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1 EXECUTIVE SUMMARY

In March-May of 1998 OAO Perm lIme-sandpanels plant, Perm City underwent an energy audit
wlthm the framework of a project "Pilot project of mtroductlOn of power savmg technologies" under
USAID Program The study was performed by Russian experts In close contact with the facIlIty
personnel All the calculatIOns and conclusIOns were done on the baSIS of an mstrument survey of the
facIlIty power system, as well as of the data prOVided by the chief power engmeenng department

The purpose of the audit was to evaluate pOSSible savmgs of energy resources and to apply the
resultmg conclUSIOns and recommendatIOns as the baSIS for further development of a structural
approach to power savmgs at the enterpnse

Heremafter are the results of the audit

• The pnmary way of energy savmg lIes In the reductIOn of gas fuel and, consequently,
of steam consumption The payment for natural gas compnses 15% m the productIOn
cost of commerCial product and 50% of payments for natural resources (refer to
Figure 1 1 )

• The plant suffers from the lack of proper accountIng and analySIS of energy resource
consumptIOn by separated faclhtles ThiS IS a necessary conditIOn for power savmg
The relIabIlity of performance of gas and steam flow meters should be checked

• Cellular concrete products are the highest demand compared WIth other goods
produced by the plant The cellular concrete shop IS has been operated for 30 years It
has become worn out and obsolete and currently IS bemg re-eqUlpped

• The plant has a large production area and the length of the steam and compressed aIr
plpehnes results m conSIderable power losses In the wmter, due to the Irregular
operatIOn, the condensate lmes penodlcally freeze and the compressed aIr lmes must
be kept pressunzed regardless of whether air IS consumed It seems reasonable to
move the steam and compressed air sources closer to their consumers In the course
of the re-eqUlpment of the cellular concrete shop, a mIni-bOIler house wIll be
mstalled at the autoclave area With capacity of 7 t/h of steam It wIll result 111 the
reductIOn of speCific fuel and electnc power consumptIOn for steam productIOn and
reductIOn of heat losses The apphcatlOn of a higher steam pressure 111 the course of
the autoclave concrete cunng will Improve the concrete strength propertIes and
reduce the autoclave loadmg and reduce the speCific steam consumptIOn per umt of
commerCial product The sWltchmg of smaller consumers of compressed air to
portable compressors at the locatIOn of air consumptIOn WIll result m the reductIOn of
compressed aIr losses and lower electriC power consumptIOn by the compressor
statIOn

• The pnmary way for steam savmgs at the enterprIse IS the utlhzatlOn of the steam
currently discharged durmg the autoclaves unloadmg It should be used m heat
exchange for water heatmg for the hot water supply system Currently It IS heated 111

the water boIler house The envIronmental Impact of this process IS also of great
Importance as the steam dIscharged to the atmosphere IS contammated WIth OIls and
paraffin WhIle bemg utIlIzed In the heat exchange the steam wIll undergo complete
condensatIOn, WIth the resultmg condensate sent to the sewage system

• The bOIler house of the plant produces saturated wet steam and due to the long length
of the steam hnes, the consumers receive steam With high condensate content Due to
the high contam1l1atlon, thiS condensate IS only low amount ofused 111 the boIler
house The mstallatlon of separators Will allow reduction 111 the steam humIdIty and
Will return clean condensate to the boIler house



• An air dryer IS necessary to enhance the compressor station performance Also, state
of-the-art ball valves and clamps mstallatIOn 'Will reduce leaks (the pnce IS $8 and
$0 23 per one piece, respectively)

• The mstallatIOn of an automatic electnc po'Wer metenng system Will make It possible
to mtroduce nIght rate for electnc power and also for payments of the nommal
capacity durIng the hours of maximum load In accordance with the actual obtaIned
values It wl1l reduce the nommal capacity by 10% Rescheduling of the performance
of the mills In the cellular concrete shop, with their stoppage durmg the mornmg
hours of maximum load, will reduce the nomInal capacity by 400 kW

• An electnc dnve system audit revealed that In many cases, as with fans and
conveyors In particular, the motors of Increased capacity are used ThiS results In
motor mefficlency In the course of maIntenance and repair, It IS recommended that
the motors be replaced with those of a lower capacity

Water
7%

Fuel
50%

Electnc power
43%

Figure I I Breakdown of payments for energy resources

ElectriC power
19%

Fuel
81%

Figure 1 2 Breakdown of energy resources consumption (tons of standard fuel)

Below there IS a list ofthe recommended power saVIng projects (refer to Table 1 )



Table 1
Recommended power savmg projects

No Project UUlt Savmg Project Payback
Thou Rbi cost tune

No-cost proJects
I Load optImIzatiOn of steam-cure Gcal 5600 225 - -

umts at hIgh-densIty concrete
production

2 OptimizatlOn of the mIlls KW 400 332 - -
operatIOn schedule at cellular
concrete shop purposed to
reduce nommal capacIty for
hours of maxImum load

3 OptImIzatIOn of the operatIOn of Tons of 73 18 - -
pIt lIme furnaces standard

fuel
Low and medIUm cost proJects

4 UtIlIzation of steam of unloaded GCal 7800 314 300 11 months
autoclaves

:1 Condensate drum mstallatlOn at GCai 450 58 2 1 month
facmg tIle shop water 1330

6 Disconnectmg separate chambers GCal 2074 83 8 1,5 month
whIle heatmg mactIve filler

7 ConverslOn of cellular concrete GCal 883 35 70 2 years
shop heatmg system from steam
to water
HIgh cost projects

8 InstallatIOn of separate low Thou 1094 295 260 1 year
capacIty compressors for small kWh
compressed aIr consumers

9 IntroductIOn of automatic Thou Rbi - 200 500 2,5 years
electrIc power metermg system

10 Reduction of heat and electrIC ton of 191 574 2000 3,5
power consumption standard 347

fuel
GCal

The recommended projects WIll result 10 sav10g of heat energy of 17, I 54 GCal or about 2,745 tons of
standard fuel, that IS 264 tons of standard fuel for gas and 1094 MWh of electnc power The
enterpnse WIll decrease payments due to the reductIOn of nommal capacIty at the hours of maXImum
load and 1OtroductIOn of mght rates by 532 thou RbI, and WIll reduce treated water losses by 1330
m3 The total fuel sav10g WIll comprise 3009 tons of standard fuel or 2663 thou m 3 WIth consequent
reductIOn of carbon dIOXIde dIscharge by 107 thou m3 In cash savmg, expendItures and mean
payback tIme WIll be 2,134 thou Rbi, 3,140 thou Rbi and I 5 year, respectively



2 INTRODUCTION

The purpose of the energy audIt ot AD Perm hme-sand panels plant was to accumulate and analyse
the data and mformatlOn on the plant and Its power consumers WIth the subsequent applIcatIOn of thIs
mformatlOn to recommend an effiCIent program of energy savmg In the course of the audIt
retrospective data on power consumptIOn, gas and other energy resources consumptIOn and respectIve
expendItures were obtamed

State-of-the-art Instruments were used durmg the audit mcludmg electrIc power analyzers, gas
analyzers, ultrasonic flow meters, electronIC thermometers and other deVIces



3 PLANT DESCRIPTION

The open Jomt stock company Perm lzme-sandpanels plant was constmcted 10 1956 and the hme
sand concrete has been produced smce 1966 The plant mcludes the followmg subdIvISIOns lIme
burmng shop, facmg ttle shop, cellular concrete shop, hIgh-densIty concrete shop, steam and water
heatmg botlers and, a compressor statIon The mIx and annual productIOn quantItIes of the malO
commerCIal products are shown III Table 3 1

Table 31
Commercial products mix aud quantIties ID 1997

No Month Cellular concrete, m' HIgh-densIty Facmg tIle, m2 LIme, t
concrete, m3

1 January 2,533 1,482 2,416 2,052
2 February 3,210 1,478 3,215 -
3 March 3,701 1,422 2,636 2,210
4 AprIl 4,086 1253 1,946 -
5 May 2,248 788 1,894 2,220
6 June 4,426 1 741 2,322 684
7 July 6,322 1,377 3,126 1,911
8 August 7,844 1,805 1,546 2,029
9 September 6,308 264 3,143 1,345
10 October 6,751 940 2,942 1,429
11 November 4,083 642 2,544 1,661
12 December 4,798 533 2,218 826
13 Year 56,310 13 755 29,948 16,367

The plant IS supplIed wIth the followmg utIlItIes natural gas, electnc power and water MedIUm
pressure natural gas (6 atm) IS used for lIme burnmg m pIt furnaces and durmg heat productIOn m a
bOIler CommerCial gas consumptIOn IS controlled separately for the botlers and for the lIme shop A
gas dlstnbutIOn umt has one flow meter DSS-712 for the steam botler, two flow meters DSS-712 for
the water heatmg botler, one flow meter DSS-711 for the lIme plant and two flow meters DSS-711 for
the gas dlstnbutIOn statIOn The entire plant gas consumptIOn IS controlled With the help ofKSDI
002/DM-3583 flow meters In 1997 the plant consumed gas and fuel oIl (backup) III the amount
eqll1valent to 22,695 t and 747 t of conventIOnal fuel, respectIvely

ElectrIC power IS supplIed to the plant by three feeders 35 kVeach two feeders from the
Akulovskaya substatIon to GPP PZSP and one feeder from the Proletarskaya substatIOn to GPP
Kaskad From GPP, the power at 6 kV IS supplIed to 13 plant transformer substatIOns, theIr
speCIficatIons are shown 10 Table 32



Table 3 2
Transformer substatIOns specificatIOns

No SubstatIOn Voltage, Transfonner type Number of Notes
maxfmm,kV transfonners

1 GPP Kaskad 35/6 TDNS-10000 2
2 GPP PZSP 35/6 TM-4000 1
., TP-1 6/0 4 TM-lOOO 3 1 stand-by,)

4 TP-2 6/0 4 TM-180 3 1 stand-by
5 TP-3 6/0 4 TMZ-400 1
6 TP-4 6/04 TM-400 1
7 TP-5 6/04 TM-180 1
8 TP-6 6/0 4 TM-400 1

9 TP-7 6/04 TM-320 1
10 TP-8 6/0 4 TM-400 1
11 TP-l1 6/0 4 TMZ-1000 1
12 TP-12 6/0 4 TMZ-630 2 1 stand-by
13 TP-13 6/0 4 TMZ-630 1
14 TP-14 6/0 4 TMZ-I000 1
15 TP-15 6/04 TMZ-I000 2 1 stand-by
16 TP-19 6/0 4 TM-400 2 1 stand-by
17 TP-I0 6/0 4 TM-400 2

The operatmg voltage of the power eqUIpment IS 380 V Three compressors of the air compressor
statIOn use 6 kV The prmclpal electrIC power supply scheme of the plant IS shown on FIgure 3 1

The electnc power consumption IS measured by three active po\\er electnc meters mstalled at the
service entrances In 1997, 16,842 MWh were consumed For the settlements with the sub-consumers,
27 electrIC meters are mstalled at OPP (15 meters of active PO\\ er and 12 meters of reactive power)
Meters mstalled at 20 transformers 6/04 kV measure the plant consumptIOn of electrIC power

The plant utIlIzes plpelme and artesIan water for both process and utilIty needs, and m the coolIng
systems of the compressors In 1997, the plant consumed 179 thousand m3 ofplpehne and 166 m3 of
artesian water

Process steam IS generated at a steam bOIler house with 6 bOIlers three DKVR 65113 and three
DKVR 10113 bollers Hot water for the plant and settlement heatmg and for the hot water supply
system IS produced at the water heatmg bOIler house with 4 bollers two kV-OM-130 and two
reconstructed DEV-1 0-140M bOIlers

Compressed air IS produced by the compressor statIOn eqUIpped with three 2VM-I 0-63/9
compressors of 63 m3/hour capaCIty and two compressors of20 m'lhour capacity Compressed aIr IS
used for cement unloadmg from raIl cars and ItS pneumatic transportatIOn from the sIlos to the
consumptIOn drums It IS also used for pneumatIC transportatIOn of ground lIme to the process, as well
as for the pneumatic control of eqUIpment at different areas, and other aUXIlIary needs

The prIonty processes of the plant are the cellular concrete productIOn (Shop No 1), the hIgh-denSity
concrete productIOn (Shop No 7), the facmg tile shop and the lIme shop

3 1 Cellular concrete shop

The cellular concrete productIOn process mcludes the followmg stages gnndmg of lump lIme and
wet gnndmg of sand m ball mliis Ground lIme and sand are sent by the pneumatIc expander tube
pumps to the concrete mixer where the components are mrx.ed With gaSifier (alummum powder) The
resultmg mix IS poured mto a form where It gets bloated and settles, provldmg the mlt1al wet strength
Two mam types of cellular concrete products are produced panels and non-remforced blocks At the
block productIOn, the bloated concrete mix at the stage of a proper wet strength IS cut mto blocks of
needed dimenSIOns The concrete gets ItS brand strength m the course of steam CUrIng m an autoclave



where the blocks are heated wIth steam at 8 atm pressure and 178°C Autoclavmg takes 16 hours The
resultmg condensate IS contammated with Olls and paraffin from the formwork lubncatIOn and cannot
be returned to the bOllers The condensate IS mamly discharged to the sewer system and IS partly used
m the process of concrete mix preparatiOn Under the process conditions the steam from cunng
should be sent to the newly loaded autoclave However, as the productiOn capacity IS not used
completely and productiOn IS random the steam at 4 atm IS used for heatmg water m a 20 m3 tank by
bubblmg At a pressure below 4 atm, the steam IS discharged to the atmosphere, as the water head
does not permit purgmg Hot water IS used for heatmg of a greenhouse and some of the plant
faclhties

Structures for remforcmg the cellular concrete are produced with steel bars at the remforcement area
of the shop with the help of multi-spot and smgle-spot weldmg machmes

The shop design output IS 91 8 thou m3
, current shop output IS 61 2% of capacity In accordance to

productiOn process plant norms, the energy resources consumptiOn are the fol1owmg 430 MCal of
steam, 130 m3 of compressed air, 06 m3 of water and 24 kWh of electnc power per 1 m3 of concrete

The mam process eqlllpment specificatiOn IS shown m Table 3 3

Table 33
SpecIficatIon of mam process eqUIpment for compact concrete

No EqUipment Type Number DimenSIOns, m Output Year of com-
capacity mlsslonmg

1 Autoclave, m' AT-36-21 6 36 x 21 66,6 1967-1969
AT-36-27 2 36 x 27 88,8 1989-1990

:2 Lime mill t/h SM-1456AUZ 3 - 8 1996
3 Sand mill, t/h SM-1456 AUZ 3 - 8 1996
4 Expander tube pump, TA-23B 2 - 14,4-19 1992

m'/mm
3 Sand mill, t/h SM-1456 AUZ 3 - 8 1996

The shop operation regime depends on the demand of commercial products normally one shift, S
workmg davs a week m wmter and two shifts every day at other seasons

3 2 High-denSity concrete shop

The high-densIty concrete shop consists of S process trams dlffenng by the type of steam curmg
umts Tram 1 uses slotted steam chambers for products processmg, Tram 2 uses cassette umts for thiS
purpose, Tram S uses Pit chambers, Tram 3 uses Pit chambers and speCial formwork, Tram 4 uses
cassette Ul1lts and speCial formwork

The high-denSity concrete productiOn process mcludes the followmg stages Cement supplIed to the
plant m cement trucks and rail cars IS unloaded with the help of compressed aIr by expander tube
pumps (TA-lS, capacity 12 m'/mm) to sIlos, wherefrom It IS sent by pneumatic screw pumps to
process drums A NPV-63 pneumatic screw pump of22 m3/mm capacity supphes cement to a mIxer
Neutral fillers, sand and gravel are dehvered to the plant by raIlway and unloaded to the open storage
area by a system of conveyers, wherefrom the other conveyer system sends It to the concrete mixer
Nonreactive fillers and cement are mrxed m a concrete mixer With addition of an appropnate amount
of water Concrete mix IS unloaded to a concrete placmg machme From the placmg machme,
concrete IS unloaded to a Vibrator table With a prehmmary laid remforcement At Vibrator table
concrete achieves high denSity Brand strength IS obtamed by the concrete m the course of steam
cunng both by sharp and dead steam at 80°C durmg 10 hours Fabncated products are stnpped of the
forms and transported to the storage area by a travelmg crane Steam from the bOiler house IS at S atm



and downstream of a rehef valve 1 1 atm and 112°C The process trams specification IS shown III

Table 34

Table 34
Process norms of energy resources consumptIOn

Tram Umt Output capacity, m3/d Steam consumptIOn, t/h Year of
No commlsslOmng

1 Slot chamber No 1 50 3,900 1987
Slot chamber No 3 50 150

2 Cassette No 1 20 8,625 1987
Cassette No 2 19 1987
Cassette No 3 19 1983
Cassette No 4 19 1983

'"' Pit chambers 1,2267 1988.)

No 1-10 1,083
4 SpeCial formworks 1,893

ShL-l,2 1 83 1987
SK-I-6 213 1993-1995
VentilatIOn UnIt 16 1987
StraIghtway UnIt - 1995
LM-l,2 068 1988
KKS-l 4 095 1414 1993

5 Pit chambers No 1,4,7, - 925 1993
10

3 3 Facmg tile shop

The shop deSign output IS 350 m2 of tile per day that IS eqUIvalent to 10m3 of concrete Currently the
shop output IS 24% of 1997 Norms of energy resources consumption are the followmg 15 MCal of
steam, 5 m3 of compressed air, 0 16 m3 of water and 7 kWh of electnc power per 1 m2 of tile

The shop was commissIOned m 1990 and the operatIOn regime IS one shift a day, 5 workmg days
week

34 LJmeshop

Two Pit furnaces for hme burmng (7 8 x 16 m) 120 tid of output capacity are mstalled III the hme
shop Currently, due to low lIme demand only one furnace IS performmg from time to time that
proVides usage of only ---% of the shop capacity

The stock for the lIme productIOn IS graded lImestone, with grades of 40 mm to 70 mm m size It IS
supplIed III rail cars and IS unloaded to an open storage area by a system of conveyers, the other
system of conveyers delIvers It to furnaces Lime IS burned by the counterflow method lImestone
moves downwards, hot stack gas produced by burnmg of natural gas prOVides 1,000°C m the burnmg
zone and movmg upstream heats the lImestone Burnt lump second rate lIme with activity of 80% IS
used m cellular concrete production, as well as a commercial product Gas IS burned m 16 penphery
diffusIOn tuyeres ofVNIIstrom deSign AerodynamiC regime of work of the furnace IS proVided with
DN-12 5 smoke extractor with electnc dnve of 75 kW The cleanmg of stack gas from dust IS
performed m combmed cyclones ofNIIGAZ deSign (0 600 mm, 4 pieces)

Energy resources consumptIOn norms per productIOn of I t of hme are the followmg fuel eqUIvalent
to 159 kg of conventIOnal fuel, electnc power-I5 kWh



4 ANALYSIS OF ENERGY CONSUMPTION AND EQUIPMENT
PERFORMANCE SPECIFICATION

4 1 Energy consumption breakdown

Energy consumptIOn breakdown both In natural and cash IS shown 011 FIgure 4 1 The mam energy
resource for the plant IS natural gas ItS share IS 81 % and 50% 111 consumptIOn and payments,
respectIvely

tuel
81%

water
7/0

fuel
50%

electncal power

4,,%

FIgure 4 1 Energy consumptIOn layout both In natural form and cash

pIpeline water
69%

water draining
31%

FIgure 42 Payments for water consumptIOn and water draining



Energy resources late changes m 1997 and rates affective as of 01 0398 are shown m Table 4 1

Table 41
Energy resources rates III 1997

No Energy resource Months
Jan 1997 Feb 1997 Jan 1998 March 1998

I Fuel for bOIlers and furnaces 289,177 284100 284 I 2841
2 Electnc power

2 1 For consumed electric power,
RbI/kWh 192 192 o19 027

22 For consumed power,
RbllkW 66,000 66,000 66 69 I

23 For consumed reactive electrIc power
Rbl/kVARh 1704 1704 017 017

24 For consumed reactive power
Rbl/kVAR 5,280 5280 528 528

3 Water
3 I Plpelme water consumptIOn, Rbllm3 3,960 3960 396 396
32 ArteSian water consumptIOn, Rbllm' 12 12 0012 0012
33 Water drammg Rbl/m' 2324 2324 232 232

As ofNovember 17, 1997 a new system of calculatIOn was offered to mdustnal consumers with
differentiatIOn of rates wIth regard of the time of the day The system prOVides for mstallatlOn of an
automatic recordmg of consumed capacity and electnc PO'\ er Pa" ment wIll compnse 125% and 75%
of electnc power rate dunng penods of maXImum load and at nighttime, respectIvely, whIle m
between tins penod It wIll compnse 100% The electnc pO\\er consumed dunng hours of maXImum
load shall be paId WIth regard to actual value Payment components for electnc power are shown on
Figure 4 3

70% for declared
power

30% for
consumed

electnc power

Figure 4 3 Payment structure for electnc power m 1997

The cost breakdown IS shown m Table 4 2, payments for energy resources, mcludmg water, IS 24%
(mcludmg 159% for natural gas)



Table 4 2
Cost breakdown III 1997

No Costs Share of costs, %
1 Matenal costs mcludmg 577
1 1 Matenals 337
12 Electnc power 70
I 3 Fuel 159
1 4 Water 1 1
2 Wages 172
,., DeductIOns from wages fund 66.)

4 CapItal assets wear 97
5 MIscellaneous 88

The share of payments for energy resources m the cost structure for the plant IS 24% mcludmg
payments for natural gas compnsmg 159% Thus, the mam way to save energy IS through the
program of savmg of fuel and steam

4 2 Gas fuel consumption

Natural gas IS used at the plant as bOiler and furnace fuel, fuel Ollis used as backup fuel The fuel 011
storage has capacity of 1500 t and the current reserve stock IS 500 t The seasonal gas consumptIOn by
different consumers IS shown In Table 4 3

Table 4 3
Season gas consumptIOn

Month Furnaces Steam bOiler house Water bOiler house
Lime output, t Gas Steam Fuel Heat Fuel

consumptIOn, productIOn, consumptIOn, productIOn, consumptIOn,
eqUivalent tons GCal eqUivalent tons GCal eqUIvalent tons

January 2,052 250 3,340 3,220 14,990 2,120
February - - 3,030 2,317 11,390 1,610
March 2,210 250 2810 2317 9,870 1,395
Apnl - - 2,975 1,752 7,910 1,125
Ma) 2,220 300 2,040 1,186 3,230 460
June 684 140 2,220 700 1,150 160
July 1,911 200 3,620 960 980 135
August 2,029 290 3,980 1,169 1,280 180
September 1,345 200 3,820 1,164 2,050 290
October 1,429 210 4,300 1,895 5,930 835
November 1,661 240 3,790 2,738 11,600 1,640
December 826 190 4,640 3,277 14,380 2,035
Year 16,367 2,270 40,565 5,537 84,760 11,985

The structure of fuel consumptIOn by different consumers versus output of 1997 IS shown on FIgure
44



Water bOllmg
house 61%

Steam
bOllmg
house

LIme furnaces
11%

FIgure 44 Structure of gas consumptIOn by dIfferent consumers m 1997

The above data reveal that the mam gas consumer at the plant IS a water-boIler house 61% of the
total consumptIOn The generated heat energy IS used for the heatmg of plant facIlItIes and of a
settlement About 10% of the heat energy IS consumed for plant heatmg and compnses about 6% of
the total gas consumptIOn Thus, the steam botler house and the lime furnaces are the mam plant gas
consumers The steam botler house producmg steam for the productIOn process consumes 28%, and
the hme shop consumes 11 % of the total gas consumptIOn

For the evaluatIOn of gas consumptIOn, the most mdicatIve value IS specIfic consumptIOn of energy
resource per umt of commercial product The actual specIfic gas consumptIOn m the hme productIOn
with regard to ItS output vanes from 100 to 200 kg of conventIOnal fuel per 1 t of hme (refer to FIgure
4 5 ) An mcrease of specIfic fuel consumptIOn wIth the reduction of lime productIOn results from the
Irregular supply of limestone whIch causes InSUfficIent loadmg of the Pit furnaces ThIS also results m
an Increase of the temperature of stack gas The fuel consumptIon norms for hme burnmg m pIt
furnaces IS 120 kg of conventIOnal fuel per 1 t of lime

SpecIfic gas consumption

2500200015001000

300 0 1
~ 200 a [:"'=P:::~~~~~;~i::I~J_ 8. II m...-
~ 100 0 IiIiI .. S

OO'-------------------J
500

Lime productIOn, t

FIgure 4 5 SpecIfic fuel consumptIOn at hme burmng m 1997

The water-heatmg bOIler house produces heat energy for heatmg of the plant faclhtIes and the
settlement The efficIency of Its use by the mam consumer, that IS the settlement, IS not mcluded m
the tasks of the current project The evaluatIOn of efficIency of fuel at the steam and water-heatmg
bOller houses IS descnbed m SectIOn 5

4 3 Heat energy consumption

The pnmary way of fuel savmg IS the savmg of steam for productIOn purposes The mam steam
consumers at the plant are as follows productIOn of cellular and hIgh-densIty concrete, and facmg



tile, heatmg of fuel oIl m a fuel storage, and the heatmg of nonreactIve fillers and heatmg of a part of
facIlItIes for the cellular concrete productIon m wmter At the cellular concrete and hIgh-densIty
concrete shop, the heat energy consumptIOn IS under control The steam consumption structure IS
shown on FIgure 4 6

For tfile first
npoLol3BoAcTBO
proo~;o'0n

67%

FIgure 4 6 Steam consumptIOn structure

SpecIfic steam consumptIOn for the productIOn of cellular concrete ranges from 450 to 500 MCal/m3

wIth regard to output volume (refer to FIgure 4 7 )

---+ • : + •+ • • ..
+

3000 5000 7000

Concrete productIOn, m3

9000

FIgure 4 7 SpecIfic consumptIOn of heat energy for productIOn of cellular concrete

The data reveal that the specIfic heat energy consumptIOn only slIghtly depends on the productIOn
volume ThIS supports the Idea that the autoclaves, whereIn steam cunng of concrete IS performed,
are workIng at full capacIty For the Industry the mean values of speCIfic steam consumptIOn at
cellular concrete productIOn are 250-350 MCal/m3 ExceSSIve steam consumptIon results from the
steam relIef from the unloaded autoclaves to newly loaded ones due to unstable productIOn While
bemg discharged from the autoclave steam changes pressure from 8 to 3 atm and heats water m a tank
for a greenhouse It should be noted that such steam utIlIzatIOn IS of a seasonal character At a steam
pressure below 3 atm, the water head m the tank does not permit bubbhng and the steam IS
dIscharged to atmosphere Note that spent steam IS contammated With OIls and paraffin used for
formwork lubncatIon, so ItS discharge produces a certam environmental Impact To elImmate the
above dIscussed negatIve features, It IS necessary to use the spent steam for water heatmg In pIpe heat
e'\.changers ThiS IS for a hot water supply system that IS currently fed from water-bOIler house On
the other hand, the steam WIll be entirely condensed and dIscharged to a sewage system, 1 e any
pOSSIble envIronmental Impact wIll be ehmmated The effiCIency of the descnbed program mIght be
about 3000 GCallyear

The heatmg of faCIlItIes of cellular concrete shop IS performed by steam Another savmg may be
achieved by usmg hot water mstead of steam The heat energy consumptIon IS calculated by the
formula [1]



Q= q x V x ( tB - tH) X 24 x To x 10 6
, GCal

where
q IS a specific heatmg value of 0,25 Kcal/m3 hOC,

tB - mner temperature with regard to heat radiatiOn, 12°C

tH - mean air temperature dunng heatmg penod, -3,6°C

V - faCIlity volume, 95,249 m3

To - duratiOn ofheatmg penod, 213 days

Estimated heat consumptiOn IS 2,350 GCal, heat losses m the s\stem m the event oflack of
condensate drums Will achieve up to 50%, and at losses of about 30% the actual heat consumptiOn
Will be about 3050 GCal The converSiOn from steam to water heatll1g wlll provIde 6% heat savmg or
183 GCal, I e 31 tons of standard fuel

The values of actual specific heat energy consumptIOn at production of 111gh-denslty concrete
excludll1g steam consumptIOn for heatll1g of nonreactive fillers vary from 200 to 800 MCal/m3 (refer
to Figure 4 8 )
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Figure 4 8 Specific steam consumptIOn at high-dens ltv concrete productIOn m 1997

The specific steam consumptIOn at the high-density concrete productiOn shows that m the case of
output reductiOn energy consumptiOn per umt of product considerably mcreases ThiS results from the
fact that With reductiOn of capacity the loadmg of the steam curll1g Ul11ts reduces as well (It IS a
peculIar feature of Pit steam cunng chambers) and the steam effiCiency IS low Unstable performance
and the l11gh number of regimes of steam cunng the factor of fillmg of a steam chamber may be very
low At the normal loadmg of producmg facIlIties, the speCific steam consumptIOn, excludmg
consumptiOn on heatmg of fillers IS 300 MCal/m3 (refer to Figure 48) That complIes WIth the norms
for the mdustry The steam losses m 1997 (dunng September, October, November, December and
May) by thIS reason at a mean speCific steam consumptIOn durmg these months of 600 MCal/m3 may
be approximately evaluated as follows

QI =(788+264+940+642+533) x (600 - 300) = 700 GCal

The steam consumptIOn IS measured at the cellular and high-denSity concrete shop and steam
productIOn IS calculated at a boller house Note that steam measurement With steam flow meters does
not prOVIde the entIre real SituatiOn ThIS IS supported With data of AppendIX 1 To evaluate the steam
consumptIOn by other consumers and the steam losses, the steam balance IS mtegrated m Table 4 4
for 1997



Table 44
Steam productIOn and consumptIon In 1997

No Steam productIOn, GCal Steam consumptIOn by Steam consumption by Miscellaneous
cellular concrete shop, high-denSIty concrete consumptIOn

GCal shop, GCal
1 3,340 1,100 410 1,830
2 3,030 1,500 338 1,192
3 2,810 1,893 672 245
..J. 2,975 2,005 722 248
5 204O 1,385 582 173
6 2,220 1,503 440 277
7 3,620 2,970 461 189
8 3,980 3,215 498 267
9 3,820 3,457 409 54
10 4,300 3,377 549 374
11 3,790 2,267 486 1,037
12 4,640 2,870 287 1,483

year 40,565 27,342 5854 7,369

The steam consumptIOn for productIOn of cellular and hlgh-densltv concrete, as well as for heatmg of
ProductIOn No I IS measured With steam flow meters Steam IS used for other purposes as well (7369
GCal or 18% of total steam consumptIOn) at the facmg tile shop, for fuel 011 heatmg m the storage,
as v,ell as for the heatmg of nonreactive fillers m wmter ThiS amount also mcIudes the heat energy
losses m the networks especIallv dunng wmtertIme and losses With condensate and the straightway
steam Condensate actually never returns to the steam bOilers 111 wll1ter as the condensate lmes get
frozen The mspectlOn of a steam supply system of the facll1g tIle shop (Apnl 1998) revealed that the
condensate 1ll1e had been cut and spent steam was discharged to atmosphere Note that the steam
temperature drop between the mlet to the shop and a condensate Ime was 30DC Due to the lack of a
condensate Ime no condensatIOn occurs and, consequently, the hidden heat of steam generatIon IS not
used (r=510 Kcallkg) but only the heat of steam coolmg (about 30 Kcallkg) If the obtamed steam
condensate mix IS sent back to a bOiler house through the restored condensate lIne the actual heat
losses \v Ith the straightway steam With regard to a necessity of Its coolmg to 80D C WIll compnse 400
Kcal/1.g or 78% of steam bemg sent to the facmg tIle shop In accordance WIth the ll1ner plant norms,
the spe~lfic steam consumptIOn IS 15 MCal/m2 For 1997, at the production output of 29948 m2

, the
annual steam consumptIOn should be the followll1g

Q2 = 29948 x 0,015 = 449 GCal

The actual steam consumptIon With regard to the calculatIOn shown above may achieve Qa = 800
GCal

Note that the steam lmes are rather long due to large productIon areas (refer to a FIgure of AppendIx
3 ) A boIler house generates wet steam at 10 atm (no steam heaters are available) The ll1SUlation of
the surface steam lInes IS satisfactory Heat losses were calculated by the followll1g formula [4]

QP = q x L x T x 10 6, GCal/year

Where
L IS the pipelIne length, m,
T IS the yearly workll1g hours, 8,760 h,
q IS the specIfic heat loss, KCalim h

The calculatIOn of heat losses m steam hnes IS shown m Table 45



Table 4 5
Heat losses m steam Imes

No Shop of destmatlon Steam hne Steam Ime Specific heat Heat losses,
lengths (L) m diameter (D), mm losses, Kcal/mh GCallvear

1 Cellular concrete 300 219 132 347
2 High-density concrete 300 159 93 244

40 200 110 39
3 Facmg tile 300 57 58 152
4 Fillers storage 160 159 93 130
5 Fuel 011 storage 66 100 76 44
6 TOTAL 956

The steam consumptiOn for heatmg of nonreactive fillers from November till February can be
appro'\lmately evaluated by the difference m seasonal steam consumptIOn The mean monthly steam
consumptIOn for the facmg tile productIOn and the fuel oil heatmg may be assumed as relatively
constant and can be evaluated by consumption from March tlll October 1997 (refer to Table 4 4) as
228 GCal The seam consumptIOn for heatmg of nonreactive fillers (durmg 4 above months) IS

Q2 = [(1,037 + 1,483 +1,830 +1,192) - 4 x 228] = 2,983 GCallyear

The normative specific steam consumptIOn per 1 t of nonreactive fillers qH = 30 MCallt [2], yearly
consumptIOn norm IS 300 GCal, I e the losses may be assumed as 2,683 GCal

The large steam losses while heatmg the nonreactlve fillers, results from the fact that the heaters are
m cntlcally bad conditIOns Their repair IS rather complIcated as the steam feed IS sequential and
there IS no possibilIty to shut the separate chambers BeSides, the chamber IS heated Irrespective of
the fact If It IS full or empty To reduce the steam consumptIOn at thiS sectIOn, It IS necessary to mstall
steam valves for shuttmg the separate chambers (14 valves) The heat energy savmg resultmg from
compliance With steam consumptIOn norms for the nonreactive fillers heatmg With regard to the
estimated losses of 609 GCal at the steam hnes (refer to Table 45) will compnse 2,074 GCal

After the fillers heatmg the condensate IS returned to the boIler house III low amounts as It IS
contammated To return clean condensate and to send dry steam to the shop mstallatiOn of the
separators IS recommended at the mlets to the shop

4 4 ElectriC power consumption

The daily charts of electnc power consumptlon makes It possible to analyze the level of the
consumed capacity dunng hours of maximum load as well as the schedule of the baSIC energy
consummg eqUipment at different seasons Figure 4 4 shows charts of daily active power load m
wmter (December) and m summer (June)
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FIgure 4 9 Dally actIve power load m wmter and m summer

The power supplier has offered the plant to mtroduce tlme-of-the-day dlfferentmted rates WhICh are
125%, 75% and 100% of effective rate for hours of maXImum load mght hours and mtermedmte
periods, respectively The offered payment system supposes lI1stallatIOn of an automatic system of
power consumptIOn recordmg The power consumed IS pard for III accordance wIth the recorded
values To evaluate the reasonabIlIty of the IntroductIOn of the offered rate, the darly structure of
power consumptIOn has been studIed for wmter and summer penods (refer to FIgure 4 10 ) In summer
power consumptIOn durmg peak and mght hours IS sImIlar (20% and 21%), 1 e dUring thIS penod a
new rate gIves no savIng In wmter power consumptIOn durmg mght hours exceeds that of the hours
of maXImum load (22% and 30%) on the average by 4% per month

IntermedIate
penods 57%

Hours of
maxImum
load 22%

NIght hours
21%

FIgure 4 10 Dally structure of power consumptIon In summer
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Figure 4 11 Dally structure of power consumptIOn mwmter

The total savmg resultmg from introductIOn of the offered rate for the power consumed In October
March of 1997 (at rate 0 27 RbI/kWh) Will comprIse

Et:::: (1,780 + 1,786 + 1,541 + 1,394 + 1,722 + 1,927) x 103 x 0,27 x 0,04:::: 110 thousand
rubles



5 ENERGY RESOURCE SAVINGS

5 1 BOIler house

The efficiency of fuel utlhzatlOn m the steam and water boller houses IS evaluated through bOIlers'
efficlenc'v The bollers latest mamtenance took place m 1997 On Apnl 10 an mstrument mspectlOn
of the boilers, with the help of Bacharach gas analyzer was performed with the purpose of evaluatlOn
of bOilers' effiCiency and m accordance with mamtenance schedule At thiS tIme, only one kVGM-30
150 bOiler of nommal heat capacity of 30 GCal/h and water temperature 150°C was operatmg At the

moment of mspectlOn, the water temperature m the feed lme was 84°C and m the return hne 54°C

The gas and air pressures upstream ofthe burners comply WIth the second regIme ofthe process
sheet

In the steam boiler house, two DKVR 10 13 bOilers (No 5 and 6) were operated

The layouts of the steam and water boiler houses are shown on Figure 5 1 and 5 2

The actual values of bOIlers' parameters as well as values accordmg to a process sheet are shown m
Table 5 1

Table 51
Values of parameters of steam and water boIler houses

No BOiler Heat generatIOn, Outlet gas compositIOn
GCal/h °2,% CO, ppm a T,oC 11, %

1 KVGM-30-150 1482
InspectIOn 80 1 154 124 947
By process sheet 39 - 1 18 140 91 7

2 DKVR 10/13 No 6 82
Downstream of bOiler 39 195 123 300 895
Downstream of 67 250 144 258
economizer
By process sheet
Downstream of bOiler 38 - 123 290 909
Downstream of 68 - 143 145
economizer

3 DKVR 10/13 No 5 75
Downstream of bOiler 56 9 1 33 300 889
Downstream of 78 12 1 54 250
economizer

By process sheet
Downstream of bOiler 52 - 1 3 245 909
Downstream of 68 - 146 145
economizer

4 DKVR 10/13 No 4 75
Downstream of boIler 64 24 14 361 822
Downstream of 101 5 185 170
economizer
By process sheet
Downstream of bOiler 52 - 1 3 245 909
Downstream of 68 - 146 145
economizer



The surface temperature of bOller's msulatlOn IS 25-40°C The losses to the envIronment are wlthm
the norms The suction m bOilers No 5 and No 6 are wlthm the reqUIrements of process sheet HIgh
temperatures were noted at the outlet gas downstream of the bOilers and the economIzer The
mcreased temperature downstream of the boIler can result from contammatlOn of Its surface as It
utilIzes fuel 011 The outlet gas temperature downstream of economizer IS 250°C to 258°C compared
WIth 145°C reqUIred by the process sheet It might possIbly be caused by the accepted process
scheme of the bOiler house under whIch the feed water from de-aerator at 102-104°C IS sent to the
economIzer, the contammatlOn of the mner and the outer surfaces of the boIler It IS recommended to
check the performance of the economIzer Usually water from the economIzer IS cooled m a heat
exchanger to 70-80°C With the water from chemIcal treatment to the de-aerator Due to a lower
temperature, the stable performance of the feed pumps IS provided and theIr servIce lIfe IS extended
In our case, the pumps wear out wlthm two years BeSides, lower temperature of the water to the
economizer decreases the temperature of outlet gas to 120-140°C To mcrease the bOilers effiCIency
to 90% and to extend the servIce lIfe of the feed pumps, It IS recommended to cool the water from de
aerator TI115 Will Il1crease the effiCIency by 2% and provIde a savmg of 150 t of conventIonal fuel

5 2 Compressor station and cellular concrete shop

Data-loggers were mstalled on the baSIC power consummg eqUIpment With the purpose of analySIS of
the effiCiency of the power consumptIOn by separate productIOn areas, as well as analySIS of the
development of the work schedule of thiS equipment wlthm a day and wlthm a week Data-loggers
recOi ded the power consumed and power factor (cos <p) for the cellular concrete shop, the compressor
statIOn, the steam boIler house, the admll1lstratlve and the utllItv bUlldll1g dunng 5 days from Apnl 10
ttll AprI I 14, mc1udmg the weekend AprIl 12 and 13 The digital data on the amount of consumed
active power, reactive and full power and cos <p IS shown 111 AppendiX I

The analySIS of compressor station performance reveals that durll1g the penod of mspectlOn the load
was nearly SimIlar and corresponded to performance of one compressor of 63 m3fmm total capaCIty
Only on AprIl 14 from II 30 tIll 1230 two compressors were operated which mdlcates the use of
pneumatIC screw pumps for cement handhng (refer to FIgure 5 3 )
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FIgure 5 3 Loads on aIr compressor statIOn

The loads charts for the cellular concrete shop and respectIve loads for the compressor statIOn from
Apnl 10 till Apnl 14 are shown on Figure 5 4 The cos <p for the electnc dnve of cellular concrete
shop has a high value from 0 86 to 0 98 The peaks of the consumptiOn chart correspond to the penod
of the ball mills performance, which are operated dunng 11Ight hours and weekend SImultaneously
With the ball mills, two expander tube pumps (TA 23 B) are operated that transport hme and sand
With compressed aIr
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5 4 Load charts for cellular concrete shop and compressor statiOn

It should be noted that dunng weekend and mght hours the only compressed air consumers are the
mIlls of the cellular concrete shop A companson of the load charts for the compressor stattOn and the
cellular concrete shop reveals that durmg weekend and mght hours when the mIlls are stopped, they
do not sWItch to compressors of lower capacIty (20 m3/mm ) So, from 17 00 on Apnl 11 till 09 00
AM on Apnl12 (Saturday) or from 1600 on Apnl 12 ttll 0200 AM on Apnl 13 only the cellular
concrete shop were m operattOn Accordmg to the load chart, the mIlls were sWItched off, 1 e there
were no compressed aIr consumers However, the load at the compressor stattOn dId not change The
power consumption wlthm thIS penod (16 + 10 hours) accordmg to the load chart was

E = 380 x 26 = 9,880 kWh or 2,668 rubles

Dunng other days of the week, compressed air was consumed for cement pumpmg and unloadmg, for
pneumatIc control ofweldmg machmes, for pneumatic tools and mstruments, pneumatIc cylmders of
mIxers and for other mmor needs The speCIfication of basIc compressed aIr consumers IS gIven m
Table 52



Table 5 2
SpecIficatIOn of basIc compressed air consumers

No Compressed air consumer Umt Number ReqUIred CertIfied air
pressure, atm consumptIon,

m'!mm
I Cement transportatIOn to mIxers of PneumatIc screw I 2 22

hIgh-densIty concrete shop pump NPV-63
2 Cement unloadmg from raIl cars PneumatIc expander I 6 12

tube pump TA-15
3 TOO Termmal PneumatIc screw 1 1 10

pump NPV-63
4 TOO Termmal PneumatIc screw I 1 19

pump NPV-110

5 PneumatIc transportatIOn of PneumatIc expander 2 6 up to 19
ground hme and sand tube pump TA-23B

All compressed aIr consumers mentIOned above, with the exclUSIOn ofthe pneumatIc expander tube
pumps at the cellular concrete shop whIch operate from tIme to tIme For example, cement
transportatIon to the mIxers of the hIgh-denSIty concrete shop takes only 1 hour a day The
compressor statIOn works m contmuous mode On one hand It results from a large extensIOn and
complIcated network of compressed aIr lInes (refer to AppendiX 3 ) In the wmter, condensate gets
frozen m the lInes due to the lack of aIr dner ThIS also results III ImpossIbIlIty of sectlOnmg of the
compressed air consumers (shuttmg down of non-used sectIons) Due to the operatIOnal condItIons of
the plant, there was no pOSSibilIty to record actual leaks of compressed air Accordmg to the data of
other plants, leaks exceed 30% Losses are mostly observed at the sites of consumptIOn due to wear
of hoses, leaks of pneumatic cylInders, low relIabilIty of valves Below IS a lIst of area where
compressed aIr IS supplIed by mam pipelIne

• cement storage,
• hIgh-denSity concrete shop,
• cellular concrete shop,
• boIler house,
• garage,
• repaIr shop,
• facmg tIle shop

To reduce the compressed aIr losses, whIch are mostly observed at sites of consumptIon due to wear
of hoses, leaks of pneumatIc cylInders, low relIabilIty of valves, etc, and to reduce non-productIve
electnc power consumptIOn by the compressor statIOn, It IS recommended to cut of mlllor consumers
(bOIler house, garage, repair shop, facmg tIle shop) and to mstall small compressors of 1-2 m3/mm
capaCIty at those locatIOns ThIS Will result m conSiderable reductIOn of the compressor statIOn
capaCIty Durmg the study of loads on the baSIC consumer, the cellular concrete shop (5 days), the
mills were not performmg for 45 h that compnses 240 h per month The cement unloadmg took place
only once (operatIon of two compressors) Under such condItIOns one compressor IS sufficIent for
sllllultaneous cement unloadmg and mills operatIOn The electnc power savmg can be approxImately
evaluated as follows

Ec = 240 x 380 x 12 = 1,094 thousand kWh or 295 thousand rubles

An aIr dner should also be mstalled at compressor statIOn

5 3 Steam bOiler house

Load chart for a steam bOiler house IS shown on FIgure 5 5
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Figure 5 5 Load chart for a steam bOiler house

The above data reveals that the load level on the steam bOilers IS low, varymg wlthm 85-100 kW, If
two DKVR-l 0/13 bOIlers are m operatIOn and It IS not cntlcal for a load parameters for the entire
plant (refer to Figure 5 7 )

5 4 AdministratIve bUlldmg

The load charts for adminIstrative bUlldmg were plotted for evaluatIOn of the power consumption m
daIly plant consumptIOn balance (refer to Figure 5 6 ) The data reveal that wlthm the day time hours,
the power consumptIOn achieves 10 to 12 kW Llghtmg system consists of 77 fluorescent and 20
mcandescent lamps of total capacity 994 kW and 25 kW, respectively
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Figure 5 6 Electnc load chart for admmlstratIve bUlldmg

In the dally power consumptIOn balance of the plant (34,968 k.Wh) the share of Admllllstrative
bUlldmg IS 1 2% (403 kWh)

5 5 Dally load chart of the plant

For analySIS of the dally consumption of actIve power by separate areas and for the entire plant the
hourly power consumptIOn by the entire plant was recorded from Apnl13 tIll Apnl14 As a result
the areas, of cntlcallmportance were Identified It IS necessary to understand which eqUIpment
mfluences the amount of consumed capacity at the hours of maximum load The mstallatlOn of
automatIc system ofmetermg of the electriC power consumptIOn Will result m pOSSibilIties of
mOnItonng of the power consumed The latter Will make It pOSSible to reduce the amount of the
declared capacity by 5-15% The load charts for a plant and for separate areas are shown on
Figure 57
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Figure 5 7 Dally load charts from Apnl13 till Apnl 14, 1998

The data reveal that the load chart profile IS a functIOn of loads for the cellular concrete shop To
reduce the consumed capacIty durmg the hours of maXImum load from 10 00 till 11 00 AM It IS
recommended to ShIft the time of ball mills performance to later hours (for example, after 11 00 AM)
It Will result m reduction of consumed capacity approxImately by 400 kW WIth yearly savmg as
follows

Em =400 x 69 I x 12 =332 thousand rubles

5 6 Study of electriC drive effiCiency

The consumed capacity and cos <p for motors ofthe baSIC power consummg eqUIpment were
determmed to study the effiCiency of electnc dnve use The results are shown m Table 5 3

Table 5 3
Parameters of electriC drive of baSIC eqUIpment

No EqUipment Established Consumed capacity Cos <p K3 Notes
capaCity,

kW ph 1 ph2 ph3 total

Steam boiler house
1 Smoke extractor No 55 36 39 36 111 037 020 AIr pressure 0 5

5 kPa
2 Blower No 5 22 15 1 8 1 8 5 1 037 023 AIr pressure 0 5

kPa
3 Smoke extractor No 55 34 38 36 108 044 020 AIr pressure 0 38

6 kPa
4 Blower No 6 28 3 1 2 1 28 8 042 029 AIr pressure 0 38

kPa
5 Feed pump 55 154 154 136 444 089 081

Water boiler house
6 Network pump No 1 200 60 61 63 184 089 092
7 GVS pump 15 46 44 43 133 088 089
8 Smoke extractor No 55 76 82 76 234 046 043

4
9 Blower No 4 75 106 10 102 308 064 041

Cellular concrete shop (Shop No
1)

10 Mill No 2 125 36 35 37 108 083 086



No EqUIpment EstablIshed Consumed capacIty Cos cp K3 Notes
capacIty,

kW ph 1 ph2 ph3 total

11 MIll No 5 125 25 25 25 75 08 060
12 MIll No 6 125 36 35 37 108 083 086
13 Inlet fan P2 14 38 34 42 114 05 081
14 Inlet fan P3 14 06 06 06 1 8 036 013
15 Inlet fan

(mIll sectIon) 14 33 1 5 32 8 054 057
16 Exhaust fan 75 1 7 1 8 I 8 53 06 071
17 Exhaust fan

(mllI sectIOn) 11 25 26 25 76 072 069
18 Exhaust fan

(reloadmg conveyer) 1 5 055 034 035 124 085 057
HIgh-densIty
concrete shop

19 Heat screen 175 3 1 3 I 3 92 059 053
20 Inlet fan P8 11 09 07 085 245 03 022
21 Inlet fan P7 22 24 27 24 75 042 034
22 Inlet fan Pl2 28 35 35 35 105 067 038
23 Inlet fan PI I 11 066 066 066 198 06 018
24 Inlet fan P15 11 092 1 1 292 029 027
25 Inlet fan P16 22 35 35 35 105 055 048
26 Inlet fan P14 15 3 3 3 9 058 060
27 Inlet fan P13 15 22 22 22 66 046 044
28 Inlet fan P20 15 1 9 1 9 1 9 67 052 045
29 Heat screen P19 15 1 9 19 1 9 67 046 045
30 Heat screen (fIrst

spacmg) 75 137 123 1 37 397 065 053
31 Inlet fan BCa 22 045 045 045 135 055 061
32 VIbrator table 40 75 75 75 225 075 056
33 MIxer 37 142 12 12 382 084 103 Very hard

concrete
34 AspIratIOn fan mIxes

mIxer 55 099 1 1 29 068 053
35 Mam conveyer 55 88 7 6 218 084 040
36 Conveyer No 5 16 1 5 1 7 1 3 45 034 028
37 Conveyer No 6 11 06 06 045 165 02 o15
38 PneumatIc screw

pump
NPV-63 55 13 15 15 43 082 078

39 ASpIratIOn fan
cement storage 15 25 26 23 74 07 049

40 Shop lIghtIng - - - - 1163 - -
The above data reveals that there are a consIderable number of electnc motors whIch have a low
values of load factor and cos <p, that mamly refers to fans and conveyers Low cos <p values are

mdIcatlve of low effiCIency of electnc motors and mcreased consumptIOn of reactIve power The
average weIghted value of cos <p IS 0 59 The losses m motors can be estImated WIth the help of chart
[3]

~p = P2 x (1-11) = 0,3 x (1- 0,82) = 4,8 %,

1.;1



Where
P2 - effectIve output on the shaft, relatIve values
11 - efficIency of the motor

The norm value of power losses at motors IS I% At annual power consumptIOn of 16,842 thousand
kWh the excesSIve electrIC power losses Will be

P = 16,842 x (4,8 - I) = 640 thousand kWh or 4,547 thousand rubles

It should be noted that motors WIth K3 below 0 45 are to be replaced 'WIth smaller motors



6 ENERGY SAVING PROJECTS

PrOject 1

Load optimization of steam-cure units at high-density concrete productIOn

PrOject task

2 Project descrIptIOn

3 Expenditures

4 Savmgs

5 Payback tIme

Savmg ofheat energy

EvaluatIOn of heat specific consumptIOn for high-density concrete
productiOn reveals that the decrease of output volume consIderably
mcreases heat consumptiOn per one umt of commercIal product It
results from the fact that at productiVity reductIOn the load on
steam-curIng umts and steam-curIng chambers m particular reduces
as well, and steam IS used mefficlently Due to unstable operatIOn
and large number of applIed regImes of concrete steam curmg a
fillmg-m factor may have a low value At standard capacIty load
steam specific consumptiOn excludmg filler heatmg is 300 MCal/m3

that complIes with the mdustry standard values Steam overrate
consumptIOn shown m Appendix 3 is 5600 Geal or 896 tons of
standard fuel, i e 896/1 13 x 284 I = 225 thousand Rubles

To elImmate these losses it is necessary to momtor steam-cunng
chambers fillIng with the purpose to achieve itS maXImum value

None

225 thousand Rubles

None



PrOject 2

OptImIzatIOn of mIlls operatIon schedule at cellular concrete shop

Project task

2 Project descnptlOn

3 Expenditures

..J. Savmgs

5 Pa" back tIme

Requested capacity reductIOn at maximum load hours

Daily load character for the entire plant IS a functIOn of loads on
cellular concrete shop, and of hme and sand mills operation
schedules m particular As of the profile of the dally load chart, the
mstallatlOn of automatIC metermg system of electnc power
consumptIOn wIll result m possIbIlIty of consumed power
momtormg with subsequent reductIOn of the requested capaCIty by
5-15% To reduce power consumptIOn durmg maXImum load hours
from 10 00 tIll 11 00 AM It seems sound to shift ball mIlls operatIOn
schedule to later hours (e g after 11 00 AM) It WIll permit to reduce
power consumptIOn by 400 kW WIth annual savmg of

Em =400x69 IxI2 =322 thousand Rubles

None

400 kW or 332 thousand Rubles

None



PrOject 3

PrOject task

2 Project descnptIOn

3 ExpendItures

4 Savmgs

5 Payback time

OptImIZatIOn of operatIon of pIt lIme furnaces

Fuel consumptIOn reductIOn

Actual specific gas consumptIOn at lime productIon as a functIOn of
Its output volume vanes from 100 to 200 kg of standard fuel per 1 t
of lIme The mcrease of specIfic fuel consumptIon WIth lIme
productIOn decrease results from unstable lImestone supply and
consequently pIt furnaces are not filled to a reqUired level As a
result stack gas temperature Increases The norm of fuel
consumptIon for lime burmng m pIt furnaces IS 120 kg of standard
fuel per 1 t of lIme Fuel overrate consumptIOn as to compare wIth
the mdustry standards IS 73 tons of standard fuel per 1 t or m cash It
IS

73/1 13x284 1 = 18 thousand Rubles

None

18 thousand Rubles

None



PrOject 4

1 Project task

2 Project descnptIOn

3 Expenditures

4 Savmgs

5 Payback time

UtIlizatIOn of steam of unloaded autoclaves

ReductIOn of heat consumptIOn

Specific steam consumptIOn for cellular concrete production vanes
from 450 to 500 MCal/m3 dependmg on output volume Specific
heat consumptIOn for IS a low functIOn of output volume The data
reveal that autoclaves m which concrete steam-curIng takes place
are operated at full load The average mdustry values of specific
steam consumptIOn for cellular concrete productIOn vary wlthm 250
350 MCal/m3 Steam overrate consumptIOn results from the lack of
steam relIef from the unloaded autoclaves to the loaded ones due to
unstable operatIOns Autoclave steam pressure IS kept at 8 atm level
Steam relIeved from autoclave at a pressure drop to 3 atm heats
water that IS used for greenhouse heatmg Note that such steam
utilIzatIOn IS of seasonal character At a pressure drop below 3 atm
the water head prevents bubblmg and steam IS discharged to
atmosphere Note that steam downstream of autoclave IS
contammated With Oils and paraffin So steam relIef results not only
m heat losses but m environmental Impact as well To elImmate
these negative effect spent steam should be used for water heatmg m
pipe heat exchangers for the hot water supply system that IS bemg
constructed at water bOiler house BeSides steam will be completely
condensed and discharged to a sewage system resultmg both m heat
utilIzatIOn and environmental Impact elImmatlOn Specific heat
consumptIOn will be reduced to the a\ erage mdustry standards The
efficiency of this program ImplementatIOn will result m
approximately 3,000 GCal/year (calculatIOns are shown m Appendix
4), 7,800 GCal or 1,248 tons of standard fuel In cash It comprIses

1248/1 13x284 1 = 314 thousand Rubles

300 thousand Rubles

314 thousand Rubles

11 months



PrOject 5

PrOject task

2 Project descnptiOn

3 ExpendItures

4 Savmgs

5 Payback tIme

Condensate drums mstallatIOn at facmg tIle shop

ReductiOn of heat consumptIOn

InspectiOn of steam supply system m facmg tIle shop (Apnl of 1998)
revealed that condensate lme was cut and spent steam was
dIscharged to atmosphere BesIdes, temperature drop between shop
mlet and condensate lme was 30°C Due to a lack. of a condensate

drum no steam condensatIOn takes place and, consequently, hIdden
evaporatIOn heat (r==51 0 kcal/kg) IS not utilIzed Only the heat of
steam coohng IS used (about 30 kcal/k.g) Even Ifthe obtamed
steam-condensate mIX IS sent back to a boIler house after condensate
lme repaIr, the actual heat losses wIth the straIght steam wIth regard
to necessIty of ItS coohng to 80°C WIll compnse about 400 kcal/kg
or 78% of steam supplIed to a facmg tIle shop SpecIfic steam
consumptIOn under plant standards wIll be 15 MCal/m2

, at annual
output of 29,948 m2 of tile m 1997 yearly steam consumptiOn WIll
compnse

Q2 = 29,948xO 015 = 449 GCal

Actual steam consumptIOn wIth regard to the above calculatiOns of
losses can achle"e QcP =800 GCal wIth steam overrate consumption
of 351 GCal Losses of chemIcally treated water are 1330 t To
avoId them It IS necessary to mstall a condensate drum and
condensate Ime repaIr Savmg WIll compnse 351 GCal or 56 t of
standard fuel

In cash

Heat 56/1 13x284 1 = 14 thousand Rubles

Water 1330x33 2 =44 thousand Rubles

2 thousand Rubles (condensate drum prIce IS $300)

60 thousand Rubles

1 month



PrOject 7

ConverSIOn of cellular concrete shop heatmg system from steam to water

PrOject task

2 Project descnptton

3 Expenditures

4 Savmgs

5 Pavback tIme

ReductIOn of heat consumptIon

Cellular concrete shop heat10g system uses steam that ImplIes
certam savmg reserve m case of Its conversIOn to water EstImated
heat consumptIOn for heat10g IS 2,350 GCal with the heat losses 10
steam system are about 50% due to lack of condensate drum In the
event of 30% losses actual heat consumptIOn IS about 3,050 GCal at
overrate consumptIOn of700 GCal ConversIOn to water heatmg
results 10 pOSSibIlIty of more effectIve adjustment and sav10g of 6%
of heat or 183 GCal Total sav10g IS 883 GCalis or 141 t of standard
fuel

Cash sav10g IS 141/1 13x284 1= 35 thousand Rubles

70 thousand Rubles

35 thousand Rubles

2 years



PrOject 8

InstallatIOn of separate low capacity compressors for small compressed air consumers

1 Project task

2 Project descnptIon

3 ExpendItures

4 Savmgs

5 Payback tIme

ReductIOn of electnc power consumptIOn

It IS necessary to ehmmate compressed air leaks at workmg areas
resultmg from hoses and pneumatIc cylInders wear, poor condItIOns
of valves, etc, as well as to reduce waste of electnc power for
compressor statIOn It would be sound to cut off small compressed
air consumers, such as a boIler house, repaIr shop, facmg tIle shop
and garage and to mstall separate small compressors of 1-3 m3/mm
capacIty It wIll permit to unload compressor statIon (on the average
It IS 240 h per month) Under such conditIons one compressor wIll
be sufficient for sunultaneous unloadmg of cement and performance
of mIlls Electnc power savmg can be approxImately estImated as
follows

EK = 240x380x12 = 1,094 thousand ofkW h or

1,094xO 27 =295 thousand Rubles

A pnce of one FE-180-8 compressor IS $10 5 thousand, 4
compressors wIll make $42 thousand or 260 thousand Rubles

295 thousand Rubles

1 year



PrOject 9

IntroductIOn of automatic electric power metermg system

PrOject task

2 Project descnptlon

3 ExpendItures

4 Savmgs

5 Payback time

ReductIOn of electnc power consumptIOn

IntroductIon of an automatic electnc power metering system wIll
make It possIble to mOnItor power consumptIOn resulting In

reductIOn of the requested capacity by 5-15% (that compnsed
1,8044 thou RbI In 1997), as well as to Introduce nIght rates for
electnc power The load vanabllIty for the entire plant IS a functIOn
of loads on cellular concrete shop ApplicatIOn of a nIght rate WIll
result In followmg savmg for the consumptlOn of March-October of
1997 (at rate of 0 27 RbI/kWh)

Night rate ET = (1,780 + 1,786 + 1,541 + 1,394 + 1,722 + 1,927) x
103 x 027 x 004 = 110 thou Rubles

MOnItonng 1,8044 x 005 =90 thou RbI

500 thousand Rubles

200 thousand Rubles

25 years



PrOject 10

1 Project task ReductIOn of heat and electnc power consumptlOn

2 Project descnptIOn The plant has a large productIOn area and steam and compressed aIr
lInes length resultmg m consIderable energy losses In wmter due to
unstable operatIOn condensate hnes get penodlcally frozen and
pressure must be kept m compressed air hnes regardless of Its
utilizatIOn So It seems sound to locate sources of steam and
compressed air closer to consumers Cellular concrete shop re-
eqUipment provides for mstaliatlOn of a mml-bOller house With
steam productIOn capacity of 7 t/h at autoclave area It Will reduce
specific fuel and electnc power consumptIOn for steam productIOn,
heat losses and will make It possible to use higher pressure m the
course of autoclave treatment It Will result m to Improve strength
parameters of concrete, to mcrease loadmg of autoclaves and to
reduce specific steam consumptIOn per Ulllt of commercial
productIOn

Steam consumptIOn m a cellular concrete shop IS 26,442 GCal or
4,321 tons of standard fuel InstallatIOn of a separate boiler IS
supposed to mcrease efficlencv from 87% to 92%, to elImmate
losses m the network (347 GCal or 56 tons of standard fuel) It WIll
also reduce expenditures on steam boiler house operatlOns by 30%
(mean monthly expenditure on operatIOn m the first quarter of 1998
IS 13 8 5 thou Rbi) Steam for high-density concrete shop and facmg
tile shop can be produced at water bOllmg-house With two steam
bOilers currently not more than 50% of these bOilers capacity IS

used

Cash savmg

Fuel 4,231/1 13 x 0 05 x 284 1 = 60 thou Rbi

Losses 56/1 13 x 284 1 = 14 thou RbI

OperatIOns 138 5 x 12 x 0 3 = 500 thou Rbi

3 Expenditures 600 thou DM or 2 mIn Rbi

4 Savmgs 574 thou RbI

5 Payback time 35 years



7 APPENDICES

Appendix 2

Table 1
SpecIficatIOn of flow meters of consumed gas and produced steam

No Month Steam boiler house Water boiler house
Steam Fuel SpecIfic Heat Fuel SpecIfic

productIOn, consumption, consumption, productIOn, consumptIOn, consumptIOn,
GCal t ofconven- kg of GCal t ofconven- kg of

tIOnal fuel standard fuel tIOnal fuel standard fuel
per 1 GCal per 1 GCal

1 January 3,340 480 1437 14,990 2,120 1414
2 February 3,030 440 1452 11,390 1,610 1414
3 March 2,810 405 1441 9,870 1,395 1413
4 Apn1 2975 425 1429 7910 1,125 1422
5 May 2,040 290 1422 3,230 460 1424
6 June 2,220 320 144 1 1,150 160 1391
7 July 3,620 515 1423 980 135 1378
8 August 3,980 510 128 1 1,280 180 1406
9 September 3,820 540 1414 2,030 290 141 5
10 October 4,300 533 1244 3,930 833 1408
11 November 3,790 402 106 1 11600 1,640 1414
12 December 4640 675 1455 14,380 2,033 141 5
13 Year 40,565 5,537 84,760 11,985

SpecIfic fuel consumptIOn for heat productIOn at bOiler houses In accordance With plant balance IS

106-145 kg of standard fuel per 1 GCal at a pre-estimated value of 142 kg of standard fuel per 1
GCal



Appendix 3

Table 1
Specific steam consumption for cellular concrete productIOn

No Month Concrete output, Steam Specific steam Steam over-
thousand m3 consumptIOn, consumptIOn, consumptIOn as to

GCal MCal/m' compare with
norms, GCal

1 January 2,533 1,100 4343 213
2 February 3,210 1,500 4673 377
3 March 3,701 1,893 511 5 598
4 Apnl 4,086 2,005 4907 575
5 May 2,248 1,385 616 1 598
6 June 4,426 1,503 3396 -46
7 July 6,322 2,970 4698 757
8 August 7,844 3,215 4099 470
9 September 6,308 3,457 5480 1,249
10 October 6,751 3,377 5002 1,014
11 November 4,083 2,267 5552 838
12 December 4,798 287O 5982 1,191
13 Year 56,310 26,442 4696 7,834

Table 2
Specific steam consumption for high-density concrete production

No Month Concrete output, Steam Specific steam Steam over-
thousand m3 consumption, consumptIOn, consumptIOn as to

GCal MCal/m3 compare With
norms, GCal

1 January 1,482 2,204 1,487 1,759
2 February 1,478 1,482 1,003 1,038
3 March 1,422 877 617 451
4 Apnl 1,283 941 733 556
5 May 788 627 795 390
6 June 1,741 682 392 160
7 July 1,377 603 438 190
8 August 1,805 742 411 200
9 September 264 316 1,196 237
10 October 940 879 935 597
11 November 642 1,485 2,313 -
12 December 533 1,737 3258 -
13 Year 13,755 12,574 914 5,578



Table 3
Specific steam consumptIOn for hme productIon

No Month Fuel Lnne productIOn, Fuel specIfic Fuelover-
consumptIon tons t consumptIOn, kg consumptIOn as to
of standard fuel of standard fuel compare wIth

per 1 standard ton norms, Geal
1 January 250 2,052 122 22
2 February - - - -
3 March 250 2,210 113 00
4 Apnl - - - -
5 May 300 2,220 1350 66
6 June 140 684 2040 127
7 July 200 1,911 1050 -16
8 August 290 2029 1430 87
9 September 200 1,345 1490 72
10 October 210 1,429 1470 7 1
11 November 240 1,661 1450 77
12 December 190 826 2300 222
13 Year 73
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npMnO>KeHMe 1
14ex s:l4elo1CTOro oeToHa TpaHcepopMaTop 2

Avg kVA Avg PF Avg kVAR AV9 kW Avg kVA Avg PF Avg kVAR

444 656 1 33 627 644 55 772 628 0 83 424 893

Chan 2 Chan 2 Chan 5 Chan 5

-C
'-~

Record Record Record Chan 1 Chan 1 Chan 1 Chan 1 Chan 1 Chan 1 Chan 2 Chan 2 Chan 2

Number Dale End Time Avg Volls Avg Amps Avg kW Avg kVA Avg PF Avg kVAR Avg Volts Avg Amps Avg kW

04 1098 143000 60305 7306 201 256 44049 046 391 268 60352 7369 443289

2 04 1098 144500 6040 7472 209552 451 142 046 398881 60479 739 445479

3 04 1098 150000 60336 7815 219529 471 336 047 415814 60447 7854 472288

4 041098 151500 6054 2 7274 212157 440314 048 385633 60606 7524 453682

5 04 1098 153000 60923 7008 207325 426919 049 372275 61066 71 67 43625

6 04 1098 154500 6124 6785 204868 415473 049 361 198 61351 6971 426586

7 04 1098 160000 6151 6853 208997 421 441 05 365835 61653 7083 435437

8 04 1098 16 1500 6197 6887 200239 426845 047 376201 6224 6996 433958

9 04 1098 163000 62335 6773 204 351 422 18 048 369235 62493 6894 429201

10 041098 164500 62811 6689 200748 420129 048 368866 63001 6812 427658

11 041098 170000 62953 6352 192932399962 048 350149 63096 6459 40617

12 04 1098 171500 63144 5633 181689 355618 051 305519 63286 5717 361 318

13 041098 173000 63746 2464 8053 156875 051 134269 63921 2478 15766

14 041098 174500 64111 1395 4984 89463 056 73869 64317 1417 90415

15 04 10 98 180000 60907 01121992 49942 7871 063 60501 6124 1361 81482

16 04 1098 181500 60844 1329 49748 80844 062 63365 6111 3 1363 81 722

17 041098 183000 60876 1342 49332 81777 06 64788 61145 1347 80733

18 041098 184500 6090701121981 49397 78054 063 60261 6119301121985 76724

19 04 1098 190000 60891 01121967 49748 77 112 065 58774 61209 01 121976 75939

20 041098 191500 6095501121990 50376 7859 064 60076 6122413061998 78008

21 041098 193000 61018 1436 51 115 87634 058 7059 61288 137 82498

:C2 04 098 194500 60891 132 49129 80382 061 63116 6116101121992 77084

23 041098 200000 6092' 1347 48113 82008 059 66201 6124 1361 82137

24 041098 201500 60685 3802 115774 230643 05 199316 60939 3911 238089

25 04 1098 203000 60463 70 12 213737 424 05 366011 6070 1 726 440093

26 04 1098 204500 60463 71 05 213589 429626 0 5 3~2 598 60685 7331 444287

27 04 10 98 21 00 00 604~ 1 7014 210 124 423916 05 368034 60669 72 26 437 931

28 041098 21150C 50-42 ,847 179315 353946 051 304992 6078 612 371748

29 04 1098 21 30 OC 60 ' 4 5367 163342 325169 05 281 047 6086 5595 340329

30 04 1098 21 45 DC 611431 5349 164 293 323145 051 278155 60701 5529 33558

31 04 1098 2200 DC 60558 4691 146122 284068 051 243465 6084 4 4864 295828

Chan 2
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83283
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238227

440 739
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099
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-096

-096

096

096

OW

096

096

096

096

Chan 5 Chan 5

33 526 655 033 785 41

46 274 691 809 832 576

41 646 665 838 791 344

31 65 643575 76021

27475 63146 741773

30 542 644 428 756694

35022 634 192 756239

34311 633557 751 37

3408 628411 746639

32038 599106 710799

1358 543011 629888

-0 794 238 188 273 518

7 797 140 253 155 453

15566 131425 139193

14282 131469 140643

13737 130063 140212

16592 126121 133606

18098 125683 132127

16971 128385 135529

12952 133611 146241

15881 12621 13533

13035 130249 140831

3 095 353 861 407 766

21 728 653833 760268

205 65787 766416

18513 648055 754 647

9 284 551 063 634 508

7 529 503 666 580 507

5 257 499 867 574 646

037 441 943 504 769

O~

o~

084

O~

o~

o~

084

084

084

084

066

OU

09

084

oro
oro
084

0%

0%

o~

oro
O~

OU

066

066

066

OU

OU

OU

066

432408

46209

427272
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388678

396 373

411219

403548

402948

382181

319101
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66072

44937

49079

51054

43664

40682

43111

57642

47238

53164

202406

387744

39309

386552

31428

288581

283407

243837



54 04 11 98 34500 6147 8 2703 1998

66 041198 64500 6104216021998

42 04 11 98 04500 61336 19091998

67 041198 70000 61~26

195818

194 408

234 812
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O~

068
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094
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O~
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096
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4065

21262

27342 304 019

2 95 197895

-4 093 356 216

23 899 154574 162885

24149 155261 163258

24287 155861 163937

2414 153876 161 949

26 569 157 428 165 022

30218 163475 170514

29267 160795 167955

29156 162215 169603

25867 161 451 170644

18384 163602 174995

25867 162798 172 227

3 972 358 063 407 449

3067 419207 480513

897 43874 508934

4296 329167 382755

o36 306 335 353 446

12241

10 448 300 626 336 627

7 206 360021 406 296

1577 224026 246139

17867 186102 201 862

3 926 291 723 333 145

3178 400929 462743

3298 415442 479816

7 825 399 336 466 576

4 906 379 685 441 288

4 647 368 309 428 589

6171 362167 421 974

0647 349637 401 836

-618 33359 378619

5432 342 374 390295

7 843 333567 377 766

18319 262735 289126

23308 163307 173085

098

099

097

098

097

097

097

097

096

096

099

27348

2599

12795

99293

99533

99755

98582

1009

10442

19562

98351 102665 096

99404 103635 096

9994 103561 -096

24971 249895

24171 241 784

96678

95505

9727

99884

2068 125696

44 16 270681 270737

4584 281 074 281 167

4459 273194

4232 259725

3183 195454

3966

17 43 105483 107663

4068

1957 119137 120522
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14449 620601 719272
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60273
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051 349077

05 353244
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5057 77 611
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4675 149069 280769
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67 12 203251 402373

6709 203168 402687
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88 041198 121500 6030501121958

89 041198 123000 6024101121958
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6032 30 03 1998

6028921071998

6038 4 27 01 1998

6059 15081998

60527 15021998
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72017

63017

88492

85158

82051

68555

76789

81883

73276

74351

79859

54439

54408

54357

54136

54 216

85274

80438

105354

98523
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104852
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86382

8942
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152962
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105473
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09

094

094
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11 788 16376 180251
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16749 146504 156269
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7991 194246 218201
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59873 89159

59476 88724
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1527
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186 04 1298 124500 60051

187 041298 130000 60194

188 04 1298 131500 60162

189 041298 133000 60194

190 041298 134500 60209

191 04 12 98 140000 5994
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39 189 484 899 593 32
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17 91 106536 108688
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1868 111035 113021
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1923 114093 116264
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6744 403066

6844

57 93 346 278 348 606

61 22 365207 368 644

49 55 295 006 298 858

3936 235095 237812

2646 156 635 160339

2275 133761 137539

2291 134768 138685

3053 180904 184 34

5699 341049 343488 099

40 07 238 671 242 209 0 99

38 75 230 467 233 876 0 99

3945 234 199 238 301 -098

42 45 252 962 256 796 0 99

6901 412018 414928 099

6755 403528 406 419 099

6876 410789 413985 099

6819 40786 410456 099

60178

60209

6032

60416
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60336

60447
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60511
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112393
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031 150999
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17901 399611
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1688
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177 041298 103000
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210 04 1298 184500
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212 041298 191500

213 041298 193000

214 04 1298 194500

215 04 1298 200000

216 041298 201500

217 04 12 98 20 30 00

218 041298 204500

219 041298 210000

220 041298 211500

221 041298 21 3000

222 04 1298 21 4500

223 041298 220000

224 041298 221500

225 041298 223000

226 041298 224500

227 041298 230000

228 041298 231500
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6013 1816
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60384 2093

60384 2082

60241 3881

60289 3922

60352 3911

60368 3906

60384 3881

6052 7 3158

60574 2384

60384 4063

60257 6894

60305 6796

60273 6737

6044 7 5165

27114 98655

28149 99783

28611 10042

29 442 102 887

28214 9957

27419 108855

26809 101 251

32057 107358

34 043 10746

38403 124874

40584 129 142

33757 106517

36196 108873

34764 108707

38875 126 324

38902 123386

35567 10915

34 459 108 734

35189 109085

35678 11048

35022 11861

36741 125973

36297 12637
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92 669 236 444
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184 1 415362

185 366 409 865
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120061

116956
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103127
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120328
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120449

214771

217395

217543

217118

216453

177948

138103

223936

372099

36542

36202

281601

6054 2 1586

6059 16061998

6059 162

6059 1652

6059 1599

6051 1 17 66

60527 1618

60479 17 72

60416 1779

60336 2091

60273 2175

60241 17 93

6020918111998

60194 1818

60225 207

60241 2054

60384 18061998

60431 17 97

60431 17 97

6051 1 1832

6059 1952

6059 2073

60622 2089

60558 2068

60447 3925

60479 3945

60558 3925

6059 3925

6059 3897

60765 3188

60828 2236

6059 4161

60479 7033

60527 6951

60431 6844

6066 9 5178

9339

94683

95487

97473

94286

102822

95293

105843

10649

124366

129262

106 988

108226

108522

123072

122333

10818

107617

107718

109991

116532

123571

12455

123183

235493

236786

23577

235807

233931

191519

13401

250071

422956

418835

411 805
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96013

97316

98194

100041

96872
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97953
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124726
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22 089 120506

22237 122838

22708 124089

2232 126915

21 987 122 499

28 454 130 237

22061 122105

15991 137897

14578 14053

20315 16277

21119 16985

14088 140748

1298 144418

13904 143287

19992 161 946

18624 161229

13469 143754

13913 142076

14051 142899

12915 145665

19548 151 551

22264 16031

22135 160853

:>2 181 158498

:'838 327658

28888 32945

30071 327104

29997 327471

32 103 323 588

26 846 260 074

22929 174976

2979.3 34934

43013 607061

38 6';3 604 197

37 572 595 375

31 798 446634

167846

170234

171826

175229

16966

186783

171083

181798

182497

214085

222451

181789

184975

184859

214157

210685

185069

184022

184 814

18708

201482

214618
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213255

408049

411356
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41027
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116811

117819

118828

120785

117331

133601

119461

118332

116374

139017

143593

115024

115544

116786

140052

135584

116537

116942

117178

117 362

132708

142594

143056

142627

243153

246288

247607

247113

248549

204796

161024

253727

415113

404071

399592
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3092 43226 186253 023 180867

3017 44113 182086 024 176423

2489 3165 150473 021 146925

2064 29378 124689 024 121 021

205 30218 124255 024 120356

3015 63864 180728 035 168534

51 46 125021 309353 04 282737

6079 147156 363276 041 331 876

5986 143784 357623 04 327247

49 28 106 397 294 627 0 36 274 395

4439 91 976 265471 035 24875

4389 86175 262117 033 246422

5979 134712 356 339 038 329427

637 149189 379139 039 348366

6318 140311 376718 037 349317

5971 8 1811 1998

59385 19111998

042 291911

041 324624

337148

330869

210972

174573

120533

119736

119626

118739

117 87

117987

117136

115196

113828

113808

114167

114981

126312

197699

329095

389915

3844

337777

303591

302812

396221

414027

418208

252287

235299

23172

190693

154 458

155952

177144

33565
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078
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069
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073
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190017825 151863

38 764 471 544 579721

37 803 463 749 569 759

24 528 283 857 353 722

19918 229136 288376

14513 146002 189342

14366 144464 187645

14255 145285 18822

13904 144532 187061

13386 145152 187002

13506 145381 187248

13497 143899 185562

9783 147854 187472

7926 149961 188281

7465 151649 189617

12619 145186 185216

19031 152194 197792

29 165 246564 316462

46358 442677 551 847

58044 518862 649276

57 157 505764 635447

63384 402851 526057

54 838 361 698 472428

563Q 356309 469213

66 ~93 500 093 638695

6~ 666 538 355 679 441

68 89 "'20 839 668 27

58 875 253 965 358 676

54432 225741 326308

55 291 227 672 325 063

43 771 179 992 262 494

33433 151415 216392

35604 151 657 217 623

36177 19206 262229

43 743 464 328 573033

51 365 511 342 634 736
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099
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31 49 18252 190558 096

31 65 183555 191 888 096

2548 148339 154833 096

2077 122038 126629 096

208 121437 126684 096

3547 205579 214171

3076 182696 185218 099

5324 317658 321 159 099

6277 371 702 37658 099

61 16 361 983 366621 099

50 58 296 456 303 671 0 98

45 82 269 72 275 356 0 98

46 07 270 136 276 779 0 98

62 09 365 383 371 739 0 98

6609 389171 394871 099

84 66 380 534 386 908 0 98

5522 332 347 334 675

54 49 327 801 330056

33 92 204 692 206 217

2767 186 908 168247

1834 110453 111441

1822 109695 110702

1827 109972 110961

1822 109483 110416

1829 109778 110656

1834 109843 110739

1827 109307 110194

1854 111247 111774

1872 11219 112522

1891 113483 113806

1891 113335 113668

1859 11073 111506

1961 115368 116984

2494 146916 151 812

64 65 328661 331 635

60 72 363 905 367 563
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6059

6078
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60796
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032 106 018
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36824 113511

3319 48381 199593

2459 45 147 14881

5328 135864 322111

5915 147434 356 653
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5351 13595 323192

33 47 79 163 202 697

2757 6222 167065

1847 35649 111922

1834 34764 111072

1838 35309 111229

1832 3505 110638

1832 35373 110407

1836 3553 110471
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1861 36611 111718

1882 37766 11255

1888 38163 113095

1893 38524 113243
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