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1 EXECUTIVE SUMMARY

11 Introduction

ThIS energy audIt has been conducted under a program sponsored by the US Agency for
InternatlOnal Development ThIs project, also referred to as Delivery Order #30, consIsted of
performmg twenty four audIts throughout Ukrame The purpose of the project IS to develop
Ukrmman energy serviCe company (ESCO) capabIlities To accomplish thIS task, Bums and
Roe Enterpnses, Inc (the pnmary contractor) hIred Ukrmman 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 traImng

Smce these enterpnses are very large, a one week VISIt IS not suffiCIent to adequately audIt the
entire faCIlity The SIte VISIt was restncted to one week due to project consideratlOns
However, the engmeenng staff were tramed to Identify Improvements that would be
representatIve of the entire plant In many cases It was necessary to focus the audItmg efforts
on one system or only on a portlOn of the plant Therefore, thIS audIt IS based on what could
be accomplished dunng one week Whl1e thIS audIt contams numerous recommendatlOns for
the plant management, the plant management IS encouraged to perform a complete audIt of the
entue faCIlity Hopefully, the plant management will conSIder engagmg the engmeers tramed
under thIS project to contmue thIS work ThIS will result m a complete understandmg of energy
usage withm the plant, as well as a complete listmg of all potentIal energy Improvement
projects

ThIS reporLdescnbes findmgs of the energy audIt performed dy Bums and Roe Enterpnses,
Inc at the closed-type Jomt stock company "Avtramat" Currently the plant speCIalises m
productlOn of engme pIstons for tractors, agncultural machmery, cars and trucks, speCIal
eqmpment and spares for cars

ProductlOn output m 1996 was 43,143,000 hrIvnas Energy costs were 79% of total
productlOn cost

Output of the JSC "Avtramat" makes up 95% of total natlOnal productlOn Presently the
"Avtramat" compnses eleven workshops two foundnes, four machme and five aUXIliary
shops

Number of personnel IS 1 883

The ObjectIves of the energy effiCIency audIts were to

• Conduct mformal trammg m energy management practices

• Create an mstitutlOnal awareness of energy management

• Recommend speCIfic steps for Improved energy effiCIency

• Recommend medmm cost and capItal mvestments actlOns, reflectmg large energy
conservatlOn opportumties

The project team, consIstmg of one US expert and three Ukramlan ESCO members,
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1 3 Recommendations

1 2 Prmclpal Fmdmgs

The KharkIv pIston plant IS an energy mtensive enterpnse Energy consumptIOn over ten
months of 1997 was as follows
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- 3,068,000 CUbIC meters

- 8,500 Gcal

-13,720,000 kWh

The present project schedule makes the mOnItonng phase ImpossIble for ECOs that reqUIre
heatmg season for theIr ImplementatIOn

For example, ECO #1 "InstItutIOn of energy management" Will set up systematIc energy
conservatIOn actIVItIes by establIshmg an energy management sectIOn responsIble for the
control and analYSIS of the energy consumptIOn at the plant and development of
recommendatIOns for renovatIOn and Improvement of any energy savmg systems

Generally the energy management sectIOn should conSIst as a mInImum of three persons
technIcal supervISor, electncal and thermal engmeers The supervIsor should be a part of the

Below IS the lIst of energy conservatIOn opportunItIes at the plant These measures are
recommended to be Implemented m the shortest penod The plant management IS
recommended to conSIder ImplementatIOn of other ECOs as soon as financIally pOSSIble

In order to encourage the faCIlIty to Implement energy effiCIency and energy conservatIOn,
USAID IS contnbutmg energy audItmg eqUIpment to the plant ThIS eqUIpment conSIsts of
standard energy audItmg mstrumentatIOn and meters that w111 Implement an energy savmg
actIVIty

The energy mefficiency IS exacerbated VIa oversIzmg and overbUIldmg of all heat and electnc
supply systems Electnc dIstrIbutIOn IS oversIzed by 350%

The PIston Plant IS reasonably successful by UkrmnIan standards but still has to rely on the
bartermg system for ItS supply ofgas and electnc power

One of the energy audIt partICIpants, Mr Tamovsky, saw possIbIlItIes for some pnvate
development beyond the AID program m the area of heat dIstnbutIOn system

• natural gas

The most Important factor m developmg pnvate sector ESCO IS an aVallabilIty of long term
(2-3 years) financmg UkralnIan banks demand exorbItant mterest rates for a loan of 6 months
duratIOn ThIS makes developmg pnvate sector ESCO m Ukrame almost ImpossIble

• dIStrICt heat

• electnc power

performed the energy efficIency audIt durmg November 24 through28, 1997 In accordance
wIth the purposes of the proJect, the audIt team prepared the followmg report
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plant management and report dIrectly to the plant general manager It IS essential as energy
consumptIOn and energy costs acqUire a special Importance and a plant manager should be
aware of energy conservatIOn potentIal

The best part of the proposed measures have dIrect applIcatIOns wIth mmor adjustments at
other mdustnal plants 1 e they can serve as a standardIzed solutIOn for a standard problem

If Implemented the measures proposed by the audItors wIll reduce energy consumptIOn
annually

• of electnc power by 5,648,000 kWh (35%)

• of natural gas by 546,000 m3 (15%)

• of thermal energy by 935 GCal (11 %),

and Will result addItionally m reductIOn of pollutant emISSIons

1 SolId partIcles by 24 8 tons/year

2 Sulfur dIOXIde 55 tons/year

3 Carbon oXIde by 7 5 tons/year

4 NItrogen oXIde by 14 tons/year

Plant energy effiCiency can be Improved, costs reduced and enhance competItiveness of the
enterpnse preserved based on recommendatIOns lIsted m the followmg Table No 1

CapItal mvestments of$I,845,760 mto the Improvement of energy effiCIency (ECO#1 through
ECO#9) WIll result m annual savmgs of$813,590 later

1-3



Energy conservatIOn opportumty CECO) lIst

ECO# ElectncIty, Natural gas, Thermal Annual Project Payback,
DescnptIOn 1,000 kWh q 1,000 m3 energy, savIngs, cost, years

$
GCal $

1 InstItutIOn of Energy Management 1,600 371 935 32,000 20,000 06

ThIS ECO wIll ensure energy use
management and reduce energy costs
by 10%

2 Momtorlllg and Recordlllg of 800 33,600 20,000 06
Power ConsumptIOn

Metnng and momtonng system w111
reduce power consumptIOn by 5%

3 Momtorlllg and Recordlllg of
Compressed AIr ConsumptIon

1,440 60,500 33,000 06
RegIstratIOn and analysIs system wIll
reduce ehmmate compressed aIr
waste

4 Momtorlllg and Recordmg of
I 74 6,100 3,900 06

Natural Gas ConsumptIOn

Tills ECO Will reduce natural gas use

-<.

------------------



---------------------
5 Overhaul of the Plant Hot Water

System 108 81 11,040 11,000 1

ThIS ECO Will save 40% of natural
gas and 80% of electnclty used for
hot water supply

6 Thermal InsulatIOn of the Hot
Water Tanks 198 1,640 1,560 1

ThIS ECO will reduce heat waste

7 ControllIng InsulatIOn Heat Losses 85 3,230 1,300 04

IdentificatIOn and ehmmatIOn of heat
losses will reduce energy use

8 Overhaul of the Plant's Boller 230,000 155,000 07
House

ThIS ECO wIll reduce thermal energy
costs for plant heatmg

9 InstallatIOn of Back Pressure 1,700 441,000 1,600,000 36

Steam Turbme and Overhaul of
Process Ovens

ThIS ECO Will sIgmficantly reduce
elerctnclty consumptIOn

TOTAL 5,648 5458 935 813,590 1,845,760 23

11
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2 FACILITY BACKGROUND

2 1 History of the Plant

Dunng the war the plant moved to the CIty of Omsk m 1941, and m 1943, after Kharlav's
hberatlOn, the new enterpnse was started m the old bmldmgs

Vasily F Zadan

NiColaI I Lukyanenko

• ConstructlOn and RepaIr Department

• Packagmg Department

- Toolmaker's Shop
- ShIppmg Department
- Machme Tool Department
- MechanIcal-RepaIr Department
- Mamtenance Department

DIrector General

Currently the facIhty consIsts of

• 11 productlOn workshops

• 2 foundrIes castmg motor pIstons for tractors, farm machmery, autotrucks and cars, as well
as compressor and turbme wheels

• 4 machme workshops producmg pIstons for tractors, farm truck, autotruck and car motors

ChIef Energy specmhst

Tel (0572) 26-52-64

Fax (0572) 26-02-42

Address 43 Saltovskoye Shosse, Kharkiv 310038, Ukrame

Avtramat Jomt Stock Company was created 04/08/93 out of collective enterpnse after It'S
reorganlzatlOn PIston Plant, whIch was ongmaUy the mam enterpnse of
Kharlavtractorozapchast corporatlOn, was founded m June 1930 The followmg Table
represents the Plant's capaCIty before the World War II

Dmts 1936 1940

Number of Employees persons 359 557

Gross ProductlOn thousand 4710 10955
rubles
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COMMERCIAL OUTPUT FOR 1996 AT CURRENT PRICES

2 2 Types of Products

2 3 Number of Employees

The faCIlIty uses contmuous castmg technology, therefore foundnes operate 24 hours a day
Machme workshops and aUXIlIary shops run 8 hours dally
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1029

468

386

AUXIlIary Workers

Engmeenng Staff

ProductIOn Workers

The plant has 1883 employees, mcludmg

For the tIme bemg KharkIv PIston Plant owns large workmg area and productIOn facIlItIes All
of the mam workshops are charactenzed by low-efficIency energy usage The mam energy
consumers are the foundnes, wIth electncal ovens, heat-treatment furnaces and plasma Jet
remeltmg umts These foundnes operate 24 hours a day, 5 days a week The eqUIpment has
dIfferent age, but IS outdated, although kept m a good workmg condItIOn

Avtramat Plant produces engme pIstons for tractors, farm machmery, trucks and cars, optIOnal
eqUIpment and spare parts for motorcars

.N'!! Product Umts Total ProductIOn

1 Truck Spare Parts DAR 1000 6,564

2 Tractor Spare Parts DAR 1000 23,327

3 Ralf-FmIshed ArtIcles DAR 1000 2,306

4 OptIOnal EqUIpment DAR 1000 157

5 SpeCIal TechnologICal EqUIpment DAR 1000 233

6 Motocars Spare Parts DAR 1000 9,610

7 MISC Product DAR 1000 946

Total Commercial Output UAR 1000 43,143
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OrganIzatIOnal Management Structure of JSC
AVTRAMAT

General Assembly

r
Board of Directors Chairman "'"

Board of Directors

'" ....d

,
8 Commercial branches "'"

Sales, Marketmg and Engmeenng

\.. ~

1 I I I I
/ ""' / "'I , "l ,

""' / ""' /

Technical ProductIOn Chief Fmanclal SocIal Issues CapItal Development QualIty Manager

Manager Manager Executive Manager
Manager

\... .. \. .... \. .... \. ... '" .... \. ....

/ "'" / " /
"""'"

,
""'Sales Legal and Safety Personnel Manager Energy Manager

\.
Manager

.... \.
Manager

..... \. \.
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24 Number of Similar Enterprises m the Ukrame

Currently Ukrame has on Its temtory three enterpnses manufactunng engme pIstons for
tractors and motorcars These are

1 Kharkiv PIston Plant
2 KyIv "I Lepse" Plant
3 Konotop PIston Plant

2 5 Significance of Sector to Economv

KharkiV PIston Plant's product has large demand m the country's market, as well as m the
export market and m the former CIS The facIlIty produces 95% of the pIstons manufactured
m the country The demand for pIstons IS caused by low qualIty of fuel used m the former CIS
countrIes, whIch reduces conSIderably engme pIstons' servIce hfe

2-4
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3 CURRENT STATUS OF PRODUCTION

3 1 Total CapacIty of the Plant

GROSS TURN-OUT 1995-97 ANALYSIS

# Year Umts CommercIal Output at 1997 prices

1 1995 UAll 1000 28,081

2 1996 UAH 1000 43,143

3 1997 (9 months) UAH 1000 32,890

It IS possIble that m 1997 the facIlIty wIll be able to mamtam ItS 1996 level of productIOn

32 Recent ProductIon 1997 vs 1995 & 1996

1995-1997 PRODUCTIVITY ANALYSIS

# Year Umts ProductIvIty per worker

1 1995 UAH 1000 14,7

2 1996 UAH 1000 18,8

3 1997 (9 months) UAH 1000 17,6

ObVIOusly, there IS a tendency for mcrease m productIvIty

3 3 Current Trend

Current economIC SItuatIOn IS charactenzed by setback m productIOn and low purchasmg
power of the mterna1 market Therefore, the facIlIty has created Impex offspnng, WhICh IS
dea1mg WIth sales actIvItIes and expandmg to export1 markets, such as former CIS countnes,
BulgarIa, Czech RepublIc, Chma, MongolIa, as well as one-tIme supplIes to Western
European countnes

3 4 Exports Vs DomestIc ConsumptIon

Currently 70% of the output IS exported to NIS countnes Among the plant's permanent
customers are

3-1



In recent years the pIstons were also exported to Eastern Europe, Latm Amenca and Chma
Currently the percentage of exports to Western countnes IS mSlgmficant

mUkrame
m Belarus

m RUSSIa

KharklV tractor engme plant "Serp & Molot"
BOflsov Machme Plant
Mmsk Engme Plant
Rybmsk Engme Plant

I
I
I
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4 FINANCIAL STATUS OF THE PLANT

4 1 Currency Vs Barter

Every transaction wnh NIS countnes ls-patd m hard currency VIa bank accounts of the
contract partIcIpants TransactIOns mSlde the country are perfonned as barter operatIOns, when
the plant's product IS exchanged for a dIfferent product or servIces ThIS IS due to the
country's unstable economIC sItuatIOn Barter operatIOns constItute 60% of total sales m the
mternal market ThIS practIce started several years ago, and although every effort IS made by
the Ukralman Government to Improve the SItuatIOn, there haven't been any posItIve changes
The followmg table represents hard currency to barter operatIOns ratIO m the last three years

HARD CURRENCY TO BARTER OPERATIONS RATIO IN 1995-1997

# OperatIOn Umts 1995 1996 1997
(9 months)

1 Total Sales UAH 1000 20,045 40,350 32,770

Barter OperatIOns UAH 1000 13,500 28,080 17,030

~ pprrol::J.nt':1{TPo {'\f B-af:t& % 67 70 52oJ ......I.'"''''.I..l.L.L4s''''''' V.I.

4 2 Viability of Facility

Currently the facIlIty doesn't operate at full output due to the country's economIC SItuatIOn,
productIOn cnSlS, general mdustnal declme whIch IS partIcular severe m eqmpment
manufactunng, dIsruptIOn of old relatIOnshIps WIth supplIers and customers, and customers'
lack of hard currency For mstance, m 1996 the plant operated at 31 % capaCIty

However, the Plant's ratmg IS 9968 pomts (accordmg to Altman method based on current
pOSItIOn and solvency), whIch IS hIgh enough and corresponds to the first class ThIS means
that the enterpnse IS generally conSIdered to be solvent and capable of payIng Accounts
payable equal accounts receIvable

Percentage of fuel costs m cost of productIOn IS 7 9%

4-1
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5 ANNUAL ENERGY CONSUMPTION AND COSTS

51 Annual Energy Consumption. 1996·1997

ELECTRIC CONSUMPTION

Months 1996 1997 (10 months)
kWh kWh

January 1,418,380 1,501,917

February 1,347,750 1,666,489

March 1,751,1620 1,598,407

Apnl 1,724,291 1,515,047

May 1,370,033 1,101,700

June 1,127,533 1,130,475

July 1,265,935 1,176,304

August 1,205,455 1,208,239

September 1,210,008 1,361,054

October 1,338,999 1,460,529

November 1,106,556

December 1,487,853

TOTAL 16,353,955 13,720,161
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GAS CONSUMPTION

Months 1996 1997 (10 months)
1,000 m3 1,000 m3

January 314 422

February 316 333

March 365 314

Apn1 360 385

May 282 240

June 250 200

July 237 262

August 276 250

September 297 290

October 307 372

November 280

December 425

TOTAL 3,709 3,068

5-2
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CONSUMPTION OF HEAT FROM OUTSIDE SUPPLIERS

Months 1996 1997 (10 months)
Gcal Gcal

January 2,286 2,00669

February 1,935 1,495873

March 1,904 1,023

Apnl 451 64201

May - -

June - -

July - -

August - -

September - -

October - 123218

November 400

December 1,301

TOTAL 8,277 5,290791
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Cost for 1000 M
3 IS $83

The only fuel used m the faclhty IS natural gas

5 2 Current Energv and Fuel Prices
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1,440,000 kWh
1,440,000 * 003 = $43,200
17,500 + 43,200 = $60,700
60,700/11,440,000 = $0 042

• 1 kWh of stated power $3 5
• 1 kWh of consumed power $003

Electricity

The faclhty pays for electrICity accordmg to the tariff based on stated capacity and actual
consumptIOn

Stated capacIty 5,000 kW
Payments for stated capacIty 5000 * 3 5 = $17,500

Fuel

Contract for electnclty supply With Pravex company IS based on followmg costs

1 Stated capacIty
2 Actual electnc consumptIOn accordmg to kW meters

Average monthly electnc consumptIOn
Payments for consumed power
Total payments
Actual cost per kWh
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5 3 Energy Use Profile

Average electncIty consumptIOn per hour IS 2,800 kW

Hourly DlStnbutlOn of Power Consumption

4
19%_~ _

# Consumers % Load, kW Cost, $

1 Electnc Heater Ovens 293 8204 344

2 Compressor StatIOn 21 5 602 253

3 ProductIOn Workshops 30 840 353

4 MIsc consumers 192 5376 226

TOTAL 100 2,800 1176
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28 Nov 1997

Gas Consumption DistributIOn In the FacIlity

Total Gas ConsumptIOn
III the FaCIlity

12,950 m3

Cost $1,075

~

11,490 m3

<il954

$73

450m3

$373

130m3

'&10 7
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Alummum Foundry

8 ovens wIth 3 burners

2 ovens wIth 2 burners

BOller House

1 boIler DKVR-2,5-13

for dIstnct heat

Research Workshop

2 ovens wIth 3 burners

Toolmaker's Shop

Forgmg Shop
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6 PREVIOUSENERGYIMPROVEMENTS

In 1997 the plant undertook the followmg energy and fuel savmg measures

1 TechnologICal redesIgn of pIston productIOn hne, ImplementatIOn of computer controlled eqmpment and
reductIOn m the number of pIston treatment operatIOns made redundant 10 process machmes WIth 150
kW mstalled capacIty ThIS wIll result In electncIty saVIngs of258,000 kWh per year

At current pnce of$O 042 per kWh annual saVIngs WIll be

0042 * 258,000 = $10,830

2 Increasmg msulatIOn of electnc (m VAZ pistons workshop) and meltmg furnaces (m foundnes) wIll
result m annual electncity savIngs of 49,000 kWh

At current pnce of $0 042 per kWh annual savmgs WIll be

o042 * 49,000 = $2,060

3 Implementmg cahbrated au Jets and pneumatIC air valves (m machme workshops 1 & 3) for improvmg
air-blast cleanmg technology and operatIOn control based on actual load WIll result In annual electrICIty
savmgs of 187,000 kWh

At current pnce of $0 042 per kWh annual savmgs Will be

0042 * 187,000 = $7,850

4 Control of heat distnbutIOn to different users wIll result m annual heat saVIngs of215 Gcal

At current pnce of $26 5 per Gcal annual savmgs WIll be

265 *215 = $5,700

5 ACId wash of dIstnct heat system (m machme workshop 1) wIll result m annual heat savmgs of 210
Gcal

At current pnce of $26 5 per Gcal annual savmgs WIll be

265 * 210 = $5,560

6 InsulatIOn ofworkshop gates wIll result m annual heat savmgs of38 Gcal

At current pnce of $26 5 per Gcal annual savmgs WIll be

265 * 38 = $1,000

7 InsulatIOn of hot water headers m the workshops WIll result m annual heat savmgs of 181 Gcal

At current pnce of $26 5 per Gcal annual savmgs Will be

265 * 181 = $4,800

Total annual energy cost savmgs

10,830 + 2,60 + 7,850 + 5,700 + 5,560 + 1,000 + 4,800 = $37,800

The plant has been regularly implementmg (and is plannmg) all sorts of energy savmg Improvements m
order to reduce productIOn costs Some of the proposed projects haven't been Implemented due to lack

6-1
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of techmcal decIsIOns that could fulfill all the reqUIrements On the other hand, some of the techmcal I
projects seemed to be too comphcated and expensIve to Implement, wIth no payback
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7 ENERGY AUDIT

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

IntroductIOn of the recommended measures wIll reduce annual energy consumptIOn

1 Electncity by 5,648,000 kWh (35%)

2 Natural gas by 545,800 m3 (15%)

3 Thermal energy by 935 GCal (11 %)

The results of techrucal and economIC calculatIOns of energy conservatIOn opportumtles are
gIven below

ECO #1 - InstitutIOn of energy management

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

In order to Implement contmuous supervISIOn and analySIS of energy use we recommend to
mstItute energy management system and prOVIde necessary measurmg eqmpment

ImplementatIOn of thIS project Will reduce fuel and energy costs by 32,000 $/year Payback
penod wIll be 0 6 year

See detaIls of thIS proposal m AppendIX AI, ECO #1

ECO #2 - Momtonng and Recordmg ofPower ConsumptIOn

ElectrIcal system of the faCIlIty compnses 110 kV open-alr electncal dIstnbutIOn substatIOn
WIth 2 transformers 16,000 kVA WIth 110/6 kV voltage, 4 dIstrIbutIOn substatIOns WIth 6 kV
voltage and 14 transformer substatIOns WIth 6/04 kV voltage Total deSIgned capaCIty IS
17,880 kVA

There are electnc meters mstalled on 6 kV SIde of m and out feeders at 110 kV dIstrIbutIOn
substatIOn DIstnbutIOn pomts and transformer substatIOns are not prOVIded WIth metenng
eqmpment Consequently, there's no data on power consumptIOn by speCIfic users

Accordmg to both pubhshed data and practical expenence, ImplementatIOn of record keepmg
and control of energy consumptIOn wIll result m 5% savmgs To thIS goal we recommend
mstallatIOn of 50 electncal consumptIOn meters and a computenzed record keepmg system

ImplementatIOn of thIS ECO WIll decrease annual electrIC consumptIOn by 800,000 kWh,
annual cost savmgs WIll come to $33,600, SImple payback IS °6 year
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See AppendIx A 2 ECO #2 for more details on thIS proposal

ECO #3 - Momtonng and Recordmg of Compressed AIr ConsumptIOn

Currently the faCIlIty uses for technologlCal processes compressed aIr produced by a
centralIzed compressor rated at 100 m3/mm and 6 Bar, mstalled m the central compressor
statIOn The audIt check of the workshops mdlcated conSIderable leaks of compressed air on
stand-by eqmpment located m the Idle workshops We assume that as much as 50% of
compressed au IS bemg lost The lack of productIOn and consumptlOn accountmg results m
neghgent attItude towards compressed au usage

Tlus results mmcreased compressor load and mcreased electncal consumptIOn

We propose mstallmg 14 meters of compressed aIr m the compressor statlOn and mam
workshops ThIS wIll allow to regIster and analyze compressed air consumptlOn, and,
consequently, ehmmate losses m due course Assummg conservatIvely that ImplementatlOn of
thIS ECO wIll result m 30% savmgs of electnclty used by the compressor, annual energy
savmgs wIll come to 1,440,000 kWh Annual cost savmgs WIll be $60,500 Payback IS
06 year

See AppendIX A 3, ECO #3 for more details on thIS proposal

ECO #4 - MOnItonng and Recordmg ofNatural Gas ConsumptlOn

Current natural gas consumptlOn at the faclhty IS about 3,700,000 m3 per year Total gas
consumptlOn IS recorded VIa the gas meter mstalled at the plant's gas regulatmg statlOn Only
the bOIler house and the two ovens at the alummum foundry are prOVIded WIth the meters
Therefore the mefficlency of gas consumptlOn due to faulty technologIcal eqmpment IS further
mcreased by losses occumng due to operatlOnal staffs lack of actual consumptlOn
mformatlOn and, consequently, lack ofresponslblhty for exceSSIve consumptlOn Accordmg to
expert evaluatlOn supported by world-WIde practIce, fuel accountmg and control WIll result as
a mInImUm m 10% cost savmgs

We recommend to mstall addltlOnal gas meters on essentIal technologICal eqmpment
Assummg conservatIvely that gas consumptlOn record keepmg WIll save 2% of total gas
consumptlOn, annual energy savmgs wIll come to 74,000 m3 At annual cost savmgs of
$6,100, payback IS 0 64 year

See AppendIX A 4, ECO#4 for more details on thIS proposal

ECO #5 - Overhaul of the Plant Hot Water System

Currently the plant uses the followmg system of hot water supply

1) Steam bOller DKVR-2,5-13 produces steam WIth 0 7 Bar pressure and 115°C temperature,
2) The steam IS then sent to 2 storage tanks WIth 37 m3 and 265m3 capaCIty,
3) DIrect steam IS bubbled mto the cold water to heat It,

When water temperature reaches 60-65°C, It IS pumped to the end users accordmg to a
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timetable

DKVR-2 5 boIlers are about 30 years old

We recommend to change the configuratIOn of the hot water supply system, as well as the
eqUipment We recommend the followmg

1) Use as a heat source 200-250 kW capacIty boIler With 95-70°C water temperature and at
least 90% efficIency,

2) Use adequately sIzed plate-type heat exchanger,
3) Cold water Will be heated m the heat exchanger to 60°C and sent to the hot water storage

tanks,
4) Hot water to the end users wIll be supplIed from the storage tanks VIa the eXIstmg pIpelIne

system and accordmg to the current tImetables

ThIS system WIll save 40% ofnatural gas and 80% of electncity Payback penod IS 1 year

See AppendIx A 5, ECO#5 for more details on tills proposal

ECO #6 - Thermal InsulatIOn of the Hot Water Tanks

The plant's bOIler room has two hot water storage tanks Both tanks are not msulated The
outsIde surface temperature IS 60°C to 70°C We estImate that more then 10% of heat IS lost
Via umnsulated tank walls

We propose to msulate the tanks WIth foamed polyurethane msulatIOn followed by coatmg
WIth alummum pamt ThIS WIll reduce heat losses by 90-95 % ImplementatIOn of thIS ECO
WIll result m annual gas savmgs of 19,800 m3, annual cost savmgs WIll be $1,640 Payback IS
095 year

See AppendIx A 6, ECO#6 for more details on thIS proposal

ECO #7 - Controlhng InsulatIOn Heat Losses

Dunng the audIt the audIt team performed surface temperature measurements of the
eqmpPlellt wd--heat systems usmg non-contact thermometer ("heat spy") ThIS was done to
locate and evaluate heat losses due to poor msulatIOn The results mdICated that consIderable
losses occur m the heat dIstnbutIOn system, dIstnct heat systems, m technologIcal processes,
etc

A non-contact thermometer IS necessary for ImplementatIOn of facIhty-wide energy
management program ThIS, accordmg to expert evaluatIOn, saves up to 10% of the energy
used In our opmIOn, timely detectIOn and correctIOn of heat losses due to poor msulatIOn WIll
result m an annual energy savmgs of 85Gcal Annual cost savmgs WIll be $3,230 Payback
penod wIll be 0 4 year

See AppendIx A 7, ECO#7 for more detaIls on thIS proposal
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Eeo tf8 - O"erhaul ofthe Plant's BOller House-

Currently the facIllty purchases the heat energy for dIStrIct heat purposes from the
KharkIvoblenergo (a specIallzed UtIllty) The heat energy IS supplled VIa an external plpellne
system

We recommend to retrofit the bOIler house to enable the facIllty to have ItS own heat source
that could cover all ItS heatIng needs Old eqUIpment should be dIsmounted and replaced wIth
modern water bOIlers (type VK-21 or VK-31) wIth efficIency of 90% or better
ImplementatIOn of thIS project wIll allow $230,000 reductIOn In annual energy costs The
expected payback IS 0 67 year

See AppendIx A 8, ECO#8 for more detaIls on thIS proposal

ECO#9 - InstallatIOn of Back Pressure Steam Turbme and Overhaul ofProcess Ovens

Durmg the VISIt the audIt team observed operatIOn of 10 alumInum castIng furnaces On most
furnaces VISIble flame tlps were reachIng the fume-collectIng hood OutsIde surface
temperature of the metal hood was as hIgh as 360°C, despIte au Inflows from the outsIde
Expert estlmate of furnace effiCIency IS not more than 25%

There's no doubt that thIS alummum castIng process needs to be Improved Plant's
management WIshes to Improve technology by USIng a complex castIng umt conslstmg of two
ovens A gas oven WIll be used for meltmg alumInum and an electnc oven for chemIcal
composItIOn conditIOmng ThIS wIll allow productIOn of alummum alloy of deSIred
composItIOn

We recommend to eqUIp the gas oven of the proposed system WIth a firebnck envelope and
smoke fumes evaporatIOn coolIng umt Such arrangement Will recover 60-65% of heat
produced and provIde the facIllty WIth 15,000 Gcal of free heat energy annually

ConvertIng only 10% of thIS heat Into an electnc energy wIll produce up to 1,700,000 kWh
We estlmate the annual cost saVIngs to be $441,400 and payback to be 3 6 years

See AppendIx A 9, ECO#9 for more detaIls on thIS proposal
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where

8 ENVIRONMENTAL IMPACT OF RECOMMENDATIONS

Amounts of pollutants formed dunng generatIOn of 5)648)000 kWh

h= hn Eps)

5)648)000 kW h
545)800 m3

8-1

hI = 9 9 X5)648,000 = 55)000)000 (g/year)

h2 = 0 5 X5)648)000 = 2)800)000 (g/year)

h3 = 22 X 5)648)000 = 12,400)000 (g/year)

14 = 4 4 X5)648,000 = 24)800)000 (g/year)

3) mtrogen OXIdes NOx

4) solId partIcles

2) carbon OXIde CO

1) sulfur dIOXide S02

hn - the speCific content of emISSIOns) g/kW h
Eps - electnc power savmg, kW h

sulfur dIOXIde S02 - 9 9 g
carbon oXide CO - 0 5 g
mtrogen oXIdes NOx - 2 2 g
solId partIcles - 4 4 g

Accordmg to the data from the Mmistry of Energy) m 1996 1 kW h of the electnc power
meant emittmg mto the atmosphere of 17 g of contammatmg substances) mcludmg the
followmg

electnCity savmg 
natural gas savmg -

Reducmg electnc consumptIOn results m decreasmg the amount of the emitted harmful
substances that can be determmed by the formula

Smce combustIOn of natural gas results m the least emISSIons of the carbon dIOXIde CO2 (that
IS the gas pnmanly responsIble for settmg "the green house effect")) savmg natural gas Will
contnbute to weakenmg of "the green house effect') ThIS happens because less coal w111 be
burnt If natural gas IS aVailable for combustIOn

Annual natural gas savmgs on ImplementatIOn of energy savmg measures at Kharklv Piston
Plant will be as shown m AppendiX A 8 calculatIOns

Carbon monoxIde (CO) IS another harmful substance that forms after an mcomplete
combustIOn of natural gas ReductIOn m natural gas combustIOn w111 contnbute to reductIOn m
carbon monOXIde emISSIOns

The proposed project contams energy conservatIOn measures aImed at savmg fuel and electnc
power The mam fuel used at KharkiV PIston Plant IS natural gas The harmful substance that
forms m a sIgmficant quantIty dunng combustIOn of natural gas burmng are mtrogen oXIdes
(NOx) The mtrogen oXIdes are harmful to the human health and can cause severe respIratory
problems
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CalculatIOn of the carbon dIOxIde that forms at burnIng natural gas IS made by the formula

Meo = 0001 B Kco Qr (1 -q/lOO),
where

B - consumptIOn of natural gas, m3/yr
Kco = 025 kg/GJ - the quantlty of carbon dIOxIde that IS produced per heat umt

releasmg at burnmg of natural gas
Qr = 35MJ/m3

- the lowest calOrIfic value of natural gas
q = 0 5 % - heat losses resultmg from an mcomplete gas combustIOn
Meo = 0001 545,800 025 35 (1 - 0 5/100) = 4,700 (kg/yr),

or Mea = 4 7 t/yr
CalculatIOn of the mtrogen oXIdes per tIme umt (t/yr) shall be done by the formula

MNOx = 0 001 B KNOx Qr (1 - b),

where
KNOx = 0 1 kg/GJ - a parameter charactenzmg the amount of the mtrogen OXIdes

formmg per 1 GJ of heat, kg/GJ,
b = 0 15 - a coeffiCIent for takmg mto account the degree of decreasmg the level of

emISSIOns of mtrogen OXIdes resultmg from ImplementatIOn of some technIcal measures
MNox = 0 001 545,800 0 1 35 (1 - 0 15) = 1,600 (kg/yr),

or MNox = 1 6 t/yr

ImplementIng at the PIston Plant conservatIOn measures allows to decrease the energy
consumptIOn, and that In ItS tum, to decrease the quantIty of harmful emISSIOns mto the
atmosphere The data showmg decreasmg emISSIOns of contammatmg substances are gIven In
the followmg table

ReductIOn m emISSIOns as a result of the energy savIngs, tlyr

EmISSIOns ElectrIC power Natural gas TOTAL

SolId partICles 248 - 248

Sulphur dIOXIde 55 - 55

Carbon OXIde 28 47 75

NItrogen OXIde 124 1 6 14
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Appendix A. ENERGY CONSERVATION
OPPORTUNITIES (ECO'S)
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A-2

Analyszs

Preparmg energy
consumptlOn chart

Implementmg

planned zmprovements

Planmng

• Collectmg fuel and energy consumptIOn data usmg measurmg and testmg eqUIpment,

The mam dutIes of an energy management sectlOn mclude

A 1 ECO # 1 InstItutIon of energy management

• Preparmg faCIlIty's energy consumptIOn chart (probably m collaboratIOn WIth an outSIde
consultant, energy audItor),

Energy management cycle

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

Implementmg an energy management actIvIty typIcally would mvolve establIshmg a separate
sectIOn of employees to deal only With energy effiCIency At a mmimum an energy
management sectIOn should conSIst of three people technIcal supervIse, an electnc engmeer
and a thermal engmeer

DescriptIOn ofOpportumty
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• Prepanng a plan for Implementmg addItIOnal measurmg and testmg eqUIpment,

• Collectmg data on raw matenals and energy consumptIOn and on productIOn output,

• Makmg key CalculatIOns on Improvmg energy effiCIency - for overall facIlIty as well as
specIfic productIOn lInes,

• Implementmg new technologIes on eXIstmg and new energy systems to Improve energy
effiCIency of operatIOn,

• Encouragmg the personnel to mdIcate potentlal energy conservatIOn opportunItIes

• Keepmg mformed on current energy polIcy trends and neIghbonng Issues, (e g, such as
new tax legIslatIOn, eXIstmg consumptIOn restnctIOns, subSIdIes, envIronmental aspects
etc)

In order to Implement permanent energy consumptIOn momtormg and analySIS we recommend
to mstItute energy management system at the plant and to prOVIde reqUired measunng
eqUipment The set of eqUlpment that wlll be useful for the plant spou1d--mclude

• three phase energy analyzer,

• tachometer,

• hot-WIre anemometer,

• combustIOn analyzer,

.. non-contact thermometer,

• ultrasomc leak detector,

• dIgItal contact thermometer,

• lIght meter,

• power factor meter,

• portable temperature/humIdIty/ dew pomt meter,

• computer wIth prmter

Annual energy savmgs

Currently the works use annually on average 16,000,000 kWh of electnc power and
3,710,000 m3 of natural gas

TypIcally, combustIOn efficIency Improves by 25% from utIlIzmg the combustIOn analyzer
Electnc power use effiCIency can be lmked to a WIde range of factors I g power factor
correctIOn, Improvement of eqUIpment load control (shuttmg off Idhng eqUIpment),
optImIzatIOn of motor loads, optImIzatIOn of pump operatIOn, Improvement of compressor
load control, etc On average Improvement of electnc power use can ensure from 3 to 10%
savmgs of total electnc power consumptIOn

A-3
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The global expenence and practice show that m case of mstItutIOn of full-tIme energy
management ensures from 3 to 10% of fuel and energy consumptIOn savmgs Energy
savmgs wIll amount to

1) Electnc power - 16,000,000 x 0 1 = 1,600,000 (kWh)

2) Natural gas - 3,710,000 x 0 1 = 371,000 (m3
)

Annual cost saving estimate

1 At the pnce of $0 04 per 1 kWh of electnc power the cost savmgs wIll be

1,600,000 x 0 04 ~ $64,000

2 At the pnce of $26 5 per 1 GCal of thermal energy the cost savmgs wIll be

85265 = 33,760

3 At the pnce of $83 per 1,000 m3 of natural gas the cost savmgs wIll be

371 x 83 ~ $30,790

Total energy cost savmgs wIll be

64,000 + 30,790 + 21,000 ~ $89,400

ImplementatIOn Costs

Accordmg to the world practIce, expenses on Implementmg energy management constItute
50% of estImated energy savmgs, I e

89,400 x 0 05 ~ $44,700

SImple payback

ImplementatIOn costs - $44,700

Annual cost savmgs - $89,400

SImple payback penod Will be

44,700/89,400 ~ 0 5 (year)
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A 2 ECO #2 - Momtormg and Recordmg of Power ConsumptIOn

16,000,000/ 0 05 = 800,000 kWh

DescriptIOn ofOpportumty

Annual Cost Savmgs

At current electncity cost of $004 per kWh annual savmgs WIll be
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4350$
1370$
3500$
650$
5500$
4600$

$20,000

$20,000
$33,600

SImple payback WIll be
20,000/33,600 = 0,6 year

A-5

ImplementatIOn costs
Cost savmgs

Szmple Payback

800,000 x°042 = $33,600

ImplementatIOn Costs

50 three-phase electnc meters wIth bUIlt-m sensors at $87
114 metenng transformers at $12
Cables
PC wIth pnnter
Subcontractmg enterpnse servIces
Overhead costs @ 30%

TOTAL COSTS

There are electrIC meters mstalled on 6 kV SIde of m and out feeders at 110 kV dIstnbutIOn
plant DIstnbutIOn pomts and transformer substatIOns are not proVIded wIth metenng
eqUIpment Consequently, there's no data on electncity consumptIOn by speCIfic users
Therefore, It's ImpOSSIble to evaluate productIOn costs or bUIld correct plannmg strategy
Equally, the employees don't realIze benefits from energy savmg It wIll be ImpOSSIble neIther
to plan energy conservatIOn measures nor evaluate results of already Implemented changes
before metenng system and consumptIOn record keepmg system are mtroduced

ElectrIcal system of the facIlIty compnses 110 kV open-aIr electncal dIstnbutIOn plant wIth 2
transformers 16,000 kVA each wIth 110/6 kV voltage, 4 dIstnbutIOn substatIOns wIth 6 kV
voltage and 14 transformer substatIOns wIth 6/04 kV voltage Total desIgned capaCIty IS
17,880 kVA

Accordmg to both publIshed data and practlcal expenence, energy consumptIOn record
keepmg and control system wIll decrease losses and result m 5% savmgs To thIS goal we
recommend to Install 50 electncal consumptIOn meters With computenzed record keepmg
system

Annual Energy Savmgs

Average annual energy consumptIOn IS 16,000,000 kWh 5% decrease m electncity
consumptIOn WIll result m savmgs of
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A 3 ECO #3 - Momtormg and Recordmg of Compressed Air ConsumptIon

DescriptIOn ofOpportumty

Currently the faCIlIty uses for technologIcal processes compressed au produced by a
centralIzed compressor rated at 100 m3/hr and 6 Bar The compressor IS mstalled m the central
compressor statIOn The audIt check of the workshops mdlcated consIderable compressed au
leaks on stand-by eqUipment m Idle workshops These leaks are due mostly to sealmg locknuts
and don't cost much to fix

NeIther management nor operatmg staff have been able to estImate the need for compressed
au m a partIcular workshop, as well as compressed au losses Basmg on the vIsual check, we
would assume that as much as 50% of compressed alr IS bemg lost The lack of compressed
aIr productIOn and consumptIOn accountmg results m negligent attItude towards ItS usage At
current SItuatIOn It'S ImpOSSIble to evaluate the cost of compressed aIr m productIOn cost at
every partIcular workshop It's also hard to encourage conservatIOn ofcompressed alr

All of the above results man mcreased compressor load and mcreased electncal consumptIOn

We recommend mstallmg 14 compressed aIr meters m the compressor statIOn and mam
workshops ThIS WIll allow to regIster and analyze compressed alr consumptIOn, and,
consequently, elImmate losses m due course, WhICh WIll result m electnclty savmgs on
compressor motor

Annual Energy Savmgs

At a most conservatIve estImate, ImplementatIOn of thIS ECO WIll result m 30% savmgs of
electnclty used by compressor Electnclty consumptIOn by the compressor station constItutes
not less then 30% of total electnclty consumptIOn on the faCIlIty, wmch averages m annual
16,000,000 kWh

Proposed electnc consumptIOn for compressed alr productIOn

16,000,000 x °30 = 4,800,000 kWh

Annual electnclty savmgs WIll be

4,800,000 x °3 = 1,440,000 kWh

Annual ElectriCity Cost Savmgs

At current pnce of $0 042 per kWh, annual cost savmgs WIll be

1,440,000 x 0 042 = $60,500
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Implementation costs

12 gas meters @ $1,700

2 gas meters @ $2,500

Overhead expenses @ 30%

TOTAL COSTS

SImple Payback

ImplementatIOn costs

Annual cost savmgs

SImple Payback IS

33,000 / 60,500 =0,6 year

A-7

$20,400

$5,000

$7,600

$33,000

$33,000

$60,500
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74,000 x 0 083 = $6,100

A 4 ECO #4 - Momtormg and Recordmg of Natural Gas ConsumptIOn

Annual Energy Savmgs

3,700,000 x 0 02 = 74,000 m3

$3,900
$6,100

$3,000
$900

$3,900

A-8

3 gas meters @ $1,000
Overhead expenses @ 30%

ImplementatIOn Cost
Annual cost savIngs

SImple payback WIll be
3900/6100 = 0,6 year

Simple Payback

TOTAL COSTS

Assummg conservatIvely that gas consumptIOn record keepmg system WIll allow 2% savmgs,
at current annual consumptIOn of 3,700,000 annual gas savmgs come to

ImplementatIOn Costs

DescriptIOn ofOpportumty

Current natural gas consumptIOn at the facIlIty IS about 3,700,000 m3 per year Total gas
consumptIOn IS recorded VIa the gas meter mstalled at the plant gas regulatmg statIOn Only
the boIler house and the two ovens at the alummum foundry are provIded wIth meters
Therefore the mefficlency of gas consumptIOn due to faulty technologIcal eqUIpment IS further
mcreased due to operatIOnal staffs lack of actual consumptIOn mformatIOn and, consequently,
lack of responsIbIlIty for exceSSIve consumptIOn Gas usage accountmg should constItute one
of the component parts of enterpnses' energy management program Accordmg to expert
evaluatIOn supported by world-WIde practIce, energy accountmg and control wIll result as a
mmImum m 10% cost savmgs

We propose to mstall addItIOnal gas meters on essentIal technologIcal eqUIpment, whIch WIll
allow to m future to Implement the energy management program at full extent In thIS case we
wIll buIld our efficIency calculatIOns on peSSImIstIc assumptIOn of2-3% gas savmgs

Annual Cost Savmgs

At current gas pnce of $0 083 per 1 m3
, annual cost savmgs wIll be
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A 5 ECO #5 - Overhaul of the Plant Hot Water System

Descrlptzon ofOpportumty

Currently the plant uses the followmg system of hot water supply

1) Steam boIler DKVR-2,5-13 produces steam wIth Psteam = 07 Bar pressure and tOsteam =

115°C temperature,
2) The steam lS-then-sent to 2 storage tanks wIth VI = 37 m3 and V2 = 265m3 capaCIty,
3) DIrect steam IS bubbled mto cold water to heat It,

When water temperature has reaches tOhot water = 60-65°C, It IS pumped to the end users
accordmg to a tImetable

DKVR-2,5-13 boIler operates 24 hours a day and produces 250-300 kg of steam usmg 35-40
mJ of gas per hour Technology also mcludes a draft van, WhICh, accordmg measurements
taken, consumes N == 18 kW or 129,600 kWh annually

DKVR-2 5 bOIlers are about 30 years old Cut out sectIOns of an Idle bOIler mdICate that there
IS a 4 to 8 mm layer of crust on pIpes mternal dIameter ThIS results m 50% effiCIency of the
boIler, as there's no condensate m eXlstmg hot water system ChemIcal water treatment WIth
two Na-catIOn filters cannot prOVIde appropnate qualIty of the steam bOIler makeup water

As a result, the facIlIty has conSIderable natural gas and electnclty losses

We recommend to change the configuratIOn of hot water supply system, as well as the
eqUIpment We recommend the followmg

1) Use as a heat source IS 200-250 kW capaCIty boIler WIth 95-70°C water temperature and at
least 90% efficIency,

2) Use adequately sIzed i*ate=type heat exehanger CIrculator and burner fan motors consume
not more than 3 kW,

3) Cold water WIll be heated m the heat exchanger to 60°C and sent to the hot water storage
tanks,

4) Hot water to the end users WIll be supplIed from the storage tanks VIa the eXlstmg plpelme
system and accordmg to the current tImetables

ThIS system WIll save 40% of natural gas and 80% of electnclty

Annual Energy Savmgs

Hot water consumptIOn on the facIlIty accordmg to measurements IS Ghot water = 80 tons per
day year round In wmter hot water supply penod (nheatmg == 150 days) average cold water
t t to heatIng - 10°C h t t t tu to heatIng - 60°C Iempera ure IS cold water - , 0 wa er empera re IS hot water - n
summer hot water supply penod (nnon heatIng == 150 days) average cold water temperature IS
tocold waternon heatIng 20°C, hot water temperature IS tOhot waternon heatIng 45°C

A-9
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CalculatIOn for the annual amount ofheat used for hot water supply w111 be

Q - [G ( 0 heatmg to heatmg ) + G ( 0 non heatmghot water - hot water X t hot water - heold water Xnheatmg hot water X t hot water
o non-heatmg ) ] / 1 000 G I- t heold water Xnnon heatmg , ca

Qhotwater = [ 80 X(60-10) X 150 + 80 X( 45 - 20) X150] /1,000 = 900 Gcal

Measurements have shown that It takes Ggasdally 880 m3 of gas to produce dally needed amount
of hot water wIth Qdally = 4 Gcal heat content Therefore, actual gas consumptIOn IS

bactual = GgasdallY / Qdally =880/4 =220 m3/Gcal

Proposed eqmpment wIll consume bproposed = 130 m3/Gcal

Gas savmgs on producmg I Gcal ofheat m hot water WIll be

baetual - bproposed = 220 - 130 = 90 m3/Gcal

Annual gas savmgs at Qhot water = 900 Gcal

90 X 900 = 81,000 m3

DKVR-2 5 bOller's draft fan annual electncity consumptIOn EaetualiS

18 X 24 X 300 = 129,600 kW

where

N = 18 kW - draft fan hourly electrIC consumptIOn,

Ohrs = 24 X300 hr - operatIOn hours per year

CIrculator and burner fan motors m the proposed system consume not more than Nproposed = 3
kW, so, annual electrIC consumptIOn IS

Eproposed = Nproposed XOhrs = 3 x 24 X300 = 21,600 kW

Annual electncity savmgs

Eactual - Eproposed = 129,600 - 21,600 = 108,000 kW---

Annual Cost Savings

At current natural gas pnce of $0 083 per 1 m3
, annual gas cost savmgs w111 be

81,000 X 0083 = $6,720

At current electncity pnce of $0042 per 1 kWh, annual electncIty cost savmgs WIll be
108,000 x 0 042 = $4,500

Total cost savmgs on thIs ECO

A-I0



6,720 + 4,500 = $11,220

Implementatwn Costs

EqUIpment costs bOIler and water heater

DesIgn works

InstallatIOn costs

Overhead expenses @ 30%

TOTAL COSTS

SImple Payback

Annualsavmgs

ImplementatIOn costs

SImple payback IS

11,000/11,220 = 1 year

A-ll

$6,000

$1,000

$2,000

$2,000

$11,000

$11,220

$11,000
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A 6 ECO #6 - Thermal InsulatIOn of the Hot Water Tanks

DescriptIon ofOpportumty

Two hot water storage tanks mstalled m the plant's bOIler room are VI = 37 m3 and V2 = 26 5
m3 capacIty Overall outsIde surface of the tanks IS F = 130 m3 Both tanks are not msulated
OutsIde surface temperature IS 60°C to 70°C Heat losses due to msufficient walls msulatIOn
are more then 10%

We propose to msulate the tanks With foamed polyurethane msulatIOn followed by coatmg
wIth alummum pamt ThIS wIll reduce heat losses by 90-95 %

Annual Energy Savmgs

Overall unmsulated surface IS F = 130 m2

Heat losses to the enVIronment are calculated as

Qlosses = K x F x ~t x 10 6 (Gcal/hr))

where

K = 3,2 Ccallm2 x h x °C - heat flow

F = 130 m2- heat-transfer area

~t = (tosurface - toamblenD - temperature mterval

tosurface - tank outsIde surface temperature

toambIent - ambIent temperature

Summer and wmter temperatures are dIfferent, therefore heat losses durmg heatmg and non
heatmg seasons are calculated separately

Heat losses durmg heatmg season, If tosurface heatmg = 60°C, toambient heatmg= 20°C, heatmg days
nheatmg = 150, IS

Q heatmg - K F (0 heatmg ° heatmg) 24 10 6losses - X X t surface - t ambient X x nheatmg x

= 3,2 X 130 X (60-20) X 24 X 150 X 10 6 = 60 Gcal

H I d h f ° non heatmg - 500C ° non heatmg - 30°Ceat osses urmg non- eatmg season, 1 t surface - - , t ambient -,
heatmg days nnon heatmg = 150, IS

Q non heatmg _ K F (0 non heatmg ° non heatmg) 24 10 6losses - X X t surface - - t ambIent X X nnon heatmg X

= 3,2 X 130 X (50-30) X 24 X 150 X 10 6 = 30 Gcal

A-12



Total annual losses are

130 x 10 = $1,300

Q = Q heatmg + Q non heatmg = 60 + 30 = 90 Gcallosses losses losses

SpecIfic gas consumptIOn for the bOIler house IS b = 220 m3
/ Gcal
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$1,640

$1,560
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1,560/1,640 = 0 95 year

ImplementatIOn costs

SImple payback

Annual savIngs

SImple Payback

Overhead expenses @ 20% $260

Total $1,560

Annual gas savIngs WIll be

Qlosses x b = 90 x 220 = 19,800 m3

ImplementatIOn Costs

Costs of InsulatIng 130 m3 tank surface at $10 per 1 m2 of deposItIOn InSUlatIOn

Annual Cost Savmgs

At current natural gas pnce of $0 083 per 1 m3
, annual gas cost saVIngs wIll be

Sr x 0083 = 19,800 x 0,083 =$1,640



85 x 38 = $3,230

8,500 x 001 = 85 Gcal

A 7 ECO #7 - ControllIng InsulatIon Heat Losses

Descrzptwn ofOpportunity

$3,230
$1,300

$1,000
$300

$1,300
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PulnualcostsavIngs
ImplementatIOn costs

SImple payback IS 1,300/3,230 = 0 4 year

non-contact remote-sensmg thermometer (heat spy)
Overhead expenses @ 30%

TOTAL COSTS

Simple Payback

At current pnce of $38 per 1 Gcal, annual cost savmgs WIll be

• m heat dIstnbutIOn system due to msufficlent pIpelme and stop valves,
• m dIstnct heat systems due to hydraulIc and, consequently, thermal unbalance of heatmg

eqUIpment,
• m technologIcal processes due to faulty msulatIOn of technology ovens and other

eqUIpment

Assummg conservatIVely that proposed eqUIpment WIll allow to locate Just 10% of heat
losses, fixmg the ImperfectIOns found wIll result m 0 5 - I% gas savmgs Basmg on annual
gas consumptIOn for dIstnct heat needs at 8,500 Gcal (accordmg to the plant's data), annual
gas savmgs may come to

A non-contact thermometer IS necessary for ImplementatIOn of facIlIty-wIde energy
management program ThIS, accordmg to expert evaluatIOn, saves up to 10% of the energy
used In our opmIOn, tImely detectIOn and correctIOn of heat losses due to poor msulatIOn wIll
allow to reduce fuel consumptIOn

ImplementatIOn Costs

Annual Cost Savzngs

Annual Energy Savzngs

Dunng the audIt the audIt team performed surface temperature measurements of the
eqUIpment and heat systems usmg non-contact thermometer ("heat spy") ThIS was done to

- ----locate and evaluare1Ieat losses due to poor msulatIOn The heat spy's functIOn us based on
objects' mfrared radIatIOn measurmg and convertmg at O°C - 1000°C temperature range The
results mdIcated that consIderable losses occur

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



A 8 ECO #8 - Overhaul of the Plant's Boller House

DescriptIOn ofOpportunity

Currently the faclhty purchases the heat energy for dlstnct heat purposes from the
Kharklvoblenergo (a speclahzed utlhty) The heat energy IS supphed Via an external plpelme
system ThIS has followmg drawbacks

• hIgh heat cost - at DAH 72 ($38) per 1 Gcal

• addItiOnal costs of reducmg heat networks workmg parameters usmg mIxmg pump ThIS IS
due to dIfferent external pipeime workmg parameters and safety parameters of mternal
heatmg system

External pIpelme parameters are

- supply pIpe pressure IS Psupply = 11 5 kg/cm2

- 2
- return pIpe pressure IS Pretum = 5 5 kg/cm
- temperature chart IS 150 - 70°C

DurabIhty and safety parameters of mternal heatmg system eqUIpment are

- supply pIpe pressure IS Psupply = 6 kg/cm2

- return pIpe pressure IS Pretum = 3 kg/cm2

- temperature chart IS 95 - 70°C

60% out ofN = 50 kW consumed by the mlxmg pump IS used to reduce the temperature
chart and 40% to support hydrauhc mode

• hmited posslbIhty of controllmg qUalIty and quantIty of heat receIved, as external pipeime
system uses quahtative cntena, (and not quantItatIve, as m the West), for heat prOVlSlon
control ThIS results m neceSSIty ofhavmg operatiOnal staff at the plant's boIler house that
produces hot water 24 hours a day

Considermg the aforementiOned, we recommend to retrofit the boIler house to enable the
facIhty to have ItS own heat source that could cover all ItS heatmg needs Retrofittmg WIll
reqUIre dismountmg of eXIstmg steam bOIlers DKVR - 2,5 - 13 that are worn out and are
unservIceable for techmcal reasons, and mstallmg modern water bOIlers (type VK-21 or VK
31) WIth effiCIency of 90% or better

The followmg calculatiOns WIll help determme the bOIler house's thermal performance and
eqUIpment configuratiOn

Accordmg to the plant's data, maXImum annual energy consumptiOn for dIstnct heat purposes
IS Qannual = 8,500 Gcal per nannual = 3,500 degree-days Heat consumptiOn per 1 degree-day IS

q = Qannuall nannual = 8,500 I 3,500 = 2 43 Gcalldegree-day
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MaxImum amount of degree-days per coldest day wIth desIgned mmimum temperature IS

Annual Cost Savmgs

tmm =-23°C
nmax = 18 - (-23) = 41

InstallatIOn of two bOIlers WIth N = 2 MW capacIty and one boder WIth N = 1 25 MW
capacIty wdl allow requued output

$155,000

$5,000
$100,000
$50,000

$230,000
$155,000
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Annual heat energy cost savmgs
ImplementatIOn costs

SImple payback of thIS ECO IS

155,000 1230,000 = 0 7 year

TOTAL COSTS

Annual heat cost savmgs WIll come to

324,000 - 94000 = $230,000

DeSIgn works With approvals, overheads mc1uded
Boder dept eqUIpment, overheads mc1uded
InstallatIOn and COmmISSIOnIng works, overheads
mc1uded

Annual heat costs at annual consumptIOn of Qannual = 8,500 Gcal and current tarIff at DAR 72
($38) per 1 Gcal are

38 x 8,500 = $324,000

Overall capacIty of proposed eqUIpment IS N = 5 25 MW, heat output IS Q = 45 Gcallhr Such
eqUIpment configuratIOn wdl allow to select the most effiCient operatIOn mode of the hOller
house

MaxImum hourly heat output for new boders should be not less than

Qhr = q x nmax 124 = 2,43 x 41/24 = 42 Gcallhr

Annual costs of gas needed to produce the same annual amount of heat, 1 e Qannual = 8,500
Gcal, WIth an autonomous bOIler house at current gas pnce at $0 083 per 1 m3 and specIfic
fuel consumptIOn at b = 133 m3/Gcai and WIth 11 = 90% bOIler effiCIency Will be

Qannual x b x 0083 = 8500 x 133 x 0083 = $94,000

ImplementatIOn Costs

SImple Payback
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A 9 ECO#9 - InstallatIOn of Back Pressure Steam Turbme and Overhaul of Process
Ovens

Descnptzon ofOpportunity

Dunng the VISIt the audIt team observed operatIOn of 10 alummum castmg furnaces On most
furnaces vIsIble flame tips were reachmg the fume-collectmg hood OutsIde surface
temperature of the metal hood was as hIgh as 360°C, despIte aIr mflows from the outsIde
Expert estImate of furnace efficIency IS not more than 25%

There's no doubt that tills alummum castmg process needs to be Improved Plant's
management wIshes to Improve technology by usmg a complex castmg umt consIstmg of two
ovens A gas oven Will be used for meltmg alummum and an electrIc oven for chemIcal
composItIOn conditIonmg ThIS Will allow productIOn of alummum alloy of deSIred
composItIOn

In order to combme Improved technology of producmg qualIty alummum alloy With optimum
energy consumptIOn we recommend to

EqUIp the gas oven of a proposed system WIth a firebnck envelope and smoke fumes
evaporatIOn coolmg umt ThIS wIll recover 60-65% of heat produced

The heat recovered Will allow to produce steam WIth charactenstics SUItable for producmg
electrICIty With a screw-rotor steam turbme Tills electrICIty could be used eIther for electrIc
oven of complex castmg umt or for other purposes

Exhaust steam after steam turbme IS condensed

m an air heater whIch heats the air supplIed to gas oven burner,
m a water heater WhICh heats delIvery water for dIstrICt heat purposes
m a water heater for hot water supply

Excess heat could also be sold to outsIde organIzatIOns on mutually benefiCial condItIOns
usmg external heat networks, espeCially m summer penod

Accurate dIstrIbutIOn of heat recovered WIll be pOSSIble after a full energy audIt check WhICh
WIll allow to calculate the energy balance Havmg thIS balance sheet WIll make It eaSIer to
make a declSlon on excess heat utilIzatIOn

Annual Energy Savmgs

Basmg on plant's actual consumptIOn figures we would assume that annual gas consumptIOn
for ovens IS 3,000,000 m3 or 24,900 Gcal/yr m heat eqUIvalent WIth gas heatmg value at 8,300
Ccal/m3 RecoverIng 60% of heat energy Will save-annually

24,900 x 06== 15,000 Gcal

Convertmg 10% of heat energy mto electnc energy WIll produce up to

15,000 x 0 1 x K = 15,000 x 0 1 x 1 163 x 1,000 = 1,700,000 kWh
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where

ImplementatIOn Costs

The follOWIng calculatIOns IS based upon expert evaluatIOn of eqUipment and work costs

Heat energy cost saVIngs at $38 per 1 Gcal and 8,500 Gcal annual consumptIOn wIll be
8,500 x 38 == $320,000

$438,000

$1,600,000

$1,600,000

$50,000
$100,000
$500,000
$100,000
$200,000
$300,000
$350,000

Annual cost saVIngs

ImplementatIOn costs

SImple payback for thIs ECO IS

1,600,000/441,400 = 36 year

A-18

TOTAL COSTS

Simple Payback

1 ComprehensIve energy audIt
2 DeSIgn
3 Oven eqUipment
4 DIsposal evaporatIOn umt
5 Steam turbIne WIth 250 kW generator
6 "Tum-key" InstallatIOn and commissIOmng
7 Overhead and unforeseen expenses @ 30%

K=1 163xl000 - converSIOn coefficIent of IGcal of heat energy Into 1,163 kW of electrIc
power

Annual heat energy saVIngs wIll come to
15,000 x 09= 13,500 Gcal

P S As the enterpnses' annual heat energy need IS 8,500 Gcal, It wIll be possIble to sell
annually as much as

13,500 - 8,500 = 5,000 Gcal

TOTAL annual energy cost saVIngs may come up to

71,400 + 320,000 + 50,000 = $441,400

SellIng 5,000 Gcal of excess heat at $10 per 1 Gcal wIll bnng
5,000 x 10 = $50,000

Annual Cost Savmgs

At current electncity pnce of$O 042 per 1 kWh annual electrIcIty cost savIngs WIll be
1,700,000 x 0042 = $71,400
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B 1 EqUIpment and work specIficatIOns ECO#l InstItutIOn of Energy Management

# EqUIpment/Works Model or Manufacturer, BasIc QuantIty Cost per ShIppm Contractor Cost of Total Notes
Descnptlon Type Country of Ongm Parameters Item g Costs Works Costs

US$ US$ US$ US$

1 Implementmg "Elta" 70,000 Fmancmg
Energy Management Consultmg from
program and KharklV, the"Plston
mtroducmg energy Ukrame Plant's"
consumptIOn record funds
keepmg system
TOTAL 70,000

~
~



B 2 EqUIpment and Works SpecIficatIOn, ECO#2 - Momtormg and Recordmg of Power ConsumptIon

# EqUIpment/Works Model or Manufacturer, BaSIC QuantIty Cost per ShIppm Contractor Cost of Total Notes
DeSCrIptIOn Type Country of OrIgm Parameters Item g Costs Works Costs

US$ US$ US$ US$

1 Techmcal eqUIpment 1 set JSC 12,850 12,850
"Stroysnabsbyt"

KharkIv,
Ukrame

2 SpecIalIzed "E1ta" 7,150 7,150
subcontractors Consultmg
servIces KharkIV,

Ukrame

TOTAL 20,000

~

---------------------
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B 3 EqUIpment and Works SpecIficatIOn, ECO#3 - Momtormg and Recordmg ConsumptIOn of Compressed A.Ir

# EqUlpmentIWorks Model or Manufacturer, BasIc Parameters QuantIty Cost per ShIppm Contractor Cost Total Notes
DescrIption Type Country of OrIgm Item g Costs of Costs

US$ US$ Works US$
US$

1 In-Lme Vortex EMCO lndllstnal Power 24 VDC 3 1,400 "KharkiV 4,200
Sheddmg Flowmeter Phd-90S-10F- RepresentatIves, lnt wIth 4-20 PIston Plant"

150-LOC- PO Box 421 mAJPulse output KharkIv,
TOT- T1" ClIfton, NJ 07015 Ukrame

2 In-Lme Vortex EMCO lndllstnal Power 24 VDC 9 1,729 "Kharkiv 15,561
Sheddmg Flowmeter Phd-90S-40F- RepresentatIves, lnt wIth 4-20 PIston Plant"

I

150-LOC- PO Box 421 mAJPulse output KharkIv,
TOT- T3" ClIfton, NJ 07015 Ukrame

3 In-Lme Vortex EMCO lndllstnal Power 24 VDC 1 2,744 "KharkIv 2,744
Sheddmg Flowmeter Phd-90S-40F- RepresentatIves, lnt wIth 4-20 PIston Plant"

150-LOC- PO Box 421 mAJPulse output KharkIv,
TOT- T4" ClIfton, NJ 07015 Ukrame

4 In-Lme Vortex EMCO lndllstnal Power 24 VDC 1 2,032 "Kharkiv 2,032
Sheddmg Flowmeter Phd-92S-60F- RepresentatIves, lnt wIth 4-20 PIston Plant"

150-LOC- PO Box 421 mA/Pulse output KharkIv,
TOT- T6" ClIfton, NJ 07015 Ukrame

TOTAL 24,537

\@



B 4 EqUIpment and Works SpecIficatIOn, ECO#4 - Momtormg and Recordmg of Natural Gas ConsumptIOn

# EqUIpmentIWarks Model or Manufacturer, BasIc QuantIty Cost per ShIppm Contractor Cost of Total Notes
DeSCrIptIOn Type Country of OrIgm Parameters Item g Costs Works Costs

US$ US$ US$ US$

1 Rotary gas meter RG-lOO I OpenJSC Py =O,l MPa 3 436 "Kharkiv PIston 1,308 Shopment
"Prompnbor"

Qnom= 100 rn3/hr
Plant" costs

Ivanofrankivsk, KharkIv, mcluded
Ukrame Ukrame

RG -100 II JSC "EnergIa" Py =O,l MPa 3 703 "KharkIv PIston 2,109 Shopment
YenakIyevo,

Qnom= 100 rn3/hr
Plant" costs

Ukrame KharkIv, mcluded
Ukrame

V-~
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B 5 EqUIpment and Works SpecIficatIOn, ECO#5 - Overhaul of the Plant Hot Water System

# EqUlpmentIWorks Model or Manufacturer, BaSIC QuantIty Cost ShIppm Contractor Cost Total Notes
DescrIptIon Type Country of Ongm Parameters per g Costs of Costs

Item US$ Works US$
US$ US$

1 Water boIler ELGA "Sovenergoresource" N=250kW 1 3,200 700 3,900
Center,

NIkolayev, Ukrame

2 Plate-type heat NO,l- Open JSC "Ancor- N=200kW 2000 300 2,300
exchanger wi (2,S+2,S)-K Teploenergo"
temperature control

3 DesIgn, regIstratIon, "Elta" 4,000 4,000
approval, shIpment, Consultmg

mstallatIOn, testmg, KharkIv,

commIssIOmng Ukrame

TOTAL 10,200

v"\
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B 6 EquIpment and Works SpecIficatIOn, ECO#6 - Thermal InsulatIOn of the Hot Water Tanks

# EqUlpmentIWorks Model or Manufacturer, BaSIC QuantIty Cost per ShIppmg Contractor Cost of Total ::JDescnptIOn Type Country of Parameters Item Costs Works Costs
Ongm US$ US$ US$ US$

1 Insulatmg 130 m2 "Teploavtomattka 1,560 1,560 Matenals
surface ofhot water " Company costs mc1uded
tanks usmg 2 em KharkIv, Ukrame III work costs
thIck layer of
foamed polyurethane

TOTAL 1,560

v,
'00

---------------------
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B 7 EqUIpment and Works SpecIficatIOn, ECO#7 - Set- back Thermostat Control for the Heatmg System

- # IEqUlpmentIWorks Model or Manufacturer, BasIc QuantIty Cost ShIppm Contractor Cost of Total Notes
]l)escrIptlOn Type Country of Ongm Parameters per g Costs Works Costs

Item US$ US$ US$
US$

1 Infra-red Non- ST6LS DaVIS Instruments to = 1 499 499

con;t 4701 Mount Hope -20 - 500°C
The ometer Dnve Baltlmor,

MD21215,
USA

TOTAL 499

I

I
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B 8 EqUIpment and Works SpecIficatIOn, ECO#8 - Overhaul of the Plant BoIler House

# EqUIpmentIWorks Model or Manufacturer, BaSIC QuantIty Cost ShIppm Contractor Cost of Total Notes
DescnptIOn Type Country of OrIgm Parameters per g Costs Works Costs

Item US$ US$ US$
US$

1 Water boIler KBNG-2,5 "KharkIv CapacIty 2 38,000 500 76,500
Teploenergo" 2,9MW

ProductIon
aSSOCiatIOn

KharkIv, Ukrame

2 Water boIler VK-31 Closed JSC "Promm" CapaCIty 1 23,000 500 23,500

KYIv, Ukrame 1,25MW

3 DesIgn, regIstratIon, "Elta" 55,000 55,000
approval, smpment, Consultmg

mstallatIon, testmg, KharkIv,

commissIomng Ukrame

TOTAL 155,000

VI
v\---------------------
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B 9 EqUIpment and Works SpecIficatIOn, ECO#9 - InstallatIOn of Back Pressure Steam Turbme and Overhaul of Process Ovens

# EqUIpmentIWorks Model or Manufacturer, BaSIC QuantIty Cost per ShIppm Contractor Cost Total Notes
DescnptIOn Type Country of Ongm Parameters Item g Costs of Costs

US$ US$ Works US$
US$

1 EqUIpment for gas Accordmg Electroterm Pesearch Accordmg to the 1 500,000 5,000 505,000
and electnc ovens to the InstItute, project

prOject KharkIv, Ukrame

2 DIsposal evaporatmg Accordmg "StImul" Research Accordmg to the 1 100,000 2,000 102,000
statIOn to the and productIOn project

project enterpnse,

KharkIv, Ukrame

3 Back pressure steam PVM-200 JSC ''NezavlSlmaya N=200kW 1 150,000 5,000 155,000
turbme EnergetIka"

Moscow, RUSSia

4 Energy AudIt "Elta" 50,000 50,000
Consultmg
KharkIv,
Ukrame

5 DeSIgn, regIstratIOn, "Elta" 450,000 450,000
approval, shIpment, Consultmg

mstallatIOn, testmg, KharkIv,

commissIOmng Ukrame

TOTAL 1262,000

v'
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APPENDIX "C". AUDIT RECORDS AND
PLANT DATA
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APPENDIXD. PLANT PHOTOGRAPHS
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OTKpb[TOe pa(,llpeLlemHeJ[b[lOe yc rpOHCTBO

c CHJ10BbIMH rp.iHCIPOpMaTopaMH 16000 KBd 110/6 [(B

An open feeder sWitchboard WIth 110/6-KV-16,OOO KVA
power [ul transformers

,m

J(oMnJleKCHOe pacnpe)J,emneJlbHOe yCTpOHCTBO 6 KB

C OTXO)J,5Ill1,HMH 4m){CpaMH rpal-IC(POPMdTOpOB 16000 KBa

6-KV komplex feeder sWItchboard wIth autlettmg feeders
of ]6,OOO-KVA transformers
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Pacnpc)].cmHCJlbHblH nyHKT 1dKpblTOrO pacnpc)].emnCJlbHOl 0 yCTpoHcTBa
6 !(B (,. OnO)].5lUV1MH $H.n;epaMI1

A dlstnbutmg umt of6-KV closed feeder sWitchboard With outlettmg feeders
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IIP01WI<L(H5! L(eXa Ht,(' raliJl,UpUWrO o6opyllOBaHH5I

Products of the non-standard eqmpment workshop
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KOTeJl ,1J,KBP-2,5x 12 1<0 reJlbliOH 3aBO,Ll,a
OKVR-2,5 x12 BOiler m the bOller-hous of the plant
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KOMnpe("(,,opHd51 C)KaTOro B0'3)J,yxa

The compressIOn statIOn for production of compressed air
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Pacnpet,UlHTeJlbHblH KOJUleKTOp C'lIcanlro B01)]yxa

The compressed-air dlstnbutmg collector

~ kpei yJmpyeMd5i IlpO/J.YBl<d nopulIIel1l.-)l(UTbIM BOUJ:yXOM

Non-controHed pIston blowmg with complessed au
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faJIbBamllIeCKa51 o6pa6oTlCa nOpWHeH

Electroplatmg of pistons

lo~
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rlJlaBHJlbHa51 ne4b aJIIOMViHe-JIMTeHHd51

Alummum meltmg and castmg furnace

')JlU<TPWIU",KcUr r OJIKd I L,JI blla51 nellb repMoo6pa6oTKH r 0 IOBOH npo,n:yrU.ViH

Electmo' pu~her-type furnace tor the thermal processmg the fimshed products
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APPENDIX E CONVERSION FACTORS
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Currency rates of exchange

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

ConversIOn factors

1 cal=4187 J
1 Ccal = 4187 kJ = 3968 BTU
1 Gcal=4187x 103 =4187GJ
1 BTU = 1055 J = 1055 kJ = 1055 X 10 3 MJ

Power

1 W=3 6x 103 J=-3-6kJ
1 kW = 36 X 103 kJ = 36 MJ = 860 Ccal
1 MW = 3 6 x 103 MJ = 860 Ccal
1 Ccal = 1 163 x 10 3

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

----Pressure

1 kg/cm2 = 1 atm
1 atm = 101 325 kPa = 0 1 Mpa
1 bar = 105 Pa = 100kPa = 01 Mpa

Leneth

1 mm =0 03937 m = 0 00328 ft
1 em = 03937 m = 00328 ft
Im=3937m=3281ft

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

1 cm2 = 0 155 square m = 1 076 x 10 3 square ft
1 m2 = 1 55 X 103 square m= 1076 square ft

E 1-2



Volume

1 m3 = 35 31 eu ft = 1000 I
11 = 3531 x 103 ell ft
11 = 0 264 US gal

Heat content

I kJ/kg = 0 43 BTU/lb
I kJ/m3 = 26 84 x 10 3 BTU/eu ft
I MJ/m3 =26 84 BTU/eli ft
1 Ceal/m3 =4,187kJ/m3 =0 112BTU/euft

Temperature

E 1-3
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APPENDIX F. ABBREVIATIONS AND UNITS OF
MEASUREMENT
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ABBREVIATIONS AND UNITS OF MEASUREMENT

ABBREVIATIONS

CIS - Commonwealth of Independent States
ECO - energy conservatIOn opportumty
ESCO - energy servIce company
etc - et cetera
Hr - hrIvma
I d - Id est
JSC - Jomt-stock company
min - mIllIon
TACIS - Techmcal AssIstance to CIS countrIes
tel - telephone
thou - thousand
US - Umted States
USAID - Umted States Agency for InternatIonal Development

F 1-2



UNITS OF MEASUREMENT

BTU - British thermal umt
°c - degrees CelclUm
cm2

- centimeter squared
of - degrees Faranhelt
g- gram
Gcal - gIgacalory
GJ - glgaJoule
h - hour
kcal - kiiocalory
kg - kilogram
kgf - kilogram-force
kV - kilovolt
kV-A - kIlovolt-amper
kW - kilowatt
kW h - kilowatt hour
Lm -lumen
m - meter
m2

- meter squared
m3

- meter cubed
mm -mmute
MJ - megajoule
mm H20 - mIllImeters of the water column
MW - megawatt
t - tonne
t/h - tonnes per hour
W -watt

F 1-3 !
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