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1 0 EXECUTIVE SUMMARY

1 1 IntroductlOn

Tlus energy audIt has been conducted under a program sponsored by the U S Agency for InternatlOnal
Development Tlus proJect, referred to as Dehvery Order #30, consIsted ofperformmg twenty four audIts
throughout Ukrame The purpose of the project was to develop Ukralman energy servIce company
(ESCO) capabIhties To accomphsh thIS task, Burns and Roe Enterprzses, Inc (the pnmer contractor)
lured UkraIman engmeers These engmeers were tramed m U S technIques of conductmg energy audIts
and m ESCO concepts The mdustnal energy audIts were conducted to facIhtate the ESCO trammg

Tlus energy audIt was performed III accordance wIth the program financed by the Umted States Agency
for InternatIOnal Development (USAID) accordmg to Dehvery Order #30 The gIven project provIdes
makmg energy audIts at 24 mdustnal UkraIman facIhtles The aIm of the project Id settmg-up
mdependent Ukramian energy servIcmg companIes (ESCOs) To Implement the saId task the company
Burns and Roe Enterprzses, Inc (General Contractor) mVIted Ukramian engmeers These specialIsts were
taught to the methods of makmg energy audIts m the USA and to the pnnciples of orgamzmg operatlOn
ofESCOs Makmg energy audIts at mdustnal facIlIties contnbuted to practIcal preparatIOn of ESCOs

Energy audIt makmg mcluded visitmg for a week an enterpnse by a group of engmeers that usually
consIsted of two or three people So, one week was not enough for makmg a complete energy audIt at the
plant, as mamly large plants were chosen for makmg energy audIts In many cases there occurred a
necessity to focus the energy audIt works on one processmg lIne or on one plant department Hence, the
gIVen audIt IS based on what we really managed to do for a week Though the audIt already mcludes a
whole set of recommendatIOns for the plant management, It IS expedIent to make a complete mtegral
energy audIt of the plant It IS deSIrable that the plant management should mVIte specIahsts prepared
withm the framework of thIS project to contmue the work, whIch must bnng to Improvement of the
whole SItuatIOn WIth energy consumptIOn at the plant and to makmg the full hst of the measures to be
used to Improve the energy consumptlOn at the plant

1 2 Pnncipal Fmdmgs

The baSIC product of the plant IS gear-type hydrauhc pumps, hydrauhc cylmders and assemblIes for the
pneumatic brake systems for tractors, agncultural machmes, road-bmldmg and other machmes

The plant has two productIOn grounds - ProductIOn Ground #1 m the center of the CIty and ProductlOn
Ground #2 - m the mdustnal zone of the CIty

The energy audIt was performed at the mam part of the facIhty - ProductlOn Ground #1 - that
manufactures the baSiC part of the total output

The plant has ItS own sources of thermal energy, the baSiC and ancl1lary subdIViSions that proVIde the
complete manufacture cycle

The Open Jomt-Stock Company "VZTA" IS qmte a large consumer of natural gas and electnc power In
1997 there were spent USD 1 4 mIllIon to buy energy sources

WhIle makmg the audIt, the re were found a lot of attractIve opportumtIes for Improvmg the energy
effiCIency of the enterpnse, both by Improvmg the energy effiCIency of the productIon, and at the cost of
short-term measures (up to 1 year) that do not reqmre large mvestments, and by Implementmg the
mIddle-term measures (up to 2 years) that reqmre large capItal mvestments
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ImplementatIOn of the proposed measures WIll ensure to receIve the followmg savmgs

• savmg of electnc power by 2,662,000 kW h or 13 %,
• savmg of natural gas by 1,3445,000 m3 or by 16%

---The costs on energy resources IS USD 342,235 per year, proVIdmg that the costs of COlmmsslomng and
ImplementatIOn ofthe proposed measures are USD 39,692

At the same tIme the amount of emISSIOns ofharmful substances mto the atmosphere (CO, S02, NOx and
ash) decreases by 475 tonnes per year

The plant has reserves for further energy saVIng, ImplementatIOn of whIch WIll reqUire a more detaIled
energy audit

1 3 RecommendatIOns

The followmg table shows a lIst of energy conservatIOn opportumties (ECOs) IdentIfied for the faCIlIty
The table shows the estImated savmgs a~~,- well as the cost_savmgs and the paybacks for each opportumty
Four of the seven OpportunItIes lIsted have paybacks of one year These opportumtles are recommended
for ImplementatIOn as soon as pOSSIble

To encourage the faCIlIty to Implement energy effiCIency and energy conservatIon, USAID IS
contnbutmg energy audltmg eqUipment to the plant ThIs eqUipment conSIsts of standard energy audItmg
mstrumentatIOn and meters that WIll enable them to Implement an energy savmg actIVIty ThIs Item IS
shown m the table as ECO #1 ThIs recommendatIOn IS for the plant to Implement an energy
management sectIon that would be responsIble for recommendmg changes or Improvements m any
system that would result m energy savmgs

TypIcally, an energy management team or sectIOn would consist of the mimmum of three persons, an
engmeenng supervIsor, an electnc engmeer and a thermal engmeer The supervIsor would be a part of the
upper plant management, and should report dIrectly to the plant management ThIs IS so that energy
usage and energy are elevated m Importance, and that the plant manager IS aware of potential changes to
save energy

The mam dIrectIons concermng the energy conservatIOn at the plant that are recommended after gammg
the energy audIt data as follows

• orgamzatIon of an automatIzed system for metenng at the plant consumptIOn of energy resources,
which WIll allow to mtroduce at the plant a system for controllmg and checkmg energy costs
(ECO #2),

• Improvement ofthe effiCiency of gas combustIon m the bOller-house (ECO #3),
• repaIr leaks ofcompressed air (ECO #4),
• replacement ofthe lamps for lIghtIng the productIOn rooms m Workshop #5 (ECO #5),
• Infra-red gas-fired heatmg systems (ECO #6),
• steam electnc power generatmg plant (ECO #7),
• transfer of the meltIng furnaces ofNO-136 type on natural gas (ECO #8)

The measures wzth a short payback term (ECOs #1, 2, 3, 4) are recommended for the pnmary
ImplementatIOn When finanCial OpportunItIes Improve at the plant, the plant management should
conSIder the Issue of ImplementatIOn of the other measures (ECOs # 5, 6, 7 and 8)
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1 4 OperatIOn and Energy Management

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

For JSC "VZTA", as wIth most mdustnes m Ukrame, m the past the energy costs were SIgnIficantly
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 Vmnytsza Tractor Aggregates Plant are about 19 per
cent of the total cost ofthe products produced

Currently, at JSC "VZTA ", hke at other Ukramian 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 mInlmum, and for large mdustnes,
pOSSIbly even an energy management sectIOn

These people should be regularly momtonng all operatIOns, and espeCIally revIewmg monthly energy
consumptIOn Tills monthly data should be graphed and compared to prevIous months and years to
determme any vanatIOns m consumptIOn Where vanatIOns 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 "VZTA" should have several people workmg m an energy management group
As a mimmum, 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 five percent per year" WillIe the percentage goal can vary, tills type of challenge
gIves a benchmark by willch the sectIOn can be evaluated And m mdustnes m Ukrame, where energy
effiCIency IS Just at ItS mfancy, the percentage goal could even be illgher Some mdustnes also have an
InCentIve program, III whIch employees are encouraged to submIt energy effiCIency Improvement Ideas
These Ideas, If accepted and Implemented, would result In a small reward beIng gIven to the employee
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Table 1
Energy ConservatIOn Opportumtles (ECOs)

Energy cost Pro]ect costs, Payback
Eeo DescnptIon Energy Savmgs savmgs, USD penod,

USD year(s)

Electnc power, Natural gas, Steam.,
(x 1,000 kW h) (x 1,000 m3) Gcal

1 ImplementatIOn of an energy management
program 1,0195 414 73,900 62,950 08

2 AutomatIC systems for metenng the energy
resources consumptIOn 612 827 90,640 93,000 I 03

3 OptlmIzatIOn of gas bummg m steam
bOIlers 956 7,648 7,000 09

4 RepaIr leaks of compressed aIr 562 2,247 2,000 089

5 Replacement of lamps for hghtmg the
productIOn rooms m Workshop #5 99 3,960 3,962 I 0

6 Infra-red gas-fired heatmg systems 8 720 11,440 19,030 I 7

7 Steam electnc power generatmg plant 875 35,000 68,500 I 96
8 Transfer of the meltmg furnaces on natural 117,400 140,250 I 4

gas

Total 26617 13446 720 342,235 396,692
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2 0 GENERAL BACKGROUND

2 1 HIstOry ofPlant

Mr VladImIr Antonovich BEDENKO
Mr Alexandr PavlOVIch ZABRODSKY
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Chairman of the Board
ChIef Engmeer
ChIef Energy Engmeer
Tel [38-0432]- 27-23-61
Fax [38-0432]- 27-54-45
Vmnytsia Tractor Aggregates Plant, 4 Kotsmbynsky Str, VmnytsIa, 287100, Ukrame

The plant was set up m 1880 ("MOLOT" Plant for PIg Iron Castmg) After Its umficatton WIth a
machme and tractor workshop m 1933 It was named Vmnytsza Plantfor Automobzle and Tractor
Repazrmg named after Gorky, and In 1956 It was named Vmnytsza Plantfor Aggregates Smce 1970
the Plant has had Its current name

Duong World War II the plant was destroyed completely, and It had been completely restored by the
end of 1948 In the 1970's the reconstructIOn of the plant was fulfilled, It was aimed at Improvement
of the productIOn effiCIency

The mam product of the plant IS gear-type hydraulIc pumps, hydraulIc cylInders and assemblIes for
pneumatIC brake system m tractors, agnculture machmes, machInes for road works and other kmds of
machmes

At the end of the 1980's the plant co-operated WIth 80 large supplIers of raw and other matenals, as
well as WIth more than 600 customers Its products were exported to 50 countnes

In 1997 the enterpnse was reorganIzed mto the Open Jomt-Stock Company "Vmnytsza Tractor
Aggregates Plant" Currently the shares are bemg sold The State Property Fund of Ukrame approved
m 1997 a plan of sellmg the shares of the enterpnse

The enterpnse has all faCIlItIes for manufacture ofhydraulIc pneumatic drIves, such as follows
• mechamcal and assemblmg faCIlIties,
• castmg faCIlIties (PIg Iron and color metals castmg),
• pressmg and thermal processmg faCIlItIes,
• faCIlIties for electnc platmg,
• repair and mamtenance servIces,
• other faCIlIties

A peculIar feature about the plant IS the avaIlabIlIty of two separate productIOn grounds (an "old"
production area #1, and a "new" ProductIOn Ground #2) that are at a dIstance of 4 kilometres from
each other

The structure of the enterpnse (ProductIOn Ground #11) mcludes 7 baSIC workshops, 5 separate areas,
a boller-house, a water cIrCUlatIOn statIOn and the plant admiIDstratlon



2 Types ofproducts

Currently 'VZTA" IS the largest Ukramian enterpnse manufactunng the followmg kmds ofproducts

• gear-type hydrauhc pumps
• gear-type hydraulIc mOllItor
• hydraulIc cylmders
• hydraulIc hoses
• valves
• assembhes for the pneumatIc brake
systems for tractors and tractor traIlers
• spare parts for automobIles
• consumer goods

2 3 Number of employees

- 9 deSIgns
- 1 type
- 13 deSIgns
-7 deSIgns
- 4 deSIgns

- 11 Items
- 13 Items
- 12 Items

On March 25, 1998 the average number of the employees at the plant was 2,347 persons

24 SIgmficance of the sector to economy

As the Open Jomt-Stock Company "Vznnytsza Tractor Aggregates Plant" IS one of the largest m
Ukrame and m NIS manufacturers of hydrauhc pneumatIc eqUIpment for agnculture machmes of
dIfferent purposes, and ItS products are competItIve, thIs trend m the enterpnse actIVItIes seems to
have prospects m Ukrame
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30 CURRENT STATUS OF PRODUCTION
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3 5 BasIc energy consummg areas and egUIpment

Compressed air IS used at JSC ' VZTA" mamly by the processmg eqUIpment m the metal assemblmg
workshops and by the metallurgIcal eqUIpment m the castmg workshop and m the pressmg-and
thermal processmg workshop (moulds, castmg machmes, the blowmg of parts) In 1997 37,143,000
m3 of compressed aIr was produced, ItS productIOn reqUIred 2,818,000 kW h of electnc power that
cost US $101,467

Due to the data from the enterpnse, m 1997 export of the products was 6,275,000 hrn or 328 per cent
of the total sale of the products

1500

2500

Monthly amount of the products for sale manufactured by VZTA In 1997
(In thousands ofhnvmas)

1000

3 1 Maximum estimated productIOn capacity of plant

2000

Dechne m the productIOn level m 1997 m January, July and December are accounted for by the fact
that VZTA dId not operate m that penod

The total productIOn capacIty was as follows m 1995 - 15,429,400 hrn, m 1996 - 15,893,000 hrn , m
1997 - 15,701,000 hrn The labor productIOn capacIty per one employee In 1997 was 6,480 hrn

The maxImum productIOn capacIty of the plant reached m 1989 was 65,564,000 roubles

3 3 Current Trend

The basIc sale market for the hydrauhc and pneumatic eqUIpment for agnculture and road machmes,
besIdes Ukrame, IS RUSSIa and Belarus Currently there IS m progress work aImed at renovatIOn of the
sale markets
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AnalysIs of the below plot for electnc power consumptIOn by the compressor statIOn on the basIs of
the data for 25 03 98 showed that the maXImum loads for the compressors comcide wIth the
begmnmg of the worktng day and wIth the end of the lunch break for the basIc productIOn lmes and
areas, and It does not change much dunng the plant operatIon tIme After the end of the day ShIft at
the basIc productIOn Imes and areas the consumptIon of the power decreases, and at mght It IS m
average 540 kW (85 per cent of the nommal value of the load) - only the castmg and muffle-free
aggregate contmue to operate, the total consumptIon of compressed atr by these IS about 27 per cent
of the total consumptIon by the plant It IS eVIdently that sIgmficant losses are takmg place here

Round-the-clock schedule of the electnc load f the compressor
station

on 25 03 1998, kW

Tune of the day

FIg 32

The pipelme supplymg compressed aIr IS put on a scaffold bndge (supports), It has no thermal
msulatIOn The mam pipelmes are cIrcled WIthIn the workshops

Compressed air and its use by the mam productiOn shops and areas at the plant
Table 3 1

Consumers %

Mechamc assemblmg workshoD #4 30
Mechamc assemblmg workshoD #3 24
CastIng workshoD 23
Mechamc assemblIng workshoD #5 17
Pressmg-and-thermal DrOCeSSmg area 2
Other consumers 4
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DIstrIbutIon of the consumed aIr at the plant beween the basIc plant users

Others
4%

I
I
I
I
I
I
I
I
I
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Castmg workshop
23%

Mechamc
assemblIng

workshop #
17%

Mechamc asseblmg
workshop #4

30%

FIg 33

3 5 2 Thermal energy

Pressmg-and-thermal
processmg workshop

2%

Mechamc assemblmg
workshop #3

24%

i
I
I
I
I
I
I
I
I
I
I

------'fhe source ofthennal energy (steam and hot water) at the plant IS a bOller-house (for Production
Ground #1) that IS dIrectly on the temtory of the enterpnse Saturated steam of the pressure ofup to
3 barg IS used for processmg needs

Thermal energy consumptIOn m 1997 was 47,690 Gcal
The basIC energy usmg eqUIpment IS as follows

• electnc platmg tanks,
• washmg machmes m mechanIc assemblmg workshops and on the pressmg-and-thennal processmg

area,
• heaters m the hot water supply system,
• aIr screens and atr-heatmg aggregates,
• other processmg eqUIpment
Hot water IS used for processmg needs, heatmg productIOn areas and for hot water supply system

DlstnbutIOn of thennal energy consumed by the baSIC umts of the plant (productIOn Ground #1)m
1997 was as follows

Table 32

Consumers Gcal %
HeatIng 15,404 32
Hot water supply 1,243 3
ProductIOn needs 8,918 19
Everyday needs 2,746 5
Selhng to off-plant users 19,379 41
Total 47,690 100
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Selling to Off-plant
users
41%

Everyday needs
5%

Heatmg
32%

Production needs
19%

3 5 3 Natural gas

FIg 34

Hot water supply
system

3%

Natural gas IS used at the enterpnse for the boller-house and for processmg needs The basIc gas
consummg eqUIpment IS as follows

- the muffle-free aggregate, castmg machmes, pamtmg-and-drymg furnaces, pressmg furnace
and others

In 1997 gas consumptIOn at productIOn area #1 was 7,245,490,000 m3 wIth a cost of US $579,639

The pressure ofthe used gas IS up to 3 barg

DIstrIbutIOn of the gas consumptIOn between the basIc plant umts (ProductIOn Ground #1) IS as
follows

12
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Table 33

Consumers m3 x 1,000 %

BOller-house 6,369,261 88
Pressmg-and-thermal processmg workshop 772,500 105
Castmg workshop 72,340 1
Others 31,389 05
TOTAL 7,245,49 100

DIstrIbution of gas consumption between the basIc plant umts
(ProductIon Ground #1) III 1997

Pres -and-therm
processmg workshop

1% Others
1%

BoIler-house
88%

FIg 35

Use ofnatural gas IS a prospective strategIc trend from the POInt ofVlew of energy saVIng at the plant
as It IS the cheapest energy source Up-to-date processmg eqUIpment allows to use effectively the heat
obtaIned after burnIng gas m castmg furnaces, mfra-red heaters, aIr heat supply systems and m aIr
screens

3 5 4 Electnc power

DlstnbutIon m electnc power consumptIOn between the basIc plant umts (Production Area #1) IS
shown m Table 3 4
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Table 3 4

Consumers kW h x 1,000 %

Mechamc assemblm~workshops 1,747 12
Casting workshop 3,176 22
Pressmg-and-thermal processmg area 1,436 10
Compressor statIon 2,809 19
Un,l__hnn"",

1,918 13- -.J,JV ......L- vy,..., ....

AncIllary production 1,094 8
Utihty sector 1,827 12
Others 572 4
Total 14,579 100

•

Ancillary production
8%

BOller-house
13%

Compressor
station

19%

Utility sector
12%

Pressmg-and thermal
area
10%

Fig 35

Others
4%

Mechamlc
assemblmg
workshops

12%

Castmg
workshop

22%

One of the baSIC users of electnc power IS electnc dnves for the processmg, pump, compressor and
ventilatIOn eqUIpment Slgmficant use of electnc power m the castmg workshop IS accounted for by
the fact that the ma]onty of the meltmg furnaces are electnc Their mam charactenstlcs are as follows

Table 35

Time for
Furnace type Power consumed, Volume of the meltmg from Number of

kW molten mass, a cold state furnaces,
k2 umt

InductIOn-type
IAT-04 150 400 7 hours 2

InductIOn-type
IAT-04 350 1,000 8 hours 3

ReSIstIve-type
NO-136 41 180 10 hours 73

14
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40 FINANCIAL STATUS OF PLANT

4 1 Currency vs Barter

Barter-based operatIOns are 40 2% ofthe total sale (due to the data for 1997)

42 VIabIhty ofplant

Due to the economIC sItuatIOn m the country, productIOn cnSIS, and m partIcular, m the machme
bUlldmg mdustry, break of multIyear productIOn co-operatIOn wIth the enterpnses that supphed spare
parts on co-operatIve base, lack of money wIth the customers resulted m an Incomplete use of the
productIOn facIhtles ofthe plant So, the capacIty load of "VZTA " facIhties was 31%

The profitabIhty of the plant m 1997 was - 1 5% The debts concermng the payment for energy are
canceled mamly on the mutual cleanng basIs The debt on March 1, 1998 (mcludmg the one for the
preVIOUS year of 1997) was 866,109 hrn, It mcluded 216,979 hrn for electnc power, 3,534 hrn for
thermal energy, and 645,596 hrn for fuel

The energy costs are 19 per cent of the value of the manufactured products
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5 0 ANNUAL ENERGY CONSUMPTION AND COSTS

Energy consumptIOn dunng the year IS not stable, that IS accounted for by the character of the
productIOn, whIch makes choOSIng the basIc IndIcators for economIC calculatIOns and estImatIOns of
energy conservatIOn opportunItIes stIll more dIfficult The peculIar scheme of arrangement of the
basIc productIOn areas (exIstence of two ProductIon Grounds #1 and #2 that are remote from each
other and Independent concernIng energy consumptIon) adds In ItS tum to the energy balance of the
plant

5 1 Annual consumptIOn ofnatural gas and electnc power In 1997

ProductIOn Ground #1 has an mdependent bOller-house that covers not only the processmg needs of
the plant, but It also prOVIdes thermal energy (steam and hot water) for some nelghbonng enterpnses
(the largest customer IS the bakery) for the SOCIal sphere ProductIon Ground #2 buys thermal energy
from a closely located factory and, at the same tIme, It uses at ItS thermal statIOn natural gas for hot
water productIon

Table 5 1
Monthly dIstributIOn of thermal energy consumptIon for 1997

Thermal enere:v. Gcal
Month ProductIon ProductIon Total for the

Ground #1 Ground #2 plant

January 8,391 975 9,366

February 5,737 946 6,683

March 5,384 1,050 6,434

Apnl 4,670 565 5,235

May 1,482 159 1,641

June 2,223 189 2,412

July 1,795 288 2,083

AU9;ust 1,846 318 2,164

September 2,095 372 2,467

October 3,021 362 3,283

November 5,672 1,188 6,682

December 5,374 1,173 6,205

Total for the year 47,690 7,585 55,275
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Annual consumption of thermal energy (Gcal)
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ConsumptIOn of thermal energy at the plant and sellmg It to the beyond-plant users IS eVIdently of a
seasonal character, wmch IS accounted for by an uneven loadmg of the mam production faclhtIes
(productIOn Ground #1) In the wmter penod the flow rate of thermal energy nses, as heatmg
aggregates and systems are sWItched on

Balance of thernmal energy for the plant boller-house m 1997

Production Ground #1
71%

FIg 52
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5 2 Annual consumptIon ofnatural gas m 1997

Natural gas IS used at the enterpnse both for the processmg needs (thermal processmg parts), and for
the bOller-house (ProductIOn Ground #1) and the thermal statIOn (productIOn Ground #2) for
productIon ofthermal energy

Table 5 2

ConsumptIon of natural gas for 1997

Natural2as, x 1,000 m3

Month ProductIon ProductIon Total for the
Ground #1 Ground #2 plant

Januarv 1,026 128 1,154

Februarv 933 128 1,061

March 842 141 983

Apnl 737 78 815

May 277 23 300

June 388 29 417

Julv wr- 38 318

August 344 45 389

September 384 52 436

October 496 50 546

November 862 158 1,020

December 677 154 831

Total for the year 7,245 1,025 8,270

Costs, USD 579,600 82,000 661,600

* The tanff IS US $80 per 1,000 m3 (mcludmg the transportatIon cost and the VAT)

The monthly consumptIon of natural gas IS shown m FIg 5 4 ConsumptIOn of natural gas at
ProductIOn Ground #2 IS 14 per cent of the consumptIOn level of that for ProductIon Ground #1
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Consumption of natural gas In 1997
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As It can be seen III the gIven figure that for almost 5 months III a year consumptIOn of natural gas IS
below 30% of the maXImum values for consumptIOn, and It has an ObVIOUS seasonal character

5 3 Annual consumptIOn of electrIc power III 1997

Table 53

Electric power, X1,000 kW h
Production Production Total for the

Month Ground #1 Ground #2 year

January 866 716 1,582
February 1,601 640 2,241

March 1,493 723 2,216
Apnl 1,521 596 2,117
May 1,159 332 1,491
June 1,317 367 1,684
July 305 146 451

August 1,427 352 1,779
September 1,683 494 2,177

October 1 ,)h.h. Ah.h. - - 1,732J.,"'vv -rvv

November 1,458 519 1,977
December 483 460 943

Total for the year 14,579 5811 20,390
Costs. USD 524,844 208,196 734,040
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Tune of the day

FIg 55 Dally schedule
of electriC power consumptIon by ProductIOn Ground 1 on March 25, 1998, kW

ConsumptIOn of electrIc power IS shown m FIg 5 4
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The maJonty of the productIOn workshops and areas at the enterpnse work on a one-shIft baSIS, the
workmg day starts at 7 to 8 A M and fimshes at 3 30 to 4 30 P M Only the compressor statIon,
Castmg Workshop #4 and the muffle-free aggregate operate 24 hours round However, as It IS seen m
FIg 5 5, the mght load IS about 50 per cent of the maXImum one

kW
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The schedule of the yearly consumptIon of electnc power shows loadtng the productIOn facIlItIes
dunng a year A decrease m electrIc power consumptIon m January, July and December 1997 IS
accounted for by shuttmg down of the baSIC productIOn faCIlItIes, the followmg gradual nsmg m the
electrIc power consumptIon IS accounted for by loadmg of the productIon faCIlItIes In wmter penod
the flow rate of electrIc power mcreases as the heatmg-and-ventIlatIOn systems are put mto operatIon

• 1 kW h costs - US $0 04
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5 4 Current tanffs on electnc power and fuel m 1997

• 1 Gcal of thermal energy (that IS bought) - 5678 hrn (US $28 36)
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• 1,000 m3 ofnatural gas cost - US $80

55 Structure of the total e1ectnc power consumption and Its cost m 1997

The structure of e1ectnc power consumptIOn and Its cost IS shown m Table 5 4

Table 5 4
Electric power consumptIOn and Its costs

Energy ConsumptIOn Cost, % Gcal* % USD/Gcal
US$

ElectrIc power 20,390,000 kW h 734,040 53 17,535 21 42

Natural gas 8,270,000 m3 661,600 47 66,904 79 10

100 84,439 100
Total - 1,395,640

* 1,000 m3 = 8 09 Gcal, 1,000 kW h = 0 86 Gcal

AnalysIs of the consumptIOn of electnc power suggests that a prospective dIrectIOn from the
pomt of energy savmg IS the use ofnatural gas

5 6 Metenng consumptIOn of energy sources

Thermal energy

Measunng assemblIes and umts for metenng the parameters of the heat-transfer agent and the
condensate at the plant are not avaIlable CommercIal metenng of the consumptIOn of heat and the
heat-and-transfer agent parameters IS done at the bakery daily The mformatIOn IS entered mto the
regIster m the ChIef Energy Engmeenng Department In the end of a month bIlls for payment are
claimed from the SIde of VZTA The energy consumptIOn used for hot water supply and heatmg needs
IS calculated

Electrlc power

The electnc power supply system at the DJSC "VZTA" mcludes currently a dIstnbutmg substatIOn
RP-13 (10 kV) that IS powered from the substatIOn "Vostochnaya" (110/10 kV), three dIstnbutmg
deVIces RU-l, RU-2, RU-3 (10 kV) BeSIdes, there IS an mput through RU-5 The CIrCUIt IS sectIOned,
of the radIal type

In the hIgh-voltage CIrCUIt each of the four mputs mcludes an mstalled commercIal meter ofthe actIve
and reactive power (8 umts) AddItionally there IS metenng of the consumption for the utilIty sphere
(2 meters)

TechnIcal metenng IS proVIded for all RUs (the total number IS 30, for the active and reactIve power)
Readmgs of the meters from the mput feeders of the meters are regIstered every day m a speCIal
regIster book The data concernmg the dally consumptIOn of the electnc power by the plant IS
regularly transferred from the begmnmg of a month to the energy supplymg company Durmg heavy
loads the readmgs of the meters are regIstered every other half an hour, and the value of the electnc
power totally consumed by the plant IS calculated There IS no contmuous control of electnc power
consumptIOn, as there IS no any metenng system meetmg the reqUIrements The regIstratIOn system
TsT 5000 mstalled at the plant currently does not work
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consumptIOn, as there IS no any metenng system meetmg the r-eqlllrements The reglStratlon system -
TsT 5000 Installed at the plant currently does not work

Natural gas

CommerCIal metenng ofconsumptIOn ofnatural gas IS accomphshed by means ofDSS-711 measunng
mstrument whose speed operatIon IS as follows

- Gas Dlstnbution Station #1 Qmax = 1,600 m31h, Qmm = 480 m31h (30%),
- Gas DIstnbutIOn StatIOn #2 Qmax = 2,000 m3Jh, Qtnln =600 m3Jh (30%)

These meters are only capable ofreadmg mmimum value at tlurty per cent offull scale

There IS no computer-based metenng of the gas consumptIOn wIth the precISIon of ±l per cent The
balance m regard of the gas consumption by the baSIC plant structural umts IS made on the baSIS of the
readmgs from RG-type sensors and apprOXImate calculatIOns

Takmg mto account that the maJonty of the plant operates one-shIft and the eXIstence of gas
consummg processmg hnes that are operatmg around the clock, It IS easy to see that the time
when consumptIOn of gas IS less than 30 per cent of the maXImum flow-rate of the meter IS as
much as 20 - 30 per cent of the total tIme (that IS the plant pays for more than It has used m
fact)
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6 0 PREVIOUS ENERGY CONSUMPTION COST

6 I The plant has no program of energy management, though some ofthe correspondmg
tasks are m charge ofthe CluefEnergy Engmeer

PrOjects aImed at Improvement of the plant energy facIlIties were begun m the 80's, when the plant
was under reconstruction All changes were caused by the changes In the productIOn level

6 2 At the plant there IS a plan ofmeasures aImed at savmg fuel and energy resources m 1998

The baSIC measures ::trL-\,e_-

ElectrIC power

• Changmg the processmg ofmakmg castmgs, covers, buslungs and compensators
SaVing - 23,000 kW h

• Changmg the desIgn of covers and bodIes
Savmg - 5,200 kW h

• IntroductIOn ofmobIle compressors
Savmg - 230,000 kW h

• InstallatIOn of two deVIces for temperature control In the NO-136-type meltmg furnace
Savmg - 52,000 kW h

Thermal energy

• Changmg the composItion of the fuel for the boller-house by emulsIficatIOn mazut
Savmg - 137 Gcal

• Transfer of the heatmg system m Machme-AssemblIng Workshop #4 on overheated water
Savmg - 82 Gcal

• Introduction ofgas water heaters wIth low gas consumptIOn
Savmg - 168 Gcal

The planned measures are assocIated wIth the aVailable reserves m energy savmg Some measures
reqUIre feaSIbIlIty studIes and calculations of the cost on theIr ImplementatIOn WIth the aim of
estimatmg theIr payback penods and makmg a deCISIon whether they should be mcluded mto the
finanCIal plan of the plant
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70 ENERGY AUDIT

7 1 SpecIfic energy consumptIon m 1997

At the enterpnse there are developed standard rates of energy consumptIOn by certam types of plants
and for certam processes per product umt However, because there IS no sub-metenng of energy
resources consumed m each basIc productIOn areas and process, the consumptIOn rates are theoretIcal,
and they cannot be used to assess the Implemented energy savmg measures

7 2 Energy conservatIOn measures

ImplementatIOn of energy management program (ECO -1)

It IS typIcal for mdustnal plant management to mamly thInk In 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

At the OJSC "VZTA", as wIth most mdustnes m Ukrame, m the past the energy costs were
SIgnIficantly SUbSIdIzed and plentIful, and the 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 become very mfluentIaI
part of expenses

Currently at the OJSC "VZTA", lIke at other Ukralman enterpnses, though the problems m relatIon of
the energy resources and energy costs are now well understood by the staff, there IS a tendency to
thInk of Implementmg large projects WIth the mtent of saVIng large amounts of energy by savmg
energy sources 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 becomes Important Each plant should
senously conSIder establIshIng 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 ThIS monthly data should be graphed and compared to preVIOUS months and years to
determme any vanatIOns m consumptIOn Where vanatIons 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 saVIng
opportunItIes They should see that all cost effectIve energy Improvements are Implemented,
begmmng WIth the Items IdentIfied m thIs energy audIt

It IS proposed to prOVIde for the enterpnse reqUIred measunng mstruments m order to IdentIfy and
assess quantItatIvely energy conservatIon opportumtIes (ECGs), mdependently determme the pnonty
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of costs for energy savmg purposes, to decrease energy consumptIon and to control energy
consumptIOn

The expected savmg
• of electnc power - 1,0195 kW h that cost USD 40,780,
• ofnatural gas - 414,000 m3 that costs usn 33,120,

PrOjects costs - USD 62,950,
Payback penod - 0 8 year

AutomatIc systems for metermg energy consumption (ECO -2)

The currently eXIstmg system for metenng the total consumptIOn and dIstnbutIOn of electnc power,
thermal energy, hot and cold water does not enable analysIs of the energy efficIency at the plant

The system for metenng the energy consumptIOn at the plant based on calculated rates IS msensItIve
to the energy savmg measures EstImatIOn of the expected energy savmg seems to be problematIc, the
same IS valId for the costs ofthe energy conservatIon measures

It IS proposed to up-grade the avaIlable system for metenng energy consumptIOn ITEK and
SuperFlows eqUIpment that have measunng charactenstIcs deSIgned for contmuous or regular
(express-analySIS) checkmg/recordmg ofphySIcal values

Expected savmg IS USD 90,640, In that

• electnc power - 612,000 kW h that cost usn 24,480,
• natural gas - 827,000 m3 that cost usn 66,160,

Project cost - usn 93,000
Payback penod - 1°year

OptImIZation of burnmg gas m the steam boIlers (ECO - 3)

HIghly effiCIent burrung ofgas m the steam bOIlers reqUIres supportIng an optImal gas-to-arr ratIo, Its
regular control and adjustment

In the bOller-house the combustIOn mode IS IdentIfied VIsually, WIthout makIng analySIS to determme
the contents of such gases as 02 and CO that determme the fuel combustIOn effiCIency

It IS proposed to mtroduce mto practIce at the plant a portable combustIOn analyzer, to tram a
speCIalIst operatIng It to perform a regular control and adjustment of the combustIOn mode, whIch WIll
prOVIde nsmg of the bOIler effiCIency and saVIng natural gas

Expected saVIng
• natural gas - 95,600 m2 that cost usn 7,648

The project cost - usn 7,000
Payback penod- 0 9 year
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In production rooms m MechanIC and AssemblIng Workshop #5 for ItS lIghtmg there are used 90
mercury hIgh-pressure DRL-700 WIth the correspondmg startmg-up deVIce

In 1997 consumptIOn of compressed aIr amounted to 35,280,000 m3
, ItS productIOn reqUIred use of

2,809,000 kW h that cost USD 101,124

The plant has a very branched system of compressed air supply WhIle walkmg on the temtory of the
plant, leaks of compressed air were seen on the eqUIpment that was not bemg operated Leaks were
seen on dIsassembled connectIOns of pIpe lInes The shut off valves were not activated when non
operated production areas were dIsconnected In addItIon, the compressed aIr system IS not controlled

It IS proposed to use at the plant a portable detector of gas and aIr mIxture leaks WhICh WIll allow to
check regularly threaded and flanged connectIOns, fixture and eqUIpment sealmg and repaIr leaks m
due time The experts suppose that thIS measure WIll allow to save at the plant not less than 2 per cent
of the compressed aIr losses

(ECO - 5)

- 99,000 kW h or USD $3,962
- USD 3,960
- 1 0 year

- US $2,000
- 0 89 year

- 8 ,010 m3 USD 640
- 720 Gcal or USD 10,800 (m total USD 11,440)
- USD 19,030
- 1 7 years

(ECO - 6)

- 705,600,000 m3 or 56,200,000 kW h that costs

(ECO - 4)

Pro]ect cost
Payback penod

Expected yearly savmg of electnc power
Project cost
Payback penod

Takmg mto account aVailabIlIty at the plant of natural gas, there IS proposed to mstall at Production
Ground #2 m some workshops or productIOn areas mfra-red gas-fired heatmg systems

Expected yearly savmgs
ofnatural gas
of thermal energy

Project cost
Payback penod

Gas-fired mfra-red heatmg systems

Replacement of hghtmg lamps m Mechamcal and AssemblIng #5

Expected yearly savmg of compressed aIr
USD 2,247

The productIOn rooms at the plant are heated by means of aIr heatmg systems The baSIC type of heat
usmg eqUIpment are calonfers that operate on hot water or steam As It IS known from practice and
from the world practIce, the eXlstmg heatmg systems are not effiCIent, especIally under condItIon of a
lot of spare areas avaIlable and workmg only m one shIft There IS no at the plant system for
automatIC supportmg the temperature m the rooms dunng the workmg hours

RepaIr of compressed aIr leaks

It IS proposed for consIderatIOn a project of replacement the hIgh-pressure mercury lamps of DRL
type used for lIghtmg m Mechamcal and AssemblIng Workshop #4 WIth DNaT-400-type hIgh
pressure potaSSIum lamps at the same tIme retammg the same lIghtmg fixture and replacmg the
startmg deVIces of the correspondmg capaCIty The IllummatIon flux for DRL-700 lamp IS 47,000 Lm,
whIle ItS nommal lIfe time IS 6,000 hours DNaT-400 hIgh-pressure lamps of Ukralman productIOn
(poItava CIty) have a longer lIfe tIme - 12,000 hours - at the IllummatIon flux of47,500 Lm
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The steam bOIlers m the boller-house that generate thermal energy m form of 11 to 12-barg saturated
steam The stream usmg eqUlpment at the plant operates on saturated steam wIth the pressure of up to
35 barg In the boller-house the pressure IS decreased from 12 to 4 barg by means of a reductIOn
plant Decreasmg the steam pressure m the reductIon plant IS a non-recovered energy loss

It IS proposed to use the energy of the steam pressure reductIOn m the boller-house for mdependent
generatIon of electnc power For that there IS proposed, m parallel wIth the reducmg plant, to use a
steam electnc power generatmg plant ofPVM-250-EG

The proposed measure WIll allow the enterpnse to generate m the boller-house electnc power wIth the
capacIty of 175 kW per hour and approxImately decrease the electnc power costs by 6 per cent

Steam electric power generatmg plant (ECO -7)

I
I
I
I
I

Expected annual savmg of electnc power consumptIOn
ProJect cost
Payback penod

- 875,000 kW h or USD 35,000
- USD 68,500
- 1 96 years

'--

Transfer ofNO-136 meltmg furnaces on natural gas (ECO - 8)

At the plant for meltmg the secondary alummum they use electnc meltmg furnaces of NO-136-type
that were deSIgned at the plant for meltmg of 180 kg ofalummum

Meltmg ofmetal by convertmg electnc energy mto thermal reqUlres substantIal finanCIal costs, as
1 Gcal of heat receIved from electnc energy costs usn 42, whIle burmng natural gas costs usn 10

It IS proposed to perform modernIzatIOn of the meltmg furnaces ofNO-136-type to use natural gas

Expected annual savmg
Project cost
Payback penod

- USD 117,400
- USD 140,250
- 1 4 years
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8 0 EFFECT OF IMPLEMENTING THE RECOMMENDATIONS ON ENVIRONMENT

Savmg energy resources IS dIrectly connected wIth decreasmg the harmful emISSIOns Into the
enVIronment

Irutlal data for calculatIOns

The average amount of harmful emISSIons per 1,000 kW h of the electnc power produced In 1996
accordmg to the data from the Mmistry ofEnergy ofUkrame was as follows

co (carbon monoxIde) - 0 51 kg
No", (oxIdes ofmtrogen) - 2 177 kg
S02 (sulfur dIOXIde) - 989 kg
PartIculate - 4 365 kg

To estImate the reductIOn of harmful emISSIons mto the atmosphere from energy conservatIOn
Improvements, average values of specIfic emISSIOns per 1,000 m3 of natural gas used when burnmg
natural gas In the steam bOIlers (DKVR-type operated at the plant)

co - 003 to 004 kg/Gcal (the average value IS 0035 kg/Gcal or 028 kg per 1,000 m3 of burned
natural gas)
NO", - 0 14 to 016 kg/Gcal (the average value IS 0 15 kg/Gcal or 1215 kg per 1,000 m3 of burned
natural gas)

CalculatIOn of the decrease ofharmful emISSIOns Into the atmosphere

• Expected yearly saVIng provIdmg ImplementatIOn of the ECO
natural gas - 1,433,000 m3

electnc power - 2,661,700 kW h
thermal energy - 720 Gcal,

• Decrease ofharmful emISSIons mto the atmosphere

CO - 1,344,600 m3 028 kg/I 03 m3 + 720 Gcal 0035 kg/Gcal + 2,661,700 kW h
05 kg/I 03 kW h = 482 kg + 25 kg + 1,331 kg = 1,838 kg

NO", - 1,344,600 m3 1,215 kg/I 03 m3 + 720 Gcal 015 kg/Gcal + 2,661,700 kW h
22 kg/103 kW h = 1,634 kg + 108 kg + 5,856 kg = 7,598 kg

802- 2,661,700 kW h 99 kg/ 103 kW h =26,351kg
Ash - 2,661,700 kW h 44 kg/103 kW h = 11,711kg

The total decreasmg of the harmful emISSIons - 47 498 tonnes per year

28



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

APPENDIX A ENERGY CONSERVATION OPPORTUNITIES (ECOs)
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Enerin' ConservatIOn OpportumtIes

ImplementatIOn of energy management program

AutomatIc systems for metermg consumptIOn of energy resources

OptImIZatIon of gas combustIOn m the stream boIlers

RepaIr compressed aIr leaks

Replacement ofhghtmg lamps m productIOn rooms m Workshop #5

Steam electrIc power generatmg plant

Infra-red gas-fire heatmg systems

Transfer of NO-136 meltmg furnaces ofburmng natural gas
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ECO-l

Energy ConservatIOn OpportuDltles

ImplementatIOn of energy management system

DescnptIOn of the OpportunIty

The basIc mstrument m decreasmg energy consumptIOn by usmg It more effectIvely IS energy
management Energy management IS a management system based on fulfillmg typIcal measurements
and checks provIdmg such an operatIOn of the plant when there IS consumed only the amount of
energy reqUIred for the processmg needs The plant management IS aware of the benefits of energy
effiCIency, but there are no technIcal facIlItIes for quantItatIve assessment of the finanCIal advantages
of the energy savmg measures

Wlule performmg the audIt there were found a lot of low-cost and no-cost energy saVIng OpportunItIes
that can become of a sIgnIficant benefit

For example, estImatIOn of the effiCIency of operatmg meltmg furnaces, fans and other SImIlar
eqUIpment wIll allow the operatIOn of the most effiCIent eqUIpment and to dIscontmue use of the
mefficIent eqUIpment

IntroductIOn of an energy management system at the enterpnse WIll proVIde a quantItatIve and
quahtatIve assessment of energy savmg OpportunItIes

It IS proposed to provIde for the enterpnse the reqUIred measunng InstrumentatIOn to IdentIfy and
quantItatIvely assess the energy saVIng opportumtIes, as well as Independently determIne the pnonty
ofthe costs on energy savmg and to decrease energy consumptIOn and momtor energy savmg

The set of the eqUIpment that would be useful for the plant should Include the follOWIng

• a non-contact thermometer
• a WIre thermo-anemometer
• a three-phase energy analyzer
• a tachometer
• a dIgItal contact thermometer
• an IllummatIOn meter
• an ultrasonIc flow meter
• a power meter
• a power factor meter
• a portable temperature/humIdItyl'dew pomt" recorder
• a computer WIth a pnnter

If a set of portable deVIces IS aVaIlable, there IS proposed to mtroduce at the plant a pOSItIon of the
energy manager It IS reasonable for the energy manager to undergo a speCIal trammg course m the
Energy Managers Trammg Center (KyIV CIty, NatIOnal TechnIcal UmversIty of Ukrame "KyIV
PohtechnIcal InstItute") The baSIC task of the energy manger IS momtonng of energy usmg systems,
development of real rates WIth the aIm of contmuous momtonng for theIr observatIOn by the energy
users and decreasmg the total energy consumptIOn at the plant

The Issues of the energy manager should mclude the followmg aspects

• traInIng the plant personnel on energy management practIce,
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CommisslOmng costs

The energy savmg WIll be as follows

CalculatIOn ofyearly savmgs ofcosts

CalculatIOn ofyearly savmgs of costs

20,390,000 kWh. °05 = 1,019,500 kWh
8,270,000 m3

• 005 = 414,000 m3
1 Electnc power
2 Natural gas

The total saVIng of the energy costs WIll be
USD 40,780 + USD 33,120 = USD 77,900

1 If 1,000 kW h cos USD 40, the savmg ofthe electnc power cost WIll be
1,019,500 kWh. USD 40 = USD 40,780

2 If 1,000 m3 cost USD 80, the savmg of gas costs WIll be
414,000 m3

• USD 80 = USD 33,120

The world expenence and practIce prove that ImplementatIOn of an energy management system by
usmg the above eqUIpment can gIve a yearly energy savmg ofno less than 5 per cent

ApproXImate cost of a set ofthe measunng mstruments IS USD 24,000
The costs of ImplementatIOn of an energy management system, as It IS shown by practIce, are about
50 per cent of the expected savmg, or USD 77,900.0,5 = USD 38,950

• encouragmg plant personnel m findmg energy conservatIOn Opporturuties at theIr productIOn areas
and m theIr workshops,

• awardmg the plant personnel for findmg potentIal energy conservatIon opporturutIes,
• quantItatIve estimatiOn of the economic effect for each of the energy conservatiOn

opportunities and ofthe payback penod for the correspondmg mvestments,
• plannmg and correctiOn of a 5-year strategy plan of the energy management development

aimed at ImplementatiOn of energy conservatIOn opportumtIes,
• applymg for allocatIOn of funds for on energy savmg projects,
• ImplementatIOn of energy conservatIon opportumties If they are financed or no-cost,
• followmg-up of the energy conservatIOn opporturutIes after therr ImplementatIOn and a quantItatIve

assessment ofthe actual savmg ofthe costs,
• dissemmatIOn of the successful expenence of Implemented energy conservatIOn projects as well as

theIr lessons,
• repetItIon of successful energy conservatIOn projects at all productIOn areas and m all workshops at

the gIven plant
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The total costs are USD 24 000 + USD 38,950 =USD 62,950
The SImple payback penod IS USD 62,950 USD 77,900 = 0 8 year ~ 10 months
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ECO - 02 Automatic systems for meterm~ consumption of ener~y resources

DescnptIOn of the opportumty

The currently eXIstmg scheme for metenng of the total consumptIOn of thermal and electnc power and
theIr dIstnbutIOn as well as that for the hot and cold water does not allow operatIOnal analysIs the
effiCIency of the energy consumption at the plant

The system for metenng the consumptIOn of the energy resources at the plant based on the theoretical
standardIzed rates IS msensitIve to the energy savmg measures It seems qUIte dIfficult to objectively
estimate the expected savmg of the energy resources and to have a guarantee for the used resources to
be paid back after Implementation of the energy savmg measures

It IS proposed to perform upgradmg of the current energy consumptIon metenng system As a vanant,
for the upgradmg a set of techmcal mstruments IS proposed to be used (ITEK) that has metrolOgical
charactenstics and IS deSIgned for contmuous or regular (express-analysIs) measurements/recordmg of
phySIcal parameters

IntroductIOn mto practIce of ITEK allows ItS users to pay for 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 sigruficant economIC effect, the latter has been
proved repeatedly by a yearly operatIOn of a lot ofUkrairnan objects

ITEK-210 and ITEK-310 are deSIgned for commerCIal and techrncal metenng of the electnc power
consumptIOn (that IS dIfferent In time) and for makIng automatic metenng systems for metenng and
morntonng electnc power consumptIOn together WIth electnc power consumptIOn meters - those
three-phase InductIOn ones that are prOVIded WIth pulse formatIOn deVIces (such as £440, E870, UP
1, UP-2, UP-3, SU-500), or electrornc ones (produced by Slemens, Landls&Gyr, Alpha-ABB, etc) that
have a pulse output They support 64 (for ITEK-210) or 12 (for ITEK-310) metenng channels, 4 tanff
zones, a round-the-clock schedule for all the metenng channels - mmimum 5 days, 2 Independent
mformatIon mterface

ITEK-210 can be used together or mstead of the Installed TsT5000 systems by connectmg to the
eXIstIng matnx of the pnmary transducers ITEK-210 IS Included Into the State Measunng Instruments
RegIster ofUkrame

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 dally 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 lugh preClSlon and pay for the used recourses not accordmg to the fact but m
proportIOn to the used area

ITEK-220, ITEK-320 are deSIgned to be used m automatic systems for commercial and telemetnc
momtonng of the prOVIded and consumed hqUIds, 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 supphers' (Heat Power Plants, heat and power supply hnes,
bOller-houses) and at the consumers' (mdustnal plants, utIlIty objects) The deSIgn of ITEK-X20 meets
the reqUIrements of RD-50-213-80, PR34-70-010-85, GOST 6651-84 and R75 MOZM ITEK-220,
ITEK-320 are deSIgned to be used a the objects belongmg to Metenng Group 1 (up to 4 objects) of a
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complIcated network of the mlet and outlet pIe lInes (ITEK-220) and to Metenng Group 1 and 2 (1
objects) (ITEK-320)

For ImplementatIon of the measure It IS reasonable to provIde the followmg

• commercIal control of the electnc power consumptIOn m the current 5 check-pomts,
• technIcal metenng of the electnc power consumptIon on the temtory ofthe plant m 7 check-pomts,
• technIcal metenng of the steam consumptIon m 6 checkmg-pomts,
• technIcal metenng of the hot water consumptIon m 3 check-pomts,

Takmg mto account the need to mstall meters of natural gas of the preCISIon class not lower than 1 m
two commercIal mlet check-pomts, there IS expedIent mstallatIOn of "SuperFlow" metenng system

CalculatIOn of a yearly energy savmg

Electnc power consumptIOn for 1997 was about 20,390,000 kWh, that ofnatural gas was
8,270,000 m3

The practIce shows that ImplementatIOn for the plant of an mdependent automatIC system for
metenng, plannmg and momtonng consumptIOn of energy resources WIll decrease the consumptIOn of
energy resources not less than by 3 per cent, and the consumptIOn of natural gas - not less than by 7
to 10 per cent, whIch m total WIll be as follows

1) electnc power savmg 20,390,000 kW h. 0 03 = 612,000 kWh,
2) natural gas savmg (827,000 m3

)

by usmg thermal energy 8,270,000 m3
• 0 03 = 248,000 m3

,

resultmg from ImplementatIon ofmetenng gas consumptIon 8,270,000 m3
• 0 07=579,000 m3

CalculatIon ofyearly costs

1 If 1,000 kWh cost USD 40, the savmg of electnc power costs WIll be
612,000 kWh. USD 40 = USD 24,480

2 If 1,000 m3 cost USD 80, the savmg on gas costs WIll be
827,000 m 3

• USD 80 = USD 66,160

The total energy savmg WIll be
USD 24,440 + USD 66,160 = USD 90,640

CommissIOnmg costs

The approxImate cost of an automatIc metenng system WIll be USD 93,000

The SImple payback penod IS USD 93,000 USD 90,640 ~ 1 0 year
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ECO-3 OptimIZatIOn of burnlll2 2as III the steam borlers

DescnptIOn of the opporturuty

HIghly effiCIent burnmg of gas m the steam boIlers reqUIres supportmg an optImal gas-to-aIr ratIO, Its
regular control and adjustment

In the bOller-house the combustIOn mode IS IdentIfied VIsually, WIthout makmg analySIS to determme
the content of such gases as 02 and CO that determme the fuel combustIOn effiCIency

"SchedulIng" the operatIOn modes for the steam bOIlers DKVR-20113 #3 by means of a portable
combustIOn analyzer "BACHARACH" showed a real opportunIty to save gas by I 5 to 2 0 per cent

CommissIOnmg costs

CalculatIOn of a yearly savmg ofcosts

CalculatIOn of yearly savmg ofnatural gas consumptIOn

The portable gas analyzer "ENERAC 2000" WIth sensors of02, CO, NOx, S02 and WIth probes of 12
and 48 mches (takmg mto account the transportatIOn and other costs) costs about
USD 7,000
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USD 7,000 USD 7,648 =0 9 year == 11 monthsThe SImple payback penod IS

I 1,000 m30fgas cost USD 80
2 Yearly savmg

95,600 m3 • USD 80 =USD 7,648

1 Improvement of the effiCIency of the eqUIpment (set) -1 5%
2 Yearly gas consumptIon at the bOller-plant (m 1997) - 6,370,000 m3

3 Expected yearly gas savmg
6,370,000 m3

• 0 015 =95,600 m3

It IS proposed to mtroduce mto practIce at the plant a portable combustIon analyzer, to tram a
speCIalIst operatmg It to perform a regular control and adjustment ofthe combustIOn mode, whIch WIll
prOVIde mcreasmg the bOIler effiCIency and savmgs of natural gas
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DescnptIOn ofthe opportumty

The SImple payback USD 2,000 USD 5,618 =036 year == 4 months

There was no control of the compressed air supply In 1997 the total productIOn of the compressed aIr
was 35,280,000 m3 that reqUlred consumptIOn of 2,809,000 kW h of electnc power at a cost of
USD 101,124

5%

35,280,000 m3

2,809,000 kW h

Repamng compressed air leaks

CalculatIOn of the expected savmg

ECO-04

The practIce of operatmg eqUlpment consummg the compressed air shows that, at the pressure of
5 kg/cm2

, a hole wIth the dIameter of 1 mm leads to a loss of 35 m3/h, WhICh corresponds to losmg
annually 18,600 m3 or US $141 (supposmg a 5-day workmg week and dIsconnectIOn of the
compressors for the weekends)

It IS proposed to use at the enterpnse a portable detector of gas and aIr mIxture leaks, WhICh wIll
enable regular checkmg of the threaded and flanged Jomts, fixture and eqUlpment seals as well as to
ehmmate the leaks ThIS will permIt, m the opmIOn of the experts, to decrease the compressed aIr
losses at the enterpnse not less than by 5 per cent

1 Average annual compressed aIr consumptIOn expected m 1997
2 The amount of electnc power used to generate the Said amount

of compressed aIr (accordmg to the data gIVen at the plant)
3 The expected decrease m consumptIOn ofcompressed aIr (and

that m electnc power for ItS productIOn)
4 The expected savmg

2,809,000 kW h 005 = 140,500 kW h
5 Cost savmg

140,500 kW h USD 0 04 = USD 5,618

The cost of a portable gas and aIr mIxtures detector WIth takmg mto account the transportatIOn and
other expenses US $2,000
The plant needs 1 portable detectors
The total cost USD 2,000

Suggested eqUlpment and ItS cost

The enterpnse has a branched network of compressed aIr ducts Wlnle walkmg around the workshops
compressed air leaks were found at the non-operated eqUlpment The leaks were observed at the
detachable Jomts of the pIpe hnes of the stampmg and pressmg eqUlpment The stop valves for
dlsconnectmg the non-operated areas and workshops were dIsabled
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ECO-05 Replacement of the lIghtmg lamps m the productIOn rooms m Workshop #5

Descnption of the opportumty

The lIghtmg system m the productIOn rooms m Mechamcal and Assemblmg Workshop #5 mcludes
the followmg lIghtmg eqUipment

- DRL-700 - 90 umts (the total capacIty IS 63 kW),
- LD-2x80 - 8 umts

It IS proposed to consIder a project ofreplacmg the DRL-700 lamps used for lIghtmg of the productIon
rooms m MechanIcal and Assemblmg Workshop #5 wIth hIgh-pressure sodIUm lamps of DNaT-400
type whIle usmg the currently eXIstmg fixture and replacmg the eXIstmg startmg devIces of the
correspondmg capaCIty The hght flux of a DRL-700 lamp IS 47,000 Lm, and ItS nommal operatIOn
tIme IS 6,000 hours A DNaT-400 sodIUm hIgh-pressure lamp of the Ukralman productIon (poltava
CIty) has a long lIfe tIme - It IS 12,000 hours wIth the lIght flux of 47,500 Lm

CalculatIon of the annual energy savmg

Electnc power consumptIOn by an Illummant eqUIpped wIth a DRL-700 mercury lamp
Ptll = (Pu+ PSI) cos<p,

where
Pu = 700 W IS the power capaCIty of a DRL-700 lamp,
PSI = 190 W IS the power capaCIty of the startmg deVIce,
cos<p = 0 98

PtIl = (700 + 190) 098 = 891 W or 0 891kW

The annual electnc energy consumptIOn by 90 fixtures averagmg 8 hours per day IS
PI =Ptll n F,

where
n=90 IS the number of the Illummants,
F=8 305 = 2440 hours - the annual stock of the Illummant operatIon tIme,
PI = 0891 90 2,440 = 195,664 kW h

The electnc power consumption by an Illummant eqUIpped WIth a DNaT-400 SOdIum lamp
PI1Z = (PIZ+ Psz) cos<p,

where
P1Z = 400 W IS the power capaCIty of a DNaT-400 lamp,
Psz = 40 W IS the power capaCIty ofthe startmg deVIce,
PtlZ = (400 + 40) = 440 W or 0 44 kW

The annual electnc energy consumptIOn by 90 fixtures averagmg 8 hours per day IS
Pz= PtlZ n F = 0 44 90 2,440 = 96,624 kW h

The annual electnc power savmg m the phySIcal terms If operatmg DNaT-400 lamps
PI - Pz = 195,664 kW h - 96,624 kW h = 99,040 kW h

CalculatIon of the annual cost savmg

The annual cost savmg at US $0 04/kW h
99,040 004 = USD 3,962

37

•
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I

1

The cost ofcOlrumsslomng

The cost ofDNaT-400 lamps wIth a new electromc startmg devIce - 90 umts at USD 44 per umt
the total cost USD 44 90 umts = USD 3,960

InstallatIon costs are not taken mto consIderatIon as the work IS to be performed by the plant Itself

The sImple payback penod USD 3,960 USD 3,962 == 1 0 year
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ECO-06 Infra-red gas-fired heatIng systems

95%

875%
8 090 kcal/m3

720 Gcal

DescnptIOn of the opportumty

The enterpnse uses air heatmg systems m the productIOn rooms The baSIC type of the eqUIpment
USIng thermal energy are calonfers operated on hot water or steam It was proven by world practIce
and expenence that the systems currently used at the plant are not effiCIent, If there are aVaIlable spare
productIOn areas and the operatIOn IS m one shIft There IS no system for automatIc support of the
temperature m the rooms dunng the workmg hours

TakIng Into account avaIlabIlIty at the plant of natural gas, It IS proposed to mstall on ProductIon
Ground #2 m some rooms and areas gas-fired heatmg systems The suggested systems have a set of
advantages as compared to the tradItIOnal ones

• TypIcal savmg m natural gas IS 45 to 50 %,
• Placmg the heaters above the heated objects and the opportumty to heat some zones locally If It IS

reqUIred by the processmg
• QUIck reachmg the reqUIred temperature value m the heated zone and the possIbIlIty to sWItch on

automatIc control system for the days-off and for the week-ends
• Decreasmg the number of places WIth "draughts" and proVIsIon of comfortable workmg condItIons

for the personnel
• Easy mstallatIOn and maintenance

CalculatIOn of the expected energy savmg

A productzon room at Productzon Ground #2 wzth the area of3,600 m2 (36 m x 100 m)

I The speCIfic consumptIOn of thermal energy for heatmg 1 m2 of the area per year (the average
mdIcator for the productIOn rooms) IS 0 4 Gcal/m2

2 The area of the room IS 3,600 m2

3 Annual consumptIon of thermal energy for heatmg purposes
3,600 m2 04 Gcal/m2

- 1,440 Gcal
4 Improvement of the effiCIency when transfemng on the mfra-red system (due to the data from the

manufactunng companIes) 50%
5 Yearly savIng ofthermal energy

1,440 Gcal 0 5 =720 Gcal
6 The effiCIency of the new plant (set due to the data

from the manufactunng compames)
7 The clear effiCIency ofthe bOller-house

(set accordmg to the testmg data)
8 The calonfic value of gas (data from the plant)
9 The yearly consumptIOn of thermal energy for heatmg purposes
10 The yearly gas savmg IS

720000000
~ 09~ • (1 /0875 - 1/ 0 95) = 8 010 m

3

,
CalculatIOn of the yearly savmg of costs

• The clear cost of I Gcal of thermal energy (data from the plant)
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• Savmg ofcosts on the thermal energy
720 Gcal usn 15 = usn 10,800

• 1,000 m3 of gas cost usn 80
• Gas savmg 8010 m3 usn 80 per 1,000 m3

= usn 640
• The total yearly savmgs usn 10,800 + usn 640 = usn 11,440

CommissIomng costs

There IS proposed to use mfra-red heaters of hIgh mtensity produced by Schwank company or sImIlar
operated on natural gas of 1 5 to 30 kPa

To proVIde the reqUIred thermal load 21 heaters are proposed to be mstalled, the capaCIty of each IS 15
kW, they should be arranged In 3 rows 7 heaters wIth In each row

1 The pnce ofone heater (from the pnce-hst) - usn 430
2 The cost of the eqUIpment usn 430 21 = USD 9,030
3 The costs ofthe desIgmng, mstallmg and adJustmg works (set) - usn 10,000
4 The total costs usn 9,030 + usn 10,000 = usn 19,030

The SImple payback penod usn 19,030 usn 11,440 = 1 7 years == 20 months

The proposal WIll be paid back after two heatmg seasons
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ECO-7 Steam electnc power generatmg plant

Descnptlon of the OppOrtunIty

Steam bOIlers m the bOller-house generate thermal energy from 11 to 12-barg of saturated steam m
accordance WIth the reqUIrements of the manufactunng plant The steam usmg eqUIpment at the plant
operates on saturated steam WIth the pressure of up to 3 5 barg In the bOller-house the pressure IS
d.ecreased from 12 to 4 barg by means of a reductIon plant

In 1997 the bOller-house produced about 44,000 Gcal of thermal energy or 66,000 tonnes of steam
vvlth-the pressure of 11 bar~ If the-number of the work.ng hours .s 7,500 hours per jear,-the-average
productIOn capacIty of the bOller-house IS about 8 8 tonnes of steam per hour Steam IS produced III

wmter penod by DKVR-20/13 boIler havmg the capacIty of8 to 16 t/h, m summer tIme that IS done by
DKVR-10/13 boIler WIth the capacIty of4 to 8 t/h

Decreasmg the steam pressure 10 the reductIon plant IS a non-recovered energy loss

It IS proposed to use the energy of the steam pressure reductIon m the botler-house for mdependent
generatIOn of electnc power For that there IS proposed, m parallel WIth the reducmg plant, to use a
steam electnc power generatmg plant ofPVM-250-EG

The electnc power generatmg plant WIll decrease the steam pressure from 12 barg to 3 5 - 4 0 barg
whIle provldmg the follOWIng specIficatIons

• the electnc power transferred mto the dlstnbutIOn network at the plant
maXImum power IS 250 kW)

• voltage
• frequency
• the specIfic flow rate of steam
• the hfe tIme tIll capItal repaIr

175 kW (the

- 380V
- 50 Hz
-44t/h
- 40,000 hours

The proposed measure WIll allow the enterpnse to generate m the boIler-house electnc power WIth the
capacIty of 175 kW per hour and approxImately decrease the electnc power costs by 6 per cent

CalculatIOn of the yearly energy savmg

1 Yearly number of workmg hours for the electnc power generatmg plant (set)
2 The amount of the electnc power generated per year

175 kW 5,000 hours = 875,000 kW h

CalculatIon of the yearly savmg of energy resources costs

- 5,000 hours

1 1 kW h of electnc power costs USD 0 04 (the data from the plant)
2 Savmg of the costs by decreasmg electnc power consumptIon form the network of the regIOnal

electnc power supply system
875,000 kW h USD 0 04 - USD 35,000

COmmISSIOnIng costs _

1 The cost ofmanufacture and mstallatIOn of one plant due to the data
from the manufactunng company IS USD 62,500

2 The costs on the anCIllary eqUIpment (set) USD 5,000
3 The overhead costs USD 1,000
4 The total costs USD 62,500 + USD 5,000 + USD 1,000 = USD 68,500

The SImple payback penod IS USD 68,500 USD 35,000 = 1 96 years ~ 23 months
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DescnptIOn of the opportunIty

CalculatIOn of the reqUIred amount of natural gas

The total amount ofheat IS Q = Q, + Q2 + Q3 = 189,079 kJ

Transfer ofNO-136 meltmg furnaces on natural gas

WIth takmg mto account a 30% margm, we WIll set the maXImum consumptIOn of natural gas for
meltmg of 180 kg of alummum WIll be 13 m3 X 1 3 = 17 m3

v = VI'll = 558/045 = 124m3
~ 13 m3

At the effiCIency of the cruCIble furnace'll =0 4 to 0 5 (40 to 50 per cent) the total need m natural gas
IS

v = QI Qoper = 189079 I 33 873 = 558 m3
lower , ,

The reqUIred amount ofheat IS as follows
for heatmg Q, = 180 0896 (660 - 20) = 103,219 kJ,
for meltmg Q2 = 3852 180 = 69,336 kJ,
for overheatmg Q3 = 180 1 02 (750 - 660) = 16,524 kJ

Takmg mto account the fact of avaIlabIlIty at the plant ofnatural gas, It IS proposed to perfonn
modernIzatIon ofthe meltmg furnaces ofNO-136-type to use natural gas

ECO-8

Alummum IS melted m three phases heatmg to the meltmg pomt (660°C), meltmg, then overheatmg
to the castmg temperature

The znput data
ImtIal temperature - 20°C,
meltmg temperature for alummum - 660°C,
alummum castmg temperature - 750°C,
the speCIfic thermal capaCIty of alummum - 0 896 kJ/kgOC,
the speCIfic thermal capaCIty of the melted alummum - 385 2 kJ/kg,
the speCIfic thermal capaCIty of the alummum overheatmg - 1 02 kJ/kgOC

At the plant for meltmg the secondary alummum they use electnc meltmg furnaces of NO-136-type
that were desIgned for meltmg 180 kg of alummum (the total number of the furnaces IS 73, 29 are m
operatIon) Accordmg to the data from the plant, one meltmg reqUIres 205 kW h of electnc power or
o176 Gcal of thermal energy Meltmg of metal by convertmg electnc energy mto thermal reqUIres
notIceable financIal costs, as 1 Gcal of heat receIved from electnc energy costs USD 42, whIle If
burrung natural gas It costs USD 10

The reqUIred amount ofnatural gas at the gas calonfic value (due to the data from the plant)

Qoper = 8 090 kcallm3 = 33 873 kJ/m3
lower , ,

It IS proposed to use a gas consummg aggregate WIth mJectIon gas burners WIth a system ofpIpehnes
and blockmg and regulatmg fixture and WIth the maxImum gas supply not lower than 20 m3/h Such
an aggregate mcludes the followmg a cruCIble cast of pIg Iron taken from the eXIstmg furnace, the
furnace case and space, the mJectIOn gas burners, the outlet drawmg exhaust fan, gas pipeimes
arrangement scheme, mstrumentatIOn and control eqUIpment and automatIc systems
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CalculatIon ofyeady savmgs of costs

• 1,000 m3 of natural gas USD 80,
• The cost of the natural gas for one meltmg 17 m3 USD 80 =USD 1 36
• 1 kW h of electnc power cost USD 0 04
• 1 kW h ofthe electnc power for one meltmg 205 kW h USD 0 04 =USD 8 20
• Savmg wIth one meltmg USD 8 2 - USD 1 36 = USD 6 84
• The average number ofmeltmgs ofaiummmm for one furnace per year (set) 440 (10 to 12

meltmgs per week)
• The average number of the operated furnaces per year (set as 70% of the total number) - 39
• The total yearly savmg USD 6 84 440 39 =USD 117,400

CormmsslOnmg costs

1 Costs ofredesIgmng of one furnace (approxImately) - USD 2,250
2 The number of furnaces to be rebUIlt (set as 70% ofthe total number) - 55 furnaces
3 The total costs USD 2,550 55 = USD 140,250

The sImple payback penod USD 140,250/ USD 117,400 = 1 2 years::::;: 14 months

43
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APPENDIX B MEASURED AND COLLECTED DATA



"SchedulIng" of the operatIOn mode atDKVR 20/13 #1

on March 24 and 25,1998

DKVR 20113 BOller #1 DKVR-20113 BOller #1 DKVR 20113 BOller #1

(wIth sImultaneous
(after the bOiler) (before the exhaust fan) bummgmazut

before the exhaust fan

BACHARACH BACHARACH BACHARACH
MODEL CA300NSX MODEL CA300NSX MODEL CA300NSX

************************** ************************** **************************
COMBUSTION ANALYZER COMBUSTION ANALYZER COMBUSTION ANALYZER

ID ID ID

SER NO YCO 513 SER NO YCO 513 SER NO YCO 513

TIME 1010 TIME 1138 TIME 11 30

DATE 24,03,98 DATE 24,03, 98 DATE 25, 03, 98

FUEL NATURAL GAS FUEL NATURAL GAS FUEL NATURAL GAS

PRIMRY TEMP <C> PRIMRY TEMP <C> PRIMRY TEMP <C>
30 3 3

STACK TEMP <C> 308 STACK TEMP <C> 144 STACK TEMP <C> 118

% OXYGEN 8,3 % OXYGEN 9,6 % OXYGEN 8,5

% EXCESS AIR 60 % EXCESS AIR 77 % EXCESS AIR 62

% CARBON - % CARBON - % CARBON -
DIOXIDE 7,1 DIOXIDE 6,3 DIOXIDE 6,9

PPM CARBON - PPM CARBON- PPM CARBON-
MONOXIDE 2 MONOXIDE 3 MONOXIDE 4

PPMNOX 75 PPMNOX 67 PPMNOX 401

PPM SULFUR- PPM SULFUR- PPM SULFUR-
DIOXIDE 0 DIOXIDE 0 DIOXIDE 25

% EFFICIENCY 83,0 % EFFICIENCY 90,6 % EFFICIENCY 92,9

% STACK LOSS 17,0 % STACK LOSS 9,4 % STACK LOSS 7,1

TEST PERFORMED TEST PERFORMED TEST PERFORMED
BY BY BY



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

APPENDIX C PHOTOGRAPHS OF THE FACILITY

C -1
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«)OTO 1 AJJ,MHIUlcTpaTJIIBHbdi Kopnyc Photo1 AdminIstrative bUlldmg

Photo 2 Muffle-free aggregate



•

<f)OTO 3 3J1eKTpOnJiaBUJlLHaa ne'lL Photo 3 Electric meltmg furnace

<DOTO 4 Onpe.lleJleuue CTeneU" 3arpy3Ku 3J1eKTp0.llBUraTeJleU
Photo 4 Determmatlon of the electrac motors loadmg
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APPENDIXD MEASUREMENT UNITS



•
MEASUREMENT UNITS

barg - atmosphere gauge
BTU - Bntlsh thennal UnIt
°c -degrees Celcms
cm2

- centImeter squared
of - degrees FahrenheIt
g - gram
Gcal - gigacalone
GJ - gIgaJoule
h - hour
kcal - kIlocalone
kg - kIlogram
kgf - kIlogram-force
kV - kilovolt
kV-A - kilovolt-ampere
kW - kilowatt
kW h - kilowatt hour
Lm-Iumen
m - meter
m2

- meter squared
m3

- meter cubed
mm -mmute
MJ - megaJoule
mm H20 - mIllImeters ofwater column
MW - megawatt
t - tonne
tIh - tonnes per hour
W -watt
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APPENDIX E ABBREVIATIONS

E - 1
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ABBREVIATIONS

CCD - condensate contanllnatlon detemllnatIOn
ECO - energy conservatIOn OppOrtunIty
ESCO - energy saVIng company
hrn - hnvma (Ukralman currency)
FIg - figure
NPP - nuclear power plant
tel - telephone
VAT - value-added tax
US - Umted States
USAID - Umted States Agency of IntematlOnal Development


