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1 0 EXECUTIVE SUMMARY

1 1 IntroductIOn

ThIS energy audIt has been conducted under a program sponsored by the US Agency for InternatIOnal
Development ThIS project, referred to as Dehvery Order #30, consIsted of performmg twenty four
audIts throughout Ukrame The purpose of the project was to develop UkraIlllan energy servIce
company (ESCO) capabIlIties To accomplIsh thIS task, Burns and Roe Enterprises, Inc (the
pnmary contractor) hIred Ukramian engmeers These engmeers were tramed m U S technIques of
conductmg energy audIts and m ESCO concepts The mdustnal energy audIts were conducted to
facilItate the ESCO trammg

Smce these mdustnes are very large, a one week SIte VISIt IS not suffiCIent to adequately audIt the
entIre faCIlIty The SIte VISIt was restncted to one week due to other project consIderatIOns However,
the engmeenng staff were tramed to Identify Improvements that would be representatIve of the entIre
plant In many cases It was necessary to focus the audItmg efforts on one system or only on a portIOn
of the plant Therefore, tills audIt IS based on what could be accomplIshed dunng the one week
allocated Wlnle thIS audIt contams numerous recommendatIOns for the plant management, the plant
management IS encouraged to perform a complete audIt of the entire faCIlIty Hopefully, the plant
management wIll conSIder hmng the engmeers trained under thIS project to contmue thIS work,
whIch wIll result m a complete understandmg ofenergy usage withm the plant, as well as a complete
lIstIng of all potentIal energy Improvement projects

The current report descnbes the findmgs of the energy effiCIency audIt performed by Bums and
Roe at the JSC BELKOZIN m the CIty of Pnluky The BELKOZIN plant IS the only plant m
Ukrame for productIOn of fibrous sausage casmg from cattle skm for cooked and smoked/cooked
sausages The plant IS eqUIpped WIth productIOn lInes for moldmg of vanous SIze sausage casmg,
casmg rewmdmg and packmg
The plant products are m demand at the domestIc market, CIS and foreIgn countnes It meets the
hIghest qualIty standards The sales of fibrous casmg m 1997 amounted to US$9,950,OOO and the
share of exports m the total volume of sales was 69 8% The share of energy m the productIOn cost
was 18%

The tasks ofthe energy audIt were as follows

• to conduct mformal trammg m the energy management practIces
• to create an mstItutIOnal awareness of energy management
• to recommend speCIfic steps m order to Improve energy effiCIency mcludmg management

actIOns, low-cost/no-cost OpportunIties and energy savmg eqUIpment that may be procured WIth
the USAID funds

• to recommend medIUm-cost and capItal mvestment actions reflectmg large-scale energy
conservatIOn OpportunItIes

The energy audIt team made up of three Ukramian speCIalIsts performed the energy audIt Apnl 13
through 18, 1998 In complIance WIth the objectives of the Project the energy audIt team prepared
the followmg prelImmary report
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1 2 Brief survey

The BELKOZIN IS an energy-mtensive enterpnse ConsumptIOn of energy m 1997 was as follows
1 Electnc power - 11,100,000 kWh
2 Casmghead gas- 6,620,000 m3

The energy audIt team has dIscovered many attractive opportunIties of Improvmg energy effiCIency
at the current energy and fuel pnces Presently the energy efficIency Improvement IS cost effective
though dIfficult to Implement due to hIgh mterest rate of the bank credIt and general economIC
dIfficultIes

The BELKOZIN plant IS considered faIrly successful by UkraIrnan standards and IS capable of
Implementmg energy savmgs measures

The rated electnc capacIty of the plant IS 8,430 kVA Average demand vanes between 1,500 and
1,700 kW, peak demand reaches 2,100 - 2,300 kW that IS 25% of the rated capacIty and causes
slgrnficant waste whIle operatmg the transformers under capacItIes

The rated capacIty of the boIler house exceeds the use by 700%

The pnmary fuel IS casmghead gas charactenzed by varymg calonfic value that lowers the
effiCIency of combustIOn because of the burner control system

The eXIstmg energy metenng system does not proVIde adequate mformatIOn for effiCIent energy
use

The project enVIsages further ImplementatIOn of long-term measures by the plants themselves m
consort WIth pnvate UkraIrnan energy servIcmg companIes One of the mam tasks of ESCO IS the
possIbIlIty of acqumng long-term (for 2-3 years) financmg for Implementation of energy
conservatIOn measures at the enterpnses

The energy audIt team saw a realIstIc OppOrtunIty to render consIderable aSSIstance m energy use
reductIOn by mstltutIOn of energy management servIce at the plant by a contract WIth an ESCO
company after completIOn of the USAID project

IntroductIOn of measures proposed m thIs project WIll reduce energy consumptIOn and respectIve
costs by 30%

The time lImIts of the present Project do not permIt the morntonng of the operatIOn of the
eqUIpment mtended for space heatmg season

1 3 RecommendatIOns

RecommendatIOns lIsted below WIll Improve energy effiCIency of the plant and reduce the energy
costs

To encourage the faCIlIty to Implement energy effiCIency and energy conservation, USAID IS
contnbutmg energy audItmg eqUIpment to the plant ThIS eqUIpment conSIsts of standard energy
audItmg mstrumentatIOn and meters that WIll enable them to Implement an energy savmg
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For example, ECO #1 "Energy management mstItutIOn" wIll set up systematIc energy conservatIOn
actIVItIes by establIshment of an energy management sectIOn responsIble for the control and analySIS
of the energy consumptIOn at the plant and development of recommendatIons for renovatIOn and
improvement ofenergy savmg systems

Generally the energy management sectIon should conSIst as a mmImum of three persons techmcal
supervIsor, electncal and thermal engmeers The supervIsor should be a part of the plant management
and report dIrectly to the plant general manager It IS essentIal that energy consumptIOn and energy
costs acqUIre a speCIal Importance and a plant manager should be aware of energy conservatIOn
potentIal

The major part of the proposed measures can be Implemented wIth mmor adjustments for
condItIons at other mdustnal plants 1 e to be the standard solutIon of a common problem

If Implemented the measures proposed by the auditors Will ensure an OpportunIty to reduce energy
consumptIOn annually
• electnc power by - 6,720,000 kWh (60%)
• casmghead gas by - 2,743,000 m3 (41 %)
and wIll result addItIonally m reductIOn ofpollutant emISSIOns
1 SolId partIcles - 29 6 tons/year
2 Sulfur dIOXIde - 66 5 tons/year
3 Carbon OXIde - 28 3 tons/year
4 NItrogen OXIde - 23 4 tons/year

1'he-recolIlll1endatIons hsted 1ll Table 1 WIll Improve energy effiCIency of the planr,-cut down costs
and consolIdate the competItIveness of the plant Table 1 lIsts several energy conservatIOn
OpportunItIes WIth short payback penods

CapItal mvestments of $565,540 mto the Improvement ofenergy effiCIency (ECO#1 through
ECO#II) WIll result m annual savmgs of $570,260 later
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ENERGY CONSERVATION OPPORTUNITIES

Table 1

Electnc Casmghead Annual Project cost, Payback,

DescnptlOll power, gas, savmgs, $ years
1000 kWh 1000 rn3 $

1 InstitutIOn of energy management 1110 662 103'080 51'540 0,5
ThIS ECO wlll ensure energy use management and reduce
energy costs by 10%

2 IntroductIOn of mtegrated energy metermg
550 330 51'000 70'000 1,4

system
ThIs ECO wIll momtor on-Ime energy consumpnon, prevent
exceSSIve energy use and lIDprove energy efficIency at the
enterpnse

3 OptImIZatIOn of thermal and hydraulIc
324 29'800 18'000 0,6

parameters of thermal networks
ThIS ECO IS proposed for reducnon ofunJusnfied heat losses
that entalls opt1mlzanon ofspace heatIng systems

4 Thermal energy and electrIc power
3'960 135'000 180'000 1,3cogeneratIon

ThIS ECO wlll reduce the share of energy cost m total
producnon cost by replacement of reducnon umts WIth two
PVM-250 machmes for heat and electnc power co-
generanon

5 OptimIZatIOn of combustion control m DKVR-
330 30'000 32'500 1,120-13 boIlers

ThIS ECO wlll ensure combustIOn control by actual arr
consumpnon and automanc control of fuel-to-arr rano m
accordance wIth boller load

6 Thermal msulatIOn of surfaces wIth
25 2'300 1'200 0,5temperatures over 60°C

ThIS ECO wlll sIgnIficantly reduce heat losses dependmg on
the area and temperature ofnon-msulated surfaces and
reduce energy costs

6
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Electnc Casmghead Annual Project cost, Payback,

DescnptlOll power, gas, savmgs, $ years
1000 kWh 1000 m3 $

7 UtIlIzatIOn ofDKVR-20-13 blowdown heat and
122 11'800 8'000 0,7water

TIus ECO wIll save water and heat currently dramed mto
sewer It IS sufficIent to channel blowdown water to
deaerator tank for make-up water for heatmg network

8 OptImIZatIOn of plant electrIC power supply 390 15'000 12'000 0,8
By rearrangement of power transformers m accordance WIth
actual loads, reswItchmg of power cablmg thIS ECO wIll
reduce the number of operatIonal transformers

9 OptimIZation of the used technological air heat
950 90'000 100'000 1,1

IntroductIon of rust-resIstant heat exchangers on the heat
pIpmg for arr-to-arr workmg medIa wIll reduce thermal
energy consumptIon by drymg lmes by 20-30%

10 OptimIZatIon of compressed aIr system
650 100'000 91'300 0,9

Replacement of the eXIstmg compressor statIon WIth
compact modular automatIc compressor umts mstalled
closely to compressed arr consumptIon SItes wIll reduce
electrICIty consumptIon by 50%, and cut down compressor
operatIon and mamtenance costs by 50% as well

11 ReductIOn of energy use In refrIgeration
eqUIpment operatIOn 60 2'280 1'000 0,4
InstallatIon at the cold room entrances ofplastIc arr curtams
wIll reduce refngeratIon consumptIon and, respectIvely,
electrICIty for ItS generatIon

TOTAL 6'720 2'743 570'560 565'540 1
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The open Jomt-stock company BELKOZIN IS the only plant m Ukrame for productIOn of
fibrous sausage casmg from cattle skm collagen for sausages and frankfurters

OJSC BELKOZIN was establIshed by way of reorgamzatIon at the decIsIon of the plant
workforce of the BELKOZIN plant and was regIstered on January 25 1994 by the resolutIOn
of the dIStnct executIve commIttee ofthe CIty ofPnluky

The plant was bUIlt by the Jomt SovIet-Czechoslovak project and commIssIOned on 01 01
1981 The desIgn capacIty of the plant IS 154 mIllIon meters ofcasmg a year The maXImum
output was reached m 1993 and was 177 mIllIon meters It was planned to use the desIgn
capacIty m 1998 to 96%

Vladmllr N Marzhan
Ivan A Maksyuta

2 2 Number of personnel

The casmg productIOn process IS umnterruptable so the mam productIOn lInes operate 24
hours a day m three ShIftS Total plant personnel ofthe plant IS 649 mcludmg
• mam productIOn personnel- 639
• aUXIlIary personnel - 10

Among the umts that mefficIently use the energy the mam productIOn workshops can be
pomted out The most energy-mtensIve umts are moldmg and drymg hnes and refrIgeratIon
plants These umts operate round-the-clock five days a week The eqUIpment vanes mage,
a large part IS old and should be updated though It IS stIll operatmg Wear-out of the fixed
assets reached 50% as of 01 01 98

AUXIlIary umts mclude
• repaIr and mechanICal workshop
• bOIler house
• thennal supply and plumbmg umt
• compressor umt
• transportatIon umt
• electnc supply and mstrumentatIOn umt

The mam productIOn lInes mclude
• No 1 collagen mass workshop
• No 2 workshop for fibrous sausage casmg moldmg, rewmdmg, packmg and dehvery for

warehousmg

2 1 EnterprIse hIstory

2 0 GENERAL BACKGROUND

General dIrector
ChIef energy engmeer
Tel (04637) 3-22-93, 5-22-95
Fax (04637) 5-01-80
44, Druzhby Narodov str
Pnluky UKRAINE 251350
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OrganisatIOnal structufe ofmanagement
ofOJSC BELKOZIN
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23 Number of simIlar enterprises m Ukrame

The BELKOZIN plant IS the only plant III UkraIne for productIOn of fibrous sausage
casmg The plant IS makmg profit, provIdes Jobs and exports ItS products III support
of the natIOnal economy

2 4 Slemficance of this sector for natIOnal economy

The plant's products are III demand both at the domestIc market and In the CIS and
abroad The products meet the hIghest qualIty standards The fibrous sausage caSIng
IS purchased by enterpnses producmg sausages and smoked meats

Currently, WIth the buyers' demand at 34 mIllIon meters a month the plant produces
on average 11-14 mIn meters of casmg a month

The plant IS makmg a profit, proVIdes Jobs and exports products to support the
economy,

10
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30 CURRENT STATUS OF PRODUCTION

3 1 ProductIon output

The BELKOZIN specIalIses m productIOn of fibrous sausage casmg of 28 to 58 mm
dIameter and frankfurter casmg of28 to 58 mm dIameter ArtIfiCIal casmg IS produced
eIther shIrred or non-shIrred

The analysIs of productIOn output m 1995-1997

## DescnptIOn Measure 1995 1996 1997

1 FIbrous sausage casmg mIllIon 1057 1064 126,4
lmearm

2 Output at current pnces
1,000 Hr 16,083 17,690 18,410

The analysIs of the table data show the trend towards the growth of output m the 1995
to 1997 penod EstImated output m 1998 should exceed the 1995-1997 outputs by
50%

CalculatIOn of productIOn cost m 1997

## Name Costs, Share m total cost,
1,000 Hr %

1 Raw matenals (except turnover funds) 7,562 5304
2 TransportatIOn and purchasmg 193 1 35
3 ProductIon energy costs 1,895 133
4 Pnmary wages 429 301
5 SOCial secunty deductIons 212 149
6 EqUIpment mamtenance and operatIon costs 1,405 986
7 General productIon costs 500 351
8 General logIstIcal costs 2,028 1422
9 ProductIOn cost 14,224 9978
10 Extra productIOn costs 32 022
11 TOTAL productIOn cost 14,256 100

32 ProductIVIty of labor 1997 vs 1996

# DescnptIOn Umt 1996 1997
1997 vs 1996,

%

1 Output at comparable 1,000 17,690 18,410 104
pnces Hr

2 Average number of perso
702 670 954

productIon personnel ns

3 ProductIvIty of labor 25,200 27,480 109

11
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Production cost breakdown In 1997

For the sales the BELKOZ~has establIshed dealershIps Both domestIc and
foreIgn compames are the dealers
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3
1330%
D/n

2
135%

4
3,01%

5
6 149%

986%7
351%

8
1423%

3 3 Prospects of development

3 4 Exports vs DomestIc sales
Shares of domestIc and export sales

Usmg theIr own funds m 1998 the plant plans to commISSIon a new productIon lme
whIch WIll prOVIde pnntmg on the casmg ThIS WIll Improve attractIveness of the
fibrous sausage casmg and expand the types of output

AddItIOnally, a share of products IS sold dIrectly to sausage makers Long-term
contracts are concluded WIth permanent customers The foremost competItor at the
domestIc market IS the Bialka of Poland, at the neighbonng markets these are the
Luga BELKOZIN factory (RUSSIa) and KutIzme company (CzechIa)

The 1998 plan envIsages attaInment of productIOn and sales of 1478 min lmear
meters of fibrous sausage casmg In money terms the output at current pnces WIll be
equal to 22 4 mIn Hr , 120% more than m 1997

The productIvIty oflabor m 1997 vs 1998 grew by 9%

# DescnptlOn Umt 1995 1996 1997

1 Share m total sales m Ukrame mIn meters, 483 396 38,2

% 457 372 30,2

2 Share m total sales for export mIn meters, 574 668 882

% 543 628 698
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Currently 70% ofthe output goes to the CIS countnes and abroad

Pnmary customers of fibrous sausage casmg among foreIgn customers

# Countnes 1995 1996 1997
mllhons of meters

1 RussIa 335 507 585
2 Belarus 66 I 1 28
3 LatvIa 55 45 38
4 Moldova 1 5 09 04
5 other CIS 2 1 5 79
6 RomanIa 76 69 13
7 Bulgana 03 07 04
8 Slovakta o1 05 -
9 Austna - - 01
10 Poland - - 1 3

TOTAL 574 668 882
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40 FINANCIAL STATUS OF ENTERPRISE

4 1 Currency vs Barter

All dehvenes withm the CIS and abroad are made only on payments m the currency
of any country under properly concluded contracts wIth a foreIgn customer or
supplIer All currency operatIOns are carned out VIa bank accounts GIven dIfficult
economIC sItuatIon of numerous enterpnses the BELKOZIN IS forced to go m for
bartenng m exchange for necessary servIces and matenals withm the country
Bartenng makes up 6 6% out of total sales In the table below It IS shown how the
operatIons m hard currency changed vs barter over the last three years

Currency vs barter m thousand Hr 1995-1997

Item
Umtof 1995 1996 1997

measurement

1 Sales m money thousand 16,083 17,690 18,410
terms hnvnas

2 mcludmg thousand 4,409 3,383 1 217
barter hnvnas

Percentage % 27,4 19 1 66
3 by barter

4 2 VIabIlity ofthe enterprise

The complex economIC sItuation m the country has a negatIve Impact on the
domestIc raw matenal supplIers whose delIvenes declmed to 8 5% m 1997 Due to
thIS It has become expedIent to establIsh contacts wIth foreIgn supplIers though the
qualIty of theIr raw matenals IS lower than that of UkraIman supphers The mam
supplIer currently IS the ZIegl company of Austna Long-term contracts have been
made wIth all supplIers

# SupplIer of raw matenals Share m total volume, %
1996 1997

I Ukrame 232 85
2 RUSSIa 45 05
3 Belarus 05 08
4 LIthuanIa 42 108
5 Austna 676 755
6 Germany - 35
7 Italy - 04

ProfitabIlIty of the OJSC BELKOZIN IN 1997 WAS 18 9%
ReceIvables - 2,971 7 thousand hnvnas
Payables - 823 9 thousand hnvnas
The share of fuel and energy m the productIon cost was 18%

14
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ElectricIty consumptIOn In 1997

1,000 kWh

5 1 Annual ener2Y consumptIOn In 1997

ElectricIty consumptIOn In 1995 -1997
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Electnclty consumptIon depends on the productIOn output In January and July the
plant performs regular overhaul of the productIOn eqUIpment that results III reductIOn
of electnclty consumptIOn

50 ANNUAL ENERGY CONSUMPTION AND COSTS

The 1997 decrease of electnclty consumptIOn was due to reductIOn ofrefngeratIOn
demand and electnclty use for Its refngeratIOn
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The sole consumer of the casmghead gas IS the plant bOIler room ReductIOn of
casmghead gas consumptIOn IS due to decrease of thermal energy consumptIOn by
outsIde customers

One of the mam tasks of the plant IS reductIOn of electncIty use dunng the overhauls
and vacatIOn penods At thIs tIme the most energy mtensIve umt IS the compressor
room InstItutIOn of energy management wIll ensure optImIzatIOn of the aIr
compressor room operatIon that wIll result m reduced electncIty consumptIOn dunng
overhaul penods
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19971996
2000 +--------------..,.---------------1

1995

The contract for electnc power supply was concluded by the BELKOZIN at the
followmg pnces
• 1 kW ofnegotIated demand 36$

Energy consumptIOn and costs m 1997

The decrease of refrIgeratIOn demand m 1997 may be explamed by reductIOn of
workIng time m the summer season and Improvement of refrIgeratIOn eqUIpment
operatIOn WIth contmuous energy management we may forecast the optImal tIme
and penods of Idlmg the plant for capItal overhauls ThIS WIll reduce energy
consumptIOn for refrIgeratIOn
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As seen from the chart m July and August the plant was under regular overhaul,
dunng the rest of the months gas consumption should be vIewed and analyzed
consIdenng constantly changmg calonfic value of the fuel Gas consumptIOn depends
on the productIOn output of the BELKOZIN and outSIde customers ThIS confirms the
neceSSIty for mstItutIOn of energy management

RefrigeratIOn consumptIOn In 1995 -1997

5 2 Current fuel and ener2Y tarIffs
ElectnClty

The plant pays Its electncIty bIlls by two-part tanffs
1 NegotIated demand
2 Amount of consumed electncIty by electnc meter readmgs

# Type of energy Umt of measure ConsumptIOn Cost,
1,000 Hr

1 Electnc power 1,000 kWh 11,000 793
2 Casmghead gas 1,000 m3 6,620 1,197

TOTAL 1,990
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Cold water consumptIOn In 1997
5 3 Ener2Y use profile

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

For outside

customers

15%

0031$
2,100 kW

2,100 x 3 6 = 7,560 ($)

1,100,000 kWh

1,100,000 x 0031 =34,100 ($)

7,560 + 34,100 =41,600 ($)

41,600/1,100,000 =a038 ($)

For productIOn

needs

83%

For domestlc needs

2%

Fuel

The only type of fuel used by the BELKOZIN IS casmghead gas

The cost oflOOO m3 of blast-fumace gas - 92$

• 1 kWh ofconsumed electnclty

Negotiated demand

Payment for negotiated demand

Average monthly electnclty consumptIon

Payment for actual electnClty consumptIon

Total payments

Actual pnce for 1 kWh

#
Cold water consumptIon

m3
%

1 By BELKOZIN TOTAL

732,238
85

• for productlon needs

713,729
83

• for domestIc needs

18,509
2

2 For outsIde customers

126,894
15

SUM TOTAL

859,132
100
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Compressed azr consumptIOn zn 1997

W/shopNo 1
29%

ElectrIcal supply
w/shop

4%

# Compressed aIr consumphon 1,000m3 %
1 Workshop No 1 2969 29
2 Workshop No 2 6445 64
3 Mechamcal repaIr workshop 283 3
4 Electncal supply and mstrument workshop 444 4

TOTAL 10,141 100

The air compressor statIOn consIsts of three SK-240 Bl compressors manufactured by
CKD - Prague and two VP-20/8 compressors manufactured m Krasnodar, RussIa

Total demand for compressed aIr for productIOn purposes does not exceed 20 m3/mm

Compressed air IS usually supplIed by two compressors
1 SK-240 Bl wIth capacIty of 16 m3/mm eqUIpped wIth 100 kW dnve motor
2 VP-20/8 wIth capacIty of20 m3/mm eqUIpped wIth 132 kW dnve motor

GIven the wear ofthe compressors total capacIty does not exceed 30 m3/mm
OpportunItIes of optImIzatIOn ofcompressed aIr use are gIven m AppendIx AIO, ECO
#10
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1,2

Meat
processmg

plant

3,9

Bakery

6,1

888

Butter plantBELKOZIN

Energy use profile In 1997

O-l'------...-------.,.------r--------<

20

50

100

The analysIs showed that the BELKOZIN plant sells underpnced cold water and thermal
energy to outsIde customers due to deficIencIes of the eXIstmg metenng system
ImplementatIOn of a comprehensIve energy metenng system (see AppendIx A 2) wIll gIVe a
realIstIc pIcture of energy dIstnbutIOn among the outSIde customers

# Thermal energy consumers Gcal %
1 BELKOZIN plant 37,254 888
2 Butter plant 2,578 61
3 Bakery 1,648 39
4 ~eatprocessll1gplant 481 1 2

TOTAL 41,961 100
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Average electrIcIty use balance ofBELKOZIN

r
"'"Total electric load

1600 kW

"" ....d

Group t Soh

160kW 240kW .....
BOller room Workshop Nol

10% 15%

,

r
"'" 150kW 830kW

,
"'"AIr compressors Workshop No2

94% 52%

.
\.. ~

~

~

Water scoop
100kW 30kW

Workshop No3
62% 18%

688%
. -

90kW

Other consumers
56%
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31
Days

11 13 15 17 19 21 23 25 27 299753

250 +----------------------------1

300~........----------------------------I

350 +-----,----+=ri;---------o----..,;r.-------------I

400 +----......,<-'1----,

Increased water use by the bOiler room IS explamed by the absence of metenng of
energy use by the outsIde customers - by bakery, butter plant and meat processmg
plant Pressure m the return network pipehne was kept at 0 8 kg/cm2 mstead of
necessary 3 5 kg/cm2 It caused air locks m the heatmg systems and, by the energy
audItors' opmIon, to mtentIOnal network water leaks by the customers Absence of
energy management and shortcommgs m orgamzatIOn of heatmg system operatIOn at
the plant and outSIde customers' sItes accordmg to the experts' estimates caused
losses to the amount of $40,000
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Cold water use by the bOIler room In March 1998

Average electncity balance was drawn on the basIs of the plant metenng data for
March and Apnl 1998 Dunng the audIt the balance was corrected usmg the
measurements taken by the audIt eqmpment The most energy mtensive consumer IS
the "lSch" group usmg 688% of total electnc power
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11 13 15 17 19 21 23 25 27 29
Days

9753

Casinghead gas consumptIOn In March 1998

tons

Steam generatIon In March 1998

350 +-----------------------------1

m3

35000

33000

31000

29000

27000

25000

23000

21000

19000

17000

15000
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Days

500 -I-\------+-~--_I_----l,.,L_~r__----_4_-_+_-----l.__f-I

550 +-----------f----T---'z::=I'.--------+'~-----1

600.....-----------------------------,

450 +----\--r---t--+----"'------------...;:""z~------1

400 +-------t+--------------------1

For a more detailed analysIs of fuel and steam consumptIOn It IS necessary to mstItute
energy management

Drop m gas consumptIOn on March 21-22 was caused by usage of standby fuel - of
heavy fuel 011 The rest of the daIs the unstable fuel consumptIOn was explamed by
fluctuatmg heatmg system operatIOn and drymg aIr heaters dependmg on the ambIent
temperatures Unstable gas consumptIOn IS explamed also by fluctuatIOns of calonfic
value of the casmghead gas
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60 RECENT IMPROVEMENTS IN ENERGY CONSERVATION

The audItors were mfonned about wIth measures for reductIOn of fuel and energy
consumptIOn Implemented by the BELKOZIN m 1997
1 InstallatIon of pumps WIth 55-kW dnves mstead of pumps WIth 160 kW dnves
on the water supply network wIll result m power use reductIOn by 283,500
kWh/year (2 3% ofannual consumptIon
Estimated cost effect - $10,700 per year
2 InsulatIOn of counter-current heater for domestIc water heatmg WIll reduce
thennal energy use by 87 Gcal a year (0 2% of annual consumptIOn)
EstImated cost effect - $1,340 per year
3 Recovery of condensate from water casmg cookmg heaters to the condensate
tanks WIll reduce energy use by 22 Gcallyear (0 05% of annual consumptIOn)
Estimated cost effect - $360 per year
4 Shut-off of steam and water supply to the saunas of electnc supply, mstrument
and transport umts WIll reduce energy use by 60 Gcal/ year (0 15% of annual
consumptIOn), cold water by 1,152 m3/year (0 15% of annual consumptIOn),
sewerage by 1,152 m3/year (0 21 % ofannual consumptIOn)
EstImated cost effect - $1,500 per year
5 RecalculatIOn of domestIc water consumptIOn and sewerage due to layoffs WIll
reduce cold water use by 1,140 m3/year (0 15% of annual consumptIOn), sewerage
by 1,140 m3/year (0 21 % ofannual consumptIOn)
EstImated cost effect - $520 per year
6 Overhaul of DKVR-20-13 boIler msulatIOn Will reduce gas consumptIOn by
34,600 m3/year (0 37% of annual consumption)
Estimated cost effect - $2,680 per year
7 UtilIzatIOn of hot water heat at the boIler room WIll reduce thennal energy use by
418 Gcal/year (1 1% ofannual consumptIOn)
EstImated cost effect - $6,800 per year

The plant has been and IS Implementmg VarIOUS organIsational and techmcal energy
savmg measures dIctated by the need to reduce productIOn costs

Unfortunately, the BELKOZIN energy conservatIon program lacks ImplementatIOn
data and economIC results due to the lack of a computensed energy consumptIOn
metenng and analysIs system
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70 ENERGY AUDIT

As the result of the energy audIt at the OJSC BELKOZIN the audIt team
recommended several proposals for Improvement of energy efficIency at the plant
The maJonty of the problems are typICal for Ukramian enterpnses so the solutIOns of
these problems can be replIcated for enterpnses wIth SImIlar systems of energy use

IntroductIOn of the recommended measures WIll reduce annual energy consumptIOn
1 Electncity by 6,720,000 kWh (60%)
2 Casmghead gas by 2,743,000 m3 (41 %)

The results oftechmcal and economIC calculatIOns ofenergy conservatIOn
OpportunItIes are gIven below

ECO #1 - InstItutIOn of energy management

Energy management IS the mam avenue by whIch energy usage reductIOn and 10crease
10 consumptIOn effiCIency can be achIeved Energy management IS a management
system based on standard measurements and checks provId1Og for such operatIOn of
the plant that ensures only absolutely necessary consumptIOn of energy for productIOn
purposes

In order to Implement contmuous supervIsIOn and analysIs of energy use we
recommend to 10stitute energy management system and proVIde necessary measunng
eqUIpment

ImplementatIOn of thIs project WIll reduce fuel and energy costs by 103,080 $/year
Payback penod WIll be 0 5 year
See detaIls of thIs proposal 10 AppendIx AI, ECO #1

ECD #2 -ComprehensIve energy metenng system

In order to Implement energy management and 1OtroductIOn of cost-account1Og
withm the works productIOn unItS It IS necessary to upgrade the eXIst10g energy
metenng system As one of upgrad10g optIOns we recommend the ITEK technIcal
10strument set whIch possesses metrologIcal charactenstIcs and IS deSIgned for
contmuous and penodical (express analySIS) measurement/regIstratIOn of phySIcal
values

IntroductIOn ofthe ITEK-XIX allows consumers to pay theIr electnc power bIlls by
the one-rate tanff dIfferentiated accord1Og to the daytime zone whIch 10 conjunction
WIth the measures of reduction of the maXImum hour consumptIOn proVIdes a
conSIderable cost effect that has been proven by operatIOn at numerous UkraInIan
faCIlItIes

ITEK-220 and ITEK-320 are deSIgned for automatIC commerCIal metenng and
telemetnc control of supply and consumptIOn of lIqUIds, gases, steam and thermal
energy 10 combmatIon WIth any pnmary measurement converters ofconsumptIOn,
temperature, pressure and pressure drop WIth standardIzed output parameters at
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supplIer's (thermal power plant, dIstnct heat, boIler houses) and consumer's sItes
(mdustrIal enterpnses, publIc utilIty faCIlItIes)

ImplementatIOn of thIS project wIll reduce fuel and energy costs by 51,000 $/year
Payback penod wIll be 1 4 years
See detaIls of thIS proposal m Appendix A2, BCG #2

BCO #3 - OptImIsatIOn of thermal and hydrauhc parameters of thermal supply
networks

For heatmg purposes m the bOIler house ofthe enterpnse a heatmg plant IS used made
up of two heatmg umts Heat generated by the bOller house goes for productIOn and
domestIC purposes of the BELKOZIN and IS sold to outSIde customers The network
temperature schedule IS 95 to 70°C The thermal energy consumptlOn shares are as
follows

• BELKOZIN plant - 50%
• bakery - 27%
• butter plant - 23%

The temperatures m the supply and recovery pipehnes are much hIgher than scheduled
whIch causes local overheatmg ofbmldIngs, heat waste and mcrease of gas
consumptIOn

To reduce thIS wIJusM~edwaste we recoIr'.mend
• to optImIze the heatmg system operatIOn not only at the BELKOZIN plant but at

the outSIde customer SItes as well
• to operate the heatmg system accordmg to the schedule

ImplementatIOn of this project WIll reduce fuel and energy costs by 29,800 $/year
Payback penod WIll be 0 6 year
See detaIls of thIS proposal m AppendIX A3, ECG #3

ECO # 4 Thermal energy and electnc power co-generatIOn

Dunng the VISIt to the plant boIler house and heaCdIstnbutIOn umt the audIt team
observed the followmg steam generatIOn mode

• DKVR 20-13 boIler generated saturated steam WIth the followmg parameters

pressure Ps - 10-12 kg/cm2 to the amount ofGs = 15-16 tons per hour" temperature
- 350°C,

• at the steam dIstnbutIOn umt the pressure reductIOn plant steam pressure IS reduced
to Ps = 5

For the wmter season heatmg operatIOn before the network water heaters a reductIOn
plant IS mstalled for steam pressure reductlOn from 12 kg/cm2 to 5-6 kg/cm2 Steam
generatlOn m wmtertIme reached 28 tons per hour

26

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

The energy audItors recommend to mstall two PVM-250 machmes mstead of pressure
reductIOn plants for thermal energy and electnc power co-generatIOn The rated
capaCIty of the proposed PVM-250 machmes WIll be SOO kW

ImplementatIOn ofthIS project WIll reduce fuel and energy costs by 13S,OOO $/year
Payback penod WIll be 1 3 year
See detaIls ofthis proposal m AppendIX A4, ECO #4

ECO #5 - OptImIsatIOn of combustIOn control m DKVR-20-13 bollers

The plant IS eqUIpped WIth three bOllers of DKVR type There are three major
problems WIth the eXIstmg control system

• Instead of aIr flow, FD fan dIscharge pressure sIgnal IS used ThIS makes air flow
control very erratIc at low loads and makes automatIc excess air correction
ImpOSSIble to achIeve

• There IS no automatIc excess air correctIOn vs load, 1 e , no oxygen program The
system relIes on the boIler operator to make an aIr flow set pomt adjustment after
each load change Of course thIS doesn't happen and the bOller always operates
WIth too much excess air

• There IS no automatIc excess oxygen correctIOn because the eXIstmg control system
IS not able to regIster changes In calonfic value of the casmghead gas

We are proposmg to resolve all three problems The BELKOZIN plant WIll fabncate a
pIezometer nng and Install It on the FD fan suctIon The pIezometer nng WIll serve as
an aIr flow element AddItIonal eqUIpment Includes two dIfferential pressure
transmItters, an oxygen analyzer, a mIcroprocessor based controller and a vanable
frequency dnve The resultant system wlll prOVIde true aIr flow control and an
automatIc excess air vs load correctIOn It IS adVIsable to replace the GMGB burners
WIth more up-to-date MDGG burners

ImplementatIOn of thIS project WIll reduce fuel and energy costs by 30,000 $/year
Payback penod WIll be 1 1 year
See detaIls OfthiS proposal m AppendIX AS, BCD #S

BCD #6 - Thermal msulatIOn of surfaces WIth temperatures over 60°C

The results of the steam dIstnbutIOn system analySIS showed that some steam
pipeimes do not have thermal msulatIOn Energy losses due to the lack of msulatIOn
are enormous Temperature InsIde work rooms reaches 40°C at the ambIent
temperature of SoC that ImpaIrs workmg condItIons

We recommend that the steam pIpmg should be fully msulated The thIckness of
msulatIOn should be selected dependent on the pIpIng dIameter and ItS purpose

ImplementatIOn of thIS project WIll reduce fuel and energy costs by 2,300 $/year
Payback penod WIll be 0 5 year
See detaIls of thIs proposal In AppendIx A6, ECO #6
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ECO #7 - UtIhsation ofDKVR-20-13 blowdown heat and water

The BELKOZIN bOIler house m 1997 generated around 75,000 tons of steam
Blowdown water was 7% on average and was dramed mto sewer

The energy audItors see It expedIent to use the blowdown water to replemsh thermal
networks whIch WIll save water and heat gomg currently to the sewer It IS sufficIent
to channel the blowdown water to the deaerator replemshment tank of thermal
network

ImplementatIOn of thIS project WIll reduce fuel and energy costs by 11,800 $/year
Payback penod WIll be 0 7 year
See detaIls OfthiS proposal m AppendIx A7, ECO #7

ECO #8 - OptImIsatIOn ofthe plant electnc power supply

The eXlstmg electnc supply system consIsts of the DU-IOkV dlstnbutIOn umt supphed
VIa two mputs from automatIc standby systems of seven transformer substatIOns TP-1
through TP-6 and RU-O 4 kV dlstnbutIOn devIces

Total rated capacIty IS 8,410 kVA
The peak maxImum load does not exceed 2,200 kW, peak hourly load m wmter IS
1 700 kW, m summer - 1,550 kW
Total losses at operatIOnal transformers (losses m steel and wmdmgs) are 75 kW

Based on the analysIs of the average power consumptIOn of the plant (see SectIOn 5 3)
where the breakdown of power loads by productIOn umts IS gIven It may be concluded
that there IS a posslblhty by rearrangmg the power transformers m accordance wIth
actual loads and reswltchmg of the cabhng to reduce the number of operatIOnal power
transformers to 5 The losses at the transformers WIll be 30 kW

ImplementatIOn of thIS project WIll reduce fuel and energy costs by 15,000 $/year
Payback penod wIll be 0 8 year
See details of thIS proposal m AppendIx A8, ECO #8

ECO #9 - UtIhsatIOn of used air heat from productIon hnes

Currently the technology of sausage and frankfurter skm mcludes drymg of produce
reductIOn of mOIsture content of the skm from 88% to 8% The drymg agent IS a dry
hot au of 100-120oC The air heated m aIr heaters by steam After the drymg hnes the
used humId air of 55-60°C (accordmg to the measurements) IS emItted mto the
atmosphere Accordmg to the study of the energy use approxImately 17,000 Gcal of
heat IS lost 1 e 33% of the heat used by the plant Heat waste per hour amount to 2-2 5
Gcal

The energy audIt team recommend a system to recover heat To achIeve thIS It IS
proposed to mstall heat exchangers on the heat plpmg m the aIr-to-aIr enVIronment
made of stamless steel
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ImplementatIOn of thIS prOject wIll reduce fuel and energy costs by 90,000 $/year
Payback penod wIll be 1 1 years
See detaIls of thIS proposal In AppendIx A9, BCO #9

BCO #10 - OptImIsatIOn ofcompressed aIr system

Compressed aIr for productIOn purposes IS supplIed by two compressors 3SK-240 Bl
and VP-20/8
Total capacIty of compressors IS 36 m3/mIn ConsIdenng mechanIcal wear-out of the
compressors the maxImum capacIty does not exceed 30 m3/mIn

ConsIdenng the length of pIpIng and losses of compressed aIr dunng transportatIOn as
well as measurements of electnc loads of compressors by the "DRANETZ" energy
analyzer between 10 and 17 Apnl 1998 actual consumptIOn of compressed aIr for
productIon purposes was sIgruficantly lower than In the InfOrmatIOn gIven by the
plant

We recommend to Install dIrectly In the workshops Instead of the eXIstIng compressor
statIOn small one-unIt automatIc compressor plants eqUIpped WIth receIvers and motor
relays that wIll reduce the electnc power consumptIOn by 50% and sIgmficantly lower
productIOn costs for the maIntenance ofcompressors
ImplementatIOn of thIs project WIll reduce energy costs by 100,000 $/year Payback
penod WIll be 0 9 year
See detaIls ofthIs proposal In AppendIX AlO, BCO #10

BCO #11 - ReductIon of energy use for operatIon productIOn refrIgeratIOn eqUIpment

One of the pnmary electnc energy users at the plant IS an ammoma refrIgeratIon
compressor plant The coolIng consumers are as follows
• cold room for defrostIng,
• cold room for frankfurters,
• cold room for standard sausages,
• cold room for mIXIng lInes
The analySIS performed by the energy audIt team establIshed that energy losses occur
through the gaps In the doors and due to "spIllIng out" of cold aIr dunng loadIng
operatIOns Due to productIOn reqUIrements every 15 mInute electnc fork-lIft trucks
move products

In order to reduce coolIng generatIOn costs the energy audItors recommend to Install at
the entrances to the cold rooms plastIC curtaIns that WIll result In mInImIZIng energy
losses IntroductIOn of thIS BCO WIll ensure reductIOn of coolIng consumptIOn and,
accordIngly, of electnc power by 5 - 7%

ImplementatIOn of thIS project WIll reduce energy costs by 2,280 $/year Payback
penod WIll be 0 4 year
See detaIls OfthIS proposal In AppendIX All, BCO #11
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where

where

8 0 ENVIRONMENTAL IMPACT OF RECOMMENDATIONS

Amounts ofpollutants formed dunng generatIOn of6,720,000 kWh

hi =9 9 X6,720,000 =66,528,000 (g/year)
h2 =0 5 X6,720,000 =3,360,000 (g/year)
h3 = 22 X6,720,000 = 14,784,000 (g/year)
h4 = 4 4 X6,720,000 =29,568,000 (g/year)

1) sulphur dIOXIde S02
2) carbon OXIde CO
3) nItrogen OXIdes NOx
4) solId partIcles

30

CalculatIOn of the carbon OXIde that forms after combustIOn of coke-oven gas IS made
by the formula

Mea =0001 B Kea Qr (1 -q/lOO),

B - consumptIOn ofcaSInghead gas, m3/yr

hu - the speCIfic content of emISSIons, g1kW h
Eps - electnc power saVIng, kW h

AccordIng to the data from the MInIStry of Energy, In 1996 1 kW h of the electrIc
power meant emIttIng Into the atmosphere of 17 g of contammatmg substances,
mcludIng the followmg
sulphur dIOXIde S02 9 9 g
carbon OXIde CO 0 5 g
nItrogen OXIdes NOx 2 2 g
solId partIcles 4 4 g

Annual energy resource savmgs due to ImplementatIOn of energy management WIll be
as shown In the Tablel
1 Electncity savIng - 6,720,000 kWh (60%
2 Casmghead gas saVIng - 2,743,000 m3 (41 %)

RedUCIng electnc consumptIOn results In decreaSIng the amount of the emItted
harmful substances that can be determIned by the formula

h = hu Eps,

The most effiCIent way of reductIon of hazardous emISSIons mto the atmosphere IS
decrease of fuel and electrIc power use Energy conservatIon and efficIency are very
beneficIal from the ecologIcal standpomt

The proposed project contams energy conservatIOn measures aImed at savmg fuel and
electnc power The maIn fuel used at the JSC BELKOZIN IS casInghead gas The
harmful substance that forms In SIgnIficant quantIty dunng combustIon of thIS fuel IS
nItrogen OXIde (NOJ The nItrogen OXIdes are harmful to the human health and can
cause severe respIratory problems
Smce combustIOn of gas results In the least emISSIOns of the carbon dIOXIde CO2 (that
IS the maIn gas responSIble for settmg "the green house effect"), savmg casmghead
gas WIll contnbute to weakenmg of "the green house effect" Carbon monoxIde (CO)
IS emItted after an mcomplete combustIOn of fuel, It reacts WIth other substances and
has vanous detnmental Impacts Sulphur dIOXIde resultIng from combustIOn destroys
matenals
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Keo = 0 25 kg/GJ - the quantIty of carbon oXIde that IS produced per heat umt
released after combustIOn of casmghead gas

Qr = 37 MJ/m3
- the lowest calonfic value ofnatural fuel

q =0 5 % - heat losses resultmg from an mcomplete gas combustIOn
Meo = 0001 2,743,000 025 37 (1 - 0 5/100) = 25,000 (kg/yr),

or
Meo =25 t/yr

CalculatIOn of the mtrogen oXIdes per time umt (t/yr) shall be done by the formula

MNOX =0 001 B KNox Qr (1- b),
where

KNOx = 0 1 kg/GJ - a parameter charactensmg the amount of the mtrogen
OXIdes formmg per 1 GJ of heat, kg/GJ,

b = 0 15 - a coefficIent for takmg mto account the degree of decreasmg the
level of emISSIOns of mtrogen OXIdes resultmg from ImplementatIOn of technologIcal
measures

MNox = 0001 2,743,000 0 1 37 (1 - 0 15) = 8,600 (kg/yr),
or

MNOX = 8 6 t/yr

ImplementatIon at the BELKOZIN plant of energy conservatIOn measures WIll
decrease the energy resource consumptIOn, and m ItS tum lower the quantIty of
harmful emISSIons mto the atmosphere

TABLE OF POLLUTANT EMISSION REDUCTION

I
I
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ReductIOn m emISSIons as result of the energv savmgs, t/yr 11
EmiSSions ElectriC Dower CaslD2:head 2:as TOTAL ..
Hard partIcles 296 296
Sulphur dIOXIde 665 665 11
Carbon OXIde 33 25 283 ••
NItrogen OXIdes 148 86 234
Total emISSIOn 1478 IIreductIOn

I
I
I
I
I
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APPENDIX A ENERGY CONSERVATION OPPORTUNITIES
(ECO)
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A 1 ECO - 1 INSTITUTION OF ENERGY MANAGEMENT

ECO deSCrIptIOn

Collecting energy
consumptIOn data

AnalYSIS

Preparmg energy
consumptIOn chart

Implementing

planned Improvements

Planmng

The mam dutIes of an energy management sectIOn mclude

Energy management cycle

33

Energy management IS the mam avenue by WhICh energy usage reductIon and mcrease
m consumptIOn effiCIency can be achIeved ThIS management strategy IS based on
conventIOnal measurements and documentatIon and provIdes operatmg condItIons that
faCIlItate mmImal energy consumptIon needed for the technology ThIS IS also a
management tool whIch compnses a contmuous research allowmg preCIse knowledge
on faCIlIty's energy dIstnbutIOn and consumptIOn, as well as on best energy utIlIzatIOn
for productIOn, dIstnct heat and other non-productIve purposes

ImplementatIOn of energy management program WIll result m havmg more detaIled
energy consumptIon records Such system WIll allow companson of the energy usage
to that of other enterpnses for preCIse evaluatIOn of energy savmg projects that are
consIdered by the faCIlIty

Implementmg an energy management actIVIty typIcally would mvolve establIshIng a
separate sectIOn of employees to deal only WIth energy effiCIency At a mmImum an
energy management sectIOn should conSIst of three people technIcal supervIse, an
electnc engmeer and a thennal engmeer
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• Preparmg faCIlIty's energy consumptIOn chart (probably m collaboratIOn wIth an
outsIde consultant, energy audItor),

• Collectmg fuel and energy consumptIOn data usmg measunng and testmg
eqmpment,

• Prepanng a plan for Implementmg addItional measurmg and testmg eqmpment,
• Collectmg data on raw matenals and energy consumptIOn and on productIOn

output,
• Makmg key calculatIOns on Improvmg energy effiCIency - for overall facIhty as

well as speCIfic productIOn hnes,
• Implementmg new technologIes on eXIstmg and new energy systems to Improve

energy effiClency of operatIOn,
• Encouragmg the persOlmel to mdicate potentIal energy conservatIOn

opportunItIes
• Keepmg mformed on current energy polIcy trends and neighbonng Issues, (e g ,

such as new tax leglslatlOn, eXIstmg consumptlOn restnctlOns, subSIdIes,
envIronmental aspects etc)

In order to Implement permanent energy consumptlOn momtonng and analySIS we
recommend to mstItute energy management system at the plant and to proVIde
reqmred measurmg eqmpment The set of eqmpment that Will be useful for the plant
should mclude
• three phase energy analyzer,
• tachometer,
• hot-WIre anemometer,
• combustIon analyzer,
• non-contact thermometer,
• ultrasomc leak detector,
• dIgItal contact thermometer,
• 11ght meter,
• power factor meter,
• portable temperature/humidity/ dew pomt meter,
• computer WIth pnnter

Annual energy savmgs

Currently the works use annually on average 11,100,000 kWh of electnc power,
and 6,620,000 m3 ofnatural gas
TypIcally, combustIOn effiCIency Improves by 2 5% from utIhzmg the combustIOn
analyzer Electnc power use effiClency can be hnked to a WIde range of factors I g
power factor correctlOn, Improvement of eqmpment load control (shuttmg off Idlmg
eqmpment), OptImIzatIOn of motor loads, optImIzatIOn of pump operatIOn,
Improvement of compressor load control On average Improvement of electnc
power use can ensure from 3 to 10% saVIngs of total electnc power consumptIOn
The global expenence and practIce show that m case of mstItutIOn of full-tIme
energy management ensures 10% of fuel and energy consumptIon savmgs Energy
savmgs WIll amount to
1) Electnc power - 11,100,000 x 01 = 1,110,000 (kWh)
2) Natural gas - 6,620,000 x 0 1 =662,000 (m3

)
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Annual cost savmg estimate

1 At the pnce of$0 038 per 1 kWh ofelectnc power the cost savmgs wIll be
1,110,000 x °038 ~ $42,180

2 At the pnce of $0 092 per I m3 ofnatural gas the cost savmgs wIll be
662,000 x°092 - $60,900

TOTAL energy cost savmgs wIll be
42,180 + 60,900 ~ $103,080

ImplementatIOn Costs

Cost of mstItutmg three energy management based on past projects IS around 50% of
expected savmgs

103,080 x 0 5 = $51,540

Simple payback

ImplementatIOn costs - $51,540
Annual cost savmgs - $103,080
Simple payback penod WIll be
51,540/103,080 = 05 (year)
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A 2 ECO # 2 COMPREHENSIVE ENERGY METERING SYSTEM

ECO descrIption

Energy and fuel consumptIOn momtonng and preCIse breakdown of thIS
consumptIOn by productIOn lInes and unItS IS one of the basIc tools of energy
management ThIS WIll proVIde a realIstIC depIctIOn of the energy balance of the
enterpnse, OpportunIty of energy use assessment and VIable possIbIlIty of fuel
consumptIOn dependent on the eqUipment charactenstics and workloads

Though the eXIstmg TzT-5000 system of electnc power metenng shows a partial
pIcture of electncity consumptIOn and dIstnbutIOn among productIOn hnes,
however, It reqUires upgradIng and expansIOn of features Thennal energy metenng
system of the works combInes utIlIzatIon of Instrument metenng and theoretIcal
calculatIOns and tills precludes proVIsIon of realIstIc thermal energy consumptIOn
figures

In order to Implement energy management and IntroductIOn of cost-accountIng
WIthIn the works productIOn umts It IS necessary to upgrade the eXIstIng energy
metenng system As one of upgradIng optIOns we recommend the ITEK techmcal
Instrument set In cOmbInatIOn WIth the TzT-5000 system whIch possesses
metrologICal charactenstics and IS deSIgned for contInUOUS and penodlcal (express
analysIs) measurement/regIstratIOn of phySIcal values

IntroductIOn of the ITEK energy metenng system In cOmbInatIOn WIth the TzT­
5000 system WIll enable the plant to measure use ofthe follOWIng
• electnc power
• natural gas
• heat generatIOn
• cold water supply
• hot water supply

IntroductIOn of the ITEK-XIX allows consumers to pay theIr electnc power bIlls by
the one-rate tanff dIfferentIated accordIng to the daytIme zone whIch In cOnjunctIOn
WIth the measures of reductIOn of the maxImum hour consumptIOn proVIdes a
consIderable cost effect that has been proven by more than annual operatIOn at
numerous UkraInIan faCIlItIes

ITEK-2l0 and ITEK-310 are Intended for commercIal and techmcal metenng of
electnc pQ"iVer--{dlfferentlated by hme) and bUild-up of automatIc metenQg and
control systems of electnc power use (AMCSEPU) In cOmbInatIon WIth electnc
meters of three-phase InductIOn type eqUipped WIth pulse generatIon deVIces (E440,
E870, UP-I, UP-2, UP-3, SU-500) or electromc (SIemens, Landys and Gyr, Alpha­
ABB, etc) WIth pulse output They support 64 (for ITEK-210) or 12 (for ITEK­
310) metenng channels, 4 tanff zones, day schedule for all metenng channels IS a 5
days' mInImUm, 2 Independent data Interfaces

ITEK-210 can be used In cOmbInatIOn WIth or Instead of the Installed TzT-5000
systems by connectIOn to the eXIstIng matnx of pnmary measurement converters
The ITEK-210 IS Included In the State regIster ofmeasurement deVIces ofUkraIne
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The ITEK-410 IS desIgned for 4 metenng channels and IS sImIlar to the above
devIces AddItIonally It supports tanffs dIfferentIated by peak consumptIOn and
demand, and proVIdes momtonng and control over consumptIOn process Dally
schedules from 4 channels are stored for not less than 1 month

IntroductIOn ofITEK-X2X allows consumers to meter resources WIth htgh accuracy
and pay the bIlls for actual consumptIOn but m proportIOn to the area

ITEK-220 and ITEK-320 are desIgned for automatIc commercIal metenng and
telemetnc control of supply and consumptIOn of lIqUIds, gases, steam and thermal
energy m combmatlOn WIth any pnmary measurement converters of consumptIon,
temperature, pressure and pressure drop WIth standardIzed output parameters at
suppher's (thermal power plant, dIstnct heat, boIler houses) and consumer's sItes
(mdustnal enterpnses, publIc utIlIty faCIlItIes) The ITEK-X20 devIces are desIgned
m complIance WIth the reqUIrements of RD-50-213-80, PR-34-&0-010-85, State
standard 6651-84 and P75 recommendatIOn of the Mmlstry of Health The ITEK­
X20 deVIces are mtended for the faCIlItIes of the first metenng group (up to 4
faclhtIes) "'Ith a complex con£~ratlOn of-supply and recovery pIpmg tITEK-220),
and for the faCIlItIes of the first or second metenng groups (one faCIlIty) (ITEK­
320)

PRD IS a wIde range pressure dIfference converter The PRD measurement deVIce IS
deSIgned for operatIOn m automatIc momtonng and control systems of
technologIcal processes and proVIdes contmuous converSIOn of the measured
parameter mto a umform electnc output SIgnal It IS a fast operatmg converter and
can be utIlIzed for converSIon of pulsatmg pressure dIfferences mto a umfied
electnc SIgnal WIth tIme constant of up to 2 msec (maxImum permIssIble
operatIOnal excess pressure IS 1 6 Mpa and 40 MPa)

Annual energy savmgs

In 1997 the works used approXImately 11,000,000 kWh of electnc power,
6,600,000 m3 ofcasmghead gas
The global expenence and practice confirm that quahty momtonng of energy
ensure 5% of fuel and energy consumptIon savmgs Energy savmgs at the works
WIll amount to
1) Electnc power - 11,000,000 x 0 05 = 550 (thousand kWh)
2) Casmghead gas- 6,600,000 x 0 05 =330 «thousand m3

)

Annual cost savmg estImate

1 At the pnce of $0 033 per 1 kWh of electnc power the cost savmgs WIll be
550,000 X0 033 ~ $21,000

2 At the pnce of$92 per 1,000 m3 ofcasmghead gas the cost savmgs WIll be
330,000 X92 ~ $30,000

Total fuel cost savmgs WIll be
21,000 + 30,000 ~ $51,000
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ImplementatIon Costs

ApprOXImate cost of the ITEK automatic metenng system and TzT-5000 upgradmg
IS $70,000

SImple payback

ImplementatIOn costs - $70,000
Annual cost savmgs - $51,000
SImple payback penod WIll be
70,000/51,000 ~ 1 4 (years)
Note Tills proposal IS a component of energy management In thIs project It IS
vIewed separately
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ECO deSCrIptIOn

For heatmg purposes m the bOIler house of the enterpnse a heatmg plant IS used made
up of two heatmg umts Each umt compnses a steam-to water heater of 0,5 OST 34­
532-68 type WIth surface area of 53 4 m2 and a water-to-water heater (condensate
cooler) of 14 OST 34-588-68 type WIth surface area of20 3 m2 In the boIler room
there are four network pumps In the summer season 6NDV- type pumps are operated
WIth the head of 54 meters ofwater column and pumpmg capacIty of250 m3

/ hour In
wmtertime 'I'~N-45Bf105pumps are opera!ed WIth 160 KW motors The network
temperature schedule IS 95-70°C The thermal energy consumption shares are as
follows

• BELKOZIN plant - 50%
• bakery - 27%
• butter plant - 23%

8+-------,1-+--------------------------
6+----1---"\-----.----------------------

A 3 ECO # 3 OPTIMISATION OF THERMAL AND HYDRAULIC
PARAMETERS OF THERMAL NETWORKS

Degrees CelSIUS

10.,.-----=---------------------------

Ambient temperature In March 1998

Below are the charts of ambIent temperatures and temperatures ofthe network water
for space heatmg
• at the boIler output header
• at recovery pipelmes before the network pump manIfold
dependmg on the ambIent temperature m conformIty WIth the temperature schedule of
95°-70° m March 1998
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29 31
Days
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Davs

Temperature ofnetwork water m recovery pipes
mMarch 1998
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As seen from the charts the temperatures m the supply and recovery pipelmes are
much hIgher than scheduled WhICh causes local overheatmg of bUIldmgs, heat waste
and mcrease ofgas consumption

Cost savmgs estImate

At the gas pnce of 0 092$ per 1 m3 the savmgs Will be
324,000 x 0 092 ~ 29,800 ($)

To reduce thIS unjustified waste we recommend
• to optimIze the heatmg system operatIOn not only at the BELKOZIN plant but at

the outsIde customer SItes as well
• to operate the heatmg system accordmg to the schedule

Energy savmgs estImate

If we assume that a network pump runs to 80% of Its capacIty then heat generatIOn
wIll be
250 x 08 x 12/1,000= 24 (Gcal/hour)
The BELKOZIN load IS 50% of thIS figure 1 e 1 2 Gcal/hour
The heatmg load at the ambIent temperature t = -21°C IS 0964 Gcal/hour It may be
assumed that overheatmg of the bUIldmgs IS
1,2 / 0 964 x 100 - 100 ~ 25 (%)
Estimated heat consumption dunng the heatmg season at 80% load of the network
pump WIth the temperature dIfference between the supply and recovery pIpelInes of
12°C on average wIll be
250 x 0 8 x 12 x 24 x 189/ 1,000 ~ 10,900 (Gcallyear)
ReductIOn of thermal energy use for heatmg to the scheduled figure (by 25%) WIll be
10,900 x 0 25 ~ 2,700 (Gcallyear)
At the specIfic consumptIOn ofgas at 120 m3/Gcal the savmgs WIll be
2,700 x 120 ~ 324,000 (m3/year)

- 5,000$
- 5,000$

- 5,000$
- 3,000$
- 18,000$

-18,000$
- 29,800 $
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ImplementatIOn cost
Annual cost saVIngs
SImple payback WIll be
18,000/ 29,800 ~ 0 6 (year)

ImplementatIOn cost

SImple payback

Study of the heatmg systems at the BELKOZIN plant, butter plant,
bakery, meat processmg plant and development of measures for
optImIzatIOn of thermal networks and mternal heatmg systems
ImplementatIOn of the measures
OptimIzatIOn of thermal and hydraulIc operatIOn modes of thermal

networks and heatmg systems
ContmgencIes and overheads
TOTAL costs
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WIth the duratIon of the heatmg season of6 months a year the payback penod WIll be
3 months
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A 4 ECO - 4 THERMAL ENERGY AND ELECTRIC POWER CO-
GENERATION

ECO descriptIon

Dunng the VISIt to the plant botler house and heat dIstnbutIOn umt the audIt team
observed the followmg steam generatIOn mode

• DKVR 20-13 botler generated saturated steam wIth the followmg parameters

pressure Ps - 10-12 kg/cm2 to the amount ofGs = 15-16 tons per hour, temperature­
350°C,

• at the steam dIstnbutIOn umt the pressure reductIOn plant steam pressure IS reduced
to Ps =5 kg/cm2

For the wmter season heatmg operatIOn before the network water heaters a reductIon
plant IS mstalled for steam pressure reductIOn from 12 kg/cm2 to 5-6 kg/cm2 Steam
generatIOn m wmtertIme reached 28 tons per hour

The energy audItors recommend to mstall 2 PVM-250 machmes mstead of pressure
reductIon plants for thermal energy and electnc power co-generatIon The rated
capacIty ofthe proposed PVM-250 machmes WIll be 500 kW

ThIS measure WIll reduce the volume of purchased power and lower share of energy
costs m total productIOn costs

Annual energy savIngs estImate

The operatIOn mode WIll be round the clock 330-340 days a year Electnc power
generatIon by the m-plant sources - two PVM-250 - WIll be

500 x 24 x 330 = 3,960,000 (kWh)

1 e electncIty use from electnc gnds WIll be 3,960,000 kWh less __

Annual cost savIngs estImate

Cost savmgs by reductIOn of externally purchased power at the pnce of $0 034 per 1
kWh WIll be

3,960,000 x 0 034 = $135,000

ImplementatIOn costs

By the experts' estImate

DeSIgn - $50,000

Cost of2 PVM-250 - $120,000

Turnkey mstallatIOn - $40,000

43



Overheads and contmgencies at 25% - $15,000

Total costs - $180,000

SImple payback

ImplementatIOn costs - $180,000

Annual cost savmgs - $135,000

Simple payback penod wIll be

180,000/135,000 ~ 1 3 years
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A 5 ECO #5 OPTIMIZATION OF COMBUSTION CONTROL IN DKVR-20-13
BOILERS

ECO descriptIon

The Plant has three bOIlers made by the Blysk boIler works (RussIa) There are
thousands of such bOIlers operatmg m Ukrame Wlule thIS recommendatIOn doesn't
have the best payback of all recommendatlons for thIS plant, the audIt team deCIded to
assIgn first pnonty to thIS ECO due to vast pOSSIbIlItles for replIcatIOn

The combustIOn control strategy used for thIS bOIler IS standard for all small bOIlers m
the N I S ThIs strategy cannot be called anythmg but pnmltlVe The deSIgn dates back
to 1960 and confonns to the SOVIet Umon standards The combustIOn control strategy
used m the USA by the BaIley Co m 1920 was better As result, the excess aIr ranges
from 31% to 80% at the boIler eXIt and from 50% to 100% at the ID fan suctIon

There are three major problems WIth the eXlstmg control system

• Instead of aIr flow, FD fan dIscharge pressure sIgnal IS used ThIS makes aIr flow
control very erratIc at low loads and makes automatIC excess aIr correctIon
ImpoSSIble to achIeve

• There IS no automatIc excess aIr correctIon vs load, 1 e, no oxygen program The
system relIes on the boIler operator to make an aIr flow set pomt adjustment after
each load change Of course thIs doesn't happen and the boIler always operates
WIth too much excess aIr

• There IS no automatIc excess oxygen correctIOn because the eXIstmg control system
IS not able to regIster changes m calonfic value ofthe casmghead gas

We are proposmg to resolve all three problems The BELKOZIN plant WIll fabncate a
pIezometer nng and mstalllt on the FD fan suctIOn The pIezometer nng WIll serve as
an aIr flow element AddItIonal eqUIpment mcludes two dIfferentIal pressure
transmItters, an oxygen analyzer, a mIcroprocessor based controller and a vanable
frequency dnve The resultant system wIll proVIde true aIr flow control and an
automatIc excess aIr vs load correctIOn It IS adVIsable to replace the GMGB burners
WIth more up-to-date MDGG burners

It IS pOSSIble to operate DKVR-20-13 boIler at 1-2% excess aIr at the bOIler eXIt and
10% excess aIr at the ID fan suctIon under an automatIc excess aIr vs load correctIon
Such operatIon WIll result m 5 to 6% savmgs m fuel (casmghead gas)

Annual Fuel Cost Savmgs

In 1997 casmghead gas use by the bOIler house was 6,620,000 m3 5% savmgs of the
gas WIll

6,620,000 X 0 05 ~ 330,000 m3

Annual cost savmgs estImate

WIth the pnce of gas at $0 092 per 1 m3 the savmgs WIll be
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330,000 x 0 092 ~ 30,000 ($)

• InstallatIOn labor and matenals WIll be provIded by the plant These expenses are
neglIgIble

ImplementatIOn Costs

2 Cost of InstallatIOn and CommissIOnmg

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

$5,000
$1,500
$1,500
$8,000
$32,500

$2,500
$2,500
$4,000
$2,500
$2,000
$9,000
$24,500

$32,500

$30,000Annual cost savmgs

ImplementatIOn cost

SImple payback

• Techmca1 supervlSlon and commissIOmng WIll cost
• RegIstratIOn and commissIOnmg
• Contmgencies and overheads
TOTAL mstallatIOn and commissIOmng costs
TOTAL ImplementatIon Cost

$32,500/$30,000 = I 1 years

1 Cost of EqUipment

• Two dIfferentIal pressure transmItters
• One mIcroprocessor based controller
• One oxygen analyzer
• One vanab1e frequency dnve, 37 kW
• ShIppmg and handhng
• MDGG burners (3)
TOTAL eqUipment costs

Simple Payback

-
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A 6 ECO # 6 THERMAL INSULATION OF SURFACES WITH TEMPERATURES OF
OVER 60°C

ECO descrIption

The steam generated at the boIler house IS used extensIvely for productIOn needs of the plant and for
space heatmg AddItIonally steam IS supphed by pipelmes to the butter plant and meat processmg
plant who purchase thermal energy from the BELKOZIN

The analysIs of the steam dIstributIOn system resulted m the findmgs that some of the pIpelInes and
eqUipment umts are not thermally msulated The energy losses are due to the lack of msulatIon at
plpelmes and were measured by the mfra-red remote thermometer

PartIculars ofnon-msulated plpmg are gIven m the table below

# Purpose of LocatIOn Length, DIameter, Number t,OC
plpmg Lm Dmm ofvalves

1 Steam Steam dIstributIOn 1 40 1 96
umt

2 Steam Steam dlstnbutIOn 1 219 1 100
umt

3 Steam Steam dlstnbutton 1 102 1 118
umt

4 Steam Steam dlstnbutIon 05 219 1 102
umt

5 Steam Steam dlstnbutton 1 50 1 79
umt

6 Steam Steam dIstnbutIOn 10 108 2 91
umt

7 Steam AIr eqUipment hall 1 89 3 150

8 Steam AIr eqUipment hall 3 40 3 93

9 Steam AIr eqUipment hall 04 400 1 155

10 Steam Skm bOllmg umt 1 5 30 1 110

11 Steam NeutralIzmg 10 40 1 130
solutIOn
preparatIOn umt

12 Steam the same 20 40 - 140

The gIves the results ofmeasurement ofexternal surface temperatures

Annually the steam IS consumed 7,200 hours on average

We recommend that the steam plpmg should be fully msulated The thIckness of msulatIOn should be
selected dependent on the plpmg dIameter and ItS purpose
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Purpose DIameter, mm InsulatIOn thIckness,
mm

1 Steam 102 - 219 100

2 Steam 50 - 89 80

3 Steam 30 - 50 40

Annual energy savmgs estimate

We should determme thermal energy waste for msulated and non-msulated pIpes accordmg to the
methodology below [MethodologIcal mstructIons for determmatIon of losses of fuel and energy
resources RD5 EDIV 015-008094 Mmmashprom, KIev, 1994]

Thennal energy waste m non-msulated pipeimes (kcal/hour) IS detennmed
by the followmg fonnula

where gnlll - specIfic losses ofnon-msulated pIpmg (kcal/meter x hour),

k - correctIOn factor dependmg on the outsIde temperature and dIfference between pIpe outer wall
and outsIde temperatures,

Lo - gIVen length ofpIpmg, m

Lo = L + (1m x n) = 1 + (1m x 1) = 2 (m)

n - number ofvalves withm the section

For the pipeime #1 from the Table we have

Qmnl = 140 x 2 x 0 95 = 266 (kcal/hour)

Further calculatIOns were carned out sIml1arly and are summansed m the Table below

Thermal energy waste of msulated (kcal/hour) pipeimes IS calculated by the formula

where gm - specIfic loss over 1 meter of pIpmg WIth the dIfference (t] - t~ = Joe dependmg on the
thIckness ofmsulatIOn, kcal/m x hour,

t] - temperature ofpIpe walls assumed as equal to temperature ofheat carner, °C,

t1 - temperature of alr, °C,

a - correctIOn factor dependmg on the thIckness of msulatlOn, thennal conductIvIty If msulatlOn
matenal and temperature dIfference between heat carner and aIr WIth msulatlOn thIckness up to 100
nun and temperature dIfference up to 200 °C a = 1,
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b - wmd correctIon factor (wIth wmd velocIty of 5 mlsec)

Presently It IS realIstIc to cut down waste m the theffilal networks by usmg modem efficIent types of
theffilal msulatIon matenals WIth theffilal conductIVIty of 0 03 - 0 05 kcall (m x hr x 0 C) We
assume the use of these pIpmg msulatIOn matenals

For pIpelme #1 from the Table

Qtnt = 0 231 x (96 - 40) x 1 x 1 09 x 2 = 238 kca1lhr

SImIlar calculatIOns were carned out for all pipeltnes and are shown m the Table The savmgs are
receIved takmg mto account the length ofa pIpelIne

PIpelme No GIven length Theffilal Thermal Savmgs
waste WIthout waste WIth
msulatlon msulatIOn

Lo,m Qnln' kca1lhr QIn' kca1lhr SN,kca1lhr

1 2 266 28 238

2 2 912 45 867

3 2 684 38 648

4 1 5 684 33 651

5 2 190 20 170

6 12 3,420 147 3,273

7 4 1,064 108 956

8 6 798 60 738

9 14 2,660 35 2,625

10 25 285 50 235

11 10 7,220 277 6,943

12 20 3,800 604 3,196

TOTAL 20,540

In the aIr eqUIpment hall there are heat losses at the valves The losses at a smgle valve are
consIdered equal to 1 m ofnon-msulated pIpmg
Q2 = n (Q2 mn x Q2 m)

where
n - number ofvalves
Q2 = 100(870-50) = 8,200 (kcal/hour)
Annual savmgs WIll be
Q = 7,200(Qt + Q2) = 7,200 (20,450 + 8,200) = 207,000,000 (kcallyear)
or
Q= 207 Gcallyear
SpecIfic consumptIOn of gas IS b = 120m3/Gcal
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InsulatIOn costs for steam pIpmg IS calculated by the fOffilula

Cost savmgs at the natural gas pnce of US$O 092 per 1 m3 WIll be

Z=LxC
where
L IS total gIven length of steam pIpmg, m,
C equals US$20/m - cost of 1 m ofpIpmg msulatIon,

Total estImated costs ofmsulatIOn to be mstalled at the enterpnse WIll be US$I,OOO
Overheads 20% US$200
TOTAL US$I,200
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50

US$2,300

US$I,200

Z = 50 x 20 = 1,000 (US$/year)

Annual savmgs

Annual gas savmgs wIll amount to

Annual cost savIngs estImate

2,500 x 0 092 = 2,300 ($/year)

ImplementatIOn cost

Qx b = 207 x 120 = 25,000 (m3/year)

ImplementatIOn costs

SImple payback
1,200112300 = 0 5 (year)

SImple payback estImate
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A 7 ECO#7 UTILIZATION OF DKVR-20-13 BLOWDOWN HEAT AND WATER

ECO descriptIOn

The BELKOZIN bOIler house m 1997 generated around 75,000 tons ofsteam Blowdown water was
7% on average and was dramed mto sewer The blowdown water quahty corresponds the quahtyof
the thennal network water

The energy audItors see It expedIent to use the blowdown water to replernsh thennal networks whIch
WIll save water and heat gomg currently to the sewer It IS sufficIent to channel the blowdown water
to the deaerator replernshment tank ofthennal network

Annual energy savmgs estImate

The bOIler house m 1997 generated around 75,000 tons ofsteam
Seven per cent ofblowdown water IS equal to
75,000 x 0 07 = 5,250 (tons)
Amount of heat lost by blowdown at the enthalpy ofongmal water of 0 020 Gcal/ton and enthalpy of
blowdown water of 0 180 Gcal/ton IS equal to
Q= 5,250 x (0 180 - 0 020) ~ 9,350 (Gcal)
At the speCIfic consumptIon b ~ 130 nm3/Gcal energy savmgs WIll be
Q x b ~ 9,350 x 130 ~ 122,000 (nm3

)

Annual cost savmgs estImate

WIth the pnce of gas at $0 092 per 1 nm3 cost savmgs WIll be
122,000 x 0 092 = 11,200($)
WIth the pnce of 'x,rater at $012 per 1 m3 cost saVings WIll be
5,250 x 0 12 ~ $600
TOTAL cost saVIngs WIll be
11,200 + 600 = 11,800 ($)

ImplementatIOn costs

By the experts' estImate

• DeSIgn - $1,000

• Matenals and labor - $3,000

• Turnkey mstallatIOn - $2,000

• Overheads and contmgencies - $2,000

Total costs - $8,000

Simple payback

ImplementatIon costs - $8,000

Annual cost savmgs - $11,800

51



SImple payback penod WIll be

8,000/11,800 ~ 0 7 year

52

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

A 8 ECO#8 OPTIMIZTION OF THE PLANT ELECTRIC SUPPLY

ECO descrIptIOn

The eXIstmg electnc supply system consIsts of the DU-lOkV dIstnbutlOn umt supplIed VIa two mputs
from automatic standby systems of seven transformer substatIons TP-l through TP-6 and RU-O 4 kV
dIstnbutIOn devIces DlstnbutIOn of loads for transfonner substatIOns IS as follows
I TPI - 4 x 1,000 kVA - mam bUIldmg
2 TP2 - 2 x 400 kVA - weIghmg room
3 TP3 - 1 x 400 kVA - compressor room
4 TP4 - 1 x 250 kVA - deep well N03
5 TP5 - 2 x 1,000 kVA - boIler house
6 TP ofwater scoop - 2 x 400 kVA
7 TP6-1 x 160kVA-deepwellN02

Total rated capacIty IS 8,410 kVA
The peak maXImum load does not exceed 2,200 kW, peak hourly load m wmter IS 1 700 kW, m
summer - 1,550 kW
Total losses at operatIOnal transformers (losses m steel and wmdmgs) are 75 kW

Based on the analysIs of the average power consumptIOn of the plant (see SectIOn 53) where the
breakdown of power loads by productIOn umts IS gIven It may be concluded that there IS a posSIbIlIty
by rearrangmg the power transformers accordmg to actual loads and reswitchmg of the cablIng to
reduce the number ofoperatIOnal power transformers to 5 The rest can be left as a cold standby The
losses at the transformers WIll be 30 kW ThIS WIll mmimize the losses ofpower at the transformers

Annual energy savlDgs estimate

The losses of the plant If gomg over to the operation of five transformers WIll drop from 75 to 30
kW If operated 8,640 hours a year the energy savmgs WIll be
(75-30) X8,640 ~ 390,000 (kWh)

Annual cost savlDgs estImate

By reducmg the purchases of electnc power at the pnce of $0 038 per 1 kWh the savmgs WIll be
390,000 X0 038 ~ $15,000

ImplementatIOn costs

Cost ofcablIng - $7,000
InstallatIOn cost - $5,000
TOTAL costs - $12,000

SImple payback

ImplementatIOn costs - $12,000
Annual cost savmgs - $15,000

SImple payback penod WIll be

12,000/15,000 ~ 08 year
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A 9 ECO #9 UTILIZATION OF USED AIR HEAT FROM PRODUCTION LINES

ECO production

Currently the technology of sausage and frankfurter skm mc1udes drymg of produce reductIon of
mOIsture content of the skm from 88% to 8% The drymg agent IS a dry hot aIr of 100-120oC The aIr
heated m aIr heaters by steam After the drymg lInes the used humId aIr of 55-60°C (accordmg to the
measurements) IS emItted mto the atmosphere BeSIdes, accordmg to the study of the energy use
performed earlIer by specIalIzed orgamzatIOns approxImately 17,000 Gcal of heat IS lost 1 e 33% of
the heat used by the plant Heat waste per hour amount to 2-25 Gcal

The energy audIt team recommend to mtroduce the system of utIlIzatIOn the emItted aIr heat To
achIeve thIS It IS proposed to mstall heat exchangers m the heat pIpmg m the aIr-to-aIr enVIronment
made of stamless steel

In order to mtroduce thIS proposal It IS necessary to channel cold aIr from the common mtake to the
used aIr exhaust where utIlIzer heat exchangers should be mstalled In the heat exchangers used aIr
WIll be cooled from 60°C to 25-20oC and emItted mto the atmosphere and cool dry aIr WIll be heated
to 23-27°C After that the dry aIr WIll be channeled VIa the eXIstmg recIrculatIon lIne to the drymg
lIne

IntroductIon of thIS proposal WIll reduce consumptIon of thermal energy by the drymg hnes by 20­
30% 1 e by 1 Gcal per hour

Annual energy savmgs estimate

Ifoperated 330 days a year energy savmgs WIll be
1 X24 X330 ~ 7,900 (Gcal/year)
WIth speCIfic consumptIOn of gas at 120 m3 gas savmgs WIll be
7,900 X120 ~ 950,000 (m3

)

Annual cost savmgs estImate

At the pnce of $0 092 per 1 m3 of gas the savmgs WIll be
950,000 X0 092 - $90,000

ImplementatIOn costs

DeSIgn - $15,000
EqUIpment
• utIlIzer heat exchangers- $40,000
• aIr ducts and msulatIOn - $10,000

InstallatIon - $25,000
Overheads and contmgencies - $10,000
TOTAL costs - $100,000

Simple payback

ImplementatIOn costs - $100,000

Annual cost savmgs - $90,000
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SImple payback penod WIll be
100,000190,000 ~ 1 1 years
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ECO descrIption

Compressed air for productIon purposes IS supplIed by two compressors
1 3SK-240 B1 - - 16 m3/mm capaCity wIth 100 kW electnc motor
2 VP-20/8 - 20 m3/mm capacIty WIth 132 kW electnc motor
Total capacIty of compressors 16 + 20 =36 (m3/mm)
Considenng mechamcal wear-out of the compressors the maXImum capacIty does not exceed 30
m3/mm

ConsumptIOn of compressed aIr by ProductIOn lInes (by the plant data)
DIameter of supply Compressed
compressed aIr air pressure,

ProductIon umt pIpelIne, ATM
mm

W/shop #1 - 6 m3
/,

productIOn umts

• cold rooms ##2,3,4 32 4

• weIghmg room ofhydrochlonc aCid 15 4

• weIghmg room of glycoxal 20 4

• repair umts ofwishop Nol 20 4

• lIme-slakmg umt 25 4
No2 wishop - 6 3 m3/mm,

productIOn umts

• header overhaul 15 4

• cnmpmg 15 6

• mechamcal shops 15 4

• frankfurter lInes 15 4

• normal SIze drymg lInes 15 4

• matunng storage 15 4

• preparatIOn ofneutralIzmg solutIOns 15 4
Mechamcal repaIr w/shop - 14 m3/mm

productIOn umts

• workshop 20 6

• shot-blastmg 32 6

• bendmg plant 20 6

• mechamca1 SCIssors 20 6

• plasma cuttmg 20 6

• electnc 11ft truck repaIr umt 32 6
QualIty assurance office - 024 m3/mm

• skm bOIlIng laboratory 20 4
blectnc supply and mstrumentatIon I 1 1 ..,..,

-w/snop - 1 .).) -

m3/mm

• mstrumentatIOn w/shops 20 6

• electnc eqUIpment repair w/shops 20 6
Electnc supply and plumbmg w/shop-O 29m3/mm

• w/shops 20 6

TOTAL 2816 m3/mm

A 10 ECO #10 OPTIMISATION OF COMPRESSED AIR SYSTEM
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Schedule ofelectric load ofSK-240 B1 motor
over 15-16 Aprzl1998

Considenng the length of pIpmg and losses of compressed air dunng transportatIOn as well as
measurements of electnc loads of compressors by the "DRANETZ" energy analyzer between 10 and
17 Apnl 1998 actual consumptIon of compressed aIr for productIOn purposes was sIgnIficantly lower
than m the mformatIOn gIVen by the plant

--I&-cos
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-e- ElectrIc load

kW cos <p

90 0,8

0,75
80 0,7

70
0,65

0,6

60 0,55

0,5
50 0,45

40
0,4

0,35

30 0,3
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Schedule ofelectric load of VP-20/8 compressor motor
over 15-16 April of1998

kW cos cp
96 0,94

94 0,92

92
0,9

90
0,88

88
0,86

86

84
0,84

82 0,82

80 0,8
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... ....
0 .... C'l M '<:l" trl '0 l""- ao 0- 0 .... C'l M 0 .... C'l M '<:l" trl '0 l""- 00 0-.... .... .... .... .... .... .... .... .... .... C'l C'l C'l C'l

--ElectrIc load -'-cos cp

3SK-240 B1 compressor
The mam capacIty load IS at 800 to 1700 hours At thIS tIme the load vanes withm 60-85% of
nommal capacIty The rest of tIme the compressor runs at 40-50% ofthe capacIty
VP-20/8 compressor
Average dally load on the compressor IS 92-95 kW The maXImum load on the motor does not
exceed 110 kW

We recommend to mstall dIrectly m the workshops mstead of the eXIstmg compressor statIOn small
one-umt automatIc compressor plants eqUipped wIth receIvers and pressure relays that WIll reduce the
electnc power consumptIOn by 50% and lower compressor operatIOn and mamtenance costs by 50%
total value ofwluch by prelImmary estImates runs mto 150,000$ per year

The energy audItors conSIder It necessary to mstall
• In workshops Nol,2 - screw - type compressor plant consIstmg of two umts operated both

autonomously and m parallel
CapaCIty of each umt IS 578 m3/mm and 4 81 m3/mm
Electnc motor capaCIty IS 37 and 30 kW (67 kW)

• In mechamcal repaIr workshop - screw compressor plant, consIstmg of two umts CapaCIty of
each umt IS 481 m3/mm and 326 m3/mm
Electnc motor capaCIty IS 30 kW and 22 kW (52 kW)

• For the electnc supply workshop and thermal supply and plumbmg workshop and qualIty
assurance office - one screw - type compressor plant wIth 208 m3/capacity
Electnc motor capaCIty IS 15 kW
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Annual energy savmgs estImate

Hourly savmgs ofelectnc power wIll be
150 x 0 5 ~ 75 (kW)
Annual savmgs of electnc power wIll be
75 x 24 x 365 ~ 650,000 (kW)

Annual cost savmgs estimate

Cost savmgs by reductIOn of eleetncity consumptIOn at the pnce of$O 038 per 1 kWh ofelectne
power wIll be
650,000 x 0 038 ~ $25,000
Cost savmgs by reductIOn operatIOn and mamtenance cost wIll be
150,000 x 0 5 = $75,000
TOTAL cost savmgs wIll be
25,000 + 75,000 = $100,000

ImplementatIOn costs

106m3/mm modular screw compressor umt - $31,000
8 07 m3/mm modular screw compressor umt compressor umt - $26,000
2 08 m3/mm screw compressor umt - $8,300
TOTAL - $65,300
Overheads 40% - $26,000
TOTAL costs - $91,300

Simple payback

ImplementatIOn costs - $91,300
Annual cost savmgs - $100,000
SImple payback penod wIll be
91,300/100,000 ~ 09 year
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A 11 ECO #11 REDUCTION OF ENERGY USE DURING REFRIGERATION
EQUIPMENT OPERATION

ECO descrIptIOn

One of the pnmary electnc energy users at the plant IS an ammoma refngeratIOn compressor
plant

The coolmg consumers are as follows

• No 1 cold room - cold room for defrostmg,
area F = 580 m2, eqmpped wIth 40 air coolers wIth ofrefngeratIon generatIOn capacIty
of QI = 173 MCal/hour (201 2 kW)

• No 2 cold room - cold room for frankfurters,
area F =360 m2, eqmpped wIth 16 aIr coolers wIth ofrefngeratIOn generation capacIty
ofQ2 = 40 Mcal/hour (46 5 kW)

• No 3 cold room - cold room for standard sausages,
area F =552 m2, eqmpped wIth 24 air coolers wIth of refrIgeratIOn generatIOn capacIty
of Q3 =77 Mcal/hour (89 5 kW)

• No 4 cold room - cold room for mIxmg lInes,
area F = 1,150 m2, eqmpped wIth 64 air coolers wIth of refrIgeratIOn generatIOn capacIty
ofQ4 = 200 Mcal/hour (232 6 kW)

Cold rooms are located m the mam productIOn bmldmg

on the fIrst floor - cold rooms No 1,2 and 3,
on the second floor - cold room No 4

CoolIng consumptIOn IS even over the three-shIft operatIOn The collagen substance IS cooled m
the coolers by chIlled water WIth +2°C temperature The mSIde temperature IS kept withm 4°C
and 6°C

The analysIs performed by the energy audIt team establIshed that energy losses occur through the
gaps m the doors and whIle the doors are open (2 x 3 m) Dunng loadmg operatIOns there IS
"spIllmg out" of cold air and ItS replacement WIth warm surroundmg aIr through the open doors
Due to productIOn reqmrements every 15 mm electnc fork-lIft trucks take m the products Plastic
curtams are absent The doors are open for 1 mmute causmg overuse of coolmg and power for ItS
generatIOn The measuremen5ts taken by mfra-red non-contact thermometer and anemometer
showed that the mSIde temperature was 6°C and the outSIde temperature was 17-18°C The
experts of the European CommISSIOn ofTACIS dunng VISItS to several Ukramian plants m 1996
carned out vanous tests WIth the help of senSItive measunng deVIces and establIshed energy
losses through open doors (2 x 3 m) of cold rooms at vanous values of dIfference between InSIde
and outSIde temperatures Usmg these data we can establIsh that at the relatIve humIdIty InSIde
the cold rooms of 90% and temperature dIfference equal to 11°C energy losses at the cold rooms
Is20kW
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In order to reduce coolIng generatIOn costs the energy audItors recommend to mstall at the
entrances to the cold rooms plastic curtaInS that WIll result In mimmIzmg energy losses
IntroductIOn of thIS EeO WIll ensure reductIon of coolmg consumptIOn and, accordIngly, of
electnc power by 5 - 7%

Annual energy savmgs estimate

Annual consumptIOn of electnc power for refrIgeratIOn by the experts' estImate IS 1,200,000
kWh

EstImated reductIOn of coohng consumptIon wIll be 5%

Electnc power savmgs WIll be
S == 1,200,000 x 0 05 ==60,000 (kWh)

Cost savmgs estImate

Cost savmgs at the pnce ofelectncity of $0 038 per 1 kWh WIll be
Sc == 60,000 x 0 038 == $2,280

ImplementatIOn cost

Cost ofplastic Insulation curtaInS - 5 x $200 == $1,000

SImple payback

ImplementatIOn cost - $1,000
Annual cost savIngs - $2,280
SImple payback
1,00012,280 == 0 4 (year)
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APPENDIX B PHOROGRAPHS OF THE PLANT
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TeIIJIOBble CeTH 3aBo.n:a "EEJIK03HH"

Heat supply hnes at BELKOZIN plant
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Refnqeratmg compressor statton
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APPENDIX C ABBREVIATIONS AND MEASUREMENT UNITS
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Currency rates of exchange

1 hnvma -local currency umt
Ihnvma = US$O 54 as ofDecember 1997

ConversIOn factors

1 cal=4187 J
1 kcal = 4 187 kJ = 3 968 BTU
1 Gcal=4187x 103 =4187GJ
1 BTU = 1055 J = 1 055 kJ = 1 055 x 10 3 MJ
1 tce (tonne ofcoal eqUIvalent) = 7,000 kcal x 3968 BTU = 27,78 x 106 BTU = 27,78 MBTU

Power

1 W=3 6x 103 J=3 6kI
1 kW = 3 6 X 103 kJ = 3 6 MJ = 860 kcal
1 MW = 3 6 X 103 MJ = 860 kcal
1 kcal = 1 163 x 10 3

1 Gcal = 1163 kW = 1 163 MW
1 kW= 136HP
1 kW= 134hp

Pressure

1 kg/cm2 = 1 atm
1 atm = 101 325 kPa = 01 MPa
1 bar = 105 Pa = 100kPa = 01 MPa

1 mm =0 03937 m = 0 00328 ft
1 cm = 0 3937 m = 0 0328 ft
Im=3937m=3281ft

1 gram = 2 2046 x 10 3 lb
1 kg = 2,2046 Ib
1 t = 1000kg = 22046 X 103 ft
Area

1 cm2
::= 0 155 square m = 1 076 x 10 3 square ft

1 m2 = 1 55 X 103 square In = 1076 square ft
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Volume

1 m3 = 35 31 eu ft = 1000 1
11 = 35 31 x l03 eu ft
11 = 0 264 US gal

Heat content

1 kJ/kg = 0 43 BTU/lb
1 kJ/m3 = 26 84 x 10 3 BTU/cu ft
1 MJ/m3 =26 84 BTU/cu ft
1keal/m3 = 4,187 kJ/m3 = 0 112 BTU/eu ft

Temperature

ABBREVIATIONS

CIS - Commonwealth of Independent States
ECO - energy conservatIOn opportunIty
ESCO - energy servIce company
etc - et cetera
Hr -hnvma
1 d - Id est
JSC - Jomt-stock company
mIn - mIllIon
TACIS - TechnIcal AssIstance to CIS countnes
tel - telephone
thou - thousand
US - Umted States
USAID - Umted States Agency of InternatIOnal Development
DU - dIstnbutIOn umt

UNITS OF MEASUREMENT

BTU - BntIsh thermal unIt
°c - degrees CelsIUs
cm2

- centimeter squared
of - degrees FahrenheIt
g - gram
Gcal - gigacalory
GJ - gIgaJoule
h - hour
kcal - kI1ocalory
kg - kIlogram
kgce - kg ofcoal eqUIvalent
kgf - kIlogram-force
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kV - kIlovolt
kV-A - kIlovolt-ampere
kW - kIlowatt
kW h - kIlowatt hour
Lm-Iumen
m - meter
m2

- meter squared
m3

- meter cubed
mm -mmute
MJ - mega]oule
mm H20 - mIllImeters ofthe water column
MW - megawatt
t - tonne
tce - tonne of coal eqUIvalent
t/h - tonnes per hour
W - watt
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