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FOREWORD

As part of DelIvery Order #30, Industnal Energy EffiCIency - Ukrame, the U S Agency for
InternatIOnal Development (USAID) sponsored energy efficIency audIts at 24 mdustnal plants
that met the cntena and were approved by USAID

Each facIlIty was evaluated based on selectIOn cntena (approved by USAID) for the selectIOn of
target plants, WhICh mcluded the long term economIC ViabIlIty of the plant, Its financIal
condItIons, Its export revenues, Its current productIon capacIty ratIO, the potentIal energy savmgs,
the extent of replIcabilIty to SImIlar mdustnes, and Its access as a demonstratIOn faCIlIty

ThIS report mcludes the findmgs of the energy audIt performed by Burns & Roe Enterprzse, Inc
at the Jomt-Stock Company Machme-Buddmg Production ASSOCIatIOn "ORION" m the CIty
of Odesa
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1 EXECUTIVE SUMMARY

1 1 IntroductIOn

As part of DelIvery Order No 30, Industnal Energy EfficIency - Ukrame, the U S Agency for
InternatIonal Development (USAID) sponsored energy efficIency audIts at 24 mdustnal plants
that met the cntena and were approved by USAID The purpose of the project was to develop
UkraIman energy servIce company (ESCO) capabIlItIes To accomplIsh thIS task, Burns and Roe
Enterpnses Inc (the pnmer 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

ThIs report detaIls the findmgs of Bums and Roe Enterpnses, Inc, energy audIt performed at
Machme-BUIldmg ProductIOn ASSocIatIOn "ORION", located m Odesa, Ukrame The Jomt­
Stock Company "Machme-BUIldmg Production ASSOCIation ORION (JSC MBPA ORION) IS
modem enterpnse and IS one of the largest m ItS field m Ukrame

The project team consIstmg of two representatIves of the Amencan company Burns and Roe
Enterprise, Inc, energy management experts Mr Viktor SVIStunOV and Mr VladImIr
Prokopenko, performed the energy audIt dunng Apnl 20 - 25, 1998 tnp to the SIte Havmg
fulfilled ItS ObjectIves, the project team prepared the followmg report

For budgetary reasons the audIt was restncted to one week Therefore It was necessary to focus
the energy audIt on more promIsmg areas of the plant Hence, the audIt IS based on what we
really managed to do m a week Though the audIt already mcludes many recommendatIOns for
the plant management, It IS recommended to make a complete energy audIt of the entIre plant
We hope that the plant management WIll mVIte the speCIalIsts tramed withm the framework of
thIS project, to contmue the work, to obtam a full pIcture of energy consumptIOn at the plant and
to makmg a full lIst of OpportunItIes to Improve the energy consumptIon at the plant

1 2 Prmcipal findm~s

1 The share of electnc power consumptIon m the plant energy costs IS 61 per cent The
bOller-house uses 65 per cent of the natural gas whIle the thermal eqUIpment consumes another
30 per cent These users represent the mam opportumtIes for energy conservatIOn In the net cost
of the productIOn 3 4 per cent are from the energy costs

2 As expected, the audIt group found many attractive opportunIties for Improvement of
energy effiCIency at the current pnces When the energy pnces were 20 to 30 times lower, energy
effiCIency Improvements were uneconomIcal Today energy effiCIency Improvements make
sense, but they are dIfficult for accomplIshment due to exorbItant mterest rates and dIstortIOns m
economIC mcentIves caused by the bartenng system and mutual non-payments

3 Absence of energy metenng on the level of separate workshops hmders energy
conservatIOn and mtroductIon of an energy management system

4 A sIgmficant source of energy savmg IS an Improvement m natural gas utIlIzatIOn VIa
Improved combustIOn at the bOIler houses, as well as VIa steam traps, Improved thermal
msulatIon of the steam, condensate, and hot water pIpes

5 ReductIOn m energy consumptIon can be receIved by Improvmg the effiCIency of
ventIlatIOn system, heat supply system, compressed aIr system, and by usmg more effiCIent lIght
sources

1 3 RecommendatIOns

Table 1 1 (see the next page) lIsts the energy conservatIOn opportumtIes (ECOs) IdentIfied for the
faCIlIty, as well as estImated energy savmgs and cost savmgs and the SImple payback penods
The majonty of the opportunItIes have the SImple payback penod of one year or less For
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example, ECO #1 - "Estabhshment of energy management system" wIll enable regular work
aimed at energy savmg and creatIOn of energy management department The latter WIll be
responsIble for controllmg and analyzmg the energy consumptIon at the plant, as well as for
development of recommendatIons and a reconstructIOn plant or for Improvement of any system
that can lead to energy savmgs

To assIst Improvements m energy efficIency m energy usage, USAID IS contnbutmg energy
audItmg eqUIpment to the plant ThIS eqUIpment conSIsts of portable mstrumentatIOn that WIll
enable the plant to Implement an energy management system

ECO #2 "Improvement of the bOIler combustIOn efficIency" optImIzatIOn of natural gas
combustIOn m the bOller, WIth the help of a portable combustIOn analyzer, WIll Improve the
combustIOn effiCIency and, as the result, WIll reduce gas consumptIOn

ECO #3 "InstallatIOn of steam traps m the steam utIhzmg systems" WIll decrease steam
consumptIOn WIthout worsenmg operatIOn of the eqUIpment and at the same tIme WIll Improve
the effiCIency of usmg ItS thermal energy m the local sewage systems and m the heatmg and
ventIlatIOn systems

ECO #4 "Thermal msulatIOn of steam and hot water pIpes" WIll reduce heat losses on the
sectIOns WIth the total length of 898 m

ECO #5 suggests hatmg the work places by effiCIent mfra-red gas heaters mstead of the air
heatmg the whole space m an almost empty workshop ThIS can decrease the consumptIOn of
natural gas by 50%

ECO #6 "AutomatIc metenng of energy consumptIOn" WIll prOVIde a real pIcture of energy
consumptIOn at thIS plant, support the energy savmg ImtIatives, prOVIde the true figures for the
energy consumptIOn by the plant umts functIOmng as busmess umts

ECO #7 "AutomatIc control of the reactIve power compensatIOn" WIll Improve compensatIOn
from tgf/JI = 0 7666 to tgfP2 = 0 23 and thus can prOVIde savmg of
77,500 kW h per year

ECO #8 by mtroductIon of 104 effiCIent hght sources mstead of the DRL-400 and DRL-250­
type lamps and the mcandescent lamps for the outSIde hghtnmg, Improved rehabIhty and
decreased power consumptIOn should result

ECOs #9, 10 Momtonng of the msulatIon, temperature of the coolant, and utIhzatIOn of
mstalled capaCItIes WIll ehmmate wasteful operatIOnal modes and WIll decreasmg waste of fuel
and energy resources

1-2 ""
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Table 1 1
LIst of energy conservatIon opportuDlties

Electnc power Savmg of Water Yearly Measure cost, Simple

ECO
savmg, natural savmg, savmg, USD payback

gas, (pnces for
USD,

penod,
# DescnptlOn

kWhx 103 m 3 x 103

1997) (pnces for
m 3 x 10\ year(s)

1997)
that of
mazut,

tonne

1 EstablIshment of energy 8925 255 13 9096 11300 124
management system

2 improvement of the boiler 64U 7,010 6,500 093
- -

combustIOn efficiency (55)

3 Instal1atlOn of steam traps m 237 2,598 6,870 26
the steam utIlIzatIOn systems (205)

4 Thermal msulatlOn of steam 865 8569 11979 14
and hot water pipes

5 Heatmg the work places by 130 12870 23170 18
efficIent mfra red gas fired
heaters --

6 AutomatIc metermg of 892:> 255 13 28,250 56000 19
energy consumptIOn

7 AutomatIc control of the 775 2200 5000 23
reactIve power compensatIOn

8 UtIlIzatIOn of hIghly efficIent 5077 3,128 3,230 I I
IIghtmg sources

9 MOnItonng of the bOIler 102 I 118 1,000 089
equipment operatIOn and of (088)
the temperature operatIOn
mode of the thermal energy
consummg eqUIpment

10 MOnItormg and optimIzatIOn 177 1,093 1000 091
of the capacity of the electnc
eqUIpment

Total 3245 3654 26 75,932 126,049
(843)

The capItal Investments of US $8,500 aimed at Improvement of the energy effiCIency WIth the
short-term payback penods (ECO # 2, 9, 10) WIll lead to the yearly saVIng US $9,220 as well as
to decreaSIng the electnc power consumptIon by US $17,700 kW h and that of natural gas by
74,200 m3, that of fuel oIl (mazut) - by 638 tonnes The capItal Investments of US $117,549
aimed at Improvement of the energy effiCIency WIth the payback penod of more than one year
(ECO #1, 3 - 8) WIll gIve the yearly savIng of US $66,712, as well as to reductIOn of electnc
power consumptIOn by 306,800 kW, that of natural gas - by 291,200 , ofmazut for furnaces - by
2 tonnes

The total decrease In the electnc power consumptIOn WIll be 324,500 kW h (29 6 per cent of the
consumptIOn for 1997), and that m the consumptIOn of natural gas WIll be 365,400 m3 (716 per
cent of the consumptIOn for 1997), that of the lIqUId 011- 843 tonnes (192 percent)

The total decrease In the amount of emISSIons Into the atmosphere of harmful substances
resultIng from ImplementatIOn of the proposed measures WIll be 5 64 tonnes, IncludIng there In
partIcular 1 43 tonnes of solId partIcles, 02 tonne of carbon OXIde, 08 tonnes of mtrogen OXIdes
and 3 21 tonnes of sulfur OXIdes
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The said energy conservatIOn opportumtIes (ECGs) can be Implemented at other mdustnal
enterpnses too, or, m other words, they can be consIdered standard settlements of standard
problems

1 4 OperatIOn and ener2Y mana2ement

It IS typIcal for mdustnal plant management to mamly thInk m terms of productIon, and to want
to mcrease ItS output Therefore It IS sometImes dIfficult to thInk of the Importance of energy and
energy costs on the operatIOn of the plant

For JSC MBPA "Orzon', as wIth most mdustnes m Ukrame, m the past the energy costs were
sIgmficantly SUbsIdIzed, therefore energy savmg was not a major conSIderatIon m the plant
operatIOns

WIth the nsmg energy costs dunng the past few years, the energy costs have now become very
mfluentIal part of the expenses The energy costs at JSC MBPA "Onon are about 3 4 per cent
of the total cost of the products produced

Currently, at the JSC MBPA "Onon ", lIke at other Ukramlan enterpnses too, though the
problems m relatIOn of the energy resources and energy costs are now well understood by the
staff, there IS a tendency to thmk of Implementmg large projects WIth the mtent of savmg large
amounts of energy And at the same tIme at the faCIlItIes a large number of small energy savmg
projects eXIst that have short payback penods

Most mdustnes m Ukrame have a person or persons who are referred to as energy engmeers
These people are typIcally responsIble for ensunng that there IS an adequate supply of energy to
the plant, not to Improve the energy effiCIency of the plant But WIth the nse m energy pnces and
the uncertamty of avaIlabIlIty of all fuels, an energy manager to conserve energy becomes
Important Each plant should senously conSIder establIshmg an energy manager pOSItIOn as a
mmImum, and for large mdustnes, pOSSIbly even an energy management sectIOn

These people should be regularly momtonng all operatIOns, and especIally revIewmg monthly
energy consumptIon These monthly data should be graphed and compared to prevIOUS months
and years to determme any vanatIOns m consumptIon Where vanatlOns do occur, they should
then determme the cause of the vanatIon and If remedIal actIOn IS reqUIred For mstance, If
monthly consumptIOn mcreases, the reasons why should be determmed and If appropnate, steps
taken to correct any problem

In addItIon, the energy management staff should also reVIew each process, and look for energy
savmg opportumtIes They should see that all cost effectIve energy Improvements are
Implemented, begmnmg WIth Items IdentIfied m thIS energy audIt They should then also have
responsIbIlIty to reVIew all proposed changes to the faCIlIty to ensure that each process IS as
energy effiCIent as pOSSIble

A plant the SIze of JSC MBPA "Orzan' should have several people workmg m an energy
management group As a mmimum, It would be good to have a thermal speCIalIst (someone who
IS knowledgeable about steam and gas supply systems) and a speCIalIst m the electncal power
engmeenng There should be a thIrd person to manage all of the actIVItIes of thIS group, and to
report dIrectly to the top plant management

At many faCIlItIes the energy management sectIon IS aSSIgned an energy goal, such as "reducmg
the overall energy usage by 5 per cent year" WhIle the percentage goal can vary, thIS type of
challenge gIves a benchmark by whIch the sectIon can be evaluated And m mdustnes m
Ukrame, where energy effiCIency IS Just at ItS mfancy, the percentage goal could even be hIgher
Some mdustnes also have an mcentive program, m WhICh employees are encouraged to submIt
energy effiCIency Improvement Ideas These Ideas, If accepted and Implemented, would result m
a small reward bemg gIVen to the employee
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1 5 ImplementatIOn

ImplementatIon of the energy savmg opportunItIes gIVen m Table 1 1 IS planned for the future,
after completIon of thIS project

1-5 I
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2 GENERAL BACKGROUND

Name of the enterpnse - Jomt-Stock Company

"Machme BUIldmg ProductIOn AssociatIOn ORION"

Board ChaIrman, DIrector General - Mr NIkolaI StepanovIch Kushchak

TechnIcal DIrector - Mr Ivan DmItnyevlCh Kolomlyets

Tel (0482) 22 - 43 - 39/61 - 03 - 04/61 - 29 - 06

Fax (0482) 22 - 38 - 42, 61 - 78 - 52

Address AO MPO "ORION ',6, HarkavyI Str , Odesa CIty, Ukrame, 270098

21 History of the plant

"Machme BUIldmg ProductIOn ASSOCIatIOn Onon" was set up m 1973 by amalgamatIOn of three
plants Mechamcal Plant after Khvorostm, Plant after Petrovsky and Molmash Plant In 1995 the
amalgamatIOn was reset mto a Jomt-stock company, 10(f% of the shares are owned by the state m
the body of the MmIstry of Industnal PolIcy tIll the end of the pnvatlzatIOn The JSC MBPA
OrlOn mcludes the followmg branches ProductIOn and CommerCIal FIrm "OrlOn-Servlce ",
ProductIOn and CommercIal FIrm "OrlOn-Perspektlva ", Health Care Combmed FaCIlIty
"Onon'

The ASSOCIatIOn IS specIalIzmg on manufacture compressors for refrIgerators, freezers and
consumers' goods

JSC MBPA OrlOn phySIcally IS located on three productlon grounds wIthm the border of the CIty
of Odesa, Its profile IS manufacture of compressors for household refrIgerators, compressors for
refrIgerators and freezers, compressors for the transport refrIgerators, flasks of alummum for
food products, products of eatable alummum and of a WIde assortment of consumers' goods The
management scheme for JSC MBPC "OrlOn" IS shown m FIg 2 1

Productlon areas can be descnbed WIth the followmg figures

total area of the plant terntory - 673 ha,

total area under the bUIldmgs and structures - 50,400 m2,

among that for the non-productIOn bUIldmgs - 394m2, mcludmg there

• ProductIOn #1

- the area of the terntory - 2 3 ha,

- the area under the bUIldmgs and structures - 22,000 m2

• Production #2

- the area of the terntory - 1 24 ha,

- the area under the bUIldmgs and structures - 6,630 m2
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Fig 21 Management scheme for JSC MBPA PA"ORION"
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• ProductIOn #3

- the area of the temtory - 3 19 ha,

- the total area ofunder the bUIldmgs and constructIOns - 21,500 m2

At the plant there were worked out mvestment projects aimed at modernIzatIOn of the current
productIOn facIhtles, as well as orgamzatIOn of manufactunng of about 1 mIllIon of new
advanced types of compressors There are 22,000 m2 of spare areas that were provIded not long
ago and are prepared (about 70 per cent) for receIvmg eqUIpment

22 Manufactured products

At JSC "OJ zon 'they manufacture the followmg

- compressors for domestIc refrIgerators and freezers ofKShG-II, KhRL5L120, KhShV-6,65,

- compressors for the car and other vehIcle condItloners (productlon on the hcense of "SEIKO-
SEIKT' Company, Japan),

- aIr condItIOnmg systems m the cars and vehIcles,

- mtergally extended flasks for keepmg and transportmg food products,

- a Wide assordment of consumers goods (utensils of alumInIUm)

The products manufactured by the aSSOcIatIOn meets the reqUIrements of the mternatIOnal
standards The basIc competltors are

- on the domestlc market - JSC "Nord", the CIty ofDonetsk,

- on the foreIgn market "Sanya ", Japan, "Zanussl ", Italy, "Danfass ", Denmark, enterpnses
m RussIa and Belarus

The coolant used In he refrIgerator compressors IS ozone-frIendly

The average number of the personnel at the plant IS about 806 persons

2 ~ Slemficance of sector to economy

There IS only one enterpnse In Ukrame that IS SImIlar m the profile to that of JSC "Orzon" - thIS
IS JSC "Nord' m Donetsk CIty, WhICh accounts for why JSC MBPA "Orzon" has an Important
sIgmficance as a supplIer of refrIgerator compressors for the domestlc and transport refrIgeratmg
technology and for mobIle system of aIr condItlomng
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3 CURRENT STATUS OF PRODUCTION

3 1 Maximum calculated productivity

The desIgned capacIty of the enterpnse provIded manufacture of products m process of 1997 for
572 mIllion hrn , also mcludmg here as follows compressors for refugerators and condItIoners
of KShG-II type - 440,000 umts, of KhRL-5L120 - 31,200 umts per year, flasks of alummum of
F -4-38-type - 1,520,000 UPlts

32 Real productIVIty 1997 a2amst 1995 and 1996

Dunng 1995 - 1997 the plant operated wIth an mcomplete loadmg, as the former connectIOns and
cooperated supplied were broken So, m 1995 the loadmg of the productIOn facIlitIes was 16 1%,
that m 1996 was 306%, that m 1997 was 32 5% The productIOn volumes are shown m

Table 3 1
Table 3 1

Production volumes

Product Measure ProductIOn volumes Percentage In
1997 agaInst

that In
umt 1995 1996 1997 1995 1996

1 Compressors for domestIc hrn x 106 36 59 59 164 100
refrIgerators

umts x 103 397 650 650

2 Compressors for vehIcle hrn x 106 03 03 07 233 233
condItIoners

umts x 103 1 7 1 7 40

3 Flask for food products hrn x 106 38 100 11 2 295 112
umts x 103 509 134 150

4 Consumers goods hrn xl0 6 1 5 1 3 08 533 61 51

Manufacture volume, total hrn xl0 6 92 175 186 202 106

AnalysIs of the data from Table 3 1 shows that the productIon volume after the deep cnSIS of
1995, when the 10admg of the productIOn faCIlItIes was only 16 1%, IS gradually nsmg and m
1997 It was 202%, at that tIme the productIOn volume of compressors for the typIcal refugerators
mcreased by 164%, that of compressors for vehIcle compressors - by 233%, flasks for food
products - by 295%

3 3 Prospects for development

The marketmg, processmg and technologIcal servIces of the enterpnse are engaged m the work
aimed at the perspectIve development of the plant

Concernmg the new technologIes, relatIons are bemg made WIth the companIes "Danfoss
(Denmark), Sanyo, "Seko-Sella', "Nisso 'Ivai" (Japan) At the plant there are worked out
mvestment projects for modernIzatIon of the current operateable productIOn faCIlitIes, as well as
orgamzatIon of manufacture of new types of compressors of the advanced technIcal deSIgns, and

3-1 q



also deslgnmg new refrIgerator technology umts on the basIs of the produced now compressors
(freezer-outs, concentrators, etc) There are under consIderatIOn proposals to set up Jomt­
ventures wIth the compames Zanussl and Dan/ass

Certam mstablhty IS contnbuted by the Incomplete pnvatIzatIOn of the plant, and In partIcular the
uncertamty m determmatIOn of the future owner of the enterpnse shares, 10(J% of whose belong
now to the state

3 4 Export vs domestic consumptIOn

The ASSOCIatIon prOVIdes supplIes ofproducts for both users m Ukrame, and on expert

The basIc users of the products are the followmg ones

- compressors for the domestic refngerators Ukrame - 7fJ%, Moldova - 10%, CIS-countrIes ­
20'%,

- compressors for vehIcle condItIoners Ukrame - 8(]%, RusSIa - 2(flo,

- flasks of alummum - Ukrame, TumSIa, ArabIc EmIrates

ProductIOn volumes m Ukrame and for exportmg are gIVen m Table 3 2

Table 3 2

Country-user DOlt 061>eMhl rrpO,L(aiK

1995 1996 1997

UkraIne USDx 384 576 574
106

RussIa USDx 1 3 I 4 I 9
106

Moldova USDx - 09 23
106

ForeIgn countrIes USDx I 26 024 026
106

Export vs Import In % 667 44 I 777
UkraIne

AnalySIS of the data from Table 3 2 and m Paragraph 3 2 shows that the aSSOCIatIOn has got
stable relatIOns only on the foreIgn market of the CIS-states, the supplIes tot he foreIgn market
are not hIgher than 7 3% of the productIOn facIlItIes of the aSSOCIatIOn, however there IS a slow
but steady nse 1995 - 2 27%, 1996 - 4 (flo, 1997 - 73%
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4 FINANCIAL STATUS OF THE ENTERPRISE

4 1 Barter vs Currency operations

In the economIC actlvitIes of JSC MBPA "Orzon" barter operatIons are of sIgmficant portIOn

In 1996 they were 68 (J%, and that m 1997 was 24 (J%, whIch can be explamed by the payment
cnSlS m Ukrame

4 2 Viability of the enterprIse

The baSIC finanCIal results of the plant actlvltles are gIven m Table 4 1 TheIr analySIS shows that
the balance profit of the plant m 1997 was mmlmal, whIle the net profit after paymg taxes was m
1997 equal to zero In other words, the enterpnse has no Its own funds for development Its
facIlItIes

Table 41
BasIc ficIancIalmwcators

CharacterIstics Values vs, years,
UAHx 106

1995 1996 1997
1 Gross profit 94 177 189
2 VAT (20%) 1 3 28 25
3 ProductIOn costs 77 148 166
4 Balance profit 04 005 005
5 Net profit 03 004 -
6 Actual productIOn costs 75 142 163

Certam estImatIOn of the enterpnse can be done by the VIabIlIty mdlcators gIVen m Table 42,
whIch have the cntIcal values speakmg of an mstable finanCIal status of the enterpnse m the
studIed penod

Table 4 2
Fmanclal stability mdlcators

TIoKaJaTeJlb 1995 1996 1997
ProfitabIlIty, % 52 03 -
CoeffiCIent of LIqUIdIty 1 02 0993 113

The enterpnse has from the prevIOUS year an mdebtedness m the payment to the personnel and m
that for the energy resources

The figures m Table 4 1 and 4 2 show that dunng 1995-1997 the total productIOn volumes and,
respectIvely, the gross productIOn rose m 1996 agamst 1995 by 883%, and agamst 1996 - by
6 KYo However, a low capaCIty factor for the productIOn faCIlItIes accounts for a hIgh level of
conventIOnally constant expenses on keepmg the non-used productIOn funds and, as the
consequence, for the nsmg of the expenses on productIOn m 1995 by 92 2% agamst that m 1997,
and m 1996 - by 12 2%, WhICh leads to decreasmg the profit and the profitabIlIty of the
productIOn faCIlItIes

The enterpnse IS actIvely workmg on extenSIOn of Its sale market
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5 ANNUAL ENERGY CONSUMPTION AND COSTS

51 Annual consumptIOn, 1995-1997

At the JSC MBPA "Orzon" the pnmary energy resources are used that are purchased from the
local energy supplymg orgamzatIOns m form of electnc power, natural gas and dnnkmg water
Thermal energy m form of saturated stream wIth the pressure of 3 kg/cm2 IS generated WIth the
temperature of 132°C by three bOller-houses of the plant that are eqUIpped wIth bOIlers of
DKVR--2,5/13 and DKVR-6,5/13 The yearly consumptIOn and the energy costs are shown m
Table 5 1 The electnc power and natural gas consumptIOns are correspondmgly 216% and
66 8% of the total energy consumptIOn at the plant However, If the cost ratIon IS concerned, the
figures are somewhat dIfferent electnc power - 60 6%, natural gas - 25 1%

Table 5 1
Total energy consumptIOn and the energy costs due to the data for 1997

Energy Yearly Yearly Percentage of the Yearly Percentage of
resources consumptIon, consumptIon, total consumptIOn, costs, the yearly

Gcal % USD
costs,

%

ElectrIC power 1,785,000 kW h 1,535 21 6 1,100,000 606

Natural gas 510,000 m3 4,743 668 45,600 25 I

Mazut 44 tonnes 430 61 10,000 55

Water 26,000m3 390 55 16,000 88

Total - 7,098 1000 181,000 1000

FIg 5 1, 5 2 shows the dlstnbutIOn of the costs and amounts of the consumed energy versus the
energy sort for 1997 The monthly energy consumptIon IS shown m Table 5 2 and FIg 5 3 and
54

Natural gas
668%

Water
55%

Fuel Mazut
61%

FIg 5 1 DIstnbutlOn of energy resources for 1997
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Electnc power
606%

Water
88%

Fig 5 2 DlstnbutlOn of costs on energy resources for 1997

Table 52
Electnc power consumptIOn at JSC MBPA "OrIOn" m 1997 for the productIOn needs

ElectrIc power Gas
Month consumptIOn, consumptIon,

kWh x 103 m3 x 103

January 116 130
February 1372 98
March 1546 67
Apnl 149 8
May 777 8
June 652 3,5
July 51 8
August 584 3,4
September 514 6
October 499 3
November 824 37
December 1036 58

Total 1,096,4 429,9
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kWh

FIg 5 4 Consumption ofgas

The total consumption of electnc power m 1997 was 1,785,000 kW h, that of natural gas ­
510,000 m3, ofmazut - 44 000 m3, water - 26,000 m3 Varymg m the electnc power and natural
gas consumptIons IS accounted for by decreasmg of the heatmg loadmg and hot water supply m
the summer penod

5 2 Current ener2Y and fuel prIces

JSC MBPA "OrIOn" m 1997 pard for the energy resources US $565,000 The energy costs are
about 3 5% of all productIOn costs That IS why the measures aImed at energy savmg can
notIceably Improve the finanCIal mdicators for the plant

The scheme of payment for electnc power IS a two-rate based tanff Once a year the plant makes
a contract wIth an electnc power supplymg organIzatIOn concemmg the maXImum active electnc
power consumption level per month accordmg to the expected needs and It pays for the actual
consumptIOn that shall not exceed the maXImum agreed lImIt If the actual consumption IS above
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the maXImum agreed consumptIOn lImIt, the consumptIOn shall be paId for on the five-fold baSIS
The contract pnce on the electnc power for mdustnes IS 7 2 kopecks per kIlowatt-hour (US
$0036 per kW h), that for the non-mdustnal users IS US $0047 per kW h, the tanff for the plant
dwellmg houses IS US $0 09 per kW h

There IS also payment for the declared power that concerns the penods of the peak loads - from 8
to 10 hours m the mornmg and from 18 to 22 hours m the evemng, ItS value IS US $4 per

1 kW h SImIlarly 1 kVAr of the declared reactIve power costs US $01334 per 1 kVAr, that of
the consumed reactIve power IS US $000072 per 1 kW h

The average electnc power cost, accordmg to the data from the plant, was m 1997 US $0 0616
per lkWh

Natural gas IS proVIded to the plant from the mam CIty gas supply lme, and It IS chIefly used to
generate steam and hot water m the bOller-house There are gas meters at the gas dlstnbutIOn
statIOns Gas consumptIon IS paId for monthly on the baSIS of US $99 per 1,000 m3 smce

November 4, 1997 Mazut IS supplIed m CIsterns for the pnce of US $112 5 per 1 tonne

Cold water IS prOVIded to the plant through two flow-rate meters from the Odesa water supply
system Odesavodokanal The pnce for water IS US $ 0 815 per 1 m3

5 3 EnerlO' use profile

The productIOn subdIVIsIOns ofthe plant consume the followmg sorts of energy

• electnc power ""'380/220 V, 50 Hz for electnc dnves, electnc furnaces, dryers and lIghtmg
system,

• thermal energy m forma of saturated steam WIth the pressure of 25 kg/cm2 to enable
fulfillment of the processmg operatIOns concermng drymg and washmg the compressor parts,
for heatmg purposes, ventIlatIon and for hot water supply through the bOller-houses"

• natural gas - for productIOn of steam by the bOller-houses, for thermal processmg m the
plasma furnaces, for electnc furnace for lIght soldenng

Power supply for the plant IS proVIded from the network of the State Jomt-Stock Energy
Company ODESAOBLENERGO through the transformers 6/04 kV WIth the total mstalled
capaCIty of 6,320 kVA, the connected power of the transformers IS 5,690 KkVA The mstalled
capaCIty of the electnc motors IS 1,110 kW, the mstalled capaCIty of the electnc deVIces for
heatmg, drymg and electnc weldmg IS 2,085 kW, out of those 670 are for the electnc furnaces
To compensate the reactIve power there are cosme capaCItors WIth the mstalled power of 1,527
kVAr The capaCIty of the lIghtmg system IS 651 kVA, mcludmg here 51 kVA of the external
lIghtmg system

One of the dIrectIons m usmg electnc power IS productIOn of compressed aIr WIth the pressure of
16 and 6 kg/cm2 Each productIOn ground has ItS mdependent compressor statIon

There are the followmg types ofcompressors mstalled at the plant

VP-50/8 - the productIOn capaCIty IS capaCIty IS G = 50 m3/mm, the pressure IS P = 8
kg/cm2, the capaCIty of the electnc dnve IS N = 315 kW (3 umts),

VP-20/8 - G = 20 m3/mm, P = 8 kg/cm2, N= 125 kW - 4 unIts,

VP-10/8 - G = 10 m3/mm, P = 8 kg/cm2, N= 22 kW - 2 umts,

VK-25EA - G = 1,25 m3/mm, P = 25 kg/cm2, N= 22 kW -1 umt,

2VTl-2,1/26Ml- G= 2,1 m3/mm P= 26kglcm2, N= 22 kW -1 umt,
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2VTl-1 8-23 - G = 1,8 m3/mm, P = 23 kg/cm2, N = 22 kW -1 umt,

The total mstalled capacity of the ventl1atIOn systems IS 483 kW, the productIOn capacIty IS
829,181 m3/hour

In 1997 electnc power was used for the followmg purposes for the electnc deVIces used m the
processmg operatIOns(drymg, heatmg) - 574,000 kW h, for the Electra dnvers - 1,195 KkW h,
the losses m the network are 16,000 kW h, the total consumptIOn IS 1,785,000 KkW h

The mam sources of thermal energy at the plant are the steam boIler-houses placed on three
production grounds where natural gas and mazut are used The mstalled capacIty of the
mdependent heat sources IS 13 76 Gcal/h, mcludmg there also as follows

- Production Ground #1

1) DKVR-65-13, the thermal heat productIOn capacity IS Q = 394 Gcal/hour, the steam
pressure IS P = 6 kg/cm2, 7] =90'%, the fuel used IS natural gas,

2) DKVR-2 5-13, Q=143 Gcal/hour, P =6 kglcm2, 7] = 90%, the fuel used IS natural gas,

- ProductIOn Ground #2 - DKVR-2,5-13, Q = 1 38 Gcal/hour, P = 6 kglcm2, 1] = 9(/%, the
fuel used IS natural gas - 2 umts,

- ProductIOn Ground #3 - DKVR-2,5-13, Q = 1 46 Gcal/hour, P = 6 kg/cm2, 1] =89%, the
fuel used IS natural gas

The deSIgned need for thermal energy IS 34,527 Gcal per year, mcludmg here the followmg
heatmg of the bUIldmgs - 13,040 Gcal (38%), hot water supply - 1,140 Gcal (3%), the
processmg needs - 20,347 Gcal (59%)

A lot of gas IS used for the electnc furnaces for lIght soldenng of KVP-60B-type to sold
components of copper at the temperature of 1,150°C (2 umts) and the electnc furnace of the
chamber type - SK-2,5-5,O-17/10 - for finng products of glass at the temperature of 1,200°C (1
umt), where natural gas IS used as a restonng medIUm The gas IS punfied before bemg supphed
mto the furnace m the endogas generators of EM-125M2-type WIth the productIOn capacIty of 4
m3/hour at the pressure of 005 kg/cm2 (3 umts)

Water supply to the plant IS provIded from Odesa CIty water supply

The figures for productIOn output dunng 1995-1997 are gIven m Table 3 1, the figures for energy
consumptIOns versus the energy are gIven m FIg 5 5 to 5 7

At the plant there IS no mstrumental metenng consumptIon of natural gas and thermal energy by
each productIOn area, workshop for each product manufactures, therefore there are no objective
cntena to estImate the energy consumption m regard of the saId Items Currently these
estImatIOns are done by the economy department of the plant by means of calculatIOn methods
on the baSIS of the deSIgned specIfic consumptIons and productIOn volumes of the manufactured
products .n:YKQI1I1 The results of usmg the fuel and energy resources are reported m the speCIal
state statIstIc form #11 Mnm "Report on the results of usmg fuel, thermal energy and electnc
power"

Years Total
consumption, ]

tonnes of Includmg
conventIOnal

fuel
ProductIOn of Other production needs Use for the non-

thermal energy nroductlOn needs
1995 2,320 1,581 19 150
1996 7622 700 1 612
1997 649 494 144 11
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FIg 55 Natural gas consumptIOn versus the sorts of products or sorts of works
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Tonnes of
eqUIvalent fuel

I

C11997

.1996

IJ 1995

2500200015001000500o

Total consumpllon

Utlhzatlon for the non fuel
needs

Thermal energy production

Other non productIOn needs

Years Total consumption, Includmg
Gcal Products for machme buIldmg Domestic needs

and metal processml!: mdustrIes
1995 8,584 7,715 869
1996 3,738 3,335 203
1997 2,978 2,802 176

I
I

I

I

I
I01997

.1996

01995

900080007000600050004000300020001000o

Total consumption••1111

DomestIC needs

Products for machme bUlldmg and
metal processmg mdustnes

Years Total Includmg
consumptIOn, Products for machme bUlJdmg Other productIOn DomestIc needs
kWh x 106 and metal processmg needs

1995 2,743 2053 67 623
1996 18528 1 352 638 4378
1997 1 785 1 096 87 602
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FIg 5 7 ConsumptIOn of electnc power versus the sorts ofproducts or sorts of works

_ FIg 5 8 Balance of natural gas utIlIzatIOn at JSC MBEA "OrIOn" m 1997

kWh X 103

01997

.1996

IJ 1995

30002500200015001000

54,000 m3 11-. _

500

Natural gas

510,000 m3

89% BOilers III Power
Shop #33

456,000 m3

10%
ProductIOn

o

Total consumptIon

Domestic needs

Other non production needs

Products for machme bUlldmg and
metal processmg mdustnes

Balances of energy resources consumptIOn versus the productIOn areas of the plant are shown m
FIg 5 8 - 5 12, where It IS seen that the largest electriC power consumzng users are the energy
and power workshop - 173%, the machme workshop - 1344%, the tool workshop #31 ­
1087%, that m regard of natural gas the bOIlers m the power workshop - 89 4%, that of water
the power workshop - 50%, the mechamcs and assembly workshop #25 - 23%

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I ----

I
I
I
I



I Electric power I
1,785,000 kW h

173% Power Workshop

309,000kWh
#33

125% RepaIr & Mamtenance

22,400kWh
#32

385% MachmeShop

68,700 kWh
#21

165% Other productIon users

29,500kWh
70% Machme Shop

125,000 kWh
#21

571%
Canteen

102,000 kW h
1344% Machme Shop

240,000kW h
#23

062%
Hostel

11,000 kW h
59% Mech & Assembl

105,200 kW h
Shop #25

454%
Dwellmg house

81,000 kW h
1,64%

Shop for Consumer
29,200 kWh Goods

45% Farm umt

80,000 kW h
162% Mech & Assembl

29,000 kW h
Shop #27

952% Health Care
Combmed FacJ1111es

170,000 kW h
10,87% Tool Shop #31

194,000 kWh 28%
Water statylOn

50,000 kW h
103% Transport Shop

18,300 kWh
#35

112% Nursery and
20,000 kW h Kmdergarten

Repair & Maintenance071%
Shop #34

12,700 kWh 493% Other users

88,000 kW h

FIg 5 9 Balance of electrIC power utIlIzatIon at JSC MBPA "Onon " In 1997
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FIg 5 10 Balance ofwater utIlIzatIOn at JSC MBPA "Onon" In 1997

FIg 5 11 DIstnbutIOn of e1ectnc power consumptIOn at JSC MBPA "OrlOn" for 1997

Water

195,220,000 m3 per year

500% Power Shop #33

97,610 m3
033% Tool Shop #31
640m3

93% MachIne Shop

18,160 m3 #21
06% Repair & Mamtenance

1,170m3
Shop #32

083% MachIne Shop

1,620 m3 #22
022% RepaIr & Construction

Area #334
430m3

102% MachIne Shop

1,980 m3 #23
142% Transport Shop

2,770 m3 #35
230% MachlOe Shop #25

44,920 m3
592% Other users

11,560 m3

22% Shop for Consumers

4,300 m3 Goods #26
379% Domestic needs

7,400m>
137% Mech & Assembl

2,680 m3 Shop #27

Machme Shop #21
385%

Machme Shop #22
700%

Energy & Power
workshop

1730%

M h &A b Machme Shop #23
ec ssem Mech &Assembl 13 44%

Shop #27
I 62% Shop #25

590%

5-9

Housmg&
Communal ServIces

2881%

Tool Shop #31
1087%

Other consumers
957%
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Energy and Power

Shop
5000%

TransportatIon

Shop #35

142%

Other users

ShojI for Cons 707% HOUSing &

Goods #26
Communal

2 20%
ServIces

379%

Machme Shops #

21 23
1115%

MECH>&Assembl

Shops #25 27

2437%

FIg 5 12 DIstnbutIOn ofwater consumptIOn at JSC MBPA "OrIon" for 1997
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6 PREVIOUS ENERGY IMPROVEMENTS

Certam work IS bemg carned out at the plant m regard of ImplementatIOn of energy savmg
measures

• annually plans of measures aImed at savmg fuel and energy resources are worked out,

• as the loadmg of the faCIlItIes has been reduced, there were worked out schedules of operatmg
the eqUIpment and heatmg and ventIlatIon systems consummg a lot of energy? As well as the
schedule ofoperatmg the productIOn areas,

• the non-loaded power transformers were dIsconnected from the energy system,

• the maJonty of the steam ducts, condensate pIpelInes and hot water supply lInes were
msulated, the thermal msulatIon IS regularly repaIred,

• the operatIOn of the aIr compressors was automatIzed, theIr sWItchmg-on IS done due to the
need m compressed aIr

The mam problem that remams at the plant IS absence of a system of organIzation of the works to
provIde effiCIent plannmg and orgamzatIOn of energy resources utilIzatIOn and controllmg of the
energy consumptIOn modes

The maJonty of the energy savmg measures were put mto practIce on the baSIS of absence of a
perspectIve plan of Implementmg energy conservatIOn, the scopes of works were determmed by
the allocated financmg OpportunItIes

That accounts for why a lot of energy conservatIOn opportumtIes remamed not Implemented
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7 ENERGY AUDIT

For the detaIls m regard of thIS proposal see AppendIx A, ECO #1

ECO #2 Improvement of the boIler combustion effiCiency

To meets the needs m thermal energy, 5 types of bOIlers are used at the plant m 3 boller-houses
1 llll1t of DKVR-6,5-13 type and 4 umts of DKVR-2,5-13 type To operate the Said bOIlers
operatIOn mode charts were worked out, however no automatic control of gas-to-air-ratio due to
the load change has not been prOVIded The mdicator of the aIr flow-rate IS controlled

- SeDsls = US $9,096

-124 years

- 89,250 kWh

-25,500 m3

-1,300 m3

- US $11,300

EstablIshment of energy management system

I) Electnc power

2) Gas

3) Water

Project ImplementatIOn costs

Yearly savmg of costs

SImple payback penod for the project IS

ECO#l

The mam mstrument m reductIOn of energy consumptIOn and Improvement of the efficIency of
the energy utIhzatIOn at mdustnal enterpnses IS energy management Energy management IS a
management system based on carrymg out typIcal measurements and checkmgs and provIdmg
operatIOn of a plant that leads to consumptIOn of the amount of energy really reqUIred for thIS
processmg only

By mtroductIOn of energy management one can gam a more detaIled pIcture of energy
utIlIzatIOn, WhIch allows to compare the energy consumptIOn levels wIth those at other
enterpnses, m order to estimate more preCIsely the projects aimed at energy savmg that are
plannmg for theIr ImplementatIOn at the gIven plant

It IS proposed to mtroduce at the plant an energy management system m Its full scope
ImplementatIOn of thIS proposal WIll enable to decrease consumptIOn of energy resources by 5%

Accordmg to the data for 1997, the plant consumes dunng a year 1,785,000 kW h of electrIc
po,"" er, 510,000 m3 of natural gas, 44 tonnes of mazut, 26,000 m3 of water The world practIce
confirms that m case of mtroductIOn of an energy management system there IS guaranteed
decreasmg of consumptIOn of energy resources by 5% Energy resources savmg WIll be as
follows

AnalysIS of the data of the effiCIency of utilIzation by the plant of the fuel-and-energy resources
that were gIven m Section 5 m thIS report, as well as the study of the actual utilIzatIOn of the
energy resources served as a basIs for workmg out proposals concernmg energy conservatIOn
opportumtIes (ECOs) consIdered below They allow to decrease consumptIOn of electnc power
by 324,500 kW h (29 6 per cent of the total consumptIOn m 1997), that of natural gas by 365,400
m3 (71 6 per cent), that of fuel mazut - by 843 tonnes (192 per cent) It must be noted that the
plant has got other energy conservation opportumtIes too WhICh cannot be consIdered currently
economIcally reasonable, as the productIOn facl1ItIes m the country are loaded very lIttle

The proposed ECOs can be Implemented at other enterpnses, and they can be consIdered lIke

standard settlements of a standard problem
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ECO #4 Thermalmsulatlon of steam and hot water pIpes

The carned our analySIS of the steam dIstrIbution has shown that some steam pIpelInes and ItS
branches, as well as the tube ducts of the hot water supply system had no msulatIOn

penodlcally by the pressure of the forced aIr, whIle that for the gas IS done by the pressure before
the burners, WhICh m the condItions of the uncontrolled aIr mfiltratIOns does not allow to speak
about an optimal burmng process The optImal burnmg process IS set by the operator dIe to hIS
subjectIve conSIderation of the color of the flame m the boller-house

It IS proposed to prOVIde for the operatIOn servIce at the plant bOller-house a combustIOn analyzer
of "ENERAC-2000" or BACHARACH type and to put on the operators to check regularly the
combustIOn condItIons, WhICh WIll ensure makmg adjustment and mamtenance works m due
time, Improvement of the boIler combustIon effiCIency and savmg of natural gas

Gas savmg m natural umts Sgasnat. umts =G b =64,000 m3

ECO #3 Installation of steam traps lD the steam utIlIzatIOn systems

At the plant steam WIth the pressure of2 5 kg/cm2 IS used for the heatmg needs, hot water supply
and processmg purposes As It was mentIOned m SectIon 53, the deSIgned needs for the Said
purposes are correspondmgly as follows 13,040, 1,140 and 20,350 Gcal However, for the
mcomplete loadmg of the productIOn faCIlItIes of the plant, the factual heat consumptIOn was m
1997 only 2,802 Gcal BeSIdes, condensate IS proVIded back only from Boller Shop #22
Condensate m relatIon ofthe other systems IS dIscharged mto the canalIzation

As the audIt results showed, the steam usmg eqUIpment and the steam heatmg system are not
eqUIpped WIth steam traps, so the flash steam WIth the condensate WIth the temperature of 105 ­
110°C are dIscharged mto the canalIzatIOn

To Improve the effiCIency of the steam utIlIzatIon system the system for steam supply mto the
shops must be transferred from steam on water, all the steam usmg eqUIpment must be prOVIded
WIth steam traps, condensate must be returned mto the bOller-house Nowadays, the most loaded
steam utilIzmg eqUIpment IS as follows the electnc platmg eqUIpment m Workshop #21, the
plant for drymg stators (14 chambers) and 3 washmg machmes m Workshop #23, as well as the
bOIlers m Workshops # 21, 22, 25, 27 and 31

It IS proposed to mstall for the saId eqUIpment steam traps that WIll mcrease the effiCIency of
operatIon of the steam usmg eqUIpment by 10 to 15 per cent and even more

The yearly savmg of thermal energy wIll be 1304 Gcal (23,700 m3 of natural gas, 205 tonnes of
mazut)
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Scosts =US $2,598 per year

Commls costs =US $6,870

- 2 6 years

S ma:ut =5 5 tonnes

Sosts =US $7,010 per year

CommlScosts = US $6,500

0.93 years

Yearly savmg of the costs on thermal energy

CommissIOnmg costs

SImple payback penod IS

Mazut savmg m natural umts

Yearly savmg of energy costs

CorrumssIOmng costs

SImple payback penod IS
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It IS proposed to msulate completely the steam pIpe network and the network of the hot water
supply system

Yearly savmg wIll be Syearly = 583 Gcal/year, whIch IS equal to 86,500 m3 ofnatural gas

Yearly costs savmg - Scosts =US $8,569 per year

ECO #5 ProvIsion of mfra-red heatmg system

They use air-and-register heatmg of Workshops # 22 (Machme Workshop), 23 (Mecharucs and
Assembhng Workshop) and 31 (Tool Workshop) The maxImum calculated consumption of heat
In Workshop #22 IS 1,218 Gcal per year, In Workshop #23 -1,407 Gcal per year, In Workshop #
31 - 789 Gcal per year Accordmg to the data from the plant, the saId purposes bnng to
consumptIon of 1,500 Gcal of heat In the condItIons of an Incomplete loadmg of the productIOn
faCIlItIes some of the heat IS used non-reasonably, as heatmg of the whole bmldmg IS provIded,
not only that of the workmg places

It IS proposed to mstall m Workshops #22, 23 and 31, over the workmg places, mfra-red heatmg
systems mstead of the currently eXIstmg heatmg systems

Savmg ofnatural gas WIll be - Sgas =130,000 m3

Yearly savmg of coasts of energy resources - Scosts= US $12,870

Costs ofcommissIOnmg the heaters - Commlscosts =US $23,170

SImple payback penod IS - 1 8 years

The plant consumes several sorts of energy resources electnc power, gas, steam, compresses air,
technIcal and dnnkmg water

Electnc power IS supplIed to the plant by three cable mputs WIth the voltage of 6 V At the
productIOn ground the electnc power IS dlstnbuted through 6/04-kV substatIOns WIth the total
capacIty of 6,320 kVA CommerCial metenng of the electnc power consumptIOn IS done on the
mputs The readmgs of the meters are made manually TechnIcal metenng at the plant IS not
provIded

A detailed study of the plant showed that each subdIVIsIon of the plant calculates the amount of
ItS mdependent consumptIon of steam, electnc power, gas, compressed air, cold and hot water IS
done on the baSIS of the standard rates and actual volumes of the manufacture products No
mstrumental metenng of energy resources consumptIon IS avaIlable at the plant

It IS proposed to automatIze the commerCIal and techmcal metenng of energy consumptIon WIth
the help of the mstruments for controllmg and metenng consumptIOn of energy resources of
ITEK type manufactured by "Enerhlya" Research InstItute, KyIV CIty These metrologIcal
mstruments are certIfied m Ukrame and used for contmuous or regular measurements/regIstratIOn
ofphYSICal parameters

To Implement the measure there IS planned to orgamze commerCial metenng of electnc power
consumptIon m 6 pomts, commerCIal metenng of gas consumptIOn - m 1 pomt, that of dnnkmg
water - m 2 pomts, of steam - m 2 pomts

- Commlscosts = US $11,979

- 14 year

Automatic metenn-g of energy consumptIOnECO#6

CommissIOnmg costs

SImple payback penod

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



TechnIcal metenng of electnc power wIll be provIded m 20 pomts, technIcal metenng of
dnnkmg water - m 10 pomts, that of water for the processmg needs - m 16 pomts, hot water - m
8 pomts, gas - m 3 pomts

Expenence prompts that, after mtroductIOn of an mdependent energy metenng system and
mtroductIOn of a system for checkmg and plannmg the energy resources costs, the expected
savmg WIll be lower than 5 per cent

Savmg of natural gas WIll be 25,500 m3, that of electnc power - 89,250 kW h, water - 1,300 m 3

Yearly savmg of costs - Scosts =US $28,250

ECO #7 Automatic control of the reactive power compensatIOn

They use at the plant some devIces for the reactIve power compensatIOn wIth the total capacIty of

1,527 kVAr that are not eqUIpped wIth systems for automatIc controllmg the connected power,
WhICh results m the average weIghted power coeffiCIent In the power supply system to the plant
bemg sIgmficantly lower than the value set m the project (coscp = 0975 on the 04-kV SIde wIth
takmg mto account the compensatIOns), and It IS equal, accordmg to the data gamed by the plant
whIle makmg monthly loadmg plots for 1997, COscp = 0652 The low value for the power factor
results m losses of electnc power BeSIdes, as It was shown by the results of measurements, the
re-compensatIOn bnngs nsmg of the voltage to 2370 to 2467 V, whIch leads to an abrupt
reductIOn of the lIfe tIme of the lIghtmg deVIces

It IS proposed to eqUIp the deVIces for the reactIve power compensatIon WIth an automatIc control
system

The system for the external IIghtmg of the terntory of the plant mcludes 50 SPZR-type
lllummants WIth the mercury hIgh-pressure lamps ofDRL-400 type (16 unItS) and DRL-250-type
(42 umts) A part of the terrItory of the plant adjOInIng to the productIOn bUIldmgs 1S ht
w1th ordmary mcandescent lamps WIth the capaCIty of 500 W The system of the mternal
lIghtmg of ProductIon Ground #1 mcludes 1,463 Illummants WIth lamps havmg the total
mstalled capaCIty of 161 kW, that for ProductIOn Ground #2 - 530 Illummants WIth lamps havmg
the total capaCIty of 646 kW, that for ProductIOn Ground #3 - 780 Illummants WIth lamps havmg
the total capaCIty of 732 kW The total mstalled capaCIty of the IIghtmg fixture for the mternal
IIghtmg m the productIOn rooms IS 298 8 kW, mcludmg here 17 lamps of DRL-400 type (6 8
kW) and 123 lamps ofDRL-250 type (30 75 kW)

It 1S proposed a project of replacmg the mercury lamps of DRL-400 lamps used for the external
hghtmg of the terntory of the plant and for the Internal hghtmg system m the workshops WIth the
sodIUm hIgh-pressure lamps of DNaT-250-3 type, whIle the lamps of DRL-250 type to be
replaced WIth the lamps of DNaT-I00-3 types, and remam the current Illummants fixture but
replacmg the statmg-up deVIces The sodIUm hIgh-pressure lamps ofDNaT-250-3 type produced

UtIlIZation of hIghly effiCient lIght sources
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- SeLPoweras = 77,500 kW h

- Scosts= US $2,200 per year

- Commlscosts = US $5,000

- 23 years

- Commlscosts =US $56,000

-19years

CommIssIOmng costs

SImple payback penod IS

Yearly savmg of electnc power WIll be

Yearly savmg of the costs

CommIssIOnmg costs

SImple payback penod IS

ECO#8
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ECO #10 Momtormg and optImIZatIOn of the capacIty of the electrIC power
usmg plants

m the CIty of Poltava, Ukrame, have a longer hfe tIme - 12,000 hours at the Illummant flux of
25,000 Lm, whIle respectIvely for DNaT-IOO-3 those are 6,000 hours and 9,000 Lm

Accordmg the data for 1997, the baSIC manufacture consume about 66 per cent of the total
amount of the electnc power consumed by the plant, WhICh IS 1,183,000 kW h per year that cost
US $730,000

For the systems of the external and mternal hghtmg the yearly savmg of the costs wIll be
Scosts= US $3,128 per year

SImple payback penod - 1 1 years

1/1

- Spower = 50,770 kW h

- CommIScosts = US $3,230

7-5

ECO#9

Yearly savmg of electnc power wIll be
CommissIOmng costs

One of the baSIC consumers of electnc power IS electnc dnves for the processmg, pumpmg and
ventIlatIOn eqUIpment

In the process of operatIon of the plant, If motors faIled, they were replaced WIthout takmg mto
account the nommally reqUIred capacIty As It was shown by the measurements of the power
capaCIty of the electnc eqUIpment, provIdmg the current loadmg of the productIOn facIlItIes,
there IS ItS underloadmg, and the potentIal of the electnc motors IS used only to 30 - 40 per cent

It IS proposed to mtroduce at the plant operatIOnal control ofthe power that IS actually consumed
by the electnc eqUIpment (and pnmanly by the electnc dnves) usmg for that a set of portable
mstruments and by measunng the power factor ImplementatIOn of the proposed measure wIll
allow to carry out momtonng of the actual loadmg of the electnc eqUipment, analyze ItS
effiCIency and orgamze ItS planned replacement WIth more effiCIent one ImplementatIOn of thIS
proposal WIll permIt to save mot less than 1 5 per cent of electnc power that IS used for tne-­
processmg needs dunng a year

The expected heat savmg IS 56 Gcal, whIch IS 10,200 m3 ofnatural gas and 0 88 tonne ofmazut

Yearly savmg ofthe energy resources costs - Scosts= US $1,118

The cost of a portable mfra-red thermometer of "Reynger ST6" type IS US $$1,000

SImple payback penod IS - 089 year ~11 months

Momtormg of operatIOn of the boIler eqUIpment and of the
temperature mode of the heat utIlIzatIon eqUIpment

The plant has a branched steam-and-condensate system, hot water supply system as well as a
heatmg system, but wIth that there are practIcally absent contmuously workmg pressure gauges
and thermometers momtonng the operatIOn mode of the eqUipment It IS ImpOSSIble to carry out
analySIS of the effiCIency of operatIon of the heat usmg plants, calculate the specIfic energy
consumptIOn, to IdentIfy m due tIme eqUipment faults

It IS proposed to mtroduce at the plant a portable mfra-red thermometer of "Reynger ST6" type,
whIch wIll enable to carry out momtonng of the heat usmg eqUipment, to provIde a regular
control-fl - 2 times a week) the effiCIency of Its operatIOn and to undertake m due tIme measures
aImed at decreasmg losses of thermal energy Takmg mto account the state of the thermal usmg

--eqUipment and the level of ItS operatIOn the expected Improvement of the effiCIency of heat
utIhzatIOn WIll be 2 0%
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I
Expected savmg of electnc power 17,700 kW h

Decreasmg of the costs of electnc power US $1,093 I
The cost of one set of portable mstruments of "2000 A wattprobe" and "Power Factor Meter,
TIF 2300", wIth takmg mto account the overhead and transportatIOn costs, IS US $1,000 I

SImple payback penod IS 091 year (:::: 11 months)

I
I
I
I
I
I
'I
I I

I
I

,I

I
I
I
I
I
I

7-6 -$ I



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

8 ENVIRONMENTAL IMPACTS OF THE RECOMMENDATIONS

The most effiCIent way to decrease the amount of harmful emISSIOns mto the atmosphere IS by
decreasmg the amount of the used fuel and electnc power, so ImplementatIOn of the proposed
recommendatIOns IS Important from the ecologIcal pomt of VIew too Chapter 7 contams
calculatIons made to prove posslblhty of opportumtIes to save thermal energy, natural gas and
electnc power

Takmg mto consideratIOn that the plant provIdes meetmg ItS needs for thermal energy from ItS
own bOller-house, ItS energy savmg IS m savmg natural gas

The savmg ofnatural gas after ImplementatIOn of the proposed measures wIll be as follows

ECO #1 - SIg =25,500 m3/year,
ECO #2 - S2g = 64,000 m3/year,
ECO #3 - S3g =23,700 m3/year,
ECO #4 - S4g = 86,500 m3/year,
ECO #5 - S7g =130,000 m3/year,
ECO #6 - SSg =15,500 m3/year,
ECO #9 - S9g =10,100 m3/year,

The total savmg ofnatural gas wIll be

~~=~+~+~+~+~+~+%=

= 15,500 + 64,000 + 13,700 + 86,500 + 130,000 + 15,500 + 10,200 = 365,400 m3/year

When natural gas IS burned, the carbon OXIde CO and mtrogen OXIdes NOx are emItted mto the
atmosphere

We WIll determme the value of the prevented emISSIons mto the atmosphere usmg the results of
the study of the bOIler (AppendIx B), they showed that the emISSIOns are as follows

• for the carbon OXIde

MCOB = hCOB Stotal = 0 116 365,400 = 41,4 kg,

• for mtrogen OXIdes

MNOXB =hNOXB Stolid= 0234 3654 =354 kg,

where hco, hNOx - specIfic emIssIOns for the carbon OXIde and mtrogen OXIdes respectIVely,
kg/I ,000 m3

The results of the calculatIOns are gIven m Table 8 1

The savmg of e1ectnc power at the plant provldmg ImplementatIOn of the measures wIll be as
follows

ECO #1 - WI =89,250 kW h,
ECO #6 - W6 = 89,150 kW h,
ECO #7 - W 7 =377,500 kW h,
ECO #8 - W a =50,770 kW h,
ECO #10 - W lO = 17,700 kW h,

The total savmg of electnc power WIll be

Wtotal = WI + W 6 + W 7 + Wa + W IO =

=89,250 + 89,150 + 77,500 + 50,770 + 17,700 = 324,500 kW h1yr

Accordmg to the data from the Mlmstry of Energy of Ukrame for 1996, the average amounts of
emISSIons to produce 1,000 kW h of electnc power were as follows
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emISSIons of hard partIcles - 44 kg,

carbon oXIde CO - 0 5 kg,

mtrogen oXIdes NOx - 2 2 kg,

sulfur dIOXIde SOl - 99 kg

The results of the calculatIons for the amounts of prevented emISSIons of harmful substances mto
the atmosphere and the electnc power savIng are gIVen In Table 8 1

Table 8 1
Summmg up figures for the amounts ofthe prevented emiSSIOns ofharmful substances

mto the atmosphere as the result ofImplementatIOn ofthe proposed measures

Sort of emISSion EmIssion of Decreasmg the amount of Total decreasmg
natural gas the emISSIOn versus the durmg a year

electriC power savmg

Hard partICles, tonne 143 I 43

Carbon OXIde, tonne 0042 016 02

NItrogen OXIdes, 0085 071 08
tonne

Sulfur OXIdes, tonne 321 321

Total, tonne 013 551 564

SO, ImplementatIOn of the proposed measures wIll bnng to decreaSIng the emISSIons of hard
partIcles Into the atmosphere by 5 64 tonnes, WhICh, of course, WIll be of the pOSItIve effect on
the ecologIcal enVIronment m the CIty of Odesa

8-2
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Cyclmg character of energy management

DescnptIon of the opportuDlty

The mam mstrument to decrease energy consumptIOn and Improve the efficIency of energy
utilIzatIOn at mdustnal enterpnses IS energy management Energy management IS a system of
controllmg based on makmg typIcal measurements and checks that proVIdes such operatIOn of an
enterpnse when It consumes the amount of energy Just exactly reqUIred for ItS productIOn needs
Energy management IS an mstrument ofmanagmg the enterpnse that proVIdes a contmuous study
and, therefore, some knowledge of the dlstnbutlon and the condItIons at the plant as well as that
of the optImal utIlIzatIOn of energy resources for both the productIOn needs, and for the heatmg
and some other non-productIOn purposes

RegIstmg the
readmgs ofmeters

AnalYSIS

Makmg the energy
consumptlOn chart

ImplementatIOn of the
planned measures

ESTABLISHMENT OF ENERGY MANAGEMENT SYSTEM

Plannmg

ECO#l

By mtroductIOn of energy management a more detaIled pIcture of the energy use can be receIved,
WhICh wIll allow to make a companson of the consumption levels wIth consumptIOn levels at
other enterpnses to estImate as exactly as possIble the energy savmg projects that are to be
Implemented at a gIVen plant

Energy management starts from appomtment by the admmIstratIon of the plant on the post of the
energy manager of a person to be responsIble for ImplementatIOn of the energy management at
the plant The pnncIpal dutIes ofthe energy manager are as follows

• PartIcIpatIOn m makmg the chart of the energy consumptIOn at the plant (probably, m
cooperatIOn wIth an mvolved consultant - an energy audItor)

• Collectmg data m regard of consumptIOn of fuel and energy resources usmg energy
consumptIOn meters and other measunng mstrumentatIOn

• Makmg a plan of mstallment of ancIllary meters and measunng mstrumentatlon

• CollectIOn of data m regard of the streams of the raw matenals, fuel and energy resources as
well as of the fimshed products
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CalculatIOn of the yearly savmg of costs

If1 kW h of electnc power costs US $0 0616, then the savmg of the electnc power costs WIll
be

Commlsslomng costs

The world practIce shows that the costs of Implementation of energy management are planned
and they are 2 to 5 per cent of the cost of the enrage resources It mcludes the costs of
Improvement of the systems for metenng the energy resources consumption, the payment of the

89,250 x 0 0616 = US $5,500

2 If 1 m3 of gas costs US $0 099, savmg of the costs WIll be

25,500 x 0 099 =US $2,530

3 If 1 m3 ofwater costs US $082, then savmg of the costs WIll be

1,300 x 082 =US $1 066

The TOTAL savmg ofthe energy costs IS

5,500 +2,530 +1,066 = US $9,096
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-1,785,000 x 005 = 89,250 kW h

- 510,000 x 0 05 =25,500 m3

- 26,000 x 0 05 =1,300 m3

1) electnc power

2) gas

3) water

• CalculatiOn of the key data concernmg Improvement of the energy utilIzatiOn efficIency - on
the whole and m regard of some certam sorts of production

• IntroductiOn of new technologIes at the current and new energy systems aImmg at
Improvement of the energy efficIency of the productIOn faCIlItIes

• The energy manager shall mamtam Its own awareness of the current energy polley and of the
related aspects (for example, of a new taxation law, valid lImIts m respect of energy
consumptiOn, SubSIdIes, the enVIronment protectiOn, etc)

It IS proposed to Implement at the plant an energy management system m ItS full scope
ImplementatIOn of thIS proposal WIll prOVIde an opportumty to decrease energy resources
consumptIOn by 5 per cent

ImplementatIOn of energy management at the plant reqUIres development and mtroductIon of a
system for metenng the electnc power consumptIOn WIth deciphenng the readmgs of the electnc
power meters m relatIOn of all the transformer substatIOns m the tIme scale The eXIstmg

commerCIal metenng allows to check the total electnc power consumptIOn, whIle the Internal

consumers can be controlled only from tIme to tIme

It IS necessary to develop a system for metenng consumptIOn of all sorts of energy resources
usmg up-to-date computer-based technology, WhICh WIll allow to estImate the dynamICS In
energy consumptIOn when manufactunng products and to work out recommendatIons aImed at
savmg energy resources

CalculatIOn of the yearly energy savmg

Accordmg to the data for 1997, the plant consumes yearly 1,785,000 kW h of electnc power,
510,000 m3 of fuel (gas), 44 tonnes of mazut, 26,000 m3 of fuel (gas) The world expenence and
practIce prove that mtroductIon of energy management guarantees decreasmg of consumptiOn of
energy resources by 5 per cent Savmg of energy resources WIll be as follows
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plant energy manager, expenses on mvolvement of a consultmg company provIdmg servIces m
the energy savmg field, thIS company IS expected to do the followmg

• reVIew of the stream of energy at the plant,

• energy consumptIOn chart,

• energy consumptIOn balance,

as well as

• puttmg forward proposals aImed at Improvement energy effiCIency,

• ImplementatIon ofan energy management system,

• help m orgamzatlOn of purchasmg energy effiCIent eqUIpment

If the yearly energy costs (due to data for 1997) are US $565,000, the total costs of
ImplementatIOn of energy management WIll be

565,000 x 002 E; US $11,300

EstimatIOn of the Simple payback period

Project ImplementatIOn costs - US $11,300

Yearly savmg of costs - US $9 096

SImple payback penod IS - 11 300 /9 096 =1 24 years



Scosts = Sgas 99 +Smatut 1225= 64 99 +55 1225 = US $7,010

CommIssIOnmg costs

The cost ofpurchasmg ENERA C - 2000 combustion analyzer

Cl =US $5,000

DeSCriptIon of the opportumty

To meets the needs m thennal energy, 5 types of bOilers are used at the plant m 3 bOller-houses
1 umt of DKVR-6 5-13 type and 4 umts of DKVR-2,5-13 type To operate the said bOilers
operatIon mode charts were worked out, however no automatIc control of gas-to-air-ratlO due to
the load change has not been prOVIded The mdicator of the aIr flow-rate IS controlled
penodically by the pressure of the forced air, whIle that for the gas IS done by the pressure before
the burners, WhICh m the condItions of the uncontrolled air mfiltratIons does not allow to speak
about an optImal burmng process The optimal burnmg process IS set by the operator dIe to hIS
subjectIve conSIderatIOn of the color ofthe flame m the boller-house

The above saId IS proved by the results of measurements of the mdlcators of the natural gas
combustIOn m the bOiler of DKVR-6,5-13 type that were carned out by means of a combustIOn
analyzer of BACHARACH type (AppendIx B) As It was seen from the results of the

measurements, the content of oxygen on the duct for the exhaust gases from the boIler was 166
to 20 ~/o, the coeffiCIent of the exceedmg air was 3 76 to 4 52, the temperature of the exhaust
gases after the boIler was 124°C, that before the exhaust fan was equal to 30°C, the combustIOn
effiCIency was 83 5%, (WIthout takmg mto conSIderatIOn the temperature of the blown air)

It IS proposed to proVIde for the operation servIce at the plant bOller-house a combustIOn analyzer
of "ENERA C-2000" or BA CHARA CH type and to put on the operators to check regularly the
combustIOn condItIOns, whIch WIll ensure makmg adjustment and mamtenance works m due
tIme, Improvement of the bOiler combustIon effiCIency and savmg of natural gas

CalculatIOn of the yearly energy savmg

!\ccordmg to the data gIVen m the fonn of the statistIcal reportmg #11 Mmn "Report on the
results of fuel, thermal energy and electnc power utilIzatIOn", m 1997 the plant produced

2,802 Gcal for the mdustnal needs and 176 Gcal for the domestIc and housmg needs, WIth that
the factual consumption of fuel was G =649 tonnes of the conventlOnal fuel or 510,000 m3 of
natural gas and 44 tonnes ofmazut Accordmg to the manufacturer's certIficate for DKVR-6,5-13
DKVR-2,5-13 that are eqUIpped WIth economIzers shall have the effiCIency 17 =92% and the
consumptIOn of the conventIOnal fuel equal to 15512 kg ofthe conventIOnal fuel per 1 Gcal

The results of the measurements showed that the average value of the boIler effiCIency IS 17Baver =
77% at the factual speCIfic consumption of 185 6 kg ofthe conventional fuel

ImplementatIOn of the saId measure WIll decrease the speCIfic standard rate of the consumptIOn
by b :::f 12,5% and It makes It equal to 16234 kg of the conventional fuel, mcrease the average
weIghted value of the boIler effiCIency up to 88%

Savmg m the natural umts WIll be

for gas - Sgas =G b =510 0125 =64,000 m3

for mazut - Sma;.ut = 44 0125 =5 5 tonnes

CalculatIOn of the yearly savmg of costs

Savmg of costs m terms of money, If 1,000 m3 cost US $99, and 1 tonne of mazut costs US $
122 5, WIll be

ECO#2 IMPROVEMENT OF BOILER COMBUSTION EFFICIENCY
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TransportatIOn and shIppmg costs C2 =US $1,500

Total CTOTAL =Cl + C2 =5,000 + 1,500 =US $6,500

EstImation of sImple payback perIod

Yearly savmg of the fuel costs - SC(Js/s =US $7,010 per year

COlTIrmSsIOmng costs - Commls C(Jsts =US $6,500

SImple payback penod IS

spp =CommlS c(Jstsl SC(Jsts =6,500/7,010 =°93 year



Place of mstallatIon of the condensate Yearly steam Savmgof Steam flow Thermal
assembles consumptIOn, thermal rate, power,

Gcal
energy,

kglhour Gcallhour

Gcal

1 Electroplating eqUIpment In 254 254 950 061

Workshop #21

1 Heat exchangers In the heat supply 900 90 3,323 2136
system and hot water supply system In
Workshops # 21,22,25,27 and 31

2 Plant for dryIng stators and washmg 150 15 560 036
machInes In Workshop #23

Total 1,304 1304

Table Al

DescrIptIOn of the opportumty

SCOSIS =23 7 99 + 2 05 122 5 =US $2,598
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INSTALLATION OF STEAM TRAPS IN THE STEAM

UTILIZATION SYSTEMS

ECO#3

CalculatIOn of the yearly steam savmg

We suppose that the effiCIency of the steam usmg eqUIpment WIll Improve by 1(JJ/o

The results of the calculatIOn are shown m Table Al

The yearly savmg of thermal energy WIll be 1304 Gcal (23,700 m3 of natural gas, 205 tonne of
mazut) Savmg of costs resultmg from reductIOn of the steam consumptIOn wIll be

At the plant steam wIth the pressure of 2 5 kg/cm2 IS used for the heatmg needs, hot water supply
and processmg purposes As It was mentIOned m SectIOn 53, the desIgned needs for the saId
purposes are correspondmgly as follows 13,040, 1,140 and 20,350 Gcal However, for the
mcomplete loadmg of the productIOn facIlItIes of the plant, the factual heat consumptIOn was m
1997 only 2,802 Gcal BesIdes, condensate IS prOVIded back only from BOller Shop #22
Condensate m relatIOn of the other systems IS dIscharged mto the canalIzatIOn

As the audIt results showed, the steam usmg eqUipment and the steam heatmg system are not

eqUipped WIth steam traps, so the flash steam WIth the condensate WIth the temperature of 105 ­
110°C are dIscharged mto the canahzatIOn

To Improve the effiCIency of the steam utilIzatIOn system the system for steam supply mto the
shops must be transferred from steam on water, all the steam usmg eqUIpment must be proVIded
WIth steam traps, condensate must be returned mto the bOller-house Nowadays, the most loaded
steam utilIzmg eqUIpment IS as follows the electrIc platmg eqUIpment m Workshop #21, the
plant for drymg stators (14 chambers) and 3 washmg machmes m Workshop #23, as well as the
bOIlers m Workshops # 21,22,25,27 and 31

It IS proposed to mstall for the saId eqUIpment steam traps that WIll mcrease the effiCIency of
operatIOn of the steam usmg eqUIpment by 10 to 15 per cent and even more



EstImatIOn of the SImple payback perIod

Total commissIOnmg costs

Table A2

CommlS costs =US $6,870

- Scosts =US $ 2,598 per year

- CommlS costs = US $6,870

SImple payback penod IS

spp = Commls costs/Scosts = 6,870/2,598 = 2 6 years

Increasmg the load at the plant WIll reduce the payback penod up to 0 5 year

Savmg of costs on thermal energy

CommissIomng costs

Total cost of the eqUipment WIth takmg mto account the transportatIOn and other expenses

US $5,920 1 3 = US $6,870

CommISSIOnIng costs

It IS proposed to mstall 8 steam trap assemblIes eqUipped WIth the followmg products of SPlrQX
Sarco

Place the steam trap assembly QuantIty Accessories to the steam trap assembly
to be mstalled ,

umt Float Steam Trap Stramer Check valve

1 ElectroplatIng eqUIpment In I DN 20 FT 20-32 DN 20 FIg 33
Workshop #21 Cost US $455 Cost US $110

-

2 Heat exchangers In the heat 5 DN 20 FT 20-32 DN25 FIg 33 DN20DCV
supply system and hot water Cost US $455 Cost US $110 Cost US $110
supply system m Workshops
#21,22,25,27 and 31

3 InstallatIOn of a plant for 2 DN 20 FT 20-32 DN20 FIg 33 DN20DCV
drymg stators and ofwashmg Cost US $455 Cost US $110 Cost US $110
machmes m Workshop #23

Total cost 8 US $3,640 US $880 US $770
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Table A4

TableA3

Qnon-rns =qnon-ms Lo k,

DescnptlOn of the opportumty

The carned our analySIS of the steam dIstnbutlon has shown that some steam pipeimes and ItS
branches, as well as the tube ducts of the hot water supply system had no msulatIOn

The data concernmg the broken msulatlon and the non-msulated pIpelme system at the plant
were receIved as the result of the measurements dunng the energy audItmg, are gIven m Table
A3
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THERMAL INSULATION OF THE STEAM AND HOT

WATER PIPES

FunctIOn Diameter, mm InsulatIOn thIckness, mm

1 Steam supply 40 to 89 80
2 Steam supply 25 20

3 Hot water 700 200
supply 40 to 50 42

4 Hot water
supply

PIpelme Total DIameter, Number Number of to,
length, mm of flanges valves °C

m

1 Steam pipeime 200 89 4 2 120

2 Steam pipeime 320 50 4 2 120

3 Steam plpelme 110 40 - - 120

4 Steam plpelme 80 25 - - 120

5 Hot water supply 9 700 4 3 70
-

6 Hot water supply 20 50 4 3 70

7 Hot water supply 140 40 - 1 70

ECO#4

CalculatIOn of the yearly energy savmg

We WIll determme the thermal losses for the msulated and for the non-msulated pIpelmes m
accordance wIth the mstructlons [MethodIcal mstructIOns concernmg determmatIOn of losses of
the fuel and energy resources PJ(5 E/{HB 015 - 008 - 94, Mmistry for Machme BUlldmg
Industry, KyIV, 1994]

Losses of thennal energy (kcal/h) m the non-msulated pipeimes can be detennmed by means of
the formula

The bOiler effiCiency, accordmg to the carned out measurements, IS equal to 85%, whIle the
efficIency of the steam dlstnbutIOn system IS 78% The steam boIler works currently all the year
round, 30 hours per week, 50 weeks per year

It IS proposed to msulate completely the steam pipe network and the network of the hot water
supply system

The msuiatlon thIckness must be determmed by the tube dIameter and by the functIOn of the
pIpehne (Table A4)
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where qnon inS - specIfic losses by the non-msulated pIpelmes, kcal/m h,

k - a correctIOn coefficIent the value of whIch depends on the temperature m the alr
and on the dIfference of the temperatures of the pipelme walls and of the aIr,

Lo - a reduced length of the plpelme, m,

Lo =L + (l m n) + (0,5m mY,

n - the number ofvalves on the section, umts,

m - the number of flanges on the sectIOn, umts

For PIpelIne #1 we wIll have

Qnon inS = 400 (200 + 2 + 2) 096 = 78,336 kcal/h

The further calculatIOns were done m a sImIlar way, the results are collected m Table A 3

Thermal losses from the non-msulated pipeimes (kcal/h) can be determmed by means of the
formula

Qrns = qrns (tl - t2) a h La,

where qrns - specIfic losses by 1 m of a plpelme, If the temperature dIfference (tl - t2)=
=IoC dependmg on the InSUlatIOn thIckness, kcal/h,

tl - the temperature of the plpelme wall that !S supposed to_ be equal to the ambIent
temperature,oC,

t2 - the aIr temperature, °C,

a - a correctIOn coefficIent that depends on the msulatIon thIckness, thermal conductIvIty
of the msulatmg matenal and on the temperature dIfference between the heat agent
and the aIr For the msulatIOn thIckness of up to 100 mm and the temperature
dIfference ofup to 300°C we set a = 1,

b - a correctIOn coefficIent to take Into account Impact of the wmd (If the wmd speed IS
above 5 mls)

Currently It IS possIble to speak about real decreaSIng the thermal losses m the thermal lInes by
usmg up-to-date effiCIent sorts of thermal msulatmg matenals, such as cell plastIc masses, for the
steam pipelmes and foam plastIcs for the condensate pIpelInes and others WIth the thermal
condUCtIVIty of 003 to 005 kcal/(m hOC) We suppose that for the pIpelInes InSUlatIOn the
above sald kInds of matenals to be used

For Pipelme #1 from Table A4

Qlns l =0227 (120 -15) 1 103 204 =5,008, kcal/hour

The SImIlar calculatIOns were done for all the pIpelInes, the results are gIven m Table AS

The net savIng was receIved WIth takmg mto account the length of the pIpelIne, whIle the total
savmg - WIth takmg mto account the boIler effiCIency and the effiCIency of the steam dIstnbutIOn
system

yO



Table A5

PipelIne # Rednced length Thermal losses Thermal losses Net saVing Total savmg
wlthont with msnlatIon

msulatlOn

La, m Qnon ms.' kcaUh Qms.' kcaUh S,kcaUh Stotal , kcaUh

1 204 78,336 5,008 73,328 110,600
2 324 77,760 6,272 71,488 107,825
3 110 20,064 1,939 18,125 27,338
4 80 11,520 2,832 8,688 13,104
5 14 67,200 1,257 65,943 99,462
6 25 3,600 387 3,213 4,846
7 141 18,950 1,953 16,997 25,637

Total 257,782 388,812

The yearly savmg WIll be

Sgas = 388,812 kcal/h 30 h 50 weeks 10-6 =583 Gcal/year,

wluch means 86,500 m3 ofnatural gas

Calculation of the yearly savmg of costs

1,000 m3 ofnatural gas cost - Cgas =US $99

Yearly savmg m terms ofmoney IS

SCOSIs = Sg Cgos = 865 99 = US $8,569

CommIsslOnmg costs

The total cost of the msulatIOn reqUIred to be proVIded at the plant IS

Cms =Low Cms w+ Los Cms. s =180 8 + 718 10,5 =US $8,979,

where Low - the total reduced length of the pIpelInes for hot water supply # 5, 6, 7, 8 m
Table A3, m,

Lon - the total reduced length of the pIpelmes # I to 4 m Table A5, m,

Cms 6, ems n - the cost of 1 runnmg metre ofmsulatIOn respectIvely for the hot water supply
system and for the steam supply system, US $/m

InstallatIOn works cost IS

Cmst.= US $3,000

So, m total the expected costs WIll be equal to

Cexpec. = Cms + Cmst. = 8,979 + 3,000 = US $11,979

EstImation of the sImple payback perIod

Yearly savmg of costs - Scosts =US $8,569 per year

CommIssIOnmg costs - CommlS costs =US $11,979

SImple payback penod IS

Spp = CommlS costslScosls = 11,97918569 = 1 4 years
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TableA6

CalculatIOn of the yearly energy savmg

Accordmg to the data from the plant (see AppendIX D) the heatmg needs m regard ofBUIldmgs #
22,23 and 31, wIth takmg mto account the losses m the hnes and excludmg the air-and-thermal
gate, there were used Qheatlvent =1,1300 Gcal of thermal energy or Bi =260,000 m3 of natural
gas (Table A6)

It IS proposed to mstall, takmg mto account the deSIgned values of the thermal losses m the
bUIldmg, the followmg

• m the bay m Machme Workshop #22 -10 hIghly-effiCIent heaters WIth the thermal production
capaCIty of 129 Mcal/hour (150 kW),

• m the bay m Machme & Assemblmg Workshop #23 - 10 hIghly-effiCIent heaters WIth the
thermal productIon capaCIty of 129 Mcal/hour (150 kW),

Workshop Total ConsumptIon WIth takIng mto
consumptIOn, account loadmg of the productIOn

Gcal facilitIes,
Gcal

1 Machme Workshop #21 1,218 465
2 Machme Workshop #23 1,407 535
3 Tool Workshop #31 789 300

Total 3,414 1,300

PROVISION OF AN INFRA-RED HEATING SYSTEMECO#5

DescnptlOn of the opportumty

They use aIr-and-register heatmg of Workshops # 22 (MachIne Workshop), 23 (Mechamcs and
Assemblmg Workshop) and 31 (Tool Workshop) The maXImum calculated consumption of heat
m Workshop #22 IS 1,218 Gcal per year, m Workshop #23 -1,407 Gcal per year, m Workshop #
31 - 789 Gcal per year AccordIng to the data from the plant, the saId purposes bnng to
consumptIOn of 1,500 Gcal of heat In the condItions of an Incomplete loadmg of the production
faCIlIties some of the heat IS used non-reasonably, as heatmg of the whole bUIldmg IS prOVIded,
not only that of the workmg places

It IS proposed to Install In Workshops #22, 23 and 31, over the workIng places, mfra-red heatmg
systems mstead of the currently eXIstmg heatmg systems

The proposed systems have several advantages as compared to the tradItIonally used systems

• savmg of natural gas IS 30 to 50 per cent,

• no need to move air streams, less "droughts" and creatIOn of conformable condItions for
workmg whIle the thermosettmg temperature decreased by 5 to 10°C,

• qUIck attammg the reqUIred temperature m a room by heatmg first the floor, eqUIpment,
clothes and then the aIr usmg convection from them,

• opportumty to prOVIde heatmg m separate zones where It IS reqUIred by the processmg
schedule,

• avaIlabIlIty of automatIcal controllmg the temperature, and m partIcular prOVISIOn of a stand­
by heatmg m the non-workmg time and on week-days and days-off,

• SImple and easy operatIOn and mamtenance
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• m the bay of Tool Workshop #31 - 10 hIghly-efficIent heaters wIth the thermal productIOn
capacIty of 129 Mcal/hour (150 kW)

The total mstalled capacIty of the heaters IS

Nh =387 Mcal/h (450kW)

The maXImum gas consumptIOn pre hour wIll be

Bg 2 = I be = 30 1 42 = 42 6 m 3/h,

where I - the number of the hIghly-effiCIent heaters, umts,

be - the hourly consumptIOn of natural gas by hIghly-effiCIent heaters, m3/h

WIth takmg mto account the stand-by mode that IS 30% of the consumptIOn m the mam
operatIOn mode, we receIve for the full consumptIOn ofgas dunng a heatmg season as follows

Bg = Bg2 (t] 114 + k3 t2 114 + k3 24 51)=426 (16 114 + 037 8 114 + 037 24 51) =
= 42 6·3,052 =130,000 m3,

where t], t2' 24 - the tIme of operatIOn of the heatmg system In the mam, stand-by modes on
the week days and on week-ends and days-off, respectIvely, hour,

114,51 - the number of the workmg days and of the days-off dunng a heatmg season,
days,

k3 - the coefficIent of the effiCIency ofutllIzatIOn of the heaters' thermal energy m
the stand-by mode

The gas savmg WIll be

S =BI - B =260 - 130 =130000 m3
g g ,

CalculatIOn of the energy cost savmg

The cost of the natural gas used for heatmg the saId workshops IS

WTherm =BI CG =260 99 =US $25,740,

where CG- the cost of 1,000 m3 of gas, usn
The cos of the natural gas used for the mfra-red heatmg IS

WG =BG CG =130 99 =US $12,870

Yearly savmg of the costs IS SO =WG - WG =25,740 -12,870 =US $12,870

CommIssIOnmg costs

There IS proposed to mstall mfra-red heaters of hIgh- and low lIghtmg mtensity manufactured by
the company "Schwank" operatmg on low-pressure natural gas

The cost of the eqUIpment IS

CO =I PHI =30 516 =US $15,480,

where PHI - the pnce for the high-mtensity heaters WIth takmg mto account VAT, USD

The commissIomng costs (the project costs, gas supply system, mstallatIOn works) WIll be set as

Commls costs = US $7,690

Total costs

C/otal =Co + Commls costs =15,480 + 7,690 =US $23,170
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EstImatIOn of the sImple payback perIod

Yearly energy costs savmg - So =US $12,870

CommIssIomng costs - Commls costs = US $23,170

SImple payback penod IS

Spp = CommlS Costs / So = 23,170/12,870 = 1 8 years



DescrIptIOn of the opportuOlty

The enterpnse consumes several sorts of energy resources electnc power, gas, steam,
compressed air, techmcal and dnnkmg water

ITEK-210 can be used together or mstead of the mstalled OsT5000 systems by connectmg to the
eXIstmg matnx of the pnmary transducers ITEK-210 IS mcluded mto the State Measunng
Instruments RegIster ofUkrame
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AUTOMATIC METERING OF ENERGY CONSUMPTIONECO#6

ITEK-410 IS a deVIce of 4 metenng channels that IS SImIlar to the above ones It supports m
addItIOn the tanffs that are dIfferentiated due to energy and power, as well as traces the
consumptIOn process and controls It (If thIS mode IS activated) The daIly schedules m relatIOn to
4 channels are saved for no less than 1 month

Introduction mto practice of ITEK-x2x allows the users to perform metenng the consumptIOn of
energy resources WIth a hIgh preclSlon and pay for the used recourses not accordmg to the fact
but m proportIon to the used area

ITEK-210 and ITEK-310 are desIgned for commerCIal and techmcal metenng the electnc power
consumptIOn (that IS dIfferent m time) and for makmg automatIzed metenng systems for
metenng and momtonng electnc power consumptIOn together WIth electnc power consumptIOn
meters - those three-phase mductIOn ones that are prOVIded wIth pulse formatIOn devIces (such as
E440, E870, UP-I, UP-2, UP-3, SU-500), or electromc ones (produced by Siemens,
Landls&Gyr, Alpha-ABB, etc) that have a pulse output They support 64 (for ITEK-210) or 12
(for ITEK-310) metenng channels, 4 tanffzones, a round-the-clock schedule for all the metenng
channels - mmimum 5 days, 2 mdependent mformatIOn mterfaces

IntroductIOn mto practice ofITEK-xlx allows Its users to pay for the electnc power accordmg to
a one-rate tanff that IS dIfferent due to the day time zone, WhICh together wIth the measures
aImed at decreasmg the energy consumptIOn m the peak hours gIves a sIgmficant economIC
effect, the latter has been proved repeatedly by a yearly operatIOn of a lot ofUkramran objects

ITEK-220, ITEK-320 are deSIgned to be used m automatic systems for commerCIal and
telemetnc momtonng of the proVIded and consumed lIqUids, steam and thermal energy together
WIth any standard pnmary transducers for measurements of flow rate, temperature and pressure
dIfferences that have rated output parameters, at the supplIers' (Heat Power Plants, heat and
power supply lInes, boller-houses) and at the consumers' (mdustnal plants, utIhty objects) The

It IS proposed to automatized commerCIal and techmcal metenng of energy consumptlOn by
means of the mstruments for metenng and checkmg the energy consumptIOn produced by the
Research Institute "Enerhlya", KyIV CIty These metrologIcal mstruments are certified m
Ukrame and they are deSIgned for a contmuous or penodical measunng/recordmg of phySIcal
parameters

Electnc power IS supphed to the plant through three cable mputs of 6-kV each At the productIOn
area dIstnbutIon of the electnc power IS done through transformer substatIOns 6/04 kV wIth the
total capaCIty of 6,320 kVA CommercIal metenng of electnc power consumptIon IS prOVIded on
the mputs The readmgs from the meters are made manually No techmcal metenng IS done at the
plant

A detmled study of the plant showed that each subdIvISIon of the plant calculates the amount of
ItS mdependent consumptIOn of steam, electnc power, gas, compressed aIr, cold and hot water IS
done on the basIs of the standard rates and actual volumes of the manufacture products No
mstrumental metenng of energy resources consumptlOn IS avaIlable at the plant



Scosts =656,000 005 =US $28,250

deSIgn ofITEK-x20 meets the reqUIrements of RD-50-213-80, PR34-70-010-85, GOST 6651-84
and R75MOZM

CalculatIon of the yearly energy savmg
Currently, the plant pays for the energy resources US $565,000 Therefore, energy savmg m the
pecunIary form WIll be

CommissIOmng costs
The cost of the eqUIpment and the costs of the works, USD

Commercial metenng of consumptIOn of electnc power, gas, steam and dnnkmg water
USD15,000

TechnIcal metenng of consumptIOn of electnc power, hot water, dnnkmg water, technIcal
water, gas, steam

US $32,000

US $8,000

Scosts =US $28,250 per year

CommlS costs = US $56,000

C/o/a1 =US $56,000

EstImatIOn of the SImple payback period

Yearly savmg of the costs ­

CommissIOnmg costs ­

SImple payback penod IS

spp =CommlS cos,/Scosts =56,000/28,250 =1 9 years

ConstructIOn and commissIOmng works
The total costs that can be expected

CalculatIOn of the yearly energy savmg

PractIce shows that after ImplementatIon at the plant of an mdependent automatIcal system for
metenng energy consumptIOn and after mtroductIOn at the plant of a system for controllmg and
plannmg energy costs, one can expect to have energy savmg not worse than 5 per cent

So, accordmg to the data of energy consumptIon m 1997, savmg ofnatural gas wIll be

25,500 m3, that of electnc power - 89,250 kW h, that ofwater - 1,300 m3

ITEK-220, ITEK-320 are deSIgned to be used a the objects belongmg to Metenng Group 1 (up
to 4 objects) ofa complIcated network of the mcommg and outcommg pIe lmes (ITEK-220) and
to Metenng Group 1 and 2 (1 objects) (ITEK-320)

For ImplementatIOn of the measure there IS planned to provIde a commercial control of the
electnc power consumptIOn m 6 check-pomts, a commercIal metenng of gas consumptIOn m 1
check-pomt, that of dnnkmg water - m 2 check-pomts, and that of steam consumptIOn - m 2
check-pomts

TechnIcal metenng of electnc power consumptIOn WIll be provIded m 20 pomts, techmcal
metenng of dnnkmg water - m 10 pomts, that of technIcal water - m 16 pomts, that hot water ­
m 8 pomts, that of gas - m 3 pomts
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ECO #7 AUTOMATIC CONTROL OF THE REACTIVE POWER
COMPENSATION

DescriptIOn of the opportuDlty

They use at the plant some devIces for the reactIve power compensatIOn wIth the total capacIty of
1,527 kVAI that are not eqUIpped wIth systems for automatic controllmg the connected power,
whIch results m the average weIghted power coefficIent m the power supply system to the plant
bemg sIgmficantly lower than the value set m the project (cosrp = 0975 on the 04-kV SIde wIth
takIng mto account the compensatIOns), and It IS equal, accordmg to the data gamed by the plant
whIle makmg monthly loadmg plots for 1997, cosrp = 0652 The loadmg plot for the power
supply Ime mto Workshop #31 from RU-O 4 kV m TP-302 for 24 hours on Apnl 21, 1998
(appendIx D) showed that At ProductIon Ground #1 there IS overcompensatIOn, whIch results m
varymg of the power factor cos rp = - 0 06 to 0 52 The low value for the power factor results m
losses of electnc power BesIdes, as It was shown by the results of measurements, the re­
compensatIOn bnngs nsmg of the voltage to 2370 to 246.7 V, WhICh leads to an abrupt reductIOn
of the lIfe tlme of the lIghtmg deVIces

It IS proposed to eqUIp the deVIces for the reactIve power compensatIon WIth an automatIc control

system

CalculatIon of the yearly energy savmg

ReductIOn of electnc power losses m the electnc power supply hnes by nsmg the power factor of
the electnc eqUIpment deVIces WIll be

S = k (Wrl - Wr2) = 0 08 (1,368 - 412) = 77,500 kW h,

where Wrl, kVAr X 103
- consumptIOn of the reactIve power before ImplementatIOn of the

proposal at the average weIghted tg¢ =0 7666,

Wr 2, kVAr X 103
- consumptIon of the reactIve power after ImplementatIon of the

proposal at the average weIghted tg¢ =023,

k - the economIC eqUIvalent ofthe reactIve power, k =008 kW/kVAI

A'6 It was notIfied m Item 5 2 m thIS Report, the enterpnse has a set payment for the consumed
reactIve power- q,eactcons =US $072 per 1,000 kVAI h and for the declared reactIve power ­
q,eacUecL= US $01334 per 1 kVAr that was set m 1997-1998 equal to 1,000 KkVAr

IntroductIon of the system of automatical controllmg the plants for reactIve power compensatIOn
WIll enable decreasmg the payment rate for the reactIve power by decreasmg the declared power
level and reductIOn of the total energy consumptIon
Table A7 shows the figures for electnc power consumptIon by JSC MBPA "OrLOn" for 1997,
the data were receIved from the plant
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Table A7

EstimatIOn of the simple payback period

SImple payback penod IS

Spp =CommlS cos,/Scosrs= 5,000/2 200= 2 3 years

WIth nsmg the loadmg at the plant the payback penod WIll be shorter

ImplementatIOn of thIS proposal WIll bnng to decreasmg of losses of electnc energy m electnc
power supply hnes by 77,500 KkW h, besIdes the payment for the reactIve power WIll decrease
too (see TIiOTe A7) by US $2,200

CommisslOnmg costs

To provIde compensatIOn ofthe reactIve power to the deSIgned value of the power factor

tg<jJ =0,23, at the plant It IS necessary to mstall, takmg mto conSIderatIOn the real load, systems
for controlhng the cosme capaCItors havmg the total capaCIty 1,527 kVAr The cost of the
eqmpment and of the mstallatIOn works WIll be US $5,000

- 77,500kWh

- Scosts =US $2,200 per year

- CommlS costs = US $5,000

IndIcator Umt Value

factual IOn after the
1997 ImplementatIOn

1 ConsumptIon of actIve power kWhx 106 I 785 1 785

2 ConsumptIOn ofreactIve power kWhx 106 1 368 0412

3 Power factor, tgrjJ - 07666 02309

4 Declared value of the reactIve power KVAR 1,000 100

5 Payment for the declared reactIve power USD 1,678 167

6 1'l1evalue of payment for the reactive USD 986 297
power

7 Decreasmg the payment for the reactIve USD 2,200
power

Yearly savmg of electnc power

Yearly savmg of the costs

COmmISSIOnIng costs
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P,lL] =(400 + 85) 098 =475W or 0 475 kW

The amount of the electnc power that IS consumed by 16 Illummants for a year, provldmg that
they are SWItched III average 10 hours per day IS

P,IL1 = (PL 1 +Pstart J coscp,

where P,lL] = 400 VA IS the capaCIty of one DRL-400 lamp,

Pstart] = 85 VA IS the capaCIty of the startmg-up deVIce,

coscp =098

p] =P,ILl n] F,

where n1 = 16 -It 15 the number of the l11ummants,

F = 10 365 = 3,650 hours - the yearly fund of the operatIOn time for an Illummant

Pj=0475 163,650=27,740kWh

The electnc power of one SZPR l11ummant WIth a sodIUm DNaT-250-3 lamp IS

DescrIptIon of the opportumty

The system for the external hghtmg of the temtory of the plant mcludes 50 SPZR-type
11lummants with the mercury high-pressure lamps ofDRL-400 type (16 umts) and DRL-250-type
(42 umts) A part of the terrItory of the plant adJommg to the production butldmgs is ht
with ordmary mcandescent lamps with the capaCity of 500 W The system of the mternal
hghtmg of ProductIOn Ground #1 of the plant mcludes 1,463 11lummants with lamps havmg the
total capaCity of 161 kW, ProductIOn Ground #2 - Illummants wIth lamps havmg the total
capaCIty of 646 kW, ProductIOn Ground #3 - 780 Illummants wIth lamps wIth the total capaCIty
of 73 2 kW, The total mstalled capaCIty of the lIghtmg fixture for the mternal lIghtmg m the
productIOn rooms IS 2988 kW, mcludmg here 17 lamps of DRL-400 type (68 kW) and 123
lamps ofDRL-250 type (30 75 kW)

It was found m the course of the energy audIt that the average yearly capaCIty factor IS 02 to
03 and the number of the Illummants SWItched at the same time IS not hIgher than 30 per cent
Therefore, when calculatmg the amount of the electnc power consumed by the Illummants from
the mtemal hghtmg system, provIdmg a one-shIft operatIOn mode of the plant, It was set that m
average a third ofthe lamps are SWItched 3 hours every day

The lIght flux of the DRL-400-type lamp IS 23,000 Lm, whIle Its nommal hfe tIme IS 6,000
hours, for the DRL-250 type It IS correspondmgly 10,000 Lm and 2,400 hours

It IS proposed a project of replacmg the mercury lamps of DRL-400 lamps used for the external
lIghtmg of the temtory of the plant and for the mternal hghtmg m the shops WIth the SOdIum
hIgh-pressure lamps of DNaT-250-3 type, while the lamps of DRL-250 type to be replaced WIth
the lamps of DNaT-IOO-3 types, and remam the current Illummants fixture but replacmg the
statmg-up deVIces The sodIUm hIgh-pressure lamps ofDNaT-250-3 type produced m the CIty of
Poltava, Ukrame, have a longer lIfe time - 12,000 hours at the Illummant flux of 25,000 Lm,
whIle respectIvely for DNaT-IOO-3 those are 6,000 hours and 9,000 Lm

CalculatIOn of the yearly energy savmg

"Externalllghtmg"

The electnc power consumptIOn by one SZPR Illummant eqUIpped WIth DRL-400 mercury
lamp IS

I
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UTILIZATION OF HIGHLY EFFICIENT LIGHT

SOURCES

ECO#8
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PIlL2 = (PL2 + PstartJ coscp,

where PL-2 == 250 VA IS the capacIty of the DNaT-250-3Iamp,

Pstart2 = 34 7 VA IS the capacIty of the startmg-up deVIce,

coscp =0 98

PIlL2 == (250 + 347) 098 = 279 W or 0 279 kW

The amount of the electric power consumed by 16 Illummants for a year, If to sWItch them m
average for 10 hOdfS a day IS

~ == 1'.((2 n] F = 0 279 16 3,650 = 16,294 kW h

The yearly savmg of electnc power m the natural umts, If to use DNaT-250-3Iamps

SeLpow] = Pj- P2 = 27,740 -16,294 = 11,446 kW h

The electnc power consumed by one SZPR Illummant WIth a mercury DRL-250 lamp IS

PllU =(PL- 3 + Pstart-3) coscp,

where p,(( -3 := 250 VA IS the capaCIty ofDRL-250 lamp, W,

Pstatr =541 VA IS the capaCIty of the startmg-up deVIce,

coscp:= 098

1'.((3 = (250 + 541) 098 = 298 W or 0 298 kW

The amount of the electnc power consumed by 42 Illummants for a year, If m average each IS
SWitched for 10 hours, IS

where n:z =42 - the number of the Illummants,

F] =10 365 =3,650 hours - a yearly fund of the operatIOn time of the Illummant

P3 =0298 42 3,650 =45,683 kW h

The electnc power consumed by one SZPR Illummant With a sodIUm DNaT-100-3Iamp IS

PIlL4 = (PL- 4 + Pstart-4) COS <p,

where PL4 =100 w-the capaCIty ofoneDNaT-100-3 lamp,

Pstart-4 == 7 W- the capaCIty of the startmg deVIce,

coscp =0 98

1'.l/4 = (100 + 7) 0 98 == 105 Wor 0 105 kW h

The amount of electnc power consumed by 42 Illummants for a year, If m average each IS
SWItched for 10 hours per day IS

P4 := 1'.//4 n:z F]:= 0 105 42 3,650 = 16,097 kW h

The yearly savmg of electnc power m the natural umts, If to use DNaT-l00-3 lamps, IS

SeLpowe"-2 = P 3 - P4 = 45,683 -16,097 = 29,586 kW h



"Internallightmg"

The amount of the electnc power consumed by 6 Illummants wIth DRL-400 lamps for a year, If
m average each IS sWItched for 3 hours per day IS

Ps = P'ltI nj F2 ,

where nJ = 6 - the number of the Illummants,

Fz = 3 365 =1,095 hours - a yearly fund of the operatIon tIme for the tllummant

Ps = 0475 6 1095 = 3,120 kW h

The amount of the electnc power consumed by 6 Illummants wIth DNaT-250-3 lamps for a
year, If m average each IS SWItched for 3 hours per day, IS

~ = P'112 n j F2 = 0,279 6 1,095 = 1,833 kW h

The yearly savmg of electnc power m the natural umts, If to use DNaT-250-3Iamps, IS

SeLpower3 =Ps - P6 =3,120 -1,833 =1,287kW h

The amount of the electnc power consumed by 40 Il1ummants wIth DRL-250 lamps for a
year, If each IS SWItched for 3 hours per days, IS

where n =80 - the number of the Illummants,

Fz 3 365 = 1,095 hours - a yearly funs of the operatIOn tIme for the Illummant

P7 = 0,298 40 1,095 = 13,052 kW h

The amount of the electnc power consumed by 40 Illummants wIth DNaT-IOO-3 lamps for a
year, If each IS SWItched m average for 3 hours per day, IS

Ps = P'I/4 n 4 Fz = 0 105 40 1095 = 4,599 kW h

The yearly savmg of electnc power m the natural umts, If to use DNaT-IOO-3Iamps, IS

SeLpower4 =p 7 - Ps =13,052 - 4,599 =8,453 kW h

In the result, the yearly savmg of electnc power for the plan twIll be

11,446 kW h + 29,586 kW h + 1,287 kW h + 8,453 kW h =50,772 kW h

CalculatIOn of the yearly savmg of costs

Savmg costs m the pecumary umts, If 1 kW h costs at the plant US $0 0616, IS

Seosts =STOTALPower 00616 =50,772 00616 =US $3,128 per year

CommissIonmg costs

One DNaT-250 lamp wIth the startmg-up devIce costs - C, =US $35

One DNaT-IOO lamp wIth the startmg-up devIce costs - C2 =US $30

COmmISSIOnIng costs Commls costs =US $35 22 + US $30 82 =US $3,230

The costs of the mstallatIOn works IS not mcluded, as these works to be fulfilled by the plant
Itself
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EstimatIOn of the sImple payback period

For the systems ofprovIdmg the external and mternal lIghtmg the yearly savmg of costs IS

Scosts =US $3,128 per year

SImple payback penod

SPP = Commls cos,/Scosts =3,230/3,128 =1 1 years

As the lIfe tIme of the chosen lamps IS sIgmficantly longer than that for the currently used lamps,
so the actual payback penod may be shorter than one year



Proposed eqUIpment and Its cost

One mfra-red thermometer of"Reynger ST6" type costs US $1,000

EstimatIOn of the SImple payback period

US $1,000/ US $1,118 =0 89 year;;:: 11 months

CalculatIon of the yearly savmg of heat

Yearly savmg - 2 0%

ECO #9 MONITORING OF THE OPERATION MODE OF THE

BOILER EQUIPMENT AND OF THE TEMPERATURE OPERATION

MODE OF THE HEAT UTILIZATION EQUIPMENT
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- 2,802 GcalYearly heat consumptIOn

Expected heat savmg

2,802 Gcal 002 =56 Gcal,
WhICh corresponds to 10,200 m3 of natural gas and to 088 tonne ofmazut

If 1,000 m3 of natural gas cost US $99, and 1 tonne of mazut costs US $122 5, then
decreasmg of the energy resources costs Will be

SCOSIS =10,200 m3 US $99+ 088 tonne US $122 5 =US $1,118

DescrIptIon of the opportuDlty

The plant has a branched steam-and-condensate system, hot water supply system as well as a
heatmg system, but WIth that there are practically absent contmuously workmg pressure gauges
and thermometers momtonng the operatIOn mode of the eqUIpment It IS ImpOSSIble to carry out
analysIs of the effiCIency of operatIOn of the heat usmg plants, calculate the specIfic energy
consumptIOn, to IdentIfy m due time eqUIpment faults

It IS proposed to mtroduce at the plant a portable mfra-red thermometer of "Reynger ST6" type,
WhICh WIll enable to carry out momtonng of the heat usmg eqUIpment, to proVIde a regular
control (1- 2 times a week) the efficIency of ItS operatIOn and to undertake m due time measures

aimed at decreasmg losses of thermal energy Takmg mto account the state of the thermal usmg

eqUlpment and the level of its operatlOn the expected improvement of the effiCiency of heat

utlhzattOn will be 2 0%
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ECO #10 MONITORING AND OPTIMIZATION OF THE POWER

CAPACITY OF THE ELECTRIC EQUIPMENT

DeSCrIptIon of the opportumty

Accordmg the data for 1997, the basIc manufacture consume about 66 per cent of the tHaI
amount of the electnc power consumed by the plant, WhICh IS 1,183,000 kW h per year that cost
US $730,000

One of the basIc consumers of electnc power IS electnc dnves for the processmg, pumpmg and
ventIlatIOn eqUIpment

In the process of operatIOn of the plant, If motors faIled, they were replaced wIthout takmg mto
account the nommally reqUIred capacIty As It was shown by the measurements of the power
capacIty of the electnc eqUIpment, provIdmg the current loadmg of the productIOn faCIlItIes,
there IS ItS underloadmg, and the potentIal of the electnc motors IS used only to 30 - 40 per cent
Even If the eqUIpment IS of the same type, often there are used motors of dIfferent mstalled
power capaCIty that IS above the reqUIred value The total mstalled capaCIty of 2,250 motors used
m the productIOn processes IS 1,110 kW The power capaCIty of the connected transformers IS
6,320 kW BeSIdes, there are other types of electnc eqUIpment WIth the total power capaCIty of
2,885kW

To compensate the reactIve power groups of capaCItors WIth the total added power capaCIty of
1,527kVAr All SaId eqUIpment reqUIres momtonng and controllIng of the loadmg modes

It IS proposed to mtroduce at the plant operatIonal control of the power that IS actually consumed
by the electnc eqUIpment (and pnmanly by the electnc dnves) usmg for that a set of portable
mstrurnents and by measunng the power factor ImplementatIOn of the proposed measure WIll
allow to carry out momtonng of the actual loadmg of the electnc eqUIpment, analyze ItS
effiCIency and organIze ItS planned replacement WIth more effiCIent one ImplementatIOn of thIS
proposal WIll permIt to save mot less than 1 5 per cent of electnc power that IS used for the
processmg needs dunng a year

CalculatIOn of a yearly savmg

I Yearly electnc power consumptIOn - 1,183,000 kW h

2 1,000 kW h cost - US $616

3 Expected electnc power consumptIOn - 1 5%

4 Expected savmg

1,183,000 kW h 0015 =17,700 KkW h

5 Decreasmg the costs

17,700 kW h US $616 =US $1,093

Proposed eqUIpment and ItS cost

The cost of one set of portable mstruments such as "2000 A Wattprobe" and "Power Factor
Meter, TIF 2300", WIth takmg mto account the overhead and transportatIon costs, IS US $1,000

SImple payback perIod IS

US $1,000 I US $1,093 = 0 91 year:::: 11 months
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APPENDIX B PRELIMINARY SPECIFICATIONS
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------------- - - - - - - --
SpecIficatIOns for the eqUIpment to be delIvered to JSC MBPA "Onon"

Table B 1

DesignatIon m EqUIpment Type, Manufacturer BaSIC Needs Pnce Delivery cost IIpl1Me4aHlUi
SectIon 7 model country parameters

Umt Quant DAR USD DAR DSD
I 2 3 4 5 6 7 8 9 10 11 12

ECO#l Non-contact mfra-red Model "Raynger', ClIIA t =-20 + umt 1 - 1,000 - 1,000
pyrometer ST6 + 1000°C

LMESUR.=10 m

Analyzer of e1ectnc loadmg Model "Dranetz Tec/mologles, umt 1 - 5,000 5,000
DRANETZ Inc ClIIA

Portable anemometer Mode1444HT "Kurz Instruments, Inc , umt 1 - 1,300 - 1,300
ClIIA

Tester Mode1S7 "Fluke Mig Co, Inc, umt 1 - 500 - 500
ClIIA

Power factor meter Model "TIF Instruments, Inc", umt 1 600 600

TIF 2300
9101 N W 7th Avenue Post

Office Box 1338 MIami,
Flonda 33238-9990,

Watt-meter Model "TIF Instruments, Inc", umt 1 - 600 - 600
TlF2000A 9101 N W 7th Avenue Post

Office Box 1338 Miami,
Flonda 33238-9990,

ECO#2 Gas analyzer ENERA C - 2000 Energy EffiCiency Systems, ANALYZED umt 1 - 5,000 - 5,000
Inc, 1300 Shames Dnve, GASES 02,

Westbury, NX 11590 C02, S02, NOx

ClIIA

ECO#3 Float steam rom traps FT20-32 "Splrax Sarco Inc DN=20 umt 8 - 445 - 3,640
Company py= 16kg/cm2

PO BOXl19
ALLENTOWN, PA

Condensate filter FIG33 "Splrax Sarco Inc' DN=20 umt 8 - 110 - 880
Company Py= 16 kg/cm2

POBOX 119
ALLENTOWN PA

cr"
~



1 2 3 4 5 6 7 8 9 10 11 12
I

Check valve DCV 'SpIra>.. Sarco Inc" DN=20 7 90 770umt - -
Company Py= 16kg/cm2

POBOX 119
ALLENTOWN, PA

ECO#4 Thermal msulatmg matenals Glass fiber WIth a USA t = 150°C m 718 195 105 1,400 7,540
for steam supply pIpelInes cover of alummurr

Thermal msulatmg matenals Foampolyuretan JSC Vasylkiv RefrIgerator t = 100°C m 180 IS 9 8 2,860 1,440
for hot water supply Plant
pipehnes 72, Soboma Str, Vasylklv,

KylV RegIOn, Ukrame

ECO#5 HIghly efficIent mfra-red JR-50 P = 15kW umt 30 516 15,480
gas-fire heaters

ECO#6 A set of mstruments for ITEK R&PA "EnerhIya" , CommercIal

I
energy metenng and (component base 37, Peremoha Prospekt,

metenng umt I 15,000 15,000

I

controlhng of the USA) Buddmg 22, 252056, Techmcal
Ukrame metenng umt I 32,000 32,000

ECO#7 Systems for automatIc UKM62-0,4 U=04kV 5,000
controlhng the condensate
plants

ECO#8 HIgh-pressure sodmm lamp DNaT-250-3 OISC "Poltava Gas- U=220V umt 22 - 350 - 770
wIth a startmg-up fixture) Dischargmg Lamps Plant ,

P=250 W3, Zavodska Str , Poltava,
DNaT-100-3 Ukrame P=lOO W umt 82 - 300 - 2460

V::,
~- - - ---------- - - ------
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The results of the measurements of the natural gas combustIOn efficIency m BOller #1 ofDKVR­
6,5-13 type at OJSC MBPA "Onon" on Apn124, 1998 (the steam pressure was 2 0 kg/cm2)

Measurement #1 Measurement #2 Measurement #3
(behmd the bOIler) (behmd the boIler) (before the exhaust fan)

BACHARACH BACHARACH BACHARACH
MODEL CA300NSX MODEL CA300NSX MODEL CA300NSX

************************ ************************ ************************
** ** **

COMBUSTION COMBUSTION COMBUSTION
ANALYZER ANALYZER ANALYZER

ID ID ID

SER NO VCO 512 SER NO VCO 512 SER NO VCO 512

TIME 10 18 TIME 1022 TIME 1007

DATE 21,04,98 DATE 21,04,98 DATE 21,04,98

FUEL NATURAL GAS FUEL NATURAL GAS FUEL NATURAL GAS

PRIMRYTEMP <C> PRIMRYTEMP <C> PRIMRYTEMP <C>
25 25 24

STACK TEMP <C> 119 STACK TEMP <C> 124 STACK TEMP <C> 30

% OXYGEN 16,6 % OXYGEN 16,6 % OXYGEN 20,8

% EXCESS AIR 352 % EXCESS AIR 352 % EXCESS AIR 276

% CARBON - %CARBON- %CARBON-
DIOXIDE 2,4 DIOXIDE 2,4 DIOXIDE 0,1

PPMCARBON- PPM CARBON- PPM CARBON -
MONOXIDE 20 MONOXIDE 21 MONOXIDE 42

PPMMOX 7 PPMMOX 7 PPMMOX 6

PPM SULFUR- PPM SULFUR- PPMSULFUR-
DIOXIDE 0 DIOXIDE 0 DIOXIDE I3

% EFFICIENCY 85,3 % EFFICIENCY 84,3" % EFFICIENCY 83,S-

% STACK LOSS 14,7" % STACK LOSS 15,7" % STACK LOSS 16,Y

TEST PERFORMED BY TEST PERFORMED BY TEST PERFORMED BY

* - WIthout takmg mto account the temperature of the blown aIr
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ITPOXO,ll;HaJI rrpOH3Bo.n;CTBeHHoH nnom;a)J;KH N21
State of the boIler and condensate trappmg assembles m the bOller-house

~.--"~ ----.._...
MMHHHcTpaTHBHhIH KOprryC npOH3BO,[(CTBa N.Q3

Admmlstratlon BUlldmg for ProductIOn Ground #3
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CTpOMTenbCTBO HOBoro Koprryca OAO MIlO "OpMOH"
ConstructIOn of a new bUIldmg at OJSC MBPA "Onon"

H3MepeHMe co.n;ep:>KaHIDI YXO,rvrIIJ;MX ra30B Ha KOTenbHoH
Measurement of the exhaust gases content m the bOller-house
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+112 °e Ha rroBepxHocTH perHcTpa rrapoBoro OTorrneHIDI rrpH OTKpbITOM OKHe
+1120e on the surface of the steam heatmg regIster If the wmdow IS open

IIp.HMbIe rrOTepH rrapa
DIrect losses of steam

E 3



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

IIoTepM TeUJ1a BranbBaHWleCKOM yqaCTKe
Heat losses m the electroplatmg workshop
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C6poc KOH.n;eHcaTa B KaHaJIH3aU;HIO
Dischargmg condensate mto the canalIzatIOn system
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JleQe6HO-03,I:(0pOBRTeJIbHbIH KOMIIJIeKC OAO MIlO "OpROH"

Health Care and Protectton Combmed FacIlities at OJSC MBPA "Onon"
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APPENDIX E CONVERSION FACTORS
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CURRENCY EQUIVALENTS

1 hm - a UkraInIan money umt
1 hm = 0,5 x US $1 (the state on Apn11998)

CONVERSION FACTORS

1cal =4 187 J
I kcal = 4 187 kJ = 3 968 Btu
1 Gcal = 4 187 103 MJ = 4 187 GCal
1 Btu =1,055 J =1 055 kJ =1 055 10-3 MJ

POWER

I W = 3 6 103 J = 3 6 kJ
1 kW = 36 103 kJ =3 6 MJ =860 kCal
1 MW = 3 6 103 MJ =0 86 GCal
1 kcal =1 163 10-3 kW
1 Gcal = 1163 kW =1 163 MW
1 kW = 1 36 HP
I kW = 1 34 hp

PRESSURE

1 kgf/cm2 =I barg
1 barg = 101 325 kPa = 0 1 MPa
1 bar =105 Pa =100 kPa =0 1 MPa

LENGTH UNITS

1 mm = 0 0394 In = 0 00328 ft
1 cm = 03937 In = 00328 ft
1 m = 3937 In = 3 281 ft

WEIGHT UNITS

1 g = 2 2046 10-3 Ib
1 kg = 2 2046 1b
1 t = 1000 kg = 2 2046 103 1b



AREA UNITS

1 cm2 = 0 155 m2 = 1 076 10-3 ft2

1 m2 = 1 55 103 m2 = 10 76 f12

VOLUME UNITS

1 m3 =35 31 ft3 = 10001
1 1= 35 31 10-3 ft3
11= 0 264 gal (US)

I1J

HEAT CONTENT

I kJ/kg = 0 43 Btullb
I kJ/m3 = 26 84 10-3 Btu/ft3
1 MJ/m3 =26 84 Btu/ft3
1 kcal/m3 =4 187 kJ/m3 =0 112 Btu/ft3

TEMPERATURE

°C = 0 56 (OF - 32)
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APPENDIX F ABBREVIATIONS
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ESCO
ECO
Fig
hrn
tel
USAID
VAT

barg - atmosphere gauge
°c - degrees CeIcms
cm2

- centimeter squares
of - degrees Fahrenheit
g gram
Gcal - glgacalone
h- hour
kCal - kdocalone
kg - kdogram
kV - kIlovolt
kW - kIlowatt
kW h - kdowatt hour
m- meter
m' - meter squared
m3 _ meter cubed
mID -mIDute
t - tonne
tJh - tonnes per hour
W - watt

ABBREVIATIONS

- energy servlcmg company
- energy conservatIOn opportumty,
- figure,
- hryvma,

- telephone,
- Umted States Agency for InternatIOnal Development,
- value-added tax,


