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1 ExecutIve Summary

Tlus report presents the results ofthe energy audIt carned out at the State Umtary Enterpnse
"Permkhleb State Company" m March- May 1998 The work was done m close contact WIth the
management of the energy department and the operatmg personnel of the company Experts
from the energy efficiency laboratory of AO Permenergo and the techmcallaboratory of the
Gosenergonadzor enterpnse made an Important contnbution to thIS work

A graphIC representatIOn of the general structure of energy consumptIOn by Permkhleb IS gIVen
m Diagram 1 1, where the quantIty of dIfferent energy resources consumed IS expressed as the
power eqUIvalent The mput data were the data on energy consumptIOn m1997 The DIagram
shows that the Permkhleb company uses Just two types of energy resources fuel 011 and
electrICIty

Diagram 11 Energy Consumption Structure
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Along WIth the energy consumptiOn structure, It IS very Important to know the structure of

payments for energy resources DIagram 1 2 shows Permkhleb's energy payment structure

where fuel 011 accounts for the maJonty of payments

Diagram 1 2 Structure of Payments for Energy Resources
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Based on the results on the energy audIt, the followmg energy efficIency measures can be
recommended

Table 1 Energy EfficIency Measures

Xl! DeSCrIptIon Energy Savmgs Project Payback
Costs peflod,

GJ thousan Rubles months
d rubles

($US)
No-cost and low-cost

InsulatIOn of the pIpelInes and the hot 8286 6,250 690 2
water tank (1,025) (113)

1 InsulatIOn of electnc ovens 6192 52,116 1,540 1
(8,544) (250)

2 IntroductIOn of to tIme-of-use -- 8,250 3,800 6
electncity rates (1,352) (622)

3 Reduction of heat losses m gas ovens 8364 6,234 4,000 8
(1,020) (656)

MIddle-cost
5 RatIOnalIzatIOn of the hot water supply 7,955 1 75,650 55,000 9

system (12,400) (9,000)
TOTAL 10,239 148,500 65,030 6

(24,350) (10,660)

The numbers m the TOTAL row reflect the general effect of the implementatIOn of all the
measures

The proposed measures make it possible to decrease the total amount of energy consumed m
1997 by 18% and to reduce payments for energy resources and water by 15%

It must be mentIOned that after the heat supply system is overhauled and the fuel-firmg
eqmpment changes over from fuel 011 to gas, there Will be a bIg cut m payments for energy
resources and the ratIO of energy and money saved through the proposed measures to the total
amount of energy consumed wIll greatly mcrease, because these projects deal WIth those aspects
of energy consumptIOn WhICh are not mcluded m the overhaul plan

To sum up, the Permkhleb company has great potential for energy savmg



2 IntroductIon

The energy audIt was carned out by a group of engmeers of the East-West Energy Agency m
Moscow as part of the project "Energy EfficIency and Market Reform Project for
Russla"(Contract # CCN-0020-C-OO-152-00) The purpose of thIS project was to analyze the
use of energy resources by the company and theIr cost, to Identify places of mefficient use and
to develop a set of energy-savmg measures

Durmg Its VISIt to the company, the group obtamed a great amount of mformatIOn on the power
and technologIcal eqUIpment, operatmg condItIOns of the equIpment, the state of the power
supply dIstnbutIOn systems, etc These data were systematIzed to be presented m thIs report

The data were collected by means of dIrect measurements, for example, capacIties ofpower­
consummg eqUIpment, and also by means of calculatIOns based on desIgn plans and
specIficatIons and on mformatIOn supphed by the operatmg personnel For dIrect
measurements, up-to-date portable mstruments ofwestern manufacture were used The
collected data were processed wIth the help of spreadsheets, whIch make data processmg very
fast and prOVIde a graphIC representatIOn of results

'~



3 DescrIption of the EnterprIse and the Technological Process

3 1 General DescriptIon of the EnterprIse

The Permkhleb State Company IS located m the CIty of Perm and IS the CIty'S thIrd largest
enterpnse by annual output of bread and confectIOnery The enterpnse was establIshed m the
1980's as a result of the dISsolutIOn of the CIty bread-bakmg complex that had compnsed 13
bakenes UntIl 1994, the new enterpnse had consIsted of two bakenes located m dIfferent areas
In 1994 the eqUipment of one of the bakenes was dIsmantled and then mstalled m the shops of
the bakery under survey, whIch had preVIously produced only round loaves of wheat and rye
bread (2 ovens) and whIte loaves (1 oven) ThIS fact explams the hIgh concentratIOn ofmam
and aUXIlIary eqUipment m the bakery's bUIldmg, whIch IS too small for the eXIstmg volume of
productIOn The mam premIses have been used for bread bakmg smce 1938 Before the
amalgamatIOn of the two bakenes, daily output dId not exceed 5 tons of bread After the
amalgamatIOn, the capaCIty of the mstalled bread-baking eqUipment amounted to 29 tons of
bread a day

The enterpnse compnses the mam premIses mcludmg productIOn shops (admmistratIve
servIces are located m another part of the CIty) and a cham of retail outlets

The types of products and monthly outputs m 1997 are gIven m Attachment 1

Table 3 1 1 demonstrates changes m annual output and payroll m 1994 - 1997

Table 3 1 1 General Data

.N2 Name Umtof 1994 1995 1996 1997
Measureme

nt
1 Volume of serVIces mIllIon 842 12761 23334 27152

rubles
2 Output of products, mcludmg tons 5392 6700 8135 9111

Bread tons 5212 6594 8062 8923
ConfectIOnery tons 180 106 73 188

3 Payroll men 217 212 237 282

As the table shows, smce 1994 output has been on the mcrease owmg to the gradual mstallatIOn
of the eqUipment brought m from the other bakery

Table 3 1 2 demonstrates the product cost structure for 1997

1



Table 3 1 2 Product Cost Structure by Cost Element

oN!! Cost Elements Share, %
1 MaterIal costs, mcludm~ 544

Raw matenals 471
Fuel 26
Electncity 1 3
Water 34
Labor costs 101
Deductions for social needs 21
DepreCiatIOn costs 91
Other expenses, mcludm2: 243
Taxes 84
ServIces from thIrd partIes 159
TOTAL 100

32 DeSCrIptIOn of ProductIOn

3 2 1 DeSCrIption of the Enterprise's Shops

The enterpnse has two mam shops for bread bakmg and for confectIOnery productIOn All of
the productIOn eqUIpment IS concentrated m a bUIldmg that has 5,100 m3 of space The bUIldmg
has an extenSIon WIth a space of 1,620 m3

, where there IS a storehouse for fimshed products and
a canteen In the semI-basement (first floor) there IS an oven room, a bakehouse, a storehouse
and aUXIlIary rooms On the second floor there are a kneadmg room and a confectIOnery shop
On the thIrd floor there are flour sIlos whIch dIstnbute flour to the flour meters m the kneadmg
rooms In the attIc there IS a room WIth storage tanks for hot and cold water

On the grounds of the bakery there IS a two-storeyed bUIldmg (1,250 m3
) where the enterpnse's

aUXIlIary servIces are located a laundry, accountmg department, etc

The chart of the bakery (FIgure 32 1) shows the layout of the mam energy-usmg eqUIpment m
the bakehouse



Figure 3 2 1 Chart of the Enterprise
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The bakehouse operates 24 hours a day, m two shIfts, 12 hours each The first ShIft begms at
0800 hours
The confectIOnery shop operates m one ShIft from 0700 hours to 1900 hours At the tIme when
the energy audIt was conducted, the shop was under repair and therefore It operated at mght
from 1900 hours to 0700 hours

3 2 2 DeSCriptIOn of the Technological Process

The bakery has two mam technologIcal hnes bread bakmg and confectIOnery productIOn
The baSIC matenals for bread bakmg mclude flour of dIfferent grades, yeast and water FIgure
3 2 1 represents the diagram of the bread-bakmg technologICal process showmg the places
where energy resources are used



FIgure 3 2 1 Bread BakIng
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The mam loads are the electrIc ovens m the bakehouse For productIOn of rolls and buns, the
enterpnse uses two electnc ovens KEP-600 wIth 38 4 kW of mstalled capacIty of electnc
heaters The oven output IS 0 9 tons a day After loadmg the oven, the operator at the control
desk sets reqUired temperature and bakmg time Temperature m the oven chamber IS
mamtamed automatically by sWItchmg on and off groups of electnc heaters Wlnte loaves are
baked m an electnc oven HPA-IOA Its output IS 39 tons a day and ItS electnc heaters have



112 5 kW of mstalled capacIty ReqUIred temperatures m the oven are mamtamed
automatIcally, too

For bakmg rolls and buns, steam IS supphed mto the electnc oven's chambers Steam feed IS
controlled by the operator from the control desk The ovens operate 18 - 19 hours a day After a
shutdown, about two hours are reqUIred to achIeve the workmg temperature m the oven
Before bakmg, dough stays m proofers at temperature of 40°C and hurmdity of75-80% for 50­
60 mmutes These condItIOns are provIded WIth the use of steam The bakery has 4 proofers,
each WIth a capacIty of 3 8 tons of day The reqUIred steam pressure m the proofers and the
electnc ovens IS 0 4 atm

The bakery has three ovens of the FTL-2 type PrevIOusly, these ovens had fired fuel 011 Dunng
the energy audIt all the ovens were repowered to gas The ovens are eqUIpped With automatic
controls that ensure burnmg safety and adjust temperature m the bakmg chamber AutomatIc
temperature control mcludes automatIc lIghtmg of the burner and control of gas consumptIOn m
the burner for mamtammg the reqUIred temperature m the bakmg chamber

AutomatIC control of gas consumptIOn m the burner IS carned out m two modes "Small Flame"
and "BIg Flame"

The output of the electnc oven FTL-2 IS 165-185 tons a day The deSIgn gas consumptIOn per
oven IS 38 8 nm3/hour There IS no steam supply to the oven chamber After bakmg, bread IS
mOIstened WIth water

The furnace chamber IS heated up WIth smoke gases m a no-contact way through a bnck wall
The bakmg chamber IS of the hne-end type For ventilation It has an aIr duct WIth a shde valve
Flue gases are drawn along the duct by the stack's natural draught The bakmg chamber IS
heated by hot flue gases commg along ducts m the bnck wall through the radiator and above the
steel ceIlIng Along the lateral and rear ducts gases move to the upper ducts for heatmg the baby
bOIlers and then to the removal gas duct eqUIpped With a draught gate The oven conveyer IS set
m motion by a dnve, whIch conSIsts of an electrIC motor, worm gear, V-belt tranSmlSSIOn and a
lImIt SWItch

When the ovens were repowered to gas, no modIficatIons m the oven constructIOn were
planned The workmg temperature m the oven chamber IS 180-185°C The complete run-up of
the oven from the cold state takes 14-16 hours

Flue gases from all the ovens are collected m a common flue and then removed through a metal
stack

Durmg the energy audIt the gas ovens operated m the follOWing way
• oven 1 - 15 hours a day (Idle tIme from 1500 hours to 2400 hours)
• oven 2 - 19-20 hours a day (Idle time from 1300 hours to 1800 hours)
• oven 3 - 20 hours a day (Idle tIme from 1500 hours to 1900 hours)

If Idle time IS less than 4 hours, the burners are put m the "small flame" mode, but m case of
longer Idle penods they are put out One or two hours before loadmg, the ovens are kmdled
Durmg the first 4 hours of Idle tIme the temperature m the chamber falls down very lIttle and
therefore the ovens are used for drymg rusks and vanous types of prepared food

The ovens stay Idle when there are no orders for buns and rolls



The bakery has a pneumatic transport system for transport1Og bulk flour to the flour storage,
feed10g flour 1Oto the sIev10g and magnetIzatIon umts and then putt10g It 1Oto the automatIc
flour sIlos The pneumatIc transport system 10cludes three fans (one 10 reserve), each wIth a
capacIty of 11 kW and a rotatIOnal speed of3000 revolutIOns per mmute The operators sWitch
on the fans when flour IS filled 1Oto the bulk storage bms



The confectIOnery production technologIcal scheme IS shown In FIgure 3 2 2

FIgure 3 2 2 Confectionery ProductIOn
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After kneadIng, dough for baba au rhum IS fermented, whereas dough for other types of
confectIOnery goes from the kneadIng machIne to the dIVIdIng umt

Dough IS dIVIded manually BakIng IS done In electnc cabInets In the confectIOnery shop there
are 5 electnc cabInets WIth a capaCIty of 195 kWeach

4 CharacterIstics of Energy ConsumptIOn by the EnterprIse

4 1 DeSCrIption of EqUIpment and Operatmg CondItIons of the Energy Usmg Systems



POWER SUPPLY SYSTEM

Power to the bUIldmgs on the mam grounds of the bakery 1S supphed through two 04-kV
serv1ce entrances from transformer substatlOns TS-2002 and TS-2022 The old b011er house
has a separate serv1ce entrance for power supply The power supply diagram 1S shown m F1gure
41

The diagram shows the places where the energy loggers used for the energy aud1t were
mstalled

AbbreviatlOns used m the d1agram EF - exhaust fan, FVF - forced ventilatiOn fan, RC ­
refngerant compressor, P - proofer, KM - kneadmg maclune

The bakery does not have reactive power compensatlOn umts
For metenng active and reactive power, at the mlet from TS-2002 there are electnc1ty meters
SA4U0I672M and SR4U-I673M and at the mlet from TS-2022 there 1S Just one active power
meter SA4U-I672M At the mlet of the old boller house there 1S an active power meter SA4U­
I672M There 1S no mternal accountmg of energy d1stnbutlOn by shop

Llghtmg

The shops are hghted W1th d1fferent types of lamps Attachment IV glves a hst of the hghtmg
eqUIpment md1catmg the capac1ty of the lamps and then placement m the shops

VentllatlOn system

The bakery has 11 ventilatlOn fans The mam ventl1atlOn load 1S m the bakehouse where two
forced-ventilatlOn fans and two exhaust fans, W1th a capac1ty of 5 5 kW each, operate 24 hours
a day
The forced-ventl1atlOn fans m the bakehouse have steam alr heaters (steam pressure - 04 atm)
The rate of alr flow through the heaters 1S about 29000 m3/hour When the heat supply system 1S
overhauled, the steam a1r heaters wlll be sW1tched over to water

F1gure 4 1 Power Supply Diagram
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REFRIGERATION SYSTEM

Refngerators are needed for the storage of butter, marganne, yeast, eggs and other foodstuffs
used m bread bakmg and confectIOnery productIOn DIfferent foodstuffs are kept m dIfferent
refrIgerators WIth dIfferent temperature The bakery has a stock of smgle-stage pIston
compressors (FAK-l 5) and compressIOn-condensatIOn (VS-800, VSe-800) umts and machmes
(MBB-1-2) All the refngerant UnItS mamtam temperature m refrigeratmg chambers
automatIcally Table 3 2 2 provIdes a lIst of refngeratmg umts and theIr placement m the shops
The compressors are air-cooled

Table 4 1 1 LISt of Refngerant EqUIpment

N!! Compressor Department Year of No of Output, Pressure Drive Operatmg

Type commission umts Gcal/h kg(t)/cm2 capacity, conditIOns
mg

kW

1 MVV-l-l warehouse 1997 1 6000 1 2,2 K
2 FAK-l,5 canteen 1980 1 1500 1 1,5 B,n,O
3 FAK-l,5 warehouse 1980 1 1500 1 1,5 B,n,O
4 FAK.-l,5 warehouse 1985 1 1500 1 1,5 B,n,O
5 VC-800 confectIOnery 1997 1 800 1 0,8 K
6 VCe-800 confectIOnery 1995 3 800 1 0,8 K
7 VCe-800 bakehouse 1995 1 800 1 0,8 K
8 AST-3,2 bakehouse 1980 1 650 1 0,63 K
9 VCe-800 retail outlet 1980 1 800 1 0,8 K

* D - 24 hours a day, Sp - spnng, S - summer, A - autumn

Heat Supply System Heatmg, VentIlatIOn and Hot Water Supply

The energy audIt was conducted dunng the overhaul of the entire heat supply system UntIl
1998, heat had been supplIed from the old bOIler house located m another area The boIler
house produced steam for heatmg, preparatIOn of hot water, technologIcal needs and for heatmg
up fuel 011 for the ovens m four a5_m3 tanks

The old boIler house fires fuel all There IS no condensate return from the mam terrItory to the
bOIler house Condensate was partly dIscharged mto the sewerage system and partly used for
heatmg some aUXIlIary premIses (the dIspatch room, the fitters' room, the guards' room, etc ),
after whIch It was also dIscharged mto the sewerage system

In 1998 the bakery bUIlt a new bOIler house located m the extensIOn of the productIOn block and
eqUIpped wIth three steam bOIlers, a water preparatIOn set VPU-2 5, a gas control urnt and a 6­
m3 tank of chemIcally cleaned water The total deSIgn capacIty of the new bOIler house IS 1308
Gcal/hour Due to the shortage of funds the bakery mstalled two bOIlers that had been muse
SInce 1984 Table 323 gIves a descnptIOn of the Installed bOIlers



Table 3 2 3 BOllers

x!! of Boller 1 2 3

Type E-1,0-0,9M3 E-l,0-0,9M3 E-1,0-9-1M
Year of manufacture 1984 1984 1997
Mode steam steam steam
Steam state saturated saturated saturated
Rated capacIty, ton/hour 1 1 1
Workmg pressure, atm 6 6 6
Temperature offeedwater, °C 50 50 50
DesIgn efficIency, % 88 88 88
Fuel rate, run3IlIac 93 93 93
Fuel natural gas

The boIlers have burners of the G1 type that fire low-pressure gas A set of controls KCD-9,
whIch IS supplIed together wIth the bOllers, IS used as the control umt The bOllers are started by
pressmg the button "Start", after whIch all other start-up operatIOns are performed
automatically

CombustIOn products WIll be removed through the eXIstmg metal stack EconOmIzers and heat
exchangers are not mstalled

The gas control umt supplIes gas to the bOllers and the ovens The bOller house uses Slbenan
natural gas from the CIty gas mam For gas consumptIOn metenng the gas control umt has a gas
recorder of the SG type

Fuel OllIS to be used as back-up fuel

EarlIer the bakery used steam heatmg When the new bOller house IS put m operatIOn, heatmg
water WIll prepared m a transomc spray atomIzer, "Transsomc", deSIgned and constructed by
the Entur Company (the CIty ofIzhevsk) Control ofheat supply to the systems IS of hIgh
qualIty The temperature ofheatmg-system water IS 70-95°C

Hot Water Supply System

Water for HWS IS currently prepared m the followmg way In the attIC of the mam bUlldmg
there are two 4 5_m3 tanks for cold and hot water The tanks are not msulated Cold tap water IS
fed mto the hot water tank and heated WIth perforated steam The Bank IS connected With a
ClfCUlt consIstmg of 5 heat recovery baby bOllers mstalled on the smoke flues ofthe gas ovens
There IS no automated control of temperature or of the tank's fillmg level When the tank IS
overfilled, the hot water IS dIscharged through a by-pass pipeime mto the sewerage system The
tank's fillIng level IS controlled manually by the shop operators who eIther slIghtly open or
close the valve of the cold water pIpe Steam supply to the hot water tank IS contmuous
The bakery's plan for the heat supply system overhaul does not proVIde for any sIgmficant
modIficatIOns m the HWS system

Water Supply

17



Pressure m the CIty water-supply pIpes m the place where the bakery takes water for Its needs IS
not hIgh enough, so the bakery's water supply system mcludes two booster pumps (one for the
old boIler house, the other for the bakery) that provIde a head of up to 5 meters and have a 25­
kW drIve each The pumps are sWItched on and off manually m case of a pressure fall In the
CIty water pIpelInes Water consumptIOn accountIng, both for the boIler house and the maIn
terrItory, IS based on the readmgs ofa commercial meter Waste IS pIped by gravIty

4 2 AnalySIS of Energy ConsumptIOn and Costs

DurIng the energy audIt of the Permkhleb State Company the fuel-usmg eqUIpment was bemg
repowered from fuel 011 to gas In the future the bakery WIll use only gas, electrICIty and water
The report analyzes the bakery's energy consumptIOn In 1997, when the ovens and the boIler
house fired fuel 011
The table In Attachment II provIdes data on energy consumptIOn by the shops In 1997 by
month

Bar chart 4 2 1 demonstrates energy consumptIOn related to output m 1997 Energy
consumptIOn and output are expressed In conventIOnal umts, as agamst January 1997

Bar Chart 4 2 1 Energy Consumption ahamst Output In
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Table 4 2 1 below shows tarIffs for energy resources In March 1998 These data were used as
mput mformatIOn for the calculatIOns
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Table 4 2 1 Energy Resource Tariffs In 1997 - 1998

.NII Energy Source Umt Tanff, rubles
1997 from 03 011998

1 ElectrIcIty kWh 0303 0303

2 Fuel 011 ton 450 450
3 Gas m3 -- 02935
4 CIty water

consumptIOn m3 33 33
dIscharge m3 2324 232

Table 4 2 2 gIves mformatIOn on the bakery's total energy consumptIOn expressed m the power
eqUIvalent umts

Table 4 2 2 Energy ConsumptIOn and Payments In 1997

Energy Source Umt Consump- Energy Cost
tlOn

GJ % ths rubles %
Fuel 011 ton 1367 54,39915 957 61538 622
Electnclty MWh 6732 2,42344 43 20397 206
CIty water thsmJ 39,589 -- -- 17014 172
Total 56,82259 100 98949 100

Diagrams 4 1 and 4 2 below demonstrate the structure of energy consumptIOn expressed m the
power eqUIvalent and the structure of payments for energy resources used by the mam facIlItIeS
of the bakery

Diagram 1 1 Energy ConsumptIon Structure
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Diagram 1 2 Structure of Payments for Energy Resources

electricity
21%

As the diagram shows, fuel 011 accounts for 62% of the payments for energy resources

ElectnClty accounts for 21% The mam loads are the electnc ovens
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5 Energy EfficIency Measures

5 1 Results of Measurements Taken at the EnterprIse

In the analysIs of power consumptIOn, energy recorders, ElIte loggers and a Fluke multI-meter
were used For the purposes of the energy audIt, energy recorders were set on the two electnclty
meters mstalled at the servIce entrances, through whIch power IS supplIed to the mam premIses
of the bakery
FIgure 5 1 1 shows the bakery's load curve m the penod between May 21 and 25, whIch was
obtamed by addmg up power consumptIOn at both mlets

FIgure 5 1 1 Aggregate Load Curve III the PerIod between May 21 and 25, 1998
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AddItIOnally, to obtam a dally load curve, analogous mstruments were mstalled at
• the feeder of the block SP4, WhICh powers the fans of the pneumatIc transport for flour, the

electnc ovens KEP-600 and HPA 10-A, two proofers, the whIte loaf lIne, the wmdow fan
and the ventllatIOn set of the bakehouse,

• the control cabmets SU-l and SU-3 of the bakehouse (see FIgure 4 1),
• the feeder SP-l OA of the confectIOnery shop, whIch powers 5 electrIc cabmets, the

refngerant compressor, the electnc oven, the rollmg machme, the cream beatmg machine
and exhaust fan #3,

• the feeder of the block SP-9, wrnch powers the rest of the confectIOnery shop eqUipment

AnalySIS of the load curves presented m Attachment IV shows that the block SP-4 that powers
the electnc ovens m the bakehouse IS the mam load of the bakehouse and of the entIre bakery
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Parallel to the recordmg of the load curve wIth the energy loggers, once-only measurements of
power consumed were taken at the majorIty of the functlOnmg loads m order to put together an
energy balance of the bakery and to observe the operatmg condltlOns of some of the unIts

Table 5 11 Measurements of Power Consumed by Energy EqUIpment

Xl! Name of EqUIpment Installed Consumed cos <p Load factor, F1
capaCIty, power,

kW kW
Flrstfloor
Electrzc ovens
1 Oven NQ1 (KEP-600) 394 6 093 ~-

2 Oven NQ2 (KEP-600) 394 111 097 ~-

3 OvenNQ4 1125 63 1 ~~

4 TItan heater 11 107 1 ~-

LI~htmg

1 A -- 078 084 ~-

2 B -- 059 061 ~-

3 C -- 052 059 ~-

VentzlatlOn equIpment
1 Forced ventl1atlOn fan of oven N~d 3 02 03 o1

2 Forced ventllatlOn fan of ovens NQ2 55 1 1 032 02
andNQ3

3 Wmdowfan 1 5 129 055 09
4 Blower NQ1 11 277 049 03
5 Exhaust fan V-1 55 34 06 06

5 Exhaust fan V~2 55 3 1 06 06
6 Forced ventl1atlon fan P-1 55 32 07 06
7 Forced ventl1atlOn fan P-2 55 25 065 05

SecondRoor
1 Bakmg cabmet m the confectlOnery 195 195 1 --

shop (4 pIeces)
LIghtmg
1 A -- 32 099 --
2 B -- 085 086 --
3 C -- 132 072 --
4 Kneadmg machme NQ4 45 3 1 067 07
5 Watch room, gate -~ 033 034 --

VentllatlOn eqUIpment
1 Exhaust fan above oven NQ1 22 017 038 01

2 Exhaust fan NQ1 m the 1 1 022 041 02
confectlOnery shop

3 Wmdow fan m the confectIOnery 1 1 029 023 03
shop
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Accordmg to the above data, a consIderable number of electnc motors have low load and power
factors The low power factor proves that electnc motors have low efficIency and consume too
much reactIve energy

The weIghted average power factor IS 0 56 Electncity losses m motors can be evaluated by the
reference nomograph

Losses m a motor are calculated accordmg to the followmg formula
L.\P = P2 x (1-11), where
P2 - useful shaft power (relatIve value) - 0 26
11 - the motor's effiCIency - 078

The normatIve loss rate for electnc motors IS 1 5% WIth 88,000 kWh annually consumed by
the electnc motors mdicated m Table 5 1 1, losses make 572% Thus, above-the-norm losses
amount to 4 2% or 37 thousand kWh (1120 rubles m terms of money) It must be mentIOned
that motors WIth effiCIency below 0 45 are to be replaced "vith less powerful ones

Based on the measurement results, an energy consumptIOn balance of the bakery was put
together Please note that the balance mcludes only the mam premIses (the old boIler house
excluded), because m 1998 the new bOIler house wIll be put m operatIOn Table 5 1 2 shows the
bakery's power consumption structure

Table 5 1 2 Energy Balance

I~ Load ElectrICIty consumptIOn,%

1 LIghtIng 70

2 VentIlatIOn 105

3 Technology, IncludIng 758

Bakehouse 582
ConfectIOnery shop 176

6 RefrIgeration eqUIpment 1 5
7 MIscellaneous 52

HTOrO 100

The lIghtmg load was evaluated on the baSIS of the current operatmg condItIOns of mdividual
umts and departments and the total capaCIty of the mstalled lIghtmg eqmpment m each room
(see Attachment VI), and also on the baSIS of measurements (see Table 5 1 1)

The ventIlatIOn load assessment was based on the results of measunng the consumed power of
the operatmg ventilation eqmpment

MIscellaneous lord mcludes the load of the dough-kneadmg department, the pneumatIC
transport fans and other unrecorded loads

Gas ovens

In order to analyze the effiCIency of fuel combustIOn, the aIr-tIghtness of the smoke flue and to
determme potential recovery of the heat of flue gases from the gas ovens, the compOSItIOn of
the flue gases and then temperature were measured WIth a Bacharach gas analyzer m the sectIOn
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of smoke flue #3 after the gases passed through the bakmg chamber and before they reached the
mamflue
Table 5 1 3 shows the measurement results

Table 5 1 3 AnalysIs of Smoke Gases from the Gas Ovens

Ha3BaHHe nepeMeHHoii Umtof Test ]\(2

measurement - :I -~~
-1- -- ,-

Test date May 23
Test time hm 10 30
Flue gases behmd the furnace chamber

Temperature °C 384

jOxygen, O2 % 133

CO2 % 43

jSurplus air % 159

jHeat losses with flue gases % 328

CO ppm 26

NOx ppm 28

CO Incomplete combustlOn losses %

Oven efficIency % 672

To determme the effectIveness of heat msulatIOn, the temperature of the oven bnckwork was
measured

Heatmg and Ventllatzon System

For the tIme bemg It IS dIfficult to evaluate the functIOnmg of the heatmg system because It IS
bemg overhauled

Hot Watel Supply System

In order to IdentIfy the dally water consumptIOn profile, a Panametncs ultrasomc flow meter
was mstalled at the hot water pIpes through whIch hot water IS supphed from the storage
contamer Based on the measurement results, a dally water consumptIOn curve was constructed
(FIgure 5 1 2)
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FIgure 512 Water ConsumptIon for HWS Needs on May 25-26,1998
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Dally hot water consumptIOn was 706m3

Dunng the measurement penod the readmgs of the cold water meter were regIstered Dally cold
water consumptIOn by the old bOIler house and the bakery was about 152m3

5 2 PossIble Energy-Savmg Measures

The mam electnc load at the bakery IS the technologIcal eqUIpment A specIfic feature IS that
lIghtmg and ventIlatIOn account for a bIg share of the total load

It must be mentIoned that recent deCISIOns to modernIze the energy-usmg eqUIpment and the
technologIcal processes WIll substantIally reduce the bakery's power demand The most
Important of the deCISIOns are the constructIOn of the new boIler house on the mam terrItory of
the bakery and the repowenng of the ovens from fuel 011 to natural gas ThIS WIll exclude
condensate losses (currently, condensate IS totally lost) and WIll Improve the technIcal and
economIC performance of the ovens FTL-2

Great fuel savmgs WIll result from the on-gomg sWltchmg of the heatmg system from steam to
water WIth the mstallatIOn ofthe TranssonIC spray atomIzer

The survey and mstrumental measurements have revealed pOSSIbIlItIes for Improvmg energy
effiCIency at the bakery
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For example, almost all of the hot water pIpes and the hot water storage tank are not Insulated
InsulatIOn of these elements would save 21 3 thousand m3/hour of natural gas per annum
(Project 1)

There are great heat losses from the KEP and HPA electnc ovens, whIch leads to exceSSIve
consumptIOn of expensIve electrIc energy and also detenorates the working condItIOns for the
personnel InsulatIOn of the outer surfaces of the ovens WIll save 172 thousand kWh (Project 2)
and Improve the working condItIons m the shop

Smce a bIg part of the bakery's operatIOns take place at mght, mtroductIOn of tIme-of-use tarIffs
for electncity IS of great Interest The results of electrIcIty consumptIOn measurements taken
dunng several days prove that and makes It possIble to estImate how much money could be
saved If dIfferentIated (day-time, mght-tIme, peak-load) electncity tanffs were mtroduced
Annual savmgs could be 8250 rubles (Project 3) For the purposes of estImatIOn It was assumed
that the mght tarIff IS 25% lower than the day-tIme tarIff, but according to the most recent data
receIved from Permenergo, prompt payments for electrIcIty can reduce the mght tanffby 35%,
whIch Improves the project's economIC effect

One of the most effiCIent ways of redUCing fuel consumptIOn by the ovens IS to Increase theIr
load, whIch largely depends on orders for the bakery's products Being underloaded, the ovens
stand Idle 4-5 hours a day or even more Start-up tIme after a shut down depends on the
temperature of the oven bnckwork, whIch m ItS turn depends on the duratIOn of an outage and
ItS technologIcal condItIOns If outage duratIOn depends on the number of orders from
customers, heat losses from an Idle oven can be substantially reduced by covenng the wmdows
of the bakmg and furnace chambers and the slIde valve at the gas outlet With inSUlatIOn
matenals It would be convement to make thIS cover In the form of a shutter, whIch could be
also used durmg normal operations for redUCing heat losses Into the shop Natural gas savmgs
through heat-up tIme reductIOn alone WIll be at least 21 5 thousand m3 a year (Project 4) When
the shutter IS partly lowered, the baking chamber Window becomes smaller and tills can greatly
mcrease possIble natural gas saVings

V Isual inSpectIOn and the measurements taken In the hot water preparatIOn system (see Item
5 1) have revealed great possIbIlIties for energy saving Currently, steam IS continuously
supplIed to the hot water tank and there IS no water temperature or water level control, whIch
leads to consIderable heat losses The CIrcmt between the tanks and the baby bOilers mstalled on
the ovens does not function effiCIently, because the temperature of cIrculating water when the
water enters the baby bOilers IS 70-80°C or more, but In the bOilers It Increases by Just 10-15°C
The average temperature In the hot water tank IS about 85°C Under the eXIsting scheme the
heat potential of flue gases from the ovens IS not used effiCIently

In our opmIOn, the hot water supply system needs ratIOnalIzatIOn The measurements of the
composItion and temperature of flue gases at the furnace chamber outlet made It possIble to
evaluate the eXIsting heat potential Our estimates show that thIS heat potentIal IS enough to
warm up 3 9 tons ofwater per hour by 60-65°C The temperature of flue gases In thIs case WIll
be 130°C Water Will be warmed first m the baby bollers and then m the heat exchanger m the
mam flue before the stack

Accordmg to our measurements, daily hot water consumptIOn IS about 70 m3/hour or, on the
average, about 3 m3/hour The curve analysIs also shows that sharp fluctuatIOns In water
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consumptIOn last for very short penods of tIme, so the storage tank s capacIty (45m3
) wIll

consIderably smooth down the fluctuatIOns

Smce the gas ovens operate less than 24 hours a day, steam supply from the bOIlers for hot
water preparatIOn may be reqUired for 4-5 hours, WhICh was adopted for Project 5 However,
the use of flue gas heat from the new steam bOIlers Will substantially reduce the amount of
steam needed for water heatmg Automatic water temperature control WIll prevent heat losses
caused by water overheat1Og, all the more so, as a sIgmficant amount of hot water (about 10%)
IS dIscharged 1Oto the sewerage system when the tank IS overfilled Heat and water losses
because of the overfill1Og can be avoIded If hot water from the tank IS dIrected 1Oto water­
cool1Og unItS
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5 3 Recommended Energy EfficIency Measures
Project 1

InsulatIOn of the Hot Water Plpelmes and the Hot Water Tank

1 Savmgs
Annual gas savmgs
Total savmgs

2 Costs (VAT mcluded)
Mmeral wool
InsulatIOn assembly
Total costs

3 Payback penod

21 3 thousand m3 6250 rubles ($1025)
6250 rubles ($1025)

430 rubles ($71)
260 rubles ($42)
690 rubles ($113)

RecommendatIOns

InsulatIOn of the naked pIpes m the boIler house and m the water heater room

DeSCrIptIOn

To reduce heat losses from the naked sectIOns of the CIrCUIt pIpes and the hot water storage
tank, whIch WIll save 21 3 thousand m3 of natural gas

Expected savmgs

Under the eXIstmg gas tanffs, the expected savmgs WIll be 21 3 thousand m3 of natural gas,
WhICh IS eqUIvalent to 6250 rubles ($1025)

Investment reqUIrements

About 1 m3 of mmeral wool WIll be reqUIred for the msuiation of the hot water pIpes and the
storage tank The estImated cost of msulatIOn matenals (mmeral wool and asphalt sheathmg
paper) and of assembly works IS 690 rubles ($113), mcludmg VAT

Payback

The payback penod WIll be 2 months The scale of the project does not reqUIre an estImatIon of
the mtemal rate of payback

ImplementatIOn schedule

The project can be Implemented Immediately
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Techmcal risks related to changes In the qualIty or quantIty of products

In tills project there are no such flsks

Input data and calculatIons

The total length of the naked pIpes of the hot water supply CIrCUIt between the tanks and the
heat recovery baby bOIlers IS 80 meters The dIameter of the pIpes IS 60 mm The area of the
tank surface IS 155m2 Total heat losses from the naked pIpes and tanks are 256 kW
The economIC msulatIOn thIckness for these pIpes IS about 30 mm Losses through msulated
pIpes are estImated at 3 3 kW
Summmg up, msulatIon wIll reduce heat losses by 223 kW (1976 Gcal/year), whIch IS
eqUIvalent to 213m3 of natural gas In terms of money, the savmgs wIll make 6250 rubles
($1025) The adopted efficIency IS 85% CalculatIOns of heat losses through the naked sectIOns
of the pIpes and determmatIOn of the economIC msulatIOn thIckness were based on reference
tables
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Project 2

Insulation ofElectric Ovens

1 SavIngs
Annual electncity saVIngs
Total saVIngs

2 Costs (mcludIng VAT)
InsulatIOn matenal
InsulatIOn assembly
Total costs

3 Payback penod

172 MWh 52116 rubles ($8544)
52116 rubles ($8544)

960 rubles ($155)
580 rubles ($95)
1540 rubles ($250)

RecommendatIOns

InsulatIOn of the outer surfaces of the electnc ovens

DeSCrIptIOn

Currently the temperature of the electnc ovens' outer surface IS about 60-70°C, whIch IS proof
of InsufficIently effectIve InSUlatIOn AddItIOnal InSUlatIOn wIll reduce heat losses through the
oven walls As a result, the ovens' power consumptIOn WIll be decreased and the workIng
condItIons for the operatIng personnel WIll be Improved

Expected savmgs

Under the eXIstIng tarIffs for electncIty, the expected saVIngs WIll be 172000 kWh a year,
whIch IS eqUIvalent to 52116 rubles ($8544)

Investment reqUIrements

About 2 m3 of InSUlatIOn matenal Will be reqUIred for the InSUlatIOn of the electnc ovens' outer
surfaces The estImated cost of InSUlatIOn matenals and the assembly works IS 1540 rubles
($250), IncludIng VAT

Payback period

The payback penod WIll be 1 month The scale ofthe project does not reqUIre an estImatIOn of
the Internal rate of payback

ImplementatIOn schedule

The project can be Implemented Immediately
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Techmcal risks related to changes In the qualIty or quantIty of products

In thIS project there are no such nsks

Input data and calculatIOns

The temperature of the outer surfaces of electnc ovens IS 70°C for KEP-600 ovens and 60°C for
HPA-lOA ovens
Heat losses to atmosphere from the two KEP-600 ovens are 174 kW (the area of the outer
surfaces S = 288m2

) and from the HPA-I0A oven - 10 7 kW (8 = 235m2
)

WIth addItIOnal msulatIOn of the ovens, total losses wIll make about 33 kW
Summmg up, addItIOnal msulatIOn WIll save about 248 kW, WhICh IS eqUIvalent to 172000
kWh
EstImatIOn of heat losses through the outer surfaces of the electnc ovens was based on
reference tables

31



Project 3
Introduction of to Tlme-of~Use Electricity Rates

1 Savmgs
Annual money savmgs

2 Costs
MultI-rate meter - 2 pIeces (mcludmg VAT)
Total costs

3 Payback perIod

8250 rubles ($1352)

3800 rubles ($622)
3800 rubles ($622)

RecommendatIOns
InstallatIOn of multI-rate meters at the two electrICIty mlets

Description
In the eXIstmg operatmg condItIOns (when the bIggest part of output IS produced at mght), It IS
advIsable to mtroduce payments at tIme-of-use electrIcity rates

Expected savmgs
Accordmg to our measurements, mtroductIOn of tIme-of-use rates WIll reduce payments for
electrICIty by 8250 rubles ($1352)

Investment reqUirements
The approXImate cost of two electrICIty meters (mcludmg VAT) WIll be about 3800 rubles
($622)

Payback
The payback perIod WIll be 6 months The scale ofthe project does not reqUIre an estImatIOn of
the mternal rate of payback

ImplementatIOn schedule
The project can be Implemented Immediately

Techmcal riSks related to changes m the qualIty or quantity of products

In thIS project there are no such rIsks

Input data and calculatIOns
The results of electrICIty consumptIOn measurements taken at the mlets were used as mput data
ConsumptIOn m the peak load perIod (0900 _11 00

, 1800 _2200
) 817 kWh

ConsumptIOn at mght (23 00
- 0600

) 1115 1 kWh
ConsumptIon m daytIme (0600

- 0900
, 1100_1800

, 2200
- 2300

) 1554 9 kWh
Payment at the eXIstmg tanff 1056 5 rubles
Payments at tIme-of-use tanffs 10339 rubles
Money savmgs 22 6 rubles
Takmg mto conSIderatIOn the stable character of the bakery's operatIOns, we assume that the
selected day IS typIcal from the pomt of VIew of electrICIty consumptIOn Consequently, annual
money savmgs Will make about 8250 rubles
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PrOject 4
Heat Loss ReductIOn In the Gas Ovens

1 Savmgs
Annual gas savmgs
Total savmgs

2 Costs
Total costs

3 Payback penod

21500m3 6234 rubles ($1020)
6234 rubles ($1020)

4000 rubles ($656)

RecommendatIOns
To reduce heat losses m the gas ovens through the wmdows of the furnace and bakmg
chambers

DescrIptIOn
Currently there are substantIal heat losses through the wmdows of the furnace and bakmg
chambers, whIch leads to fuel overuse dunng the heat-up of ovens after theIr outages and
dunng normal functIOnIng

Expected savIngs
Savmgs of 21500 m3 of natural gas are eqmvalent to money savmgs of 6234 rubles ($1020)

Investment reqUIrements
The apprOXImate cost of msulatIOn on the ovens WIll be about 4000 rubles ($656)

Payback
The payback penod WIll be 8 months The scale of the project does not reqmre an estImatIOn of
the mternal rate of payback

ImplementatIOn schedule
The project can be Implemented ImmedIately

Techmcal rISks related to changes In the qualIty or quantIty of products

In tms project there are no such nsks

Input data and calculatIons
Accordmg to the bakery's data, the heat-up of the ovens after theIr outages takes 1 5-2 hours,
WhICh leads to substantIal heat losses through the open wmdows of the furnace and bakmg
chambers and VIa the stack InstallatIOn of shutters on the chambers' wmdows or some other
types of msulatIOn Will shorten the heat-up penod by at least 30 mmutes The resultmg fuel
savmgs Will make about 21500 m3 of natural gas per annum
If necessary, a slIde valve can be Installed on the stack of each oven
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PrOject 5

RatIOnalIzatIOn of the Hot Water Supply System

1 SavIngs
Annual gas savIngs
Annual water saVIngs
Total saVIngs

2 Costs (IncludIng VAT)
Total costs

3 Payback penod

204500m3

2555m3
60020 rubles ($9840)
15630 rubles ($2560)
75650 rubles ($12400)

55000 rubles ($9000)

RecommendatIOns
The overhaul of the hot water supply system armed at more effiCIent use of flue gas heat and
reduced losses caused by water overflow and overheatIng In the hot water tank

DeSCrIptIon
In order to reduce hot water losses caused by water overflow from the hot water storage tank
and non-controlled steam supply to the tank, we propose
• mtroductIOn of automated steam supply control
• use of water overflow for chemIcal cleamng ofthe bOIlers
• better use of flue gas heat from gas-USIng eqUIpment through the InstallatIOn of a heat

exchanger at the maIn flue

Expected savmgs
Under the eXIstmg tarIffs for natural gas, savIngs of204500 m3 of natural gas are eqUIvalent to
money savmgs of 60020 rubles ($9840)
Water saVIngs wIll make 2555 m3 a year, whIch IS eqUIvalent to 15630 rubles ($2560) mcludmg
payments for water consumptIOn and effluent

Investment reqUIrements
CapItal costs mvolved m the overhaul of the system are estImated at 55000 rubles ($9000)

Payback
The payback penod WIll be 9 months The scale of the project does not reqUIre an estImatIOn of
the mternal rate of payback

ImplementatIOn schedule
The project can be Implemented Immediately

Techmcal rISks related to changes m the qualIty or quantIty of products

In thIS project there are no such nsks

Input data and calculatIOns
The InstallatIOn of a heat exchanger at the maIn flue WIll make It possIble to heat up water With
the heat offlue gases (WIthOUt steam supply) durmg 20 hours a day
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The mstallatIOn of automatIc controls on the steam supply lme WIll save about 7 tons of steam a
day (2555 tons a year) or 181 8005 m3 ofnatural gas
The removal of water overflow mto the sewerage system WIll save about 7 m3 of water a day
(2555 m3 a year) Heat savmgs WIll make 178 Gcal or 22700 m3 of natural gas
The adopted efficIency IS 85%
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Attachment 1 Permkhleb's Output III 1997

Name of Product Umt of Months Year
measure

ment
Jan Feb March Apr May June July Aug Sept Oct Nov Dec

Bread tons 689 656 733 737 781 744 778 779 807 812 729 688 8933
ConfectIOnery tons 9 12 11 15 15 16 16 17 19 19 19 20 188



khleb III 1997bvPc2 Fuel and EA ---- Fo. - onsumpnon .. - -

N2 Energy Source Unit Jan Feb March Apr May June July Aug Sept Oct Nov Dec Yearly

1 Fuel 011 T 1204 1209 1238 1152 1023 880 946 1070 970 1200 1366 141 7 1,36750
tariff rublt 450 450 450 450 450 450 450 450 450 450 450 450
payment for 1997 ths rubles 5418 54405 5571 5184 46035 396 4257 4815 4365 54 6147 63765 615375

2 Electricity MWh 60292 50100 42591 56594 57028 56927 56734 56810 58834 75158 45310 56800 6732
old bOiler house MWh 4188 4980 3900 4580 4000 4000 3800 3400 456 4460 5188 4720 51 8
tariff rub/MWh 3030 3030 3030 3030 3030 3030 3030 3030 3030 3030 3030 3030
payment for 1997 ths rubles 18268 15180 12905 17148 17279 17249 17190 17213 17827 22773 13729 17 210 203973

3 City water m3 2863 2,821 2849 2979 3,010 2601 3,351 3,565 3766 3,680 4,515 3589 39,589

tariff rub/m3 330 330 330 330 330 330 330 330 330 330 330 330 396

payment for 1997 rub 9,448 9,309 9402 9831 9933 8583 11 058 11,765 12,428 12144 14900 11,844 130,644
disposal m3 1,231 1 213 1,225 1 281 1,294 1,118 1441 1,533 1,619 1 582 1,941 1,543 17023

tariff rub/m3 232 232 232 232 232 232 232 232 232 232 232 232 2324

payment for 1997 rubles 2,856 2,814 2,842 2,972 3003 2,595 3343 3,556 3,757 3671 4,504 3,580 39,494
Total ths rubles 12304 12124 12244 12803 12936 11178 14401 15321 16185 15815 19404 15424 170138
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Attachment 3 Dally Load Curves of Permkhleb's Mam Customers

FIgure 111-1 Load at the mlet from TS-2002 on May 21-251998
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FIgure 111-2 Load at the mlet from TS-2022 on May 21-25 1998
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FIgure 111-3 ElectrIcIty consumptIOn from the feeder bushbar SP-4
on May 21-23 1998
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FIgure 111-4 ElectrICIty consumptIOn by the confectIOnery shop
from the feeder bushbar SP-I0A on May 21-23 1998
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FIgure 111-5 ElectrIcIty consumptIOn by the confectIOnery shop
from the feeder bushbar SP-9 on May 23-25 1998
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FIgure 111-6 ElectrIcIty consumptIOn by the bakehouse
from the feeder bushbar SU-1 and SU-3 on May 23-251998
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ATTACHMENT IV LOCATION OF LIGHTING EQUIPMENT IN THE ENTERPRISE'S
SHOPS

Xl! Place Type of Lamp QuantIty, Total capacity, kW
pieces

1 Dough kneadmg LPPR2x40 18 144
department

2 ConfectIOnery shop -//- 38 304
3 Bakehouse -//- 21 168
4 DIspatch room PVLM2x40 7 056
5 Flour storage NSPO-IOO 26 208
6 Gas boIler house NSPO-IOO 26 208
7 Fuel 011 boIler house VZG-200 16 32
8 Canteen Incandescent lamp 25 25
9 External IIghtmg HCrrO-IOO 5 05

14 42
10 Cold store HCrrO-IOO 12 12
11 Laundry B3f-200 5 1 3

HCrrO-IOO 3 03
12 Office rrCX-60 5 03

5-lamp chandelIers 5 25
HrrrrO-IOO 3 03

TOTAL 2718


