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1 EXECUTIVE SUMMARY

TI1lS Report contams the results of the energy audIt of the A D Shpagm Perm Motor Trolley repair
works performed m March through Apnl 1998 The work was performed 10 a close contact wIth the
management of the energy servIce and mamtenance personnel of the enterpnse SpecIalIsts of the
Energ) EfficIency Laboratory ofAO Permenetgo and the Techl1lcal Laboratory of
Pel mgosenergonadzor rendered great assistance m the carrymg out of thIs energy audit

For a vIsual representatiOn of the general structure of the energv consumptIon, the Chart 1 1 has been
drawn It represents the quantItatIve estImate of the energy consumptIon 111 the Ul1lts of energy
equIvalent, namely, 10 energy eqUIvalent ThIS IS based on the data on the energy consumptIOn 10

1997 ThIs Chart shows that the enterpnse consumes three types of energy resources gas, fuel ot!,
and electnc power The mam share belongs to the gas TI1lS IS because the enterprIse has Its own
boiler, which fully supplIes the heat to both the enterprIse and certam outsIde consumers

Chart 1 1 Structure of energy consumption

Electnc energv 13% Fuel 011 1%
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In addItIOn to the energy consumption structure, the structure ofthe payments for the energy
resources should be known Chart 1 2 shows the structure of the payments for the energy resources
Smce gas IS a relatively cheap energy resource, the share of ItS payments does not exceed 27% of the
total sum The maIO share of the payments IS for the electnc po\"er

Chart 1 2 Structure of pa) ments for energy resources

Water 17%
Gas 27%
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A D Shpagm Perm Motor Trolley repazr works

Based on the results of the energy audIt, the followmg energy saving measures may be recommended
(see Table 1)

Table 1 Energy savmg measures

No DescriptIOn Energy savmgs Project cost, Payback
Energy rub rubles period,

eqUlva- (USD) years

lent

Low cost and no-cost measures

1 To optImIze dally energy - 133,860 0 0
consumptIOn for processmg (21 944)
purposes

2 To elImmate leaks m the 1,0098 173,330 0 0
compressed aIr system (28416)

3 To exclude mefficlent use of the 364 2,669 0 0
lIghtmg system (437)

4 To disconnect fuel all tanks heatmg 12,1273 91,501 0 0
steam pIpeline (15,000)

5 To reduce aIr suction m bOIlers 1,983 9 14,969 2,000 2
(2454) (328)

6 To properly Insulate pipelInes and 6,0956 45993 3,744 1
Hot Water Supply [GVS] boIlers (7,540) (614)

7 To use heated aIr for burners 1,585 1 11 960 5,000 5
(1,961) (820)

8 To supply coolIng \\-ater from - 31 303 5,000 2
electriC ovens to the bOIler room (5,132) (820)

9 To msulate external surfaces of gas 7982 6,023 4,000 8
ovens (987) (656)

Large mvestment projects

10 To sWitch from sulphonated coal to - 114582 69,600 8
cation resm Ku-2-8 (18,783) (11,410)

TOTAL 23,6363 626,190 89,334 2
(102,654) (14,646)

The total amount demonstrates the aggregate effect of the ImplementatIOn of all recommendations
takmg mto account theIr mterrelatIOnship

The ImplementatIOn of the above mentIOned recommendatIOns ","ould allow the enterprIse to reduce
the total amount of consumed energy by 15 2% and, thus reduce energy and water bIlls by 14 8%

Such savmg may be much hIgher WIth a complete revamp of the heat supply system

ThIS leads to the conclUSIOn, there IS a substantial potentIal of energy savmgs at the enterprIse
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A D Shpagm Perm Motor Trolley repmr works

2 INTRODUCTION

The energy audit was performed by the group of engmeers of the East-West Energy Agency,
Moscow, wlthm the framework of the USAID Project "ImplementatIOn ofEnergy-Savmg
Technologies and Market Reforms for RussIa" (contract # CCN-0020-C-OO-152-00) The purpose of
the work IS to analyze the use of the energy resources at the enterpnse and their cost, to reveal the
spots of the mefficlent use, and to develop the set of the energy savmg measures

Dunng the VISit to the epterpnse large amount of mformatIOn on the energy and production
eqUIpment were obtamed mcludmg the conditIOns of operation of the eqUIpment and the conditIOn of
the energy dIstnbutIOn systems ThiS mformatIOn has been systematized and IS presented m thIS
Report

The data were gathered by direct measurements (e g, of the capacities of the energy consummg
eqUIpment), by calculations based on design and normatIve documentatIon, and from the mformatIOn
submitted by the mamtenance personnel The direct measurements were taken by the state-of-the-art
portable mstruments manufactured by Western compames The collected data was analyzed usmg
spreadsheets and graphiCS presentatIOns
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A D Shpagm Perm Motor Trolley repazr works

3 DESCRIPTION OF ENTERPRISE, MAIN EQUIPMENT, AND
ENERGY CONSUMPTION

3 1 General description of enterpnse

The State-Owned Enterpnse A 0 Shpagm Perm Motor Trolley repair works was founded on the
basIs of the railway repair shops m 1878 Smce 1987, It IS wlthm the AssociatIOn "Remputmash"
under the RF Mllllstry for railroads The AssociatIOn umtes 9 enterpnses of RUSSia and the affiliate of
the PTKB CP ThiS gives a senes of advantages the goal-onented cooperatIOn, the mastermg of the
mechanIcal engmeenng productIOn and consumer goods, and the centralized financmg of the
mtegrated reconstructIOn of the works In 1995, the works began Its own R&D works

As of today the "Works perform the overhaul and modermzatlon of the trolley cars DGKu, AGV,
MPT, ADM, DMS, and AGMs-DM for the subway The works have extensive facIlities m castmg
and forgmg Some of the spare parts for the cars (cast Iron brake pads, umfied wheel couples, anchor
bolts for rail fixmgs, leaf spnngs) are manufactured by the works, other spare parts are purchased
from other manufacturers

The works manufacture many other consumer goods, mcludlllg sets of kitchen furmture, sets of
cluldren furmture, sets of soft furniture for hall, sauna oven, portable oven, watenng pot, water SkiS,
caddy-bag, etc

In 1995, the enterpnse began "Workmg III the mechamcal engmeenng and manufacturmg of the raIl
cars, mcludmg

• MB machme for treatment of ballast layer,

• UR-l machme for plants removal,

• MNK-l machme for formmg and cleanmg ditches,

• UP-3m load-carrymg trailer for motor trolleys,

• AGMS load-carrymg motor trolley,

• hydraulic bendmg press,

• AKS-l portable contact welder

The mam matenals supplied to the works IS formed by the rolled metal (sheets, plates, L-shapes, H
shapes, channels, etc ), cast Iron, components for repair (electnc motors, mstruments, cables, etc ),
coke, limestone, clay graphite, sand, etc Lumber and other accessones are the matenals for the
auxIliary production (furniture)

The products manufactured by the works 111 1997 (by months) are listed m AppendiX 1
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A D Shpaglll Perm Motor Trolley repaIr works

Table 3 1 shows the generalmformatlOn on the enterprISe for 1995-97

Table 3 1 General mformatIOn on enterprise for 1995-97

Index VOlt 1995 1996 1997

Products and servIces, mel mam Rbl mn 45,8847 81,8559 75,2580

motor trolleys pcs 144 131 143

wheel couples pcs 155 126 239

aUXIlIary products home sets - 355 191
furmture

Product sales Rbi mn 13869828 41,093 172 60,6462

Net profit Rbl mn 3039632 9,450159 15,091 747

Average personnel persons 901 987 1009

Table 32 shows the structure of the productlOn costs

Table 3 2 Strncture of productIOn costs by elements of expenditures

# Elements of expenditures SpeCific share, %

1 Material expenditures, mel 549

feedstock and materIals 209

purchased components 258

fuel 28

electrIC energy 43

water 1 1

2 Labor payment 251

3 AllocatIOn for SOCial msurance 98

4 DepreciatIOn 30

5 Other 72

TOTAL 100

Note the total share of the energy resources and water m the productlOn cost IS 8 2%
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A D Shpagm Perm Motor Trolley repazr works

3 2 General description

3 2 1 DescrIption of enterprise's workshops

The total area of the enterprIse IS 7 3 hectares FIg 32 1 shows workshops layout on the terntory of
the enterprIse

Fig 3 2 1 Plan of sectIOns of enterprIse

Woks management

KTP .o.fworl\s.h.oJl.No 5

o
KTP ofwor\..shop No 3

Bay
#2

Wor\..
shop
# 5Bay

# 1

Work
shop
#::>

Bay#1

Work
,hop
#2

o

Boiler control post of sectIOn #

TP 606
Heatlllg post # 606

""

Wor\..shop # 6

KTP of \\orkshop No 6

"IBay # 14

o
\

\
\

The constructIOn shop (# 1) IS used for the followmg preparation of the contamers for products,
covermg rail cars and cabms of motor trolleys wIth wood, repair and construction works In the
terntory of the enterprIse, and manufacturIng of kitchen furniture

The mechamcal shop # 2 IS divided mto several bays the mechamcal bay, the wheels bay where the
wheel couples for the rail cars are repaIred and formed, the forgmg bay, and the body elements bay

The shop of cast shapes # 3 manufactures the bodies for the mechamcal sectIOn and varIOUS cast
shapes for both the mam productIOn lme and for specIfic orders, e g , grIlls, hatches, reductIOn gears,
cast Ifon brake pads, etc

The motor trolley shop # 5 IS the sectIOn for the assembly of the motor trolleys ThIS sectIOn repalfs
used motor trolleys and manufactures new ones

The motor trolley shop # 6 IS mtended only for the repair of motor trolleys and motors

The tool shop # 10 repairs and manufactures the tools and eqUIpment, and heat-treats the articles
from the mam productIOn hne

The repaIr-mechamcal-engmeermg bay # 12 IS engaged In manufactUrIng the mechamzatlOn artIcles
for the works In whole, It also overhauls the productIOn eqUIpment and reconstructs the metal
consummg eqUIpment brIdges, under-crane rails, etc
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AD Shpagzn Perm Motor Trolley repazr works

The transport bay # 14 ensures the Intake and dIspatch ofthe products and cargoes to and from the
worl"s

The works also have the automobIle transport bay, whIch IS situated In the works management
bUilding

The main productIOn shop are shops # 2, 5, and 6

At the tnne of thiS report, shops # 2, 6, and 10 operate m two ShiftS, the other bays operate m 1 shift
at the 5-da" workmg week

3 2 2 Energy equipment

The energy system of the works consists of several dIVISions, which form the bay # 11, with 68 staff
employees

Electric energy equzpment

The electrIC energy IS delivered to the enterprIse from the three 6 kV mputs

Input # 1 (mam) from the feeder "Nasosnaya ZMS" of the mUnIcIpal electriC network through the
works sWitchboard at TP-606 ThiS mput supports all the needs ofthe works m the electriC energy
(up to 2 MW)

Input # 2 (back-up) from the TP-5023 "Hospital' of the mUnIcipal electriC network through the
\\-orks s\vItchboard at TP-606 ThiS mput covers 70% of the load of the whole works (up to 1 4 MW)
The mUnIcIpal network cannot ensure the full use of this mput at any time

Input # 3 (back-up) from the TP-609 of the Perm energy suppl) bay at TP-606 It may cover 30% of
the load on the works (up to 0 6 MW) It IS used only m \\-mter for the heatmg and emergency
lIghtmg ThiS CirCUit IS worn out and oflow reliability

Hence, the electriC energy supply system IS category 3 and of low reliability

FIg 322 shows the flow chart of the Perm Motor Trolley repair \\-orks energy supply system

FIg 3 2 2 Flow chart of the Perm Motor Trolley repair works energy supply system

Transformer # 1
TM-630/6/0 4

Transformer # 2
TM-180/6/0 23

Transformer # 3
TM-400/6/0 4

Input 6 kV

TP-606

KTP of compressor
room

TM-750/6/0 4
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TM-560/6/0 4

KTP shop #6
TM-560/6/0 4



A D Shpagm Perm Motor Trolley repazr works

TP~606 was constructed m 1935 The last update took place m the 50's, as of today, the high voltage
side reqlllres the full replacement of the eqlllpment because It does not support the protectIOn of
either the TP and KTP of the sectIOns and cable lInes The blllldmg of the transformer room also
reqlllres repair

The high voltage cable lInes at the sectIOns KTPs have the back-up and support their normal electnc
power supply

Most of the mam dlstnbutIOn panels for 0 4 and 0 23 kV at TP-606 and m ItS sections are obsolete
and ensure the protection only by fuses

The mput to the blllldmg ofTP-606 has two commercial meters of the active (SAZU-I670M) and
reactive (SR4U-I670M) power

Transformer substatIOns of the company have reactive power compensatIOn UnIts Installed Two
capacitors banks are Installed at TP-606 Substation with 100 kVAR of capacity (connected) at
transformer No 1, and with 120 kVAR of capacity (disconnected) at transformer No 2 There are
two UKT-O 38-150UZ UnIts (one connected) with the capacity of 148 4 kVAR and one UKM-58-0 4
100-33 1/3 UnIt (disconnected) with the capacity of 100 kVAR Installed at another substatIOns

The works does not have the Internal accountmg of the electnc power dlstnbutlon although many
feeders have meters Installed

Fig 3 23 lIsts the consumers of the electnc energy from every transformer IndicatIng the locatIOns
of the meters
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A D Shpagm Perm Motor Trolley repazr works

Fig 3 2 3 Consumers of electric energy at works
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AD Shpagm Perm Motor Trolley repaIr works
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A D Shpagm Pel m Motor Trolley repazr works

Azr supply system

The enterpnse has an atr compressor statiOn All the needs for compressed atr are covered by the two
step atr compressors 103VP-20/8 (see Table 3 2 1)

Table 3 2 1 LIst of aIr compressors

# Type Put mto CapacIty, Pressure, CapaCIty of Consump-
operatIOn, m3/mm kg/cm2 drive, kW hon of

year coolIng
water, m3/h

1 103VP-20/8 1981 20 8 132 3

2 103VP-20/8 1970 20 8 132 3

3 103VP-20/8 1974 20 8 132 3

4 103VP-20/8 1991 20 9 132 3

5 6VV-20/9 1997 20 9 160 133

6 6VV-9/9 1997 9 9 75 13

Compressors 103 VP-20/8 are eqUipped wIth DSK-12-24-12 synchronous electnc motors wIth the
capacIty of 125 kW and rotatiOn speed of 500 rpm I After the compressors the mr goes to the
receIvers V-10, 10 m3 each

The enterpnse has a system of cIrculatiOn coohng of the compressors It has a wooden water-cooler
and the circulatmg water tank The circulatmg water IS cIrculated by pumps

Compressed aIr consumers are hsted m Table 3 3 Accordmg to the table the largest compressed mr
consumer IS a forgmg hammer

Ventzlatzon

All access gates (19 umts) of the workshops mtended for trucks and raIlway cars are eqUipped wIth
hot aIr blowers (hot-mr curtams) wIth an aggregate power of 150 k.W

The Pamt-Drymg sectiOn of Shop No 19 IS eqUipped wIth a common cIrculatIOn combmed exhaust
mput ventIlatiOn system and wIth the mput ventIlatiOn of the aIr-lock chamber The Pamtmg sectiOn
IS equIpped wIth a recycle drymg system m accordance wIth the Project Coatmg chambers are
eqUipped wIth the exhaust ventIlatIOn system and hydro-filters

ChIppmg and saw dust from the wood processmg eqUipment 10 Shop No 1 IS transported by a
pneumatic transport system wIth a cyclone separator OEKDM, and dust from the grmd10g machmes
IS removed by the ventIlatiOn system wIth UTs-38 cyclone separator The total power of the
ventilatiOn systems electnc dnves m Shop No 1 IS equal to 57 kW

Weldmg statiOns (gas weldmg) - a total of 4 umts, are eqUipped wIth the local exhaust ventIlation
system with an aggregate power of30 kW

Of all baSIC productIon shops (No 1,2,3,5 and 6) three are eqUipped wIth common-cIrculatIOn
ventIlatIOn systems Shop No 1 (Forgmg Shop), No 5 and 6 of the aggregate power of 68 kW The
ventIlatiOn system m Shop 3 IS at the stage of ongomg reconstructiOn Only 6 systems are actually
operatmg of the total amount of mtake ventIlatiOn systems reqUired for the plant There are no mtake
systems m the wheel and mechamc workshops The mtake ventIlatIOn system operates 8 hours per
day
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AD Shpagzn Perm Motor Trolley repmr works

In Shop No 5 (Weldmg-assembly) all 18 weldmg statIOns are eqUIpped with local exhaust svstems
with an aggregate power of 60 kW, mcludmg systems based on Sovplzm type systems (l0 pcs, 20
kW of power)

Test-run bays are completely eqUIpped wIth a ventIlatton system (3 total systems) for exhaust gas
removal with an aggregate power of 13 kW

Exhaust ventIlatIOn IS provIded only by local exhaust hoods mstalled at the work statIOns and natural
flow venttlatIOn The exhaust venttlatlOn systems m Shop No 5 (sectIOns 1 and 2), No (forgmg
sectIOn) and No 3 operate dunng the entire work shift

Calonfers of the hot aIr-curtams m Shops No 1 (3 pcs) and No 3 (6 pcs) are steam operated, and m
Shop No 5, sectIOn No 2 there also IS one steam calonfer Installed at the hot-atr curtain and one at
the Intake system All remaining calonfers at the Plant have been already sWItched to hot water

Water supply system

The water hnes are underground outdoors and above ground l11doors The mam above ground lines
were replaced about 5 years ago and are m satisfactory state The water lme mtake and the flow meter
are located m the old bUlldmg of the pumpmg statIOn As the Intak.e IS only 2 kIlometers dIstance
from the pumps of the mUnicipal statIOn, there IS no need for a separate pumpl11g statton At the water
Intake to the works there IS a water pressure regulator which provides the stable pressure about 2 at
In the network and prevents leak.s In the hnes Domestic sewage IS gravity flow The productIOn
sewage IS pressunzed, after the treatment faCilities, the normatively punfied water IS dIscharged m
the mUnicipal sewage A 15 kW pump IS used for mdustnal effluents The Plant was allocated an
annual hmlt of City water consumptIOn of 180 thousand m' The amount of water dramage dIscharged
IS calculated as a factor of 0 58 of the total amount of consumed water

BOller house

The enterpnse has ItS own bOIler house fully covermg ItS heat needs Additionally, the heat IS sold to
outSide consumers The fuel IS natural gas, fuel 011 IS used as backup fuel

The measurement of the natural gas consumption and the settlements WIth the gas suppher from the
city are based on the SU lIlstrument WIth replaceable scale, Installed at the MDP For the mternal
accountlllg, the enterprISe has meters at the gas mtake for the metal cuttmg (sectIOns # 5 and # 6), and
at the MDP for the gas for forgery The dIfference between the readmgs of the commercIal meter and
lIlternal meters IS for the boIler sectton, mInUS the consumption by the canteen, which IS calculated

The Figure shows the scheme of the bOIler sectIOn

The bOiler house has the 4 bOIlers

Table 3 2 2 BOIlers

Boder# 1 2 3 4

Type DE 10114 GM DKVR65113 Shukhov-8/13 DKVR65/13

Regime steam steam water heatmg water heatmg

Year of manufacture 1986 1967 1934 1962

Nommal capaCity, t/h 100 65 8 65

Operatmg pressure, at 130 130 130 130

Mam fuel natural gas

Back-up fuel none fuel 011 fuel 011 fuel oIl
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A D Shpagm Perm Motor Trolley repaIr works

As indicated by the Table, the service hfes of all the bollers has expired with the exception of boller
No 1 They must be replaced Boller No 2 was allowed for use In 1998 only at a drum pressure
reduced to 4 0 atm

Three make-up pumps are Installed In the boller room (two are used for stand-by) There are four
network pumps and pumps for pump10g raw water and chemlcalh treated water

The Chemical water treatment umt 10cludes two-stage soft-water treatment Two umts ofthe first
stage and two umts of the second stage treatment operating In paIrs are available, so that when the
first stage umt IS shut-down the second stage umt IS In operatIOn When the water hardness reaches 30
Ilg eqUiv 11 the second pair IS acttvated Sulphonated coal IS used as chemical agent 10 both stages
Agent In both stages of each pair IS regenerated simultaneously about once each day

The regeneration process takes about 5 hours with about 40 m3 being consumed dur10g thiS time

Two accumulat10g tanks for raw and chemically treated water with a capacity of 10 mJ each are
mstalled 111 the Water treatment facllittes Condensate from the Hot Water Supply [GVS] bOilers
Installed above the water treatment facllittes also flows to the chemically treated water tank

An atmosphenc type deaerator IS I11stalled m the boiler room and IS supplied with chemically treated
water from the accumulator tank heated only to 40-60°C So, 10 fact, the boiler IS fed with non
deaerated make-up water

Thermal msulatlOn IS either not sufficient or lackmg on the large section of the steam and hot water
plpehnes

The enterpnse has a store of the back-up, fuel all The fuel all tanks are hsted m Table 3 2 3

Table 3 2 3 Fuel 011 tanks

# Type Volume, t FIllIng, t

1 Capacity # 1 50 0

2 Capacity # 2 40 20

3 Capacity # 3 40 0

4 Capacity # 4 90 52

5 DlstnbutlOn capacity 20 20

6 Tank # 1 50 45

7 Tank # 2 50 0

8 Tank # 3 30 0

TOTAL 370 137

The fuel 011 pumpmg statton has two statIOnary fuel 011 pumps and a heatmg control system The fuel
011 IS freeflowmg to the bOIler house The steam condensate used for fuel all heatmg IS not re
circulated and IS wasted

In 1997,38 tons of fuel 011 were used 10 the boiler house, and no new purchases of fuel 011 have been
made ever smce The use of fuel all was connected wIth the termmatlon of natural gas supply for
payment areas
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Heatmg and hot water supply

The heat supply s\stem consIsts of the water and steam heatmg systems A part of the steam heatmg
system was transformed to the water system m 1993-96 As of today, the sectIOns # 2,5,6, bays # 10
and 12, and the work.s management have the water heatmg The steam heatmg remams m sectIOns # 1
and 3 and bays # 11 and 14

Steam IS supplied from the botler room Condensate IS recycled only m part Network water of the
water heatmg system after ItS heated up m the bOIler IS supplied to the end user wIth a part of water
passed through the economIzer dIrected to the return network water lme upstream

The boIler room has a temperature Chart of dIrect and return Ime temperatures m the heatmg system
dependmg on ambIent air temperature It should be noted that thIS curve IS not followed

The Hot Water Supply System also mcludes steam bOIlers mstalled m the premIses of the heatmg
plant (4 pcs) and 111 Shops No 1,3 and 5 (production bays No I and 2) mtended for heatmg water for
showers

3 3 DeSCrIption ofproduction process

3 3 1 Production eqUipment

The enterpnse has two mam productIOn processes the repair of the railroad eqUlpment and the
machme buIldmg Ime

Current repair technology used at the Plant mcludes the followmg operatIOns

PreparatIon of railroad eqUlpment delivered for subsequent repair at Shop No 6
(lubncants and fuel dram, washmg, etc)

2 Disassembly of maclunes m Shops No 5 and 6 (complete disassembly of eqUlpment
mstalled on platforms, washmg, and the "rollmg-out" of wheelpalrs with theIr
subsequent transportation to Shop No 2)

3 Inspection and preparatIOn of a check-Itst speclfymg the scope of repair work and
orders for spares and components reqUlred In the event that mdIvldual sectIons of
eqUlpment and U11lts cannot be restored the order for new eqUlpment IS prepared

4 Assembly of mdIvldual sectIOns and theIr mstallatlon on platforms, and wheelpalrs
assembly, the mstallatIOn of cabms and engmes and hOlstmg eqUlpment, etc

5 Test run of ratl motor cars at a speCIal test bay

The Machme-bUlldmg Ime mcludes the assembly ofthe railroad eqUlpment with the use of
components (Shop No 5, bay No 1 and 2 and a new Shop No 4) manufactured by the Plant or
supplied by outside supphers

The mam power consummg productIOn of the Plant IS metal processmg, mcludmg thermal treatment
faclhtles and gas ovens Gas and electnc ovens are used for the thermal treatment of metal parts at
the Plant Table 3 3 1 mcludes parameters of the gas ovens The largest twm-chamber type gas ovens
WIth a gas flow rate of 70 m3/hour were made by the Plant Process parameters regulatIon of the
ovens IS carned out manually The duratIOn of heat treatment of metal parts 111 the ovens IS regulated
by the operator 111 a subjectIve manner based on hIs/her expenence The tw111-chamber ovens are
eqUIpped WIth a heat-exchanger where combustIon air IS heated by flue gases ThIS was also deSIgned
by the Plant

Shop No 10 mcludes the thermal treatment sectIon With two HF generators VTchG1-100/0 066 and
VTchG2-100/0 066, 141 kWeach The coohng water flow rate IS not higher than 35 m3/hour The
thermal treatment sectIOn also compnses electnc resistance ovens The speCIficatIOns of the electnc
ovens are given below
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• electrIc resIstance oven SNO-612 411042 (chamher type) with the capacIty of
71+71 kW Internal process space dImenSIOns 600 x 1200 x 400 mm Work.
temperature - 1000eC The weight of one treated batch - 0 8 ton Idle run
capacIty -10 kW ,

• electnc resIstance oven PN-45 CapaCIty - 45 kW

• electnc resIstance oven Ts-45 WIth the power of 105+10 ) kW Internal process space
dImenSIOns dIameter - 600 mm and height - 1200 mm Work temperature
950°C Idle run capaCIty - 18 kW,

• two electnc reSIstance ovens SShTsM-6 6/649 (pIt-type) WIth the capaCIty of
72 2 kW Internal process space dImenSIons diameter - 600 mm and height
600 mm Work temperature - 900°C The weIght of one treated batch - 0 6 ton

CoolIng water flow rate - 04 m3/hour,

In addItion to the above mentIOned ovens Installed In Shop No 10 there are three ovens Installed In
the forgIng sectIOn of Shop No 2

• two electnc reSIstance ovens SNO-6 124/1042 (chamber type) WIth the capaCIty of
71""7 I kW Internal process space dImenSIOns diameter - 600 mm and height
600 mm Work temperature - 1000eC The weight of one treated batch - 0 8 ton
Idle run capaCIty - 10 kW ,

• electnc reSIstance oven SShO-l 0 10/1OMI UKhL-4 (pIt-type) WIth the capaCIty of
72 2 k.W Internal process space dImenSIOns dIameter - 1000 mm and height
1000 mm Work temperature -lOOOeC The weight of one treated batch-
1 25 ton Idle run capaCIty _16+1

6 kW,

All ovens are eqUIpped WIth automatIc system regulatIng preset heatIng parameters The heat
treatment sectIOn operates In one, two and three shifts dependmg on the duratIOn of the process
heatmg cycle

Tables 3 3 1, 3 3 2, and 3 3 3 show the mam eqUIpment usmg steam, gas, and compressed aIr

Table 3 3 1 Steam-consummg equipment

# EqUipment (bays) Shop Steam Pressure, kg/cm2

consumptIOn,
kg/h

1 Heaters for dryIng #6 250 3

2 Components washer #6 260 3

3 Wheel couples washer #6 260 3

4 Motor trolleys washer #6 260 3

5 Dry cleamng 45 3 to 4

TOTAL 1075
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Table 3 3 2 Gas-consummg eqUIpment

# EqUIpment (bays) Shop Capacity, t/h Gas consumptIOn,
m3/day

I Heatmg furnace, 2-chamber, # 1 #2 260 70

2 Heatmg furnace, 2-chamber, # 2 #2 260 70

3 Heatmg furnace, I-chamber, # 3 #2 60 25

4 Heatmg furnace, I-chamber, # 4 #2 60 25

5 Round furnace # 5 #2 20 16

6 Round furnace # 6 #2 20 16

7 Round furnace # 7 #2 20 16

8 Round furnace # 8 #2 20 16

9 Cuttmg post (20 uOlts) # 5, 6 - 6 to 10

Table 3 3 3 Compressed alr-consummg eqUIpment

# EqUIpment Shop Air consumption, Pressure, kgflcm2

m3/mm

1 PneumatIc tools (up to 5 uOlts) # 1,6, 10, N/A 4
bay 11

2 PneumatIc tools (up to 3 uOlts) #2 N/A 4

3 Forgmg hammer #2 10 6

4 PneumatIc tool (l uOlt) #3 N/A 4

5 Moldmg machme (up to 2 uOlts) #6 3 6

6 PneumatIc tools (up to 5 uOlts) #5 N/A 4

7 PneumatIc press (up to 5 uOlts) #5 05 6

8 PneumatIc tools (up to 2 uOlts) bay 12 N/A 4

20



A D Shpagm Perm Motor Trolley repazr works

4 ANALYSIS OF ENERGY CONSUMPTION AND OPERATING
CONDITIONS OF EQUIPMENT

4 1 AnalysIs of energy consumption

Table 4 1 1 shows the mformatIOn on changes III productIOn and consumptIOn of the energy resources
by the enterpnse from 1994 through 1997

Table 4 11 ConsumptIOn of energy resources m 1994-97

Energy resource Umt of measure 1994 1995 1996 1997

Gas thousand tons of 4633 4297 4391 4593
conventional fuel

Fuel oil tons 10 - 207 28

Electnc power MWh 5130 4907 4829 5726

Mumclpal water thousand m3 162 158 142 138 166

AppendIx II has the Table showmg the consumptIOn of the energy resources by months of 1997,
AppendIx III has the Table showmg the productIOn of heat by the boiler sectIOn III 1977

The consumptIOn of the energy resources m 1997 IS shown by the Chart 4 4 1, III conventIOnal umts,
related to January 1997

Chart 4 4 1 ConsumptIon of energy resources by months of 1997

2 000

1 500

1 000

0500

oOOO~~~~~~~~~~~~~~===~
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

The Chart shows that, durmg the year, SIgnIficant seasonal vanatIOns eXIst III the consumptIOn of the
gas and e1ectnc energy this IS due to the seasonal operatIOn of the botler sectIOn
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Table 4 1 2 below shows the tariffs on the energy resources as of March 1998 These data were used
at the calculatIOns

Table 4 1 2 Tanffs on energy resources III 1997

# Energy resource Umt of measure Tariff, Rubles

1997 03/01198

1 Electric energy

basIc rate kW 66 691

addItIOnal rate kWh 01925 02637

2 Natural gas thous m3 2935* 2935
,.,

MUnIcIpal water m3
-'

consumptIOn 396 396

dIsposal 2324 2324

* In 1997, the tariffs on gas changed several tImes, see more detaIled mformatIon m AppendIx II

Table 4 1 3 ConsumptIOn of and payment for energy resources III 1997

Energy Umtof Consum- Energy Cost

resource measure
ptlOn

energy % thous %
eqUlva- Rubles

lent

Gas thous t of 4593 134,1658 86 1 1,154512 273
conventIOnal fuel

Fuel oIl thous t of 38 1,113 8 07 -
conventIOnal fuel

Electric MWh 5726 20,611 7 132 2,345200 554
energy

MUnIcIpal thous m3 138 166 - - 733371 173
water

Total 155,891 3 100 4,233083 100

Charts 4 1 and 4 2 below show the structure of consumptIOn of the power resources III the energy
eqUivalent and the structure of payment for the energy resources consumptIOn
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Chart 4 1 Structure of energy consumptIOn

Electnc energy 13% Fuel oil 1%

Chart 4 2 Structure of payments for energy resources

Water 17% Gas 27%
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As the Chart shows, about 56% of the payments for the energy resources IS for the electnc power
Accordmg to the agreement with the mUnicipal energy supplIer the enterprIse pays for the energy at
the bl-rate tanff The consumed reactive power IS not paid for

Accordmg to Diagram 4 3, whIch represents the structure of energv bIlls the payment, for declared
capacIn IS equal to more than a half of all energy costs

Chart 4 3 Structure of payment for electrIc energy

Electnc energy 56%

The payments for gas amounts to about 27% of all energy payments Gas IS used for the boIler room,
fO! process purposes and for the canteen Table 4 I 4 gl\,es monthly gas consumptIOn at the enterpnse
(thousand m3

)
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Table 4 1 4 Gas consumptIOn at the enterprIse by months of 1997

Month Boller Metal heatmg Metal cuttmg Canteen Total

sectIOn (shop # 2) shop # 5 shop # 6 shop # 3

JAN 704 336 8 7 02 1 2 754

FEB 538 453 8 7 05 12 600

MAR 525 466 8 7 02 12 588

APR 2583 455 8 7 0 1 2 320

MAY 548 44 8 7 0 1 2 115

JUN 23 348 8 7 0 12 74

JUL 78 51 8 7 0 12 75

AUG 368 12 10 5 0 12 65

SEP 61 15 8 10 5 0 12 93

OCT 1975 143 12 5 0 12 230

NOV 4277 23 1 15 5 0 12 472

DEC 572 498 15 5 0 12 643

Total 34059 415 8 118 74 09 144 4029

Chart 4 4 below IS based on the Table above

Chart 4 4 Structure of gas consumptIOn

Canteen 03% Furnaces 103%
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The mam share of the gas goes to the heat productIOn In the bOiler sectIOn Fig 4 1 shows the Chart
of heat productIOn relationship vs gas consumptIOn m 1997
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FIg ~ 1 Chart of gas consumptIOn and heat productIon III bOiler section III 1997
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4 2 OperatIon ofenergy consummg eqUIpment

BOller sectIOn

The bOllers are controlled manually, by adJustmg the pressure of the gas and aIr feed to burners The
gas to aIr ratIo before the burners IS also controlled manualh 111 accordance WIth the operatIon chart
of every boIler The steam bOIler has no steam meter mstalled

The aIr mtake for the burners comes from the unheated ventIlatIOn eqUIpment system

One partIcular feature of the bOIler operatIOn IS that the deaerator IS excluded from the make-up water
system, whIch causes substantIal scale deposItIon mSlde the boJler pIpmg (up to 1 mm) ThIs results
m a sharp drop of heat exchange and exceSSIve fuel consumptIOn, and the mcreased possIbIhty of
pIpe burnmg In addItIon, the repaIr tIme reqUIred for cleanmg bOIler pIpes and drums IS mcreased
Scale m a lower part of boIler No 3 IS connected WIth the lack of contmuous purgmg

The hot water supply bOllers mstalled m the boIler sectIOn have been manufactured by the enterpnse
Itself They functIon m the followmg way cold water IS fed to the baller, whIch has a Called pIpe the
mIddle The hot water heated by steam goes to the upper part of the bOIler and IS dIstrIbuted to the
consumers

Four bOllers are mstalled m the bOller room, WIth one ofthem heatmg water mamly for the canteen
and all others supplymg the productIOn shops WIth hot water Steam consumptIOn IS regulated
manually WIth no temperature control of the hot water supplIed to the end-users Smce steam mput
1I1tO the bOller IS done manually, the temperature of water supplIed to the users IS often too hIgh

As a rule, hot water from the bOIlers IS supplIed to the showers only at the end of each shIft The
steam consumptIOn rate at the Hot Water Supply [GVS] bOIlers m Shops No 1,3 and 5 IS regulated
manually, and hot water IS also used mamly only for showers
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Heatzng System and Hot Water Supply [GVS]

Heatmg needs are provided by two water-heatmg bOllers wIth an aggregate heatIng capacIty of
3 4 GCal/hour Both boIlers are approxImately equally loaded, for example, In 1996 bOiler No 4 was
mostly used, whIle boIler No 3 In 1997

As we mentIOned above, currently the enterpnse IS sWItchIng from steam to a water heatIng system
For example, steam In Shop No 1, first, IS passed through a steam regIster then goes to the
condensate tank and only then IS sent to the eXistIng water heatIng system and further through the
accumulator tank to sewerage Condensate IS complete wasted Condensate of the heatIng system In
St Paul and Peter Cathedral, as outSIde consumer, IS not returned as ""ell

Steam consumers

Steam produced In the boiler room IS used for process purposes for water heatIng, fuel 011 heatmg
and IS also supplied to the outSIde users (8t Paul and Peter Cathedral) It should be noted that the
amount of steam used for the process purposes IS not large and amounts to 0 6 GCal/hour The
process steam users Include three washIng machInes (Shop No 2 and 6) PaInt-DryIng premises (Shop
No 1) and dry cleaners In fact, steam IS actually IS reqUIred only for the dry-cleaners, as for the
remaInIng users they could eaSily SWItch to hot water

Condensate return tanks are Installed In Shops No 3,5 and 6 to whIch condensate after the heatIng
system, Hot Water Supply [GVS] bOIlers, heat-curtam blowers and two washIng machInes IS
returned Condensate IS pumped by pumps from the condensate return tanks to the condensate tank In
the boIler room

Air compressors

ThIS sectIOn operates In two ShIftS usmg not more than two compressors at a tIme The pipeime has a
pressure of 6 to 8 atmospheres, no automated control IS avaIlable At the outlet from the compressor
sectIOn, there are two receIvers, 10m3 each No compressed aIr dryers are envIsIoned The two new
VV type compressors have not been put mto operation because of the unavailabilIty of the filters at
the CIrculatIng water CirCUit The CirculatIng cooling system for the air compressors functions all year
round
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5 ENERGY SAVING MEASURES

5 1 Results of measurements at the enterprise

When analyzmg the electnc power consumptIOn, the Energy and Eltte power recorders and the Fluke
multimeter were used Durmg the audit, the recorders were mstalled for several days at the mput to
the enterpnse (high voltage side) and the mam consumers of the electnc energy shop # 5 (bays # 1
and # 2) shop # 6, constructiOn sectIOn, wheel bay of shop # 2, works management bUildIng, and
thermal department of shop # lOIn order to form the energy balance of the enterpnse, sIngle
measurements of the power and power factor were taken at all the distnbutlOn cells of the
transformers For the purpose ofprepanng an electnc power consumptIOn balance a 24 hour data
collectiOn procedure from the meters Installed at distnbutiOn cells ofTP-606 was orgamzed Data
readmgs of the meters were registered each 30 mmutes (see electnc povver supply scheme)

The results of the measurements and the supposed methods of improvmg the effiCiency of the electnc
energy use are shown below

Table 511 ElectriC Power ConsumptIOn Balance of the EnterprIse

No Consumer ElectncIty consumptiOn,
%

1 LIghtIng, IncludIng 157
Plant Management Headquarters 6
Auxiltary premises ltghtmg 68
Workshops lIghtmg 1 5
Yard lIghtmg 04

2 Heat supply, IncludIng 172
BOiler house 72
Network pump 100

3 Air compressor statIOn 175
4 Process faCIlIties 342

ConstructiOn shop 25
Shop No 5 7
Shop No 6 44
Microwave Thermal Treatment Umt m Shop No 10 26
Thermal sectiOn of Shop No 10 3
Shop No 2 124
Repair-mechamcal shop 1 3
CastIng shop 1

6 VentIlatIOn 45
7 OutsIde clIents and losses 34
8 Others 85

TOTAL 100
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The maIn consumers of electric power are process facIlItIes, IncludIng electric heatIng ovens (about
77%), air compressor statIOn, network pumps of the heatIng system, and lightIng system

AIr supply system

DUrIng the audit, an experIment on determInatIOn of the volume of leaks In the compressed air
distrIbution system was performed The experIment consIsted In the follOWIng After the end of the
workIng Shift, when all the compressed air consumers had stopped workmg, the 7 2 at operatIng
pressure was created In the system DUrIng the control time, the system pressure was lowered After
thiS, the compressors were restarted and the operatmg pressure 111 the system was restored Based on
the hme of operatIOn of the compressors, the volume of leaks was determIned for the control tIme
plus tune of operation of the compressors The entire compressed aIr system was Inspected In the
course of the energy audit (WIth valves at mdlvldual productIOn diVISIOns turned-off), for that IS the
way the first ShIft IS operatmg At a later stage we deCIded to check separate sectIOns of the
compressed air supply system DUring the second test, the gate valve upstream forgmg hammer was
closed Smce the hammer IS operatIng usually only durIng the first Shift, such an air consumptIOn
regime IS also typical for the second shift After thiS, the experiment was performed for the whole
system except the branch for the hammer thiS IS the regIme for the second shift In conclUSIOn, the
air tIghtness was checked for the mam branches (by length and number of consumers) The results of
the experIment are shown In the Table below

Date AprIl 4, 1998
Time 2040

# Segment of system Control Pressure Time of Volume of leak
time, drop ID operatIOn of

mmutes system, at compressor,

mIDutes m3/mm 0/0*

I Whole system (shift 1) 5 3 20 27 675

2 Whole system Without 12 22 6 92 46
hammer (shift 2)

3 Hammer 4 26 7 10 179 448

4 ConstructIOn sectIOn 10 14 255 44 22

5 SectIOn # 6 10 1 2 230 43 21 5

* Leakage volume In percentage IS calculated as a ratIO of leakage In m3/mIn and aIr consumptIOn m
the system For example, for the first test, when we were checkIng the entire system, leakage
amounted to 27 m3/mm, and In thiS case two compressors With the capacity of20 m3/mIn each were
operatIng, so leakage volume was equal to V =27/40 = 67 5% In the event that the compressed air
pipelIne to the hammer IS turned-off operators of the compressor umt start up only one compressor,
and leakage m tests No 2,4 and 5 were determIned baSIng on thiS consIderatIOn

LIghtmg

The enterprIse has pOSSIbilIties to reduce the energy consumptIOn by the IIghtmg eqUIpment The
SItuatIOn was observed when all the lIghtIng was on, however the work was gOIng on only at
mdIvldual areas ThiS SItuatIOn IS typIcal for all the sectIOns operatmg In two ShIftS, because durmg
shift 2, the load on the eqUIpment IS slgmficantly lower, but the lIghtmg eqUIpment IS used at full
load
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When VISitIng the constructIOn sectIOn In the daytime, both the common and IndiVIdual (at every
work. place) lIghtIng was operatIng this also leads to the e'{cesslve consumption of the electnc
energy

BOller sectlOn

The maIn consumer of the natural gas IS the boIler sectIOn, hence, here lIes the maIn potentIal for fuel
saVIng To evaluate the efficIency of the bOilers operatIOn, the bOilers # 2, 3, and 4 were tested These
IOcluded the measurements of the composItIons of the fume gases before and after economizer, the
share of CO2, O2, CO, and gases temperatures These evaluatIOns used the BACHARAH gas
analyzers

Two boIlers are contInuously operatIng durIng the heatmg season the steam botler and the water
heatmg bOIler A substantial discrepancy between rated capacIty of steam boIlers (6 5 and 100 tons
per hour) and the reqUIred amount of steam, which even consldenng the remaInIng part of the steam
heatlOg system amounts only to 4 0 to 5 0 tons per hour should be noted At such consumptIon rates
the operatIOn of bOIler No I (DE I0/14GM) results In the excessive fuel consumptIOn of 5-8% and
more As for bOiler No 2 (DKVR 6 5/13), It was certified only for one more addItIOnal year of
operation with steam pressure reduced to 40 atm, smce ItS service lIfe expired, which sharply reduces
ItS effiCiency The situatIOn IS aggravated by the fact that It IS difficult to manually maIntaIn effiCient
gas/air ratio m the burners, let alone the possibIlity of automatIOn of the process

Consldenng the low steam consumptIOn, bOIler No 2 IS mamlv operated with the second bOiler
started up only dunng emergency shut-down It was used for the penod of planned summer repairs
(from II 07 untIl 11 10 m 1997)

Boilers No 3 and 4 (DKVR 65/13 and Shukhov Type BoIler) are operated only In a water heatmg
mode SInce their service lIfe has expired and they have been removed from the offiCial regIster of the
state boIlers supervISIon authontIes - KOTLONADZOR

The follOWIng could be noted accordIng to the results oftest of the bOilers (With the exceptIon of
bOllerNo 1)

• current gas/air ratIO In burners dunng the operatIOn of boIlers In accordance With
lated load tIme-tables and beyond speCified parameters (lower consumptIon)
prOVides for effiCient gas combustion In general (With first signs of CO In flue gases),

• substantial aIr suctIOn In boIlers' ducts was detected, and, If m boIlers No 2 and 3
such suctIon occurs before the economizer and amounts to 100-120%), then m bOiler
No 4 the aIr suctIon IS big enough both before the bOiler (120-130%) and In the
economizer Itself (50-60%) Such high air suction results In large heat losses of fuel
With flue gases as well as In additIonal load on smoke-extractors of the boIlers,

• the Increase of gas pressure m the burners from 10 MPa up to 30 MPa leads to the aIr
suctIon drop of 60% and the reductIOn of heat losses of fuel With flue gases by 1 6%,

• the reductIOn of the air suction down to rated values should result In 2-7% fuel
saVIngs,

• effiCiency of water heatIng bOIler No 4 IS 3 3% lower than of the Shukhov Type
BOiler

In order to define actual values of steam productIOn, the measurement of the make-up water flow rate
at BOller No 2 were carned out, which amounted to 4 0 tons per hour No penodlc purgmg was made
durIng these measurements

In order to evaluate the effiCiency of the heatIng system, we measured the flow rate of network water
passmg both through the botler and economizer It amounted to 220 m3 and 12 m3 per hour,
correspondmgly The temperature of direct and return water amounted to SO°C and 55°C WIth the
temperature drop of SoC, correspondIngly

31



A D Shpagm Perm Motor Trolley repazr works

5 2 Possible energy savmg measures

Accordmg to the results of the energy audit of the enterpnse we may conclude that the Plant has a
large potential for energy efficiency This IS connected, first of all, with the use of old and obsolete
eqUIpment of the bOiler room and heatmg system

Boder Room

The measurements and calculatIOns made dunng the audit, demonstrated the presence of big air
suctIOn In the bOilers, espeCially at BOiler No 4 In the event that thiS air suctIon IS ehmmated the
Plant could save 51 thousand m3 of natural gas per year (see Project No 5)

The poor state and the lack of InsulatIOn coatmg on large sectIOns of steam plpelmes, pipes of the
heatmg system and make-up water and the Hot Water Supply [GVS] IS ObVIOUS, mcludmg complete
absence of msulatlOn on bOilers both m the bOIler room and m the shops Consldermg the high
temperatures of the surface of plpelmes and bOilers (up to 100°C and higher), heat radiatIOn losses

mto the ambient atmosphere result m the waste of 156 7 thousand m3 of natural gas per year (see
Project No 6)

Substantial fuel savmgs (40748 m3 of gas) could be made US111g the hot air of the upper sectIOn of the
bOiler room to feed to bOiler burners (see Project No 7) It should be noted that m the future It IS
feaSible to SWitch from the use of sulphonated coal to catIOn reS111 m the water chemical treatment
faCIlities, which should save about 9 5 thousand m3 of water (see Project No 10)

In fact, a really drastiC solutIOn of the problem of effiCiency of heat energy productIOn IS the total
reconstructIOn of the bOiler room We see two pOSSible vanants 111 thiS connectIOn

To mstall a new steam bOiler With the capacity of 6 5 ton per hour and two boIlers for
water heatmg and Hot Water Supply [GVS] (With the total mvestment of about 460
thousand rubles)

2 To SWitch the DE boIler to a water heatmg mode With the mstallatlOn of a new water
heatmg boiler With the capacity of 6 5 GCal/hour However, m thiS case, the washmg
faCIlities should be converted from steam to hot water, which Will not affect normal
operatIOn of these faCIlities (mvestment should amount to about 520 thousand
rubles)

It should be noted that the above mentIOned vanants are based on the use of RUSSian made boIlers
The selectIOn of the most effiCient solutIOn Will reqUIre additIonal analySIS

Heatmg System

Currently, the Plant IS convertIng ItS heatIng system from steam to hot water In connectIOn With the
lack of project documentatIOn and appropnate data on reqUIred mvestments, It IS difficult to assign
these activItIes mto a separate energy effiCiency project However the followmg should be noted m
the course of reconstructmg the heatmg system

• m the event that the entire heatmg system IS converted to hot water It could be
feaSible to replace the network pump With a pump oflesser capaCity,

• accordmg to our estimatIOns the reduction of condensate losses, which IS not now
returned by the heatmg system and Hot Water Supply [GVS], should amount to not
less than 1 ton per hour

We thmk the reconstructIOn of the boIler room WIth a partIal replacement of the boIlers, heat
e'(changmg eqUIpment and other facIlItIes should be a pnonty project The conversIOn of the
remammg part of the steam heatmg system mto water heatmg wIll also prOVIde substantIal gams Fuel
011 faCIlIties currently used by the Plant consume a lot of steam In order to reduce the amount of
steam used, we suggest to warm-up the part of the fuel 011 reqUIred to mamtam rated operatIOn of the
bOilers m the event of gas supply shortages In additIOn, the currently system used for steam
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mJectIOns mto fuel 011 tanks should be Improved, for It allows big discharges of steam and steam
condensate mto the atmosphere, whIch results m dIrect heat losses

In addition to Improvements, which reqUIred bIg mvestments, we propose a number of zero-cost
energy effiCIency orgamzmg Improvements, mcludmg the re-dlstnbutIOn of consumptIOn load
between the first and second shifts Presently, the mam consumptIOn take place durmg the first ShIft
Accordmg to the results of the measurements and consumptIOn balance made, we found that process
(technologIcal) consumption amounts to only 35% of the electnc power In the event of a better
distrIbuted consumptIOn of the mam process shops, the value of declared capacIty dunng peak hours
may be reduced by 10% of the current level which should gIVe a savmg of 133,860 rubles ($21,944)
Any further reductIOn of the declared capacity may be achIeved by replacmg old compressors by new
and more effiCient ones (see below) IneffiCient use of the hghtmg system and lamps shall be reduced
to a very mmlmum ConsIderIng the large amount of hghtmg eqUIpment at the Plant, thIS IS one of the
possIble ways to cut electnclty consumption (see project No 3)

Azr Supply System

The aIr compreSSIOn and dlstnbutIOn system has a large potential for electnclty savmgs Compressed
air leakage detected dunng the audit amount to 67% The proper sealmg of compressed aIr plpelmes
and Improvement of the valves Will also allow reductIOns m electnclty costs A real effect of aIr
leakage elImmatIOn m the compressed aIr system Will be obtamed only m the event that the already
supplIed new fan compressors \Vlth discharge regulatIOn capabilItIes are put Into operatIOn There are
no senous obstacles to put them Into operation Substantial savmgs can be obtamed through lesser
electnc power consumption of the smaller complessors as well as through the reductIOn of declared
electnclty consumption maXImum (see Project No 2)

Ovens

One of the potentIal water Sa\dng pOSSIbilIties was found dunng the mspectlon of the electnc ovens,
m particular, - the SShTsM tv pe ovens These ovens are water cooled After the ovens are shut
down, operators do not stop the coolIng water supply because there IS a pOSSibIlIty of water COlIs and
plpmg overheatmg due to hIgh temperature mertla ofthe ovens No recyclIng water system IS
aVailable In thiS SItuatIOn, the heated water from both SShTsM type ovens IS dIscharged mto the
dramage system almost 24 hours per day As a energy effiCIency program, It IS recommended to
orgamze the collectIon of water after the electnc ovens and ItS supply to bOIlers Project No 8
concerns only water savmg, though In the event of a more scrupulous development of thIS project a
recyclIng scheme for hot water collected from the ovens could be enVIsaged In addItion to the
SShTsMtype ovens, water coolmg IS used at the VTcG umts mstalled m the same thermal treatment
sectIOn It seems feaSIble to supply coolIng water from these umts too

The gas ovens effiCIenCIes may be mcreased m the followmg manner first, to Improve the wall
msulatIOn of the oven and aIr heat exchanger (see project No 9) located nght above the oven, and,
second, to use more completely the flue gases heat for the combustIOn air The aIr temperature after
the heat exchanger measured dunng the audit proved to be 60°C ThIS IS too low WIth the temperature
mSIde the oven bemg about 700-900°C
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5 2 Recommended energy savmg measures

ProJectNo 1

Leveling of a daIly process load tIme table

1 Savmgs

Annual savmgs m cash

2 Costs

Total costs

133,860 rubles ($21,944)

o00 rubles ($0 00)

3 SImple repayment perIod

RecommendatIons

It IS proposed to evenly dlstnbute process load between the first and second ShIftS m order to
reduce the amount of declared capacIty

DescrIptIOn

Currently, there IS uneven process load dlstnbutlOn between the first and second ShIftS The
optimIzatIOn of process load between the first and second ShIft will make It possIble to reduce
the amount of payment for declared capacIty

Expected savmgs

Under the current addItional rate of a two-rate tanff equal to 69 ruble/kW a 10% reductIOn of
declared capacity w111 allow to cut electnclty savmgs by 133,860 rubles ($21,944)

Investments reqUIred

ThiS energy effiCiency project reqUires no additIOnal lI1vestments

PerIod

ThIS project could be Implemented immediately

Techmcal rISks related to the quality of produced goods and/or the amount of produced
goods

There are no nsks of thiS sort for thiS project

ImtIal data and estImatIon results

Accordmg to the results of analysis of data obtamed m the course of energy audit electnc
consumptIOn of the entire plant and results of the electnc power consumptIOn balance the
expected reductIOn of declared capaCity should be equal to 10% of the eXistmg level The
annual amount of the ordered maXimum was equal to 19,400 kW m 1997 Annual savmgs of
money under the tanff of 69 rubles/kW should be equal to 133,860 rubles ($21,944)
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ProJectNo 2

ElImmatlOn of leaks m the compressed aIr dIstrIbutIon system

1 Savmgs

Annual saVIngs of electric power 280 5 MWh

ReductIOn of ordered consumptIon maximum

Total savIngs

2 Costs

Total costs

73970 rubles ($12,126)

99,360 rubles ($16,290)

173,330 rubles ($28,416)

o00 rubles ($0 00)

3 Simple repayment period

RecommendatIOns

It IS proposed to ehmInate aIr leakage m the compressed air system and mstall and put mto
operatIOn new VV type compressors

DeSCriptIOn

The ehmmatlon of air leakage m the system WIll allow to gam substantIal savmgs under the
condItIOn that the new VV type compressors are used

Expected savmgs

Under the current tariff rates the annual savIngs of 280 5 MW of electrIC power Will give
73 970 rubles ($12,126) The reductIOn of declared capacity wIll allow to cut electrICity
savIngs by 99,360 rubles ($16,290) under the additIOnal rate of a two-rate tarIff The total
savIngs Will amount to 173,330 rubles ($28,416)

Investments reqUIred

ThIS energy effiCiency project reqUIres no addItIonal Investments

PerIOd

ThIS project could be Implemented Immediately

Techmcal riSks related to the qualIty of produced goods and/or the amount of produced
goods

There are no risks of thiS sort for thiS project

ImtIal data and estimation results

AccordIng to the results aftests, we found leakage reachIng 675% with the two compressors
operatIng In the first shIft and up to 46% durIng the second shift EffiCIent capacity of the
compressor amounts to 13 and 10 8 m3/mm correspondmgly TakIng Into account the fact
that actual consumptIOn of compressed air IS even less, we observed frequent operatIon of
rehefvalve, dischargIng air Into the atmosphere (It was espeCially typIcal for the second
shift) In these conditIOns It IS very cruCial to ehmInate leakage In the compressed air
dlstnbutlOn system and to put mto operatIOn two fan-type compressors with a Wide range of
capacity regulatIOn Assummg that VV20/9 compressor with the capacity of 13 m3/mm (65%
of Its rated capacity) IS operatmg durmg the first shift ItS power consumptIOn should amount
to about 115 k.Was compared with 240 kW of two old compressors Durmg the second ShIft,
when actual aIr consumptIOn IS actually equal to zero they should use VV9/9 compressor
Assummg that the capacIty of thiS new compressor IS about 6-7 m3/mIn ItS power
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consumptIOn should amount to about 55 kW as compared with 120 kW of the old
compressor Operatmg 5 hours In the first ShIft and 10 hours In the second shift (at least thIS
was the way they operated these compressors dunng the energy audIt) the total savings
should amount to 1,275 k.W per day or 280 5 MWh per year

As additIOnal benefit ofthls energy savings recommendatIOn It would be possible to reduce
the declared maximum by 120 kW (the difference of consumed capacity during the peak.
consumptIOn hours between the two old compressors and one new one), whIch \\'111 result In

the annual savmgs of99,360 rubles ($16,290)
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PrOject No 3

EhmmatIOn of mefficient use of the hghtmg system

1 Savmgs

Annual savmgs of electnc power

Total savmgs

2 Costs

Total costs

10,120 kWh 2,699 rubles ($437)

o00 rubles ($0 00)

3 SImple repayment period

RecommendatIOns

It IS proposed to exclude the hghtmg eqUipment, which IS not effiCiently used now

DeSCriptIOn

Presently the hghtmg eqUipment of the enterpnse IS not used effiCiently dunng lunch break
and the second shift In the event that the lamps are sWitched-off dunng lunch break and
usmg mdlvldual or section-type hghtmg eqUipment m productIOn shops (especially durmg the
second ShIft) would result m substantial electnc po\\er savmgs

Expected savmgs

Under the current tanff rates the annual savmgs of 10 120 kW per hour of electnc power IS
eqUivalent to 2,669 rubles ($437)

Investments reqUired

This energy effiCiency project reqUires no additIOnal mvestments

Period

This project could be Implemented Immediately

Techmcal rIsks related to the quahty of produced goods and/or the amount of produced
goods

There are no nsks of this sort for thiS project

ImtIal data and estImatIOn results

Accordmg to the results of Visual mspectlon of the Plant, we found that excessive hghtmg
eqUipment was SWitched on m Shop No 1,5 and 6 The total estimated power of the hghtmg
eqUipment SWItched on dunng lunch break amounts to about 3 kW The extra electnCIty
consumption due to the use of excessive hghtmg dunng the second ShIft amounts to about
4 kW The extra electncity consumption due to the use of excessive hghtmg m the
constructIOn Shop No 1 amounts to about 2 kW The effiCient use of the hghtmg system WIll
result m savmg up to 10,120 kWh of electnclty per year
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ProJectNo 4

DIsconnectIOn of the fuel oIl tanks heatmg steam pipelIne

91,501 rubles ($15,000)

91,501 rubles ($15,000)

o00 rubles ($0 00)

311,577 m3

1 S'lvmgs

Annual savmgs ofwater

Total savmgs

2 Costs

Total costs

3 Simple repayment period

RecommendatIons

It IS proposed to disconnect the fuel 011 tanks heatmg steam plpelme

DeSCriptIOn

Presently, the Plant IS usmg a contmuous heatmg oftank.s with stand-by fuel 011 Smce the
probabilIty of shortages of the baSIC fuel- natural gas IS rather small, we propose to stop the
contmuous supply of steam to the fuel 011 tank.s, which will ensure substantml savmgs

Expected savmgs

The savmgs 0011,757 m3 of natural gas IS eqUIvalent to 91,501 rubles ($15,000)

Investments reqUIred

TIns energy effiCiency project reqUIres no additIOnal IOvestments

Period

ThiS project could be Implemented Immediately

Techmcal riSks related to the qualIty of produced goods and/or the amount of produced
goods

There IS a small probabilIty stIll that there could be mterruptIons of gas supply to the
enterpnse

Imttal data and estImatIOn results

Accordmg to the results of measurements we found that abollt 500 kg of steam or 0 28 kCal
per hour IS supplIed to the fuel Oil tanks In the event that steam supply to the tanks IS stopped
the annual heat savmgs should be equal to 2,453 GCallhour or 311,757 m3 of natural gas
EffiCiency was assumed to be equal to 85%
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PrOject No 5

Reduction of air suctIOn m boilers

51 thousand m3

1 Savmgs

Annual saVIngs of gas

Total savIngs

2 Costs

Repair works

Total costs

3 Simple repayment period

RecommendatIOns

It IS proposed to reduce air suctIon In the flue gas duct

14,969 rubles ($2,454)

14,969 rubles ($2,454)

2,000 rubles ($328)

2,000 rubles ($328)

DeSCriptIOn

To Improve sealIng of the bOilers by sealmg hatches and ehmmatmg cracks

Expected savmgs

Under current gas tanffthe savIngs of 51 thousands m3 of gas IS equal to 14,969 rubles
($2,454)

Investments required

The estimated cost of repair works for the three bOilers should amount to 2,000 rubles ($328)

Repayment period

The estimated repayment penod of Investments IS equal to 2 months The scale of thiS project
does not reqUIre the calculatIOn of the Internal repayment rate

Period

ThIS project could be Implemented Immediately m the course of planned annual repair works

Techmcal riSks related to the quality of produced goods and/or the amount of produced
goods

There are no nsks of this sort for thiS project

Imtlal data and estimatIOn results

Accordmg to the results of measurements made at BOIlers No 2, 3 and 4 we found air suctIOn
amountIng to 110, 114 and 190% correspondmgly, which result m heat losses With flue
gases The reductIOn of air suction to the amount complymg With the rated values speCified m
effiCiency operatIon charts for the bOIlers WIll allow for the effiCiency mcrease of 1 5% for
bOIlers No 2 and 3 and 3 8% for botler No 4 In thiS case the total fuel savmgs should
amount to 51 thousand m3

, which IS equal to 14969 rubles ($2,454)
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PrOject No 6

InsulatIOn of pIpelInes m bOIler and water heatmg rooms

1 Savmgs

Annual savmgs of gas

Total savmgs

156 7 thousands m' 45,993 rubles ($7,540)

45,993 rubles ($7,540)

2 Costs, mcludmg VAT

Mmeral wool

InsulatIOn works

Total costs

2,340 rubles ($384)

1,404 rubles ($230)

3744 rubles ($614)

3 SImple repayment perIod

RecommendatIOns

To msulate nonmsulated sectIons of pipelmes m the boIler house

DeSCrIption

In order to reduce heat losses caused by nonmsulated sectIons of make-up and network water
pipelInes, steam pipelmes and valves and Hot Water Supply [GVS] bOilers It IS proposed to
msulate them, whIch should save 156 7 thousands m3 of natural gas

Expected savmgs

Under current gas tanffthe savmgs of 1567 thousands m' of gas IS equal to 45,993 rubles
($7,540)

Investments requIred

In order to msulate 760 m of open sections of pipelmes m the boIler and heatmg rooms 6 5
m3 of mmeral wool should be reqUired The estImated pnce of msulatmg matenals (mmeral
wool and asphalt board) and appropnate works IS equal to 3744 rubles ($614) mcludmg
VAT

Repayment perIod

A SImple repayment penod IS equal to 1 month The scale of thIS project does not reqUire the
calculatIOn of the mternal repayment rate

PerIOd

TIllS project could be Implemented ImmedIately

Techmcal rISks related to the qualIty of produced goods and/or the amount of produced
goods

There are no nsks of thIS sort for thIS project

ImtIaI data and estImatIOn results

The results of measurements of length dIameter and surface temperature of nonmsulated or
Inadequately Insulated sectIOns of the pIpelInes and nomnsulated tanks of Water HeatIng
System In the bOller and heatIng rooms (see AppendIX VI) were used as InItIal data Total
heat losses are equal to 184 7 kW
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EconomIcally effiCIent thIckness of msulatIOn for thIS type ofpIpelmes IS about 35 mm After
such msulatIOn IS mstalled the total heat losses of msulated pipeimes should be about 21 2
kW Thus, the mstallatIOn ofmsulatIOn WIll allow to save about 163 5 kW, whIch IS equal to
1567 m3 of natural gas and to 45993 rubles ($7,540) Estimated effiCIency was assumed to
be equal to 85% The calculatIOns of heat losses through nonmsulated sectIOns of pipeimes
and the evaluatIOn of economIC msulatIOn thIckness was made m accordance with standard
refelence tables
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PrOject No 7

Use of warm air for burners

1 Savmgs

Annual savmgs of gas

Total savmgs

2 Costs

RepaIr works

Total costs

40,748 m3 11,960 rubles ($1,961)

11,960 rubles ($1,961)

5,000 rubles ($820)

5,000 rubles ($820)

3 Simple repayment period

Recommendations

It IS proposed to use warm aIr taken from the upper sectIOn ofthe boller room for burners

DeSCriptIOn

Presently aIr mtake for burners IS carned out from the non-heated ventIlatIOn room, WhICh
reduces performance of the bOIlers It IS proposed to use warm aIr taken from the upper
sectIOn of the boller room for burners

Expected savmgs

Under current gas tarIff the savmgs of 40,784 m' of natural gas IS equal to 11,960 rubles
($1,961 )

Investments reqUIred

The estImated cost of repaIr works for the three bOIlers should amount to 5,000 rubles ($820)

Repayment perIOd

The estImated repayment perIod of mvestments IS equal to 5 months The scale of thIS project
does not reqUIre the calculatIOn of the mternal repayment rate

Period

ThIS project could be Implemented ImmedIately m the course of planned annual repaIr works

Techmcal riSks related to the qualIty of produced goods and/or the amount of produced
goods

There are no rIsks of thIS sort for thIS project

Imtlal data and estimatIOn results

An average temperature dIfference between the bOIler room and outdoor temperature dUrIng
the year IS equal to about 30°C The consumptIon of aIr for combustIon was estImated basmg
on the annual natural gas consumptIon of the bOIler (3,405 thousand m3

) and amounted to
39 8 mIllIon m3 The warm aIr mtake from the premIses WIll allow for the savmgs of 377 3
GCal per year, WhICh IS equal to 40 748 m3 of gas
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PrOject No 8

Supply of coolIng water from electric ovens to the boIler room

1 Savmgs

Annual savmgs of water

Total savmgs

2 Costs

Totdl costs

5900 m3 31 303 rubles ($5,132)

31 303 rubles ($5,132)

5,000 rubles ($820)

3 SImple repayment perIod

RecommendatIons

It IS proposed to use water from coolmg system of electrIc ovens for the boIlers

DescriptIon

Presently, water from the coolmg system of electrIc ovens IS not used and IS dIscharged to
sewerage, whIch results In substantIal water losses It IS proposed to use water from the
coolmg system of electrIc ovens for the boIlers

Expected savmgs

Under current water tarIff the saVIngs of 5,000 m3 of water IS equal to 31 303 rubles ($5,132)

Investments reqUIred

Investments reqUIred for the organIzatIon of the collectIOn and supply system for coolmg
water from ovens to the bOIler room should amount to 5,000 rubles ($820)

Repayment perIod

The estImated repayment perIod of Investments IS equal to 2 months The scale of thIS project
does not reqUIre the calculatIOn of the Internal repayment rate

PerIod

ThIs project could be Implemented ImmedIately

Techmcal rISks related to the qualIty of produced goods and/or the amount of produced
goods

There are no rIsks of thIs sort for thIs project

Imtml data and estImatIon results

The coolIng water flow rate for two SShTsM electrIc ovens IS equal to 0 8 m3 per hour and for
VTchG UnIt - 35m3 per hour Water supply to SShTsM electrIC ovens IS carned out 24 hour
a day VTchG UnIts are operatmg about 1 hour per day The annual consumptIOn of coolIng
water IS about 5900 m3 Consldermg payments for water supply and water dIscharge the
saVIngs of water through supplymg It to the boIler room should amount to 31 303 rubles
($5,132)
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PrOject No 9

Insulation of external surfaces of the gas ovens

1 Savmgs

Annual saVIngs of water

Total saVIngs

20,520 m3 6 023 rubles ($987)

6 023 rubles ($987)

4,000 rubles ($656)

2 Costs

Total costs

3 Simple repayment perIod

RecommendatIOns

To Insulate surfaces of ovens and combustIOn aIr heat exchanger

DeSCrIptIOn

Inadequate InsulatlOn of surfaces of ovens and the combustiOn aIr heat exchanger results In
bIg heat losses mto ambIent atmosphere The mstallatiOn of new Insulation should allow for
fuel saVIngs In ovens

Expected savmgs

Under current tanffthe savmgs of20,520 thousands m3 of natural gas IS equal to 6,023 rubles
($987)

Investments reqUIred

Investments for msulatmg both ovens amount to 4,000 rubles ($656)

Repayment perIod

A SImple repayment penod IS equal to 8 month The scale of thIS project does not reqUIre the
calculatIOn of the mternal repayment rate

PerIod

ThIS project could be Implemented Immediately

Techmcal rISks related to the qualIty of produced goods and/or the amount of produced
goods

There are no nsks of thIS sort for thIS project

ImtIal data and estimatIon results

The annual gas consumptIOn ofa two-chamber oven IS about 157,500 m3 Heat losses mto
ambIent atmosphere - 200 GCal per year (at the average temperature of oven's surface equal
to 250°C) New msulatlOn WIll make It pOSSIble to reduce losses by 190 GCal per year, WhICh
means natural gas savmgs of 20,520 m3
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PrOject No 10

TransitIOn from sulphonated coal to catIOn resm Ku-2-8

1 Savmgs

Annual savIngs of water

Reduction of draInage payments

Salt savIngs

Total savIngs

2 Costs

CatiOn reSIn Ku-2-8 (IncludIng VAT)

Total costs

9411 m',

5458 m"

281 tons,

37,268 rubles ($6,109)

12648 rubles ($2,079)

64,630 rubles ($10,595)

114,583 rubles ($18,783)

69,600 rubles ($11,410)

69,600 rubles ($11,410)

3 Simple repayment perIOd

RecommendatIOns

To use catIOn resm Ku-2-8 mstead of sulphonated coal

DeSCrIptIOn

In the event that catiOn reSIn Ku-2-8 IS used Instead of sulphonated coal the frequency of
agent regeneratiOn IS reduced, and thus, there Will be savmgs related to a lesser consumptiOn
of water and salts

Expected savmgs

Under current tanfffor water supply and water draInage and salt pnces the total savIngs
should be equal to 114,583 rubles ($18,783)

Investments reqUIred

Investments reqUired for the Initial for thiS project should amount to about 69,600 rubles
($11,410) With VAT ThiS estimatiOn was made on the baSIS of data presented by catIOn reSIn
manufacturer

Repayment period

A snnple repayment penod IS equal to 8 month The scale ofthls project does not reqUire the
calculatIOn of the Internal repayment rate

PerIod

ThIS project could be Implemented ImmedIately

Techmcal rISks related to the qualIty of produced goods and/or the amount of produced
goods

There are no nsks of this sort for thIS project

Imtml data and estimation results

The results of annual water consumptIOn for regeneratIOn and salt pnces and the pnce of
catIOn reSlD Ku-2-8 and sulphonated coal were considered as lDltIal data base
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Material resources UmtPrIce Annual consumptIOn

sulphonated coal catIon resm
Ku-2-8

salt 230 ruble/ton 360 tons 79 tons

water consumptlOn 3 96 ruble/m3 14600 m3 5189 m3

water draInage 2 324 ruble/m3 8468 m3 3010 m3

Presently, the annual consumptIOn of sulphonated coal IS equal to 10% of the total load
volume (about 0 4 tons), and In the event that catlOn resl11 Ku-2-8 IS used a full load should
be reqUIred durIng the first year (4 tons) WIth the pnce of cation reSIn equal to 15000 rubles
per ton agaInst 5000 rubles per ton for sulphonated coal, the InItial expenses mmus
assocIated costs for addmg sulphonated coal should amount to the followmg

3 = 4 x 15,000 x 1 204 x 5000 x 12= 69,600 rubles ($11,410)
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APPENDIX I MAIN PRODUCTS OF STATE~OWNED ENTERPRISE A D SHPAGIN PERM MOTOR
TROLLEY REPAIR WORKS IN 1997

Product Umtof JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
measure

1 RepaIr and modernIZatIOn of pes 14 14 14 17 14 12 5 9 9 15 11 9 143
motor trolleys

2 Formation of wheel couples pes 5 6 14 16 19 12 42 32 26 11 24 14 239

3 Anchor bolts sets 185 265 270 270 270 180 336 70 76 60 95 300 2377

4 Home furnIture sets 16 15 15 6 15 15 20 33 - 12 - 44 191
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APPENDIX II CONSUMPTION OF ENERGY RESOURCES BY STATE-OWNED ENTERPRISE A D
SHPAGIN PERM MOTOR TROLLEY REPAIR WORKS IN 1997

# Energy resource JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1 Gas thous t of 860 684 670 365 131 84 86 74 106 262 538 733 4593

conventIOnal
fuel
thous m3 754 600 588 320 115 74 75 65 93 230 472 643 4029

tallff Rbl/m3 02892 02841 02841 02841 02841 02841 02841 02841 02841 02841 02935
Ipayment for 1997 Rbi 218039 170460 167051 90912 32672 21023 21308 18467 26422 65343 134095 188721 1154512

2 Fuel 011 thous t of 0 0 12 0 5 0 0 0 0 0 21 0 38
conventIOnal
fuel

paymentfOl 1997 Rbi 0 0 0 0 0 0 0 0 0 0 0
3 ElectrIC power

declared capacity kW 1800 1800 1800 1600 1400 1400 1400 1400 1400 1800 1800 1800 19400
tanff Rbl/kW 66 66 66 66 66 66 66 66 66 66 66 66
payment for 1997 Rbi 114048 114048 114048 101376 88704 88704 88704 88704 88704 114048 127908 114048 1243044
electllc ene,fY MWh 56551 52650 49990 48856 33001 36420 35999 291 16 491 31 53085 62882 64868 57255
tanff Rbl/kW 01925 01925 01925 01925 01925 01925 01925 01925 01925 o 1925 01925 01925
payment for 1997 Rbi 108860 101352 96230 94047 63527 70108 69299 56049 94578 102188 121047 124871 1102156
Total Rbi 222908 215400 210278 195423 152231 158812 158003 144753 183282 216236 248955 238919 2345200

4 MUnICIpal water
Consumptlon m' 9985 7780 9389 11169 9825 12305 11571 11107 10742 14061 14449 15783 138166
tariff Rbl/m3 396 396 396 396 396 396 396 396 396 396 396 396 396
payment for 1997 Rbi 39541 30809 37180 44229 38907 48728 45821 43984 42538 55682 57218 62501 547137
dlschmge m3 5791 4512 5446 6478 5699 7137 6711 6442 6230 8155 8380 9154 80135
tarIff Rbi /m1 2324 2324 2124 2324 2324 2324 2324 2324 2324 2324 2324 2324 2324
payment for 1997 Rbi *1,000 13458 10486 12657 15055 13244 16586 15596 14971 14479 18952 19475 21274 186234
Total 52999 41295 49837 59284 52151 65314 61418 58955 57017 74634 76693 83775 733371
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A D Shpagm Perm MOtOI Tlolley repal1 WOl ks

APPENDIX III PRODUCTION OF ENERGY RESOURCES BY STATE-OWNED ENTERPRISE
AD SHPAGIN PERM MOTOR TROLLEY REPAIR WORKS IN 1997

# Energy resource Umt of JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
meaSUle

1 Heat energy gCal 56210 42910 41860 20650 4340 1820 630 2940 4900 15750 34370 45640 272020

thou5 t of 803 6130 5980 2950 620 260 90 420 700 2250 491 0 6520 38860
conventIOnal
fuel
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A D Shpagzn Perm Motor Trolley repazr works

APPENDIX IV DAILY CHARTS OF CONSUMPTION OF ENERGY
RESOURCES BY MAIN CONSUMERS OF
A D SHPAGIN PERM MOTOR TROLLEY REPAIR
WORKS
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A D Shpagzn Perm Motor Trolley repazr works

APPENDIX V TESTS OF BOILERS

The results of boIlers 2, 3, and 4 testmg

Umtsof Boller # 2 BOller # 3 Boller # 4
measure

Test 1 Test 2 Test 3 Test 4 Test 5
Date 14/04 14/04 14/04 14/04 20/04
Time hhmm 1430 1500 1530 1600 1400
Steam pressure kgf/cm2 24 26 22 - -
Burners
Gas pressure at h.gf/cm2 200 300 100 35 80
burner 1
Gas pressure at kgf/cm2 200 300 100 35 80
burner 2
AIr pressure at kgf/cm2 15 15 15 25 25
burner 1
AIr pressure at kgf/cm2 45 70 30 25 30
burner 2
Vacuum In bOiler mmH20 2 2 2 2 2
Kthaust gases
after boIler
Temperature C 186 198 175 232 150
Oxygen, O2 % 10 1 94 12 104 12 1
CO2 % 6 64 5 55 49
Excess of air % 85 74 123 92 128
NO" ppm 34 30 29 43 7
CO ppm 6 5 9 1 82
EffiCIency of % 889 888 880 856 896
bOiler
Exhaust gases
after economIzer
Temperature C 112 90 100
Oxygen O2 % 11 4 116 140
CO2 % 53 52 39
Excess of air % 109 114 185
NOx ppm 28 38 7
CO ppm 2 1 77
EffiCiency of % 94 948 922
boIler after
economIzer
Calculated % 87 89 86
effiCiency

54



A D Shpagm Perm Motor Trolley repazr works

APPENDIX VI LAYOUT OF THE BOILER ROOM

r-------From control POints to the Shopt--------

Network heating
Q!J..!JJ..Q§

To control pOints (direct)

Condensate from
shops
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9
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A D Shpagm Perm Motor Trolley repazr works

EqUIpment SpecificatIOns for the Boller Scheme

No EqUIpment

1 Steam botler DE-I0/14GM

2 Steam bOIler DKVR-6 6/13

3 Shukhov Type Water heatmg botler 8/13

4 Water heatmg bOIler DKVR-6 5/13

5 Smoke Extractor VDN-Il 2

6 Smoke Extractor D-9

7 Smoke Extractor D-9

8 Smoke Extractor D-9

9 Smoke Extractor D-9

10 Blower No I VVD-ll

11 Blower No 2 VDN-ll

12 Blower No 3 VDN-l 0-1 000

13 Blower No 4 DN-I0U-I000

14 Network pump KI00-65-250

15 Network pump ID200-90

16 Network pump ID200-90

17 Network pump ID200-90

18 Network pump ID200-90

19 Network pump KMI00-65-200

20 Make-up pump KS 10-55/2

21 Make-up pump TsNSG-380-132

22 Make-up pump TsNSG-380-132

23 Make-up pump KSI0-55/2

24 Deaerator DA-25

25 Make up pump for the aerator KM-80-50-200

26 Make up water tank for bOIlers (V=35 m3
)

27 Condensate Collector Tank (V=35 m3
)

28-31 Soft-water FIlter

32 Salt DIssolver C-l 0-1 0
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APPENDIX VII HEAT LOSSES IN THE BOILER AND WATER
HEATING EQUIPMENT

No Length of Pipe Diameter, Surface lIeatlosses,kVV
nonInsulated m temperature,OC
pipelInes, m

1 20 0042 110 39
2 70 0053 60 56
..,

75 0053 110 172-'
4 50 0160 60 145

5 20 0160 110 120

6 70 0219 60 256
lIeat losses associated WIth nonInsulated pipes In the heating plant 788
BOller Room

1 30 0036 100 42
1 30 0042 100 50
1 80 0053 75 107
1 30 0089 75 65
2 6 0089 100 1 9
lIeat losses through nomnsulated pipes In the boIler room 283

No Length of Pipe Surface Insulation lIeat losses,
Insulated pipes, m diameter, tempe- efficiency, kVV

m rature,OC %

Heatzng Plant

1 80 0114 110 30 272
2 30 0160 110 30 123
3 20 0219 110 30 100
Heat losses through Insulated pipes 495

No BoIlers surface, m2 Surface temperature, °C Heatlosses,kVV

BOller room

1 126 65 67
2 126 65 67
3 126 65 67
4 149 65 80
Heat losses from boIlers 281
TOTAL FOR THE HEATING PLANT 1283
TOTAL FOR THE BOILER ROOM 564
GRAND TOTAL 1847
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