpnse'SbOIler house IS conducted by a calculatIon method
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D Measurements and Results

There 1S some consIstency between the schedule for the product output by the enterpnse and the consumptIon
of some energy resources only as regards electnc power consumptIon and cIty water consumptIon

Marketable Product Output and Electnc Power and City Water Consumption by
the Enterpnse by Months of 1996

Figure 4
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Figure 5 Electnc Power Consumption as the Function of Product Output In 1996 In

a) Winter Months (January, February, March, November December)
b) Summer Months (June, July August, September)
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The data obtamed, proVIdes mfonnanon to IdentIfy a fixed component m the schedule of electnc power
consumption WIth a breakdown by summerland WInter months of 1996

• Wmter 1950 thousand kW/h per month
• Summer 1754 thousand kW/h per month

lThe dependence of electnc power consumpnon on the product output by the enterpnse m summer montti8PlJ.8)96
does not have a clear character whIch apparently, mdIcates the predonnnance of non-producnon component m the
electnc power consumpnon It IS an eVIdence of an extremelv low load of the enterpnse producnon capacittes



040 4utoagregat

GIven the avaIlable error of apprOXImatIon of dependence between the electnc power consumed and the
amount ofproduct manufactured, It IS pOSSIble to IdentIfy annual consumptIon of electnc power m the form of
a fixed component at the level of 20,000 thousand kWh wlule the total consumptIon of electnc power at the
enterpnse IS 37,684 thousand kWh ThIS fixed component amounts to about 53% ofthe total

Over recent years, dunng checks and studIes ofnumerous mdustnal enterpnses, non-proportIonal decreases m
the product output and electnc power consumptIon was IdentIfied The rate of decrease m the electnc power
consumptIon IS twice as low as the rate ofdeclme mthe product output due to avadabdrtv of a fixed
component ofthe electnc power consumptIon that sometImes reaches 70' AO Avtoagregat fits organIcally the
group ofthese enterpnses and the problems that It IS facmg are stIpulated by the followmg reasons

• Incomplete workload ofmajor energy consummg technologIcal eqUIpment (electnc furnaces presses,
machme-tools, automated lmes, etc ) and an mcrease m losses related to heatmg and mamtenance of
energy consummg technolOgIcal eqwpment m operatIon condrtlons

• Low level ofautomatIon (for example, a lack OfPOSSIbdttyto adjUst the capacIty ofthe compressor and
pump eqwpment when the compressed au and water consumptIon decreases)

• A necesstty to mamtam relevant temperature mode mthe shops m the condItIons oftheIr partIal load and
forced Idle work durmg mterruptlons m the technologIcal sequence of operatIons related to the product
output (rt refers to hghtnmg ofthe productIon shops m less degree)

ThIS study focuses on the followmg factors

I The mam buddmgs ofthe enterpnse have an area of around 10 000 m3 and more, at the same tune they
are eqUIpped wrth the smgle ventdatlon system and smgle heatIng system

2 The shops electnc supply schemes are loopbacked, that IS, they have multIple feeds from the servIce
entrance

3 The hghtmg system IS dIVIded mto sectIons (m most cases DRL lamps are used), that mclude conSIderable
spans ofthe shop, tummg on and turnmg offthe hght m the sectIons IS manual

The srtuatlon at the enterpnse IS comphcated because ofmothballed bUIldmgs, a warehouse ofmanufactured
products that IS not used, and the costs for energy resources at these facdrtles IS mefficient

An attempt to IdentIfy a fixed component as regards the ctty water consumptIon has gIven the followmg
results
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CIty Water Consumption as the Function of Product Output In 1996 In a)
Wmter Months (January February March November December) b) Summer
Months (June July August September)
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The data obtamed gIves a possibilrty to Identify a fixed cost component m the schedule of crty water
consumption wrth a breakdown by summer2and wmter months of 1996

• Wmter 151 8 thousand m3/month or 708 m3/h
• Summer 9 9 thousand m3/month or 13 5 m3/h

2TAe €Ie~eA€leAee af eleetfle ~awer eaflStlffiJ*leA afl tAe ~re€ltlet etlt~tlt By tAe eAterpfise 11'1 Stlffiffier months
of 1996 IS not very clear which probably means that the non-production component predomma"feseJAt"the
electnc power consumption It IS an eVidence of an extremely low load of the enterpnse productIon
capaCIties
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Or the a, '" :lge annual consumptIon IS more than 40 m3/h 3

The balance ofthe cIty water consumptIon by the enterpnse m 1996 IS as follows

TOTAL CONSUMPTION
Includmg

:::> fixed component
:::> vanable component

10278 thousand m'

3702 thousand m3 (36%)
657 6 thousand m3 (64%)

AccordIng to the data proVIded by the personnel, the steam supplIed to an outsIde consumer (house buddmg
company) amoWlts to 10 tons/h on average The amoWlt of steam supplIed for the aUXlhary productIOn
Section'S electnc power consumptIon ofwluch IS not related dtrectlyto the product output does not exceed 5
tonslh Takmg mto accoWlt that there IS no condensate recovery from these steam consumers forced \\ater
dtstnbution for the generatIon ofthts steam (WIthout accoWltmg for steam losses mthe chemIcal treatment
facilIty) will amoWlt to up to 15 m3/h on average It seems that the balance (40-15=25 m31h) IS the steam
supplted to aUXllIary subdtVIsions and water consumptIon by the admInIstratIve general purpose buIldmgs In
our opmIon, water consumptIon for these purposes may be lowered by at least by 30%, or 65 7 thousand
m3/year

The full-scale work aImed at Identrfymg reserves for savmg cIty water mthe whole enterpnse was not
mcluded mto the program ofthe energy audtt The work can be done mdependently by the enterpnse Itself
prOVIded there IS complete backgroWld statIstIcal mformation on water consumptIon by speCIfic cIty water
consumers, no matter how large they are That IS why, before startmg thIs work, It IS necessary to mstall a
system ofmetenng energy resources consumptIon at the enterpnse as a whole, and metenng cIty water
consumption, m partIcular

It m not only the consumptIon ofbOIler and furnace fuel by the enterpnse as a whole that IS not dIrectly
related to the productton load ofthe enterpnse but the same may be saId about heat consumptIOn at the
enterpnse (WIthout outSIde consumers ofheat)
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Figure 7 BOiler-Furnace Fuel Consumption Heat Supply for Technological Purposes
and Product Output by the Enterpnse by Months of 1996
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F~gure 8 Heat Supply for Technolog~cal Purposes as
the Funct~on of Product Output of the
Enterpr~se by Months ~n V'hnter (a) and
Summer (b) Per~ods of 1996
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The analYSIS ofthe chart that shows heat supply for technologIcal purposes m sununer months (FIgure 8 b)
gIves reasons to believe that the more products were manufactured mthe sununer of 1996, the less heat was
supplted for technolOgIcal purposes (or VIce versa Two explanatIons may be gIven to thIS fact

It IS not heat consumptIon mthe productIon by the heat consummg technolOgIcal eqmpment that accounts
for the major part ofheat supplIed for technologIcal purposes but the heatmg system, heat consumptIon by
aUXIlIary shops and sectIons, losses

2 A conSIderable share of costs for boiler and furnace fuel consumed for technolOgIcal purposes IS passed
on to the outSIde consumers ofheat

Dunng the audrt, only a few ofthe technologIcal consumers ofpower were operatmg At the present tIme, the
mode ofproduct output by the enterpnse IS not only charactenzed by a partIal operatIon ofproductIon
eqUlpment, by also by Its very Irregular operatIon ThIs results m a lack of rhythnucal and an mtermrttent
operatIon ofthe major eqUlpment As a result, It brmgs about mcreased non-productIon expendrtures (losses)
durmg the start-ups/stoppages, mcreased speCIfic costs for manufaetunng one unIt of output that become
espeCIally hIgh m case ofpamalload ofthe eqwpment due to non-proportIonally qwckly mcreasmg speCIfic
losses of energy m tlus case

Thermal Techmcal EqUIpment

The Boller House and CommWllCatlOn Lmes

Four steam bOIlers and three water bollers are mstalled mthe boIler house

• Three bOllers of DKVR-20/13 type WIth a nommal steam generatIon capaCIty of 20 tonslhour and 0 9
MPa operatmg pressure of saturated steam at the exhaust

• One bOIler of DE-I0/14GM type WIth a nommal capacIty of 10 tons/hour and a 0 9 MPa operatIng
pressure of saturated steam at the exhaust

• One boIler of PTVM-30 type WIth a nommal capacIty of 30 Gcallhour under deSIgn surplus pressure of
12 MPa

• One bouer of PTVM-30M type WIth a nommal capacIty of 40 Gcallhour under deSIgn surplus pressure of
12MPa

• One bOIler ofTVGM-30 type WIth a nommal capacrty of30 Gcallhour under deSIgn surplus pressure of
12MPa

All boIlers except for DE-1O/14GM are eqUIpped WIth gas and heavy 011 burners Heavy oIl IS used as a back
up fuel m case of mterrupted natural gas supply or mthe event of an excess over limrt ofgas ConSwnptIOD at
the enterpnse The boller DE-I0/14GM fires only heavy oIl Water bOIlers operate for the heatmg and hot
water supply systems ofthe enterpnse, and to supply heat to outSIde consumers
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BoIler tests were conducted m Aprtl of 1997 Three bollers - # 2, 3, 4 were operatmg Measurements ofthe
content and temperature ofwaste flue gases were made wrth the help ofa portable electronIc flue gases
analyzer FYRlTE 4 The results of boIler DKVR-20/13 #4 testmg are gIVen m Table 1 ofthe Appenchx

It was ImpossIble to adjust the combustion mode by changmg the gas-aIr ratIo as durmg the boder survey a
crack m the bnck lmmg ofthe boIler was found whIch chd not gIve a pOSSIbIlrty to adjUst the combustIOn
mode The results oftestmg boIler DKVR 20/13 #3 are shown m Table 2 ofthe Appenchx The tests were
conducted m two modes steam load of 11 2 tons/h and 18 2 tons/h

WIth the steam load bemg 18 2 tons, the mode photography was made when the aIr flow corresponded to IS
mID ofwater accordmg to the readmgs of a V-manometer, the opttrnal result was at 10 rom ofwater

The results ofthe testmg bOiler TVGM-30 #2 are gIven m Table 3 ofthe Appenchx The tests were conducted
duong one mode water load of 152 Gcal/h wrth gas flow of2627 m3/h

Bouer #2 has been upgraded recently and no adjustment tests have been conducted yet, that IS why the mode
chart IS old The column "Mode Photography" corresponds to the mode that the operator mamtamed at the
moment ofthe tests performance The column "Mode Photography' corresponds to the mode establIshed m
accordance WIth the old mode chart Duong measurements taken to set an opttrnal combustIon mode the
operators were decreasmg aIr surplus m the burners from the control panel In case of small load, the settmg
of a reqUIred air pressure before the burners (and Its mamtenance, whtch IS the most trnportant thmg) IS
dtfficult

Duong the testmg ofthe boIlers DKVR 20/13, measurements behmd the econOmIzers were not accomphshed
due to a lack of flue gas samplmg pomts

It IS pOSSIble to make the followmg conclUSIons based on the results ofthe tests conducted

Gl Mam losses m the boIlers are connected wrth too hIgh values ofthe surplus air ratIO whIch IS stIpulated by
avaIlabIlrty of air suctIon along the flue gases duct and uneconomIcal mode ofnatural gas burnmg (gas-aIr
ratIO) A decrease m thIS ratIO m the expenments conducted allowed to mcrease boder #3 effiCIency
(wrthout takmg mto account the economIzer) by 3-35 %

• It IS necessary to conduct re-adJustment ofthe boliers wrth preparation ofnew mode charts, the use ofold
and overdue mode charts IS madrmssIble

• It IS necessary to use such mchcators ofaIr flow to the burners that It IS pOSSIble to establIsh a reqUIred
flow m case of low loads (at the moment It IS necessary to set pressure ofthe aIr before the burners whIch
IS around several rom ofwater on the 100 rom water scale)

Heat Consumers

The major consumers ofheat power as of Apn124, 1996 are presented m Table 10

Page2S



Table 10 Major Consumers", -tva as of Apnl 20 1996)

040 4utoag~!!llat

# Consumer Steam Dellverv Water
Consumption tJh Possible %of Consumption tJh

Condensate (Gcal)
Recoverv

Mm Max %
1 House bUlldlno company 40 0 5Q.&J Gcal
2 Heaw 011 facllrtv and deaerator • 4 5 -
3 ResldentJal mlcrodlstnct - 5311485-t/h
4 Mechanical shop # 2 8 00% 44Ot/h

(290 and 150 two
connections)

5 AGB-2* - - - 56 tJh
(27 tJh - heating

29tJh
hot water supply)

6 AGB-1* - - - 295/285 t1h
7 Sport complex - - - 735/735 tJh
8 Mechanical shop # 1 3 6 50% 262 t1h

(105 and 157 two
connections)

9 Neutralization station· 05 - -
10 Floatation station· 0 3 - -
11 Castln!:! shop 3 7 50% -
12 CMFT 05 100% -

TOTAL 59 70

The enterpnse supphes heat power to the reSIdentIal rmcrodtstnct ofthe town Kmeshma wrth a total
populatiOn of 30 000 reSIdents Untl1 recently the enterpnse contmued the constructlon ofhouses for rts
employees as well as the constructIon of relevant mfrastrueture (shops, pohclmlcs, hbranes, etc) Because of
dIfficultIes ofthe last two years the enterpnse has reduced the scope ofhousmg constructIon and the allocatIon
of funds to mamtam/repalr the reSIdentIal sector

Wrth the obJectlve of venficatl0n ofthe data submrtted by the enterpnse (and checkIng the mstalled flow
meters) on the dehvery water consumptIon and checlang the balancmg ofthe on-srte system, measurements
were taken ofthe delIvery water flow m the mam pipehnes on the terrrtory ofthe enterpnse The protocols of
the measurements taken are gIven mthe AppendIx (Table 5)

The saId work was performed by the request ofthe enterpnse Measurements were taken ofthe on-srte
heatmg systemJhot water supply Dunng the measunng process possibIlrties ofmodem ultrasomc measunng
deVlces ofthe contact type (that do not need tIe-ms) were demonstrated

Durmg the measurmg process a conSIderable excess ofthe dehvery water consumpnon for the on-srte
reqUIrements was IdentIfied It IS connected wrth the fact that durmg the wmter penod the personnel mamtams
mcreased dehvery water consumptIon for heatmg the enterpnse because ofthe fear 'to de-freeze" the heatmg
system (water arr heatmg radIators used for heatmg the productlon shops IS a bottleneck) Measurements were
taken m ApnI23-24, 1997,1 e at the end ofthe heatmg season, when the aIr temperature was above the zero,
but the aIr heatmg radIators contmued workIng mthe "wmter" operation mode It resulted m an mcreased
temperature ofthe delIvery water m the return lme Due to a lack of computenzed metenng deVlces, the
personnel dtd not even suspect that the operatIon mode ofthe on-srte heatmg was mefficient As a result ofthe

4* In tlus Table and further In the text * mchcates aUXIlIary SUbchVlSIOns energy consumptlon of wmch If'~IeJ.ated
chrectly to the product output
5 In this Table and further m the text numbers m the fractlons correspond to flows m the chrect (numerator) and the
reverse (denommator) chrecnons that were measured dunng the audit
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measurements It became possIble to prepare balances of flows and temperatures and calculate accurate value
ofthe surplus flow The work was performed mdependently by the personnel ofthe enterpnse WIth the use of
the measurements results As result oftlus, It was pOSSible to reduce the dehvery water consumptIon for 00­

sIte purposes by 40% (around 400 tJh)

The measurements taken durmg the on-sIte work showed agam a necessIty for mstallatIoo ofthe automated
system for energy resources flow control

Electncal TechDlcaI EqUipment

As has been stated preViously, the boller house, metal-workmg eqUIpment and electnc heatmg furnaces ofthe
mechamcal shops, the system of ventUanon and au conc1rtIonmg mthe product1on shops are major consumers
ofthe eleetnc power

The central 110/10 kV step-down transformer substatIon for the reSIdentIal ffilcro-dtstnet belongs to the
enterpnse

The charaetenstIc features ofthe transformer substatIons are presented mthe Table
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Production Shop # ofthe Number of Capacity kVa Voltage
Substation Transformers hlgh/low kV

Each total
Central step-dOWl'l 2 15000 35000 110110
substation 110/10 20000
Mechamcal shop #1
KTP-6 2 1000 2CXD 10kVoU4kV
KTP-7 1 1000 1000
KTP-8 1 1000 1000
KTP9 1 1000 1000
KTP 10 2 1000 2CXD
KTP 11 2 1000 2CXD
KTP 12 1 1000 1000
KTP-13 1 1000 1000
KTP-42 1 1000 1000
Mechamcal shop #2
KTP 14 2 1000 3200 10kVoU4kV
KTP 15 2 1000 3200
KTP 17 2 1000 3200
KTP 18 2 1000 3200
KTP 19 2 1000 3200
KTP-67 2 1000 3200
Casting shop
KTP-2 1 1000 1000 10kVoU4kV
KTP-3 1 1000 1000
KTP-4 2 1000 2CXD
KTP-5 1 1000 1000
NeutralIZation station
KTP-31 2 400 8CO 10kVI04kV
Flotation statIon
KTP-30 2 400 8CO 10kVI04kV
Pig farm
TP 29 2 63J 1200 10kVoU4kV
Recycled water station
TP-29 2 1000 2CXD 10 kVI04 kV
Metallic f1uonne tape shop
KTP 21
KTP22 1 1000 1000 10kVI04kV

1 1000 1000
BOiler house
TP20 3 1000 3000 10kVoU4kV
Second 11ft station
KTP32 2 400 8CO 10 kVIO 4
Mlcrodlstnct
TP 1 -TP 13 24 7780 10 kVIO4kV

The compressor eqUIpment mstalled at the enterpnse has the followmg features

Compressor type Amount Capacily Pressure Capacity of Electnc Average Annual
mlmln kgf/cm2 Dove kW Electnclty Consumption

1000 kWh
K 200-612 20 250 8 1000 68550
VP-2M-1a:i018 20 20 8 125 196
2VP-1~9 1 63 8 320 499

There are no arr flow meters m any ofthe compressors

Energy and technolOgIcal modes m most ofthe production processes are mterrelated, at the same tune
maxunal productiVIty ofthe technolOgical eqUIpment WIth mmlffial specific electnc power consumption
corresponds to optnnal energy modes
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It should be noted that due to a lack of on-sIte metenng of electnc power consumptIon at the enterpnse It IS
very dIfficult to obtam the actual balance of electnc power consumptIon Therefore, It IS nearly ImpOSSIble to
detennme the electnc power expendttures by specIfic Items of revenues and expendttures (for each type of
productIon, lIghtnmg, ventIlatIon, transport losses m the networks, losses m the transformers, etc

A htgh pnortty task to help mcrease the efficIency ofelectnc power ConSumptIon IS the mstallatlon of a
computenzed system of electnc power metenng at the enterpnse Thts will prOVIde the data to analyze the
electnc power ConSumptIon at the enterpnse and obtam objectIve data to make the followmg decISIonS

• Optnnalload ofthe eqUIpment mstalled m specIfic shops and sectIons

• RegulatIon ofthe enterpnse load dunng peak hours

• Lowenng customer contract demand WIth the control ofthe consumptIon dunng the peak hours, WIthout
allowmg the demand to exceed the set figure whIch wIll allow to exclude the payment of penaltIes

A lack of rhythnucal use of eqwpment results m lower overall load factor for the enterpnse Dunng the audtt,
only a few ofthe technolOgIcal consumers ofpower were operatmg At the present tIme, the mode of product
output by the enterpnse IS not only charactenzed by a partIal operatIOn ofthe productIon eqwpment, by also
by Its very Irregular operatIon
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SectIOn 4

Recommended Energy Efficiency Measures

A Potential Energy Efficiency Measures

The energy auchtors mvestigated as many potentIal efficIency measures as possIble mthe tIme budgeted for
the project Subsequent to tillS, the most cost-effectIve measures are recommended for lffipiementatlon by the
enterpnse Some ofthe potentIal energy efficIency measures are not reasonable because ofthe long payback
penod, or very hIgh lDltJ.al cost Those measures mthe recommended lIst consist of actIons that have slffiple
paybacks ofless than 3 years GIven the econormc conchtlons m RUSSIa, thIS seems hke the most reasonable
maXlIDum tIme penod for the measures to be paId for by the savmgs

B Recommended Cost-Effective Measures

The followmg are the recommended energy efficIency measures for AO Autoagret to undertake to reduce rts
energy costs and nnprove the efficIency ofthe enterpnse

PROJECT 1 THE INSTALLAnON OF COMPUTERIZED SYSTEM OF COMPLEX ENERGY RESOURCES
METERING ON THE BASIS OF THE TECHNICAL EQUIPMENT COMPLEX (TEe)
"ENERGIA"

The Purpose ofthe PrOJect

JustIficatIon

OrganIzatIon of CommerCIal and On-srte Metenng of Energy
Resources ConsumptIon

At the moment the enterpnse pays rts bIlls for energy resources consumed m the followmg way

• Electncrty based on the readmgs ofthe electncal meters
• Natural gas based on the readmgs ofthe gas meter WIth a dIfferentIal pressure gage DP-7780
• Crty water based on the readmgs ofwater meter

On-srte and shop metenng ofgeneratIon and consumptIon offuel and energy resources IS nearly unavaIlable

The mstallatIon ofthe system of commerCIal metenng of receIved energy resources, consumed eleetncrty, heat
WIth steam and hot water, crty water, compressed aIr WIll allow the enterpnse to consIderably mcrease the
possIbIlrty for analyzmg the consumptIon of fuel and energy resources, make deCISIons on the optImal load of
specIfic shops and SectIonS, lower customer contract demand for electncrty and control Its consumptIon dunng
peak hours WIthout allowmg rt to exceed the customer contract demand and through thIS measure exclude
payment ofpenalties

The metenng of generatIon and consumptIon of steam for technologIcal purposes ofthe enterpnse WIll allow
to conduct analysIS ofheat consurmng unIts operatIon, effiCiency oftherr operatIon, IdentIfy places of losses

GIven the fact that the boIler house ofthe enterpnse supplIes steam and cogeneratIon water to over-fence
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consumers and m spite OftlllS, It cannot meet all reqwrements of an expandmg resIdentIal complex the
mstallatIon ofthe computenzed metenng of cogeneratIon and crty water consumptIon IS an urgent task for dIe
enterpnse

The specIalIsts ofOAO "IVELEKTRONALADKA' performed the study to IdentIfy an estImated cost ofdIe
TEC system 'EnergIa' whIch must be compatIble WIth the TEC TsT-500 mstalled at the enterpnse and
desIgned for metenng electncrty at the substatIon 110/10 kV

We propose the mstallatIon of 380/220 B electncal meters for the on-sIte metenng of electnc power
consumptIon - 20 units, mstallation ofthe eqwpment to get mformatIon on the steam flow m the summer and
wmter pIpe run, gas flow m the bouer house and for technolOgIcal purposes, development of commercIal gas
metenng system m the gas dIstnbution statIon

As far as the boIler house IS concerned, It IS planned to mstall computenzed system ofmetermg raw water
consumptIon, make-up water consumptIon, water flow through water boders, steam consumptIon wrth the
breakdown by all consumers, steam generatIon by boIlers from #1 to #7, control over pressure and temperate
ofthe heat carner m the system ofthe heat supply ofthe enterpnse and the reSIdentIal rrucrodIstnct

EstImated costs for the development of a complex system ofmetenng energy resources were prepared by tlIe
speCIalIsts ofOAO 'IVELEKTRONALADKA (see Supplements)

Capital Investments

A complex ofworks to mstall the system IS estImated at the level of 478 3 11llllIon rubles (83 9 thousand
$USA)

Energy Resources Savmgs

In the world practIce, computenzed systems ofmetenng consumptIon are not looked upon as dIrect energy
savmg measures In tlIe modem world, It IS difficult to conduct reasonable (planned, econo11llcallyJustified
etc ) energy savmg polIcy WIthout havmg complete background mformatlon about the facIlrty as a whole, and
about Its energy consummg subdiViSIons m partIcular Therefore, the avaIlabIlrty of thIS system must be
looked upon as an oblIgatory conditIOn for a normal operatIon oftlIe enterpnse At the same tIme, expenence
related to tlIe mstallatIon of analogous systems at oilier facI1rnes allows an analyst to forecast the savmg of
energy resources For example, at tlIe moment It IS ImpOSSIble to separate "day' consumptIon ofelectncrty
from the "mght consumptIon from the pomt of View of commerctal metenng At tlIe same tIme It IS ImpOSSIble
to perform analysIS of on-site electncIty consumptIon to JUstIfy a transfer of specIfic subdIViSIons/sectors of
the enterpnse to a mght operatIon (It IS an urgent Issue espeCIally for powerful electnc furnaces)

Durmg a subsequent analYSIS of mformation whIch the system wIll collect, a development of a polIcy for
lowenng energy consumptIon at the enterpnse that would be JustIfied from the techmcal pomt ofView and,
which IS more Important, from the econ011llC pomt ofView

It IS Important to note that the system as such does not save energy resources It IS an mstrument that m
skIllful hands allows to SIgnIficantly lower (up to 50% m known cases) energy consumptIon

As regards to tlus enterpnse, an evaluatIon ofthe effiCIency ofthe system mstallatIon (one year) can be made
at the followmg level
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• Electnc power up to 5% of electnc power consumptIon by the enterpnse proper
(1,0653 thousand kWbJ479 4lDllhon rubles/84 1 thousand $USA)

• Heat power up to 10% ofheat consumptIon at the enterpnse m the terms ofnatural gas consumptIon
(13,897 Gcal/1,930 thousand m3 ofgas/ 558 2 lDl1lIon rubles/97 9 thousand $USA)

• Water up to 10% of total consumptIon
(1028 thousand m3

/ 30 8 lDllhon rubles/54 thousand $USA)

TOTAL, all energy resources 1187 4 lDllhon rubles/187 4 thousand $USA

Penod of Caprtal Rgpayrnent (m relatIve terms) Less than SIX months

PROJECT 2 Rehabilitation of the System of Condensate Recovery at the Enterprise

The Purpose ofthe ProJect

Justrficatlon

Lowenng Heat Power ConsumptIon for Pre-Heatmg ofthe Crty Water
to Recover Losses of Condensate m the Boiler House Steam Cycle

At the moment there IS no system ofthe condensate recovery at the enterpnse The system was mcluded mto
the project ofthe factory, rt was partIally mstalled, but rt was not completed by the tIme ofthe major
productIon bUlldmgs cormmsslonmg At a later stage whIle new productIon facIlrties were added, the system of
condensate recovery was "forgotten' Now rt IS completely dIsmantled (stolen)

Now all condensate IS dIscharged to the sewage system, that IS why there are steam losses arotUld practIcally
all dram shafts

A lack ofthe condensate recovery system results m the sItuatIon when m order to recover rts losses, rt IS
necessary to mtake crty water and subject rt to chelDlcal treatment m the chelDlcal treatment facIlIty at the
bOller house In case ofthe condensate recovery, rts temperature would be arotUld 90°C Fresh cIty water has
an average annual temperature at the level of 8°C Consequently, the recovery ofthe condensate losses WIth
fresh water results m addrtlonal energy consumptIon to heat the latter from 8° to 90°C (the temperature of
recovered condensate)

Caprtal Investments

As the Issue was not developed as a proJect, we shall take caprtal costs to rehabIlrtate the system ofthe
condensate recovery at the estImated level

500 mIllion rubles (87 7 thousand $USA)

Energy Resources Savmgs

In accordance WIth the data submrtted by the personnel, steam supply for technolOgical purpose 15 estImated at
the followmg level
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• In wmter Up to 8 tJh
• In summer up to 15 tJh

Average annual steam supply for technologIcal purpose wtll amount to around 11 5 tJh

The cIty water comes at the average annual temperature of 8°C We assume that the recovered condensate
would have the temperature of around 90°C In the Optnlon ofthe personnel ofthe enterpnse, the recovery of
the condensate IS possIble at the level of 40-50% We shall take the value of 40% for our calculations We
shall neglect losses m the lme ofthe cheIDlcal treatment facillty

ExceSSIVe electnc power consumptIon wtll amount to

II 500 kglh x 40% x (90-8)OC x 1 Ccal/(kg 0c) 24 h1day x 365 days/year =3304 Gcal, whIch m the terms of
natural gas consumptIon (90% of boIlers effiCIency, heatmg value of gas bemg 8000 Ccal/m3

) Wlll amount to

3304 Gcal/90o/o/8000 Ccal/m3=
4589 thousand m3 ofnatural gas/132 7 IDlllion rubles/23 3 thousand $USA

Penod of Caprtal R~ayment Three years and ten months

PROJECT 3 Installation of Steam Traps 18 the Steam Consum18g EqUipment

The Purpose of the ProJect

JustIficatIon

Lowenng Heat Losses W1th Flymg Steam at the Steam Consummg
EqUipment (boIlers, kilns)

Dunng the performance of works to conduct the energy study, a complete lack of steam traps at the steam
ConSUIDlOg unIts was Identified GalvanIC baths and bOllers ofheatmg and hot water supply systems may be
referred to major steam consummg unIts Not a smgle unIt has a steam trap In connectIon wrth thIS, certam
part of steam IS not used m the unIts properly and "fues' through them, W1thout gIvmg Its full thermal
potential Such losses are madmlssible and should be hqUidated

There IS no condensate recovery at the enterpnse as the condensate IS discharged to the sewage system The
presence of the flymg steam m the condensate IS confirmed m part by a hIgh steam losses ofthe dramage
shafts on the temtory of the enterpnse

Caprtal Investments

30 steam traps are reqwred to be mstalled As the mstallatIon ofthe steam traps can be conducted usmg the
funds ofthe enterpnse Itself, the amount of caprtal mvestments equal the cost ofpurchased eqUipment and IS
estImated at the level of

342 IDlihon rubles (6000 $USA)

Energy Resources Savmg
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Accurate estunatlon ofthe flymg steam share IS mrpossible Dunng the estunatlon of tins measure efficlencv
we proceeded from the losses ofthe condensate at the level of 10% A breakthrough ofthe steam and Its
subsequent 10% loss results m excessIve consumptIon of fuel to generate It at the level of25%

In accordance WIth the data submrtted by the personnel, steam supply for technologIcal purposes IS estunated
at the followmg level

• In wmter up to 8 tIh
• In summer up to 15 tIh

Average annual steam supply for technological purpose WIll amount to around 11 5 tIh

In the terms ofnatural gas ConSumptIon possIble savmgs (steam pressure m the units IS 4 bars efficIency of
boIlers IS 90%, heatmg value ofgas IS 8000 Ccal/m3

) WIll amount to

11 500 kg/h x 654 Ccallkg x 25% x 24 h/day x 365 days/year/90%/8000 Ccal/m'::::
2288 thousand m3 ofnatural gas/ 661 5 rntllion rublesll16 1 thousand $USA

Penod of CapItal Repayment Less than one month

PROJECT 4 Inspection ofPtpelmes and Stop Valves ofthe Thermal Techmcal EqUipment ofthe
EnterprIse, LIqUidatIOn of Identified Leaks and Defects

The Purpose ofthe ProJect

JUsttfication

Determmatlon of Condrtions of Pipeimes and Stop Valves of Thermal
TechnIcal Eqmpment WIth the Aun ofFmdmg Defects (Developmg a
Plan for Valves Replacement)

Dunng the survey of the enterpnse steam leaks were Identrfied m the steam collector near the galvamc baths
locatIon m mechamcal shop # 2, m the conneetmg pipelmes ofthe baths, m the mlet ofthe steam pipeime m
mechanIcal shop # 1 GIven a present state of affaIrs at the enterpnse, much attentIon has to be devoted to
steam transportatIon and use Presence of dtrect leaks from the steam plpelmes IS madmtsslble In addrtion to
thIS, takmg mto account that steam pipelmes load IS much less that the deSIgn load, steam transportatIon IS
Imked wIth mcreased spectfic heat losses That IS why not permrtted steam flows are madmtsslble The above
saId IS referred to the network water used m the system of heatmg and hot water supply to a less degree We
thmk that It IS necessary to conduct a large-scale mspectlon of all plpelmes and stop valves of the thermal
technIcal eqwpment ofthe enterpnse

CapItal mvestments

Based on our esttmates, m order to conduct a large-scale mspectlon ofall thermal technIcal eqwpment ofthe
enterpnse, It IS necessary to use the servtces of speclahzed firms that have dtagnostIcs eqwpment A
multtpurpose ultrasonIC deVIce 'ULTRAPROBE 2000" one ofthe functIons ofwluch IS IdentIficatIon of
leakages ofthe stop valves IS a very suItable deVIce for these purposes



EstImated labor costs are as follows one spectahst wrt.h a deVIce IS to work durmg three davs

2 9 mllhon rubles (500 $USA) IS a maXJrn.a1 cost

Energy Resources SaVIngs

InspectIon as such WIll result m an energy saVIng effect only as regards the lIqUIdatIon of drrect leakages to the
atmosphere VIsually we estImate steam leakages IdentIfied durmg the survey at the level of300 kgJb

In the tenns ofnatural gas consumptIon, possIble savmg WIll amount (steam pressure mthe unIts was
assumed to be 4 bars, effiCIency ofthe boIlers was assumed as 90%, heatmg value ofthe steam was assumed
as 8000 Ccallm3

) to
300 kglh x 654 Ccal/kg x 25% x 24h/day x 365 days/year/90o/018000 Ccal/m3=
60 thousand m3 ofnatural gas/17 4 nullIon rubles/3 0 thousand $USA)

In addrtlon to thIS, based on the results ofthe mspectlon, It WIll be possIble to develop a program for
repamng/replacmg the stop valves, the ImplementatIon ofwhIch WIll allow to lIqUIdate non-productIOn
consumptIon ofheat power

Penod of CapItal Repayment Two months

PROJECTS Higher EffiCiency of CombustIon by PerIOdical Control of the Combustion Mode
WIth the Help of the Portable Gas Combustion Analyzer

The Purpose ofthe ProJect

Justrficatlon

Lowermg Heat Losses that Result from Changes m the Charactenstlcs
ofBOller Untts mthe OperatIon and Inaccurate PreparatIOn of
OperatIon Charts AvailabIlrty ofthe deVIce gIves the personnel the
posslbIlrtyto make dIagnostICS ofthe bOIlers and take tnnely measures
to hqUIdate defects

It has been estabhshed that due to avaIlable suctIons of aIr along the path as well as due to mefficlent
combustion modes, at the moment the content of oxygen mthe waste gases ofthe boIlers exceeds SIgnIficantly
optImal values It IS connected, firstly, WIth a lack ofadjustment ofthe gas-au ratIo durmg the organIZatIon of
the fuel combustion process, and secondly, WIth mcreased suctIons ofair mthe botlers

Dunng the survey It was establIshed that bOIler DKVR-30/13 # 4 was operated mthe mode under whIch gas
losses together WIth waste (q2) amounted to 28% agamst 11% m the mode chart An attempt to adjUst the gas­
aIr ratIo faIled the oxygen content practIcally dId not change when the operator tned to adjUst It In order to
find what caused It, a detailed survey ofthe boIler unrt was conducted An all through crack m the bnck hne
(up to 70 em long) was found mthe upper part ofthe frontal wall ofthe furnace (praetlcally over the furnace)

The operatIon ofthe botler unrt mthese condItIons IS not permISSible

Durmg the adjustment process at boIler DKVR 30/13 # 3, we managed to lower losses WIth waste gases by 3­
3 5% through optnmzmg the combustIon mode
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Fme adjustment ofthe combustIon process m case ofwhIch the struggle to save 1-3% of fuel IS waged IS
ImpossIble WIthout the use ofmodem accurate dIagnostIcs deVIces Portable gas combustIon analyzers allow
to Implement accurate measurmg ofthe content of smoke gasses optImIze the combustIon mode and keep
account ofthe boIlers condrtIons durmg the operatIon

In order to mcrease the fuel combustIon efficIency, we recommend to eqwp the boIler house WIth such a
deVIce

CapItal Investments

The purchase of a portable multIcompoment analyzer (02, CO, NO, t, efficIency) that IS 3000 $USA IS
suggested for the boIler house

CapItal mvestments amount to 17 1 nulhon rubles (3000 $USA)

Energy Resources Savmg

EstImated potenttal for savmg IS up to 2% ofthe fuel consumed wiuch m the terms ofnatural gas consumptIon
IS

7334 thousand m3/year ofnatural gas, or 212 1 nulhon rubles/year (37 2 thousand $USA)

Penod of CapItal Repayment Less than one month



5 APPENDICES

Table 1 Results of Testmg BOiler DKVR- 20/13 # 4

040 4.utoagregat

Item Mode Chart Photooraphv of the Mode
Temperature of the air on the burner ·C 9

Temperature of exhaust oases from the bOiler ·C 250 325
02 content In % 28 128
C02 content In % 102 46
CO content In ppm 0
NOx content In ppm 44
Ratio of air surplus behind the bOiler 1 15 256
Losses with exhaust Qases In % 11 0 282

Table 2 Results of Testing BOiler DKVR 20/13 # 3

Item Mode Photography Optimal Mode Chart Photography of Optimal
Chart of the Mode Mode (182 tJh) the Mode Mode

(11 2 tJh)

Temperature of the air 9 9 9 9
on the burner ·C
Temperature of 29J 305 286 345 331 317
exhaust gases from
the boiler ·C
O2content In % 68 90 69 42 70 45
C02 content In % 94 67 79 94 78 92
CO content In DDm 0 0 9 0 0 100
NOx content In ppm 55 64 64
RatiO of air surplUS 143 175 148 122 15 127
behind the boiler
Losses with exhaust 14 189 154 172 180 150
oases In %

Table 3 Results of Testmg BOiler TVGM 20/13 # 2

Item Mode Chart Photography of Photography Optimal
(11 2 tIh) the Mode of the Mode Mode

Temperature of the air on 9 9 9
the burner ·C
Temperature of exhaust 190 135 137 135
gases from the boiler ·C
O. content In % 32 37 47 40
C02 content In % 100 96 91 95
CO content In DDm 0 1866 2 48
NOx content In DDm 59 76 78
RatiO of air surplus behind 1 16 1 21 128 123
the boiler
Losses with exhaust gases 84 59 63 60
In%

P"lTp':l7
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PUBLIC JOINT STOCK COMPANY
"IVELEKTRONALADKA"

153002, Ivanovo, ul KalOlOa, d 5, tel 37-44-26,32-83-84, fax 32-83-84
INN 3729003630, settlement account 10 the Ivanovo SavlOg Bank of the RF MFO 42406608,
correspondent account 600164908 (cor account In Ivanovo and the Ivanovo region 164508)

# EquIpment and Type of Work Amount Cost of one Total Cost Completion
Unit Penod

Technical audit and development of the 24000000 24oooCJC:C 2 months
woOOng prOject for the computerized system
for metenna electnc DOwer and heat

2 General work Cost of equipment
Personal computer
Input board 1 5000000 5000000
Uninterrupted power supply 3 1 200 000 3600000
Software 1 2000000 2000000
TEe Energla version 5
DE 443 5000000 5000000
Graphics ADS 1000000 1000000

TOTAL general work 3000000 3000000
19600000

3 Matanng electnc power

31 Cost of equipment
Data collection deVice 4 1800000 7200000
E44M1
Electnc meters 3-phase 20 600000 12000000
UFI 55 250000 13750000
Terminal blocks SK-20 1000000
Cables (In m)
KVVG4x15 900 400 3600000
KVVG7x15 900 7000 6300 000
KVVG 19x1 5 100 15800 1580000
WIre PV1x1 5 300 623 186900
Cost of equipment 45 616900

32 Installation work
Installation of UFIIn the meters
Meters installation
USD installation
Cable laYIng
Installation work total

30000000 1 month

33 Checkout works
Meters checks
Installation checks
Software tUning
Checkout works total 20000000 1 month
TOTAL metenng electnc power

95616900

4 Metanng heat



41 Cost of eqUipment
USD E443 10 2500000 25000000
Sapfir 22DD 26 3500000 91000000
Sapfir 2201 14 23))000 32200000
Sapfir 22DA 3 2500000 7500000
Thermal resistance 25 3))000 7500000
Regulating transducer 25 800000 20000000
Protection equipment 25 100000 2500000
Power supply BP-36 20 800000 16000000
Cases 2 2000000
AUXlllanes for Instrumentatlon InstallatIon
Cables (In m) 5000000
KWGe4x15
KWGe19x15 1100 5644 6200400
Cable PV 1x1 5 1400 17120 23968000
Cost of equipment 3)) 623 186900

2390633:0

42 Installation works
Cases fabncatlon
Installation of USD power supply Units
regulating transducers secondary
commutation
Installation of pnmary transducers
Cable laying
Installation works total

50000000 2 moths

43 Checkout work
Laboratory checkIng of pnmary transducers
USD BP SH-9OO resistance
thermometers
USD programming
Checking installation quality
Pnmary transducers connection
Software tumn

Checkout works total 50000000 1 month
TOTAL metenn heat 3390633:0

TOTAL 478280200

Leadmg speCIalIst ShevtsovVV

0-10 -1utOQgre~at
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Protocols for Conducting Gas CombustIOn AnalysIs with the Help of the Device
FYRITE4

COMBUSTION ANALYZER
REVISION - 0 5

ID BACHARACH INC
SER NO 0000000000000

TIME
DATE
TEST NO 14

TIME
DATE
TEST NO 12

FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 135
AMBIENT TEMP<C> 23
%02 40
% C02 95
PPM CO 48
PPM CO(UNDIL) 59
PPM NO (ONVD) 78
PPM NOX(UNDIL) 95
LAMBDA 123
qA 60

FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 135
AMBIENT TEMP<C> 23
%02 36
0/0 C02 97
PPM CO 1129
PPM CO(UNDIL) 1354
PPM NO (ONVD) 68
PPM NOX(UNDIL) 81
LAMBDA 120
qA 59

TIME
DATE
TEST NO 13

TIME
DATE
TEST NO 11

FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 135
AMBIENT TEMP<C> 22
%02 35
% C02 97
PPM CO 813
PPM CO(UNDIL) 975
PPM NO (ONVD) 69
PPM NOX(UNDIL) 82
LAMBDA 120
qA 58

FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 135
AMBIENT TEMP<C> 22
%02 37
% C02 96
PPM CO 1866
PPM CO(UNDIL) 2257
PPM NO (ONVD) 59
PPM NOX(UNDIL) 71
LAMBDA 121
qA 59



TIME
DATE
TEST NO 10

LAMBDA 125
qA 149
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FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 137
AMBIENT TEMP<C> 23
%02 47
% C02 91
PPM CO 2
PPM CO(UNDlL) 2
PPM NO (ONVD) 76
PPM NOX(UNDIL) 97
LAMBDA 128
qA 63

TIME
DATE
TEST NO 9
mB Press 32

TIME
DATE
TEST NO 8

FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 317
AMBIENT TEMP<C> 26
%02 45
% C02 92
PPM CO 100
PPM CO(UNDIL) 126
PPM NO (ONVD) 64
PPM NOX(UNDIL) 81
LAMBDA 127
qA 150

TIME
DATE
TEST NO 7

FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 318
AMBIENT TEMP<C> 26
%02 42
% C02 94
PPM CO 1037
PPM CO(UNDIL) 1296
PPM NO (ONVD) 53

PPM NOX(I INOn ) 66

P""p41



TIME
DATE
TEST NO 6

TIME
DATE
TEST NO 3
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FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 331
AMBIENT TEMP<C> 25
%02 70
% C02 78
PPM CO 0
PPM CO(UNDIL) ---
PPM NO (ONVD) 79
PPM NOX(UNDlL) 118
LAMBDA 1 50
qA 180

FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 305
AMBIENT TEMP<C> 21
%02 90
% C02 67
PPM CO 0
PPM CO(UNDIL) ­
PPM NO (ONVD) 65
PPM NOX(UNDIL) 113
LAMBDA 175
qA 189

TIME
DATE
TEST NO 5

TIME
DATE
TEST NO
mB Press

2
- 55

FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 286
AMBIENT TEMP<C> 25
%02 69
% C02 79
PPM CO 9
PPM CO(UNDIL) 13
PPM NO (ONVD) 64
PPM NOX(UNDIL) 94
LAMBDA 148
qA 154

TIME
DATE
TEST NO 4

FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 280
AMBIENT TEMP<C> 23
%02 50
% C02 89
PPM CO 2246
PPM CO(UNDIL) 2942
PPM NO (ONVD) 27
PPM NOX(UNDIL) 35
LAMBDA 131
qA 136

TIME
DATE
TEST NO 1

FUEL NGAS
PRIMARY TEMP<C> 9
STACK TEMP <C> 325
AMBIENT TEMP<C> 12
% 02 128
% C02 46
PPM CO 0
PPM CO(UNDIL) ---
PPM NO (ONVD) 44
PPM NOX(UNDIL) 112
LAMBDA 256
qA 282

TEST PERFORMED BY

COMMENTS
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Table 5 Protocols for Conducting Gas Combustion AnalysIs with the Help of the Device
FYRITE4

10 s
000010 s
Mass Flow

05mm
Steel Normal

ADM6402-00000250
STORED
230497/105337

5

1590 mm
45mm

\DEVICE
\MODE
\START
Par Record
Meas POint No 4 23-04
Pipe
Outer DIameter
Wall Thickness
Roughness
Pipe Matenal

IImng WITHOUT LINING
Medium Water
Medium Temperat 20 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance 39 mm
Dampmg
Storage Rate
PhysIc Quant
Umt Of Measure [Uh]
Numb Of Meas Val
\DATA

-2914
-2895

ADM6402-00000250
STORED
230497/1016 18

10 s
000010 s
Mass Flow

5

\DEVICE
\MODE
\START
Par Record
Meas POint No 1 23-04
Pipe
Outer Diameter 89,0 mm
Wall Thickness 3,5 mm
Roughness 0 5 mm
Pipe Matenal Steel Normal
lining WITHOUT LINING
Medium Water
MedIum Temperat 65 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance -8 mm
Damping
Storage Rate
PhysIc Quant
Unit Of Measure [Uh]
Numb Of Meas Val
\DATA

-2985
-2905

ADM6402-00000250
STORED
230497/103931

10 s

05mm
Steel Normal

000010 s
Mass Flow

ADM6402-00000250
STORED
230497/11 0329

4

1590 mm
45mm

\DEVICE
\MODE
\START
Par Record
Meas POint No 5 23-04
Pipe
Outer Diameter
Wall Thickness
Roughness
Pipe Matenal
lining WITHOUT LINING
Medium Water
Medium Temperat 20 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance 39 mm
Damping
Storage Rate
PhysIc Quant
Unit Of Measure [Uhl
Numb Of Meas Val
\DATA

3734
37,22

10 s
000010 s
Mass Flow

6

\DEVICE
\MODE
\START
Par Record
Meas POint No 3 24-04
Pipe
Outer Diameter 89 0 mm
Wall Thickness 3 5 mm
Roughness 0,5 mm
Pipe Matenal Steel Normal

lining WITHOUT LINING
Medium Water
Medium Temperat 65 C

Trancducer Type M02·018
Sound Way Reflection
Transd Distance -8 mm
Damping
Storage Rate
PhysIc Quant
Unit Of Measure [Uhl
Numb Of Meas Val
\DATA

27,22
2593



0-10 {utoagregat

3140 mm
70mm

Reflection
161 mm Dampmg

Water
90 C Trancducer Type

1 5

ADM6402-00000250
STORED
23 04 97/11 40 51

10 s
000010 s
Mass Flow

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 7 23-04
Pipe
Outer Diameter 3140 mm
Wall Thickness 7 0 mm
Roughness 1 0 mm
Pipe Matenal Steel Normal
lining WITHOUT LINING
Medium Water
Medium Temperat 90 C

Trancducer Type M02-018
Sound Way ReflectIon
Transd Distance 161 mm
Dampmg
Storage Rate
PhYSIC Quant
Unrt Of Measure [Uh]
Numb Of Meas Val
\DATA

-290,35
-29086

10mm
Steel Normal

000010 s
Mass Flow

ADM6402-00000250
STORED
230497/11 2538

\DEVICE
\MODE
\START
Par Record
Meas POint No 5 23-04
Pipe
Outer Diameter
Wall Thickness
Roughness
Pipe Matenal
Immg WITHOUT LINING
Medium
Medium Temperat
M02-018

Sound Way
Transd Distance
10 s
Storage Rate
PhysIc Quant
Untt Of Measure [Uh]
Numb Of Meas Val
\DATA

375

3140 mm
70mm

Reflection
161 mm Dampmg

Water
90 C Trancducer Type

7 3

10 s
000010 s
Mass Flow

ADM6402-00000250
STORED
230497/11 5206

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 8 23-04
Pipe
Outer Diameter 214,0 mm
Wall Thickness 7 0 mm
Roughness 0 5 mm
Pipe Matenal Steel Normal

IInmg WITHOUT LINING
Medium Water
Medium Temperat 20 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance 79 mm
Damping
Storage Rate
PhYSIC Quant
Unrt Of Measure [Uh]
Numb Of Meas Val
\DATA

-43,66
-43,54

10mm
Steel Normal

000010 s
Mass Flow

ADM6402-00000250
STORED
230497/11 3718

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 6 23-04
Pipe
Outer Diameter
Wall Thickness
Roughness
Pipe Matenal

Immg WITHOUT LINING
Medium
Medium Temperat
M02-018

Sound Way
Transd Distance
10 s
Storage Rate
PhYSIC Quant
Untt Of Measure [Uh]
Numb Of Meas Val
\DATA

-290,86
-290,09



ADM6402-00000250
STORED
2304 97/121356

13

ADM6402-00000250
STORED
2404971093747

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 1 24-04
Pipe
Outer Diameter 520,0 mm
Wall Thickness 10 0 mm
Roughness 1,0 mm
Pipe Matenal Steel Normal
lining WITHOUT LINING
Medium Water
Medium Temperat 70 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance 316 mm
Damping 10 s
Storage Rate 00 00 05 S
PhysIc Quant Mass Flow
Umt Of Measure [tlh]
Numb Of Meas Val
\DATA

106806
1071 60

42,8
429

14

610
61 0

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 9 23-04
Pipe
Outer Diameter 3140 mm
Wall Thickness 7 0 mm
Roughness 1 0 mm
Pipe Matenal Steel Normal
lining WITHOUT LINING
Medium Water
Medium Temperat 70 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance 162 mm
Dampmg 10 s
Storage Rate 00 00 05 S

PhysIc Quant Mass Flow
Umt Of Measure [tlh]
Numb Of Meas Val
\DATA

-530,31
-532,09

ADM6402-00000250
STORED

230497/12 16 37

3140 mm
70mm

10mm
Steel Normal
WITHOUT LINING
Water

70C

21

62,1
621

39

ADM6402-00000250
STORED
240497/094428

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 2 24-04
Pipe
Outer Diameter 520 0 mm
Wall Thickness 10 0 mm
Roughness 1,0 mm
Pipe Matenal Steel Normal

IInmg WITHOUT LINING
Medium Water
MedIum Temperat 70 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance 316 mm
Damping 10 s
Storage Rate 00 00 05 S
PhysIc Quant Mass Flow
Umt Of Measure [tlh]
Numb Of Meas Val
\DATA
-996,67
-995,26

378
376

1023-04

\DEVICE
\MODE
\START
Par Record
Meas POint No
Pipe
Outer Diameter
Wall Thickness
Roughness
Pipe Matenal

lining
Medium
Medium Temperat

Trancducer Type M02-018
Sound Way Reflection
Transd Distance 162 mm
Damping 10 s
Storage Rate 00 00 05 S
PhysIc Quant Mass Flow
Umt Of Measure [tlh]
Numb Of Meas Val
\DATA

484,76
48502

END OF TRANSMIS 230497/125408
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19

ADM6402-00000250
STORED
240497/095455

12

,.JM6402-00000250
STORED
240497/102230

\MODE
\START
Par Record
Meas Pornt No
Pipe
Outer Diameter 89 0 mm
Wall Thickness 3 5 mm
Roughness 0 5 mm
Pipe Matenal Steel Normal

hnrng WITHOUT LINING
Medium Water
MedIUm Temperat 70 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance -7 mm
Damprng 10 s
Storage Rate 00 00 05 S

PhysIc Quant Mass Flow
Umt Of Measure [t/h]
Numb Of Meas Val
\DATA

-2213
-2240

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 2 24-04
Pipe
Outer Diameter 520,0 mm
Wall Thickness 10,0 mm
Roughness 1 0 mm
Pipe Matenal Steel Normal

IIn109 WITHOUT LINING
Medium Water
Medium Temperat 70 C

Trancducer Type M02·018
Sound Way Reflection
Transd Distance 316 mm
Dampmg 10 s
Storage Rate 00 00 05 S
PhysIc Quant Mass Flow
Unit Of Measure [t/h]
Numb Of Meas Val
\DATA

105958
1060,99

10

ADM6402-00000250
STORED
240497/100227

15

ADM6402-00000250
STORED
240497/103351

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 4 24-04
Pipe
Outer Diameter 210 0 mm
Wall Thickness 5 0 mm
Roughness 0 5 mm
Pipe Matenal Steel Normal

IInmg WITHOUT LINING
Medium Water
Medium Temperat 20 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance 75 mm
Dampmg 10 s
Storage Rate 00 00 05 S
PhySIC Quant Mass Flow
Unit Of Measure [t/h]
Numb Of Meas Val
\DATA

26,35
2658

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 3 24-04
Pipe
Outer Diameter 89 0 mm
Wall Thickness 3,5 mm
Roughness 0,5 mm
Pipe Matenal Steel Normal

IInmg WITHOUT LINING
Medium Water
Medium Temperat 70 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance ·7 mm
Dampmg 10 s
Storage Rate 00 00 05 S
PhYSIC Quant Mass Flow
Unit Of Measure [t/h]
Numb Of Meas Val
\DATA

1707
17,09
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35

ADM6402-00000250
STORED
240497/104722

11

ADM6402-00000250
STORED
240497/140010

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 7 24-04
Pipe
Outer DIameter 89,0 mm
Wall Thickness 4 0 mm
Roughness 0 5 mm
Pipe Matenal Steel Normal

IInmg WITHOUT LINING
Medium Water
MedIum Temperat 70 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance -7 mm
Dampmg 10s
Storage Rate 00 00 05 S
PhysIc Quant Mass Flow
Umt Of Measure [Uh]
Numb Of Meas Val
\DATA

2963
2942

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 5 24-04
Pipe
Outer Diameter 58 0 mm
Wall Thickness 4 0 mm
Roughness 0 5 mm
Pipe Matenal Steel Normal

IImng WITHOUT LINING
Medium Water
Medium Temperat 20 C

Trancducer Type M02-018
Sound Way Face-To-Face
Transd Distance 20 mm
Damping 10 s
Storage Rate 00 00 05 S
PhysIc Quant Mass Flow
Unit Of Measure [Uh]
Numb Of Meas Val
\DATA

-0,90
-078

9

ADM6402-00000250
STORED
240497/135828

9

ADM6402-00000250
STORED
240497/1411 58

\DEVICE
\MODE
\START
Par Record
Meas POint No 8 24-04
Pipe
Outer Diameter 160,0 mm
Wall Thickness 5 0 mm
Roughness 1 0 mm
Pipe Matenal Steel Normal

IImng WITHOUT LINING
Medium Water
Medium Temperat 50 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance 45 mm
Damping 10 s
Storage Rate 00 00 05 S
PhysIc Quant Mass Flow
Umt Of Measure [Uh]
Numb Of Meas Val
\DATA

-7367
-7341

\DEVICE
\MODE
\START
Par Record
Meas POint No 6 24-04
Pipe
Outer Diameter 89,0 mm
Wall Thickness 4 0 mm
Roughness 0,5 mm
Pipe Matenal Steel Normal
IInmg WITHOUT LINING
Medium Water
MedIum Temperat 70 C

Trancducer Type M02-018
Sound Way ReflectIOn
Transd Distance -7 mm
Dampmg 10 s
Storage Rate 00 00 05 S

PhysIc Quant Mass Flow
Unit Of Measure [Uh]
Numb Of Meas Val
\DATA

-2894
-2866
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10

ADM6402-00000250
STORED
240497/141323

20

ADM6402-00000250
STORED
240497/143331

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 11 24·04
Pipe
Outer Diameter 219 0 mm
Wall Thickness 8 0 mm
Roughness 1 0 mm
Pipe Matenal Steel Normal
Immg WITHOUT LINING
Medium Water
Medium Temperat 60 C

Trancducer Type M02·018
Sound Way Reflection
Transd Distance 91 mm
Dampmg 10 s
Storage Rate 00 00 05 S
PhysIc Quant Mass Flow
Unit Of Measure (t/h]
Numb Of Meas Val
\DATA
·156,95
-15660

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 9 24-04
Pipe
Outer Diameter 160 0 mm
Wall Thickness 5 0 mm
Roughness 1,0 mm
Pipe Matenal Steel Normal

IInmg WITHOUT LINING
Medium Water
Medium Temperat 50 C

Trancducer Type M02·018
Sound Way Reflection
Transd Distance 45 mm
Dampmg 10 s
Storage Rate 00 00 05 S

PhYSIC Quant Mass Flow
Unrt Of Measure [t/h]
Numb Of Meas Val
\DATA

7291
7284

12

ADM6402·00000250
STORED
240497/142358

9

ADM6402·00000250
STORED
240497/144419

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 12 24-04
Pipe
Outer Diameter 159 0 mm
Wall Thickness 4 0 mm
Roughness 0 5 mm
Pipe Matenal Steel Normal
IInmg WITHOUT LINING
MedIum Water
MedIum Temperat 20 C

Trancducer Type M02·018
Sound Way Reflection
Transd Distance 38 mm
Dampmg 10 s
Storage Rate 00 00 05 S
PhySIC Quant Mass Flow
Unit Of Measure [t/h]
Numb Of Meas Val
\DATA

-2430
-24,43

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 10 24-04
Pipe
Outer Diameter 219 0 mm
Wall Thickness 8 0 mm
Roughness 1 0 mm
Pipe Matenal Steel Normal

Immg WITHOUT LINING
Medium Water
Medium Temperat 60 C

Trancducer Type M02·018
Sound Way Reflection
Transd DIstance 91 mm
Dampmg 10 s
Storage Rate 00 00 05 S

PhySIC Quant Mass Flow
Unit Of Measure [t/h]
Numb Of Meas Val
\DATA

10463
10498



6

ADM6402-00000250
STORED
2404 97/1447 37

\DEVICE
\MODE
\START
Par Record
Meas Pomt No 12 24-04
Pipe
Outer Diameter 159 0 mm
Wall Thickness 4 0 mm
Roughness 0 5 mm
Pipe Matenal Steel Normal
IImng WITHOUT LINING
Medium Water
Medium Temperat 20 C

Trancducer Type M02-018
Sound Way Reflection
Transd Distance 38 mm
Dampmg 10s
Storage Rate 00 00 05 S

PhYSIC Quant Mass Flow
Unit Of Measure (t/h]
Numb Of Meas Val
\DATA

-2269
-2250-------,_._-

END OF TRANSMIS 240497/151844
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