
Order #30
Industnal Energy Efficiency - Ukrame
November, 1997

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

Prepared by

Prepared for

REPORT

ON ENERGY AUDIT

AT KHARKIV TILE FACTORY

Kharklv City, UKRAINE

Mr George Keller, P E
Mrs Nelly Smlrnova
Mr Mlkhal1 Tarnovsky
Mr Yury Bykov

Umted States Agency for InternatIOnal Development
Washmgton, D C 20523-1415

Burns and Roe Enterpnses, Inc
1400 K Street NW SUite 1050 Washmgton DC 20005

Telephone 202408 6831 Facsimile 202408 6835



3 CURRENT STATUS OF PRODUCTION

1 EXECUTIVE SUMMARY

2

TABLE OF CONTENTS

23

23
26

27

3

3
3
4

9

9
10
10
12
12

13

13
13
13
13

14

14
14

15

15
19
19
19
19

22

PAGE

ENERGY CONSERVATION OPORTUNITIES (ECOs)
SPECIFICATIONS FOR THE REQUIRED EQUIPMENT
AUDIT RECORDS AND PLANT DATA
PLANT PHOTOGRAPHS
CONVERSION FACTORS
ABBREVIATIONS

7 ENERGY AUDIT

7 1 SHORT TERM ENERGY SAVING RECOMMENDATIONS
7 2 LONG TERM RECOMMENDATIONS

5 ANNUAL ENERGY CONSUMPTION, 1995 -1997

5 1 ANNUAL CONSUMPTION, 1995 - 1997
5 2 CURRENT ENERGY AND FUEL PRICES

5 2 1 ElectriCity
52 2 Fuel

5 3 ENERGY USE PROFILE

6 PREVIOUS ENERGY IMPROVEMENTS

1 1 INTRODUCTION
1 2 PRINCIPAL FINDINGS
1 3 RECOMMENDATIONS

2 FACILITY BACKGROUND

2 1 HISTORY OF THE PLANT
2 2 TYPES OF PRODUCTS
2 3 NUMBER OF EMPLOYEES
2 4 NUMBER OF SIMILAR ENTERPRISES IN THE UKRAINE
2 5 SIGNIFICANCE OF SECTOR TO ECONOMY

4 FINANCIAL STATUS OF THE PLANT

4 1 CURRENCY VS BARTER
4 2 VIABILITY OF THE PLANT

3 1 TOTAL CAPACITY OF THE PLANT
3 2 RECENT PRODUCTIVITY 1997 vs 1995 & 1996
3 3 CURRENT TREND
3 4 EXPORTS VS DOMESTIC CONSUMPTION

8 ENVIRONMENTAL IMPACT OF RECOMMENDATIONS

APPENDICES
A
B
C
D
E
F

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



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

1 EXECUTIVE SUMMARY

1 1 Introduction

ThIS energy audIt has been conducted under a program sponsored by the US Agency for
InternatIOnal Development ThIs proJect, referred to as DelIvery Order #30, consIsted of
performmg twenty four audIts throughout Ukrame The purpose of the project was to develop
UkraIman energy servIce company (ESCO) capabIlItIes To accomplIsh thIs task, Burns and
Roe Enterpnses, Inc (the pnmary contractor) hIred 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 facIlItate the ESCO trammg

The energy audIt fulfillment mcluded vIsltmg the plant by a group usually consIstmg of two
three engmeers As the plants were very large, a one week sIte VISIt was not enough to
adequately audIt the entIre facIlIty The VISIt was lImIted to one week for other pnnclpal
grounds But the engmeers were prepared to develop measures that would be Implemented for
the whole plant ThIs audIt IS based on what was managed to be done wlthm the one week
aVailable Though thIs audIt contams numerous recommendatIOns for the plant management,
the plant management IS encouraged to perform a complete audIt of the entIre facIlIty We
hope that the plant management WIll conSIder the Issue of hmng the engmeers tramed under
thIs project to contmue thIS work ThIs WIll result m a complete understandmg of the energy
usage wlthm the plant, as well as It make It pOSSIble to prepare a complete lIst of all the
measures aimed at energy utIlIzatIon

The current report descnbes the findmgs of the energy efficIency audIt performed by Burns
and Roe at the Closed Jomt-Stock Company "Kharlav Tzle Factory" Kharlav Tzle Plant IS
specialIzmg m productIon of facade smooth and relIef tIles, faced tIles for fimshmg works,

_mcludmg here the ornamented and marblelIke smooth tIles and relIef large-sIze tIles for
floors The products of the factory are on demand both on the domestIc market of the
country, and on the markets m the CIS-countnes The products meet the hIgh reqUIrements
to the qualIty In 1996 the productIOn output was 4,000,000 m2 The export m 1997 was
82,377 m2 per year

The barter operatIOns versus the currency ones were 30 per cent

The tasks of the energy audIt were as follows

• to conduct mformal trammg m the energy management practIces
• to create an mstItutIOnal awareness of energy management
• to produce recommend certam aimed at Improvement of energy efficIency, mcludmg the

measures of the management, low-cost and medIUm-cost measures and eqUIpment that
could be purchased for the money from the USAID

• to produce recommendatIOns concernmg pOSSIble capItal mvestments and ImplementatIOn
ofmIddle-cost measures enablmg to gam a large-scale energy savmg

A group of energy audItors consIstmg of one speCialIst from the USA and three Ukramian
engmeers carned out an energy audIt dunng November 17 -21, 1997 In accordance wIth the
objectIves of the Project the energy audItors group has prepared the followmg report

1 2 PrIncipal Fmdmes

Closed Jomt-Stock Company Kharkzv Tzle Factory IS qmte a large energy consummg
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enterpnse In 1996 there was consumed as follows

• electnc power - 15,382 MW h
• natural gas - 21,358,000 m3

As expected, the audIt team found many attractive opporturntIes for energy efficIency
Improvements at current energy pnces When energy pnces were 20-30 times lower, energy
efficIency Improvements were uneconomIcal Today energy efficIency Improvements make
sense but dIfficult to accomplIsh due to exorbItant mterest rates and dIstortIOns m economIC
mcentIves caused by the bartenng system and mutual non-payments

• The tIle plant IS reasonably successful by Ukrmruan standards but stIll has to rely on the
bartenng system for ItS supply ofgas and electnc power

• The plant personnel was agamst receIvmg expenSIve portable analyzers as part of tills
program They are concerned that the analyzers WIll be expropnated by the mspectmg
authontIes as was the case m the past We were told to use only statIonary combustIOn
analyzers

• All control systems on the plant are morally and techrncally obsolete

• rally and techrncally outdated

• The energy mefficiency IS exacerbated VIa oversIzmg and overbUIldmg of all heat and
electnc supply systems Heat generatIOn IS oversIzed by 150%, heat dIstnbutIOn by 300%,
electnc dIstnbutIOn by 700%

• One of the energy audIt partIcIpants, Mr Tarnovsky, saw possIbIlItIes for some pnvate
development beyond the AID program m the area of heat dlstnbutIOn system

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

• Schedule of thIs project WIll make the morntonng phase ImpossIble for ECOs that reqUIre
heatmg season for theIr ImplementatIOn

1 3 RecommendatIOns

Below a lIst of the energy conservatIOn opporturnties for the plant IS gIVen m a table These
measures are recommended to be Implemented as soon as possIble The management of the
factory IS proposed to conSIder to Issue of ImplementatIOn of other measures whIle finanCial
opporturntIes appear WIth the factory

To contnbute to Improvements of the energy effiCIency at the plant and to decrease the energy
costs, USAID WIll prOVIde the plant eqUIpment for performmg energy audIts ThIS eqUIpment
WIll mc1ude portable deVIces and measunng mstruments for energy audIts The gIVen energy
savmg OppOrtunIty IS shown m the table as energy conservatIOn opporturnty #1 (ECO #1) The
pomt of the recommendatIOn IS to organIze energy management departments that are to be
responsIble for the control, analysIs of energy consumptIOn at the enterpnse and to bear
responsIbIlIty for development recommendatIOns aImed at redesIgrnng or upgradmg any
systems If that can lead to energy savmg
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As a rule, an energy management servIce should conSIst of three persons a technICal
manager, e1ectnc engmeer and thermal engmeer The manager should be mcluded mto the
plant management and report dIrectly to the dIrector of the plant It IS very Important, as the
energy use Issues become espeCIally Important, and the plant manager should be aware of all
the potentIal opportumtIes capable of gIvmg energy savmg

The maJonty of the measures recommended by the audItors can be Implemented WIth
mSIgmficant changes at other mdustnes, that IS It can serve as a standard remedy m settlmg
standard problems

ProvIdmg realIzatIOn of the measures proposed by the audItors, a decrease m the yearly energy
savmg IS pOSSIble

• electnc energy savmg - 17,726 MW h,
• natural gas savmg - 3,272,000 m3

, and as the result of these,
• a decrease m the amount of the harmful emISSIons mto the enVIronment, m partIcular

- hard partIcles - 7 t/yr,
- sulfur dIOXIde - 16 t/yr,
- carbon OXIde - 20 t/yr
- mtrogen OXIde - 11 5 t/yr

The proposals enlIsted m Table 1 wIll allow to Improve the energy effiCIency at the enterpnse,
decrease losses and retam the competItIveness of the enterpnse In the table there are gIven
several energy conservatIOn OpportunItIes (ECOs) WIth a short-term payback penod

Investment ofUS $175,600 to Improve the energy effiCIency WIth a short-term payback penod
(ECO #1 to ECO #7) WIll result m the annual savmgs of US $328,520, WhICh IS eqUIvalent to
2,9568 thousand m3 of natural gas savmgs and to 1,7265 MW h of electnc power savmgs
An addItIonal mvestment of US 2,750,000 mto the energy savmg program (ECO #8) WIll
result m the annual savmgs of up to US $666,000, WhICh IS eqUIvalent to 315,000 m3 of
natural gas savmgs and to 16,000 MW of electnc power savmgs

5



LIst of Energy ConservatIOn Opportumties (ECOs)

Yearly Project Payback
ECO DescriptIon Savmg savmg, costs, period,

USD USD year
ElectrIc power, Natural gas, Steam, Hot water, Water,

MWh 1,000 m3 GCal 1,000 m3 1,000 m3

1 IntroductIOn of an energy management
program 1,600 2200 260,000 130,000 05
The measure proVIdes controllmg of the
energy resources consumpTIon and
Improves the energy utIlIzatIon efficIency
at mdustnal facIlItIes

2 Optimization of the scheme for
controllIng the combustion mKVG-7,56 241 20,000 15,000 08
BOIlers
InstallatIon of an auxIlIary eqmpment whIle
ImplementIng the measure WIll provIde
operaTIon of the boIler WIth an excess of aIr
after the boIler and before the exhaust fan
wIth automatIc controllIng of the fuel-to-aIr
ratIo accordmg to the load of the boIler

3 Changmg the scheme of the hot water 198,650 16,500 14,300 09
supply for the plant m the summer
perIod
ImplementatIon of the proposal WIll
proVIde gas consumptlOn for the hot water
supply needs, for that It IS proposed to
mstall a 100-kW boIler and a plate-type
heat exchanger WIth a correspondmg heat
productIon capacIty

4 OptimIZatIon of the hydraulIc regIme of 90,720 100,750 12,000 11,700 1,0
the heat supply system

- . - .
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Yearly Project Payback

EeO DeSCriptIOn Savmg savmg, costs, period,
usn USD year

ElectrIc power, Natural gas, Steam, Hot water, Water,
MWh 1,000 m3 GCal 1,000 m3 1,000 m 3

The measure wIll make It possIble to
elIminate the overconsumptIOn of the
delIvery water, for that It IS proposed to
refuse from the collector system insIde th]e
bOller-house and to provIde one outlet paIr
of pIpelInes WIth the nominal bore D=200
mm

5 Opportumty to save natural gas durmg 160 13,300 1,000 01
the operatIOn process
The measure WIll proVIde IdentIficatIon,
lIqmdatIOn of leaks, savmg of gas by
provIdmg a thorough control of the
mamtenance of the transportatIOn systems,
for that a detector of the gas-and-alr
mIxtures IS recommended

6 Replacement of the lamps m the factory 37,750 1,720 2,300 13
hghtmg system
The measure WIll provIde a decrease m
electnc power consumptIon for the external
hghtmg of the terntory of the factory
resultmg from replacement of the mercury
lamps WIth hIgh-pressure sodIUm lamps
whIle usmg the currently eXIstmg
Illummants and start-up accessones

7 Control of the operation temperature 567,400 5,000 1,300 03
mode of the eqmpment and the delIvery
water supply system
ThIS measure wIll prOVIde IdentIficatIon m
due tIme and elImmatIon of heat losses, It
WIll enable to decrease the fuel

7



Yearly Project Payback
ECO DescrIptIOn Savmg savmg, costs, period,

USD USD year
ElectrIc power, Natural gas, Steam, Hot water, Water,

MWh 1,000 m3 Geal 1,000 m3 1,000 m3

consumptIOn
8 OperatIOn of a gas turbme plant for 16,000 315 666,000 2,750,000 41

dlrymg the raw materIals
InstallatIOn of the proposed lmproved
lntegral umt for drymg raw matenals Wlll
allow to produce up to 21,000 MW h of
electnc power per year and to decrease gas
consumptIOn by the drymg tower by 10 per
cent
Total 17,726,640 3,2718 994,520 2,925,600 29
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2 FACILITY BACKGROUND

Director
Chief Energy Engmeer
Tel (0572) 99-11-55
Fax (0572) 99-86-55
Address 297 Moskovsky Prospect

Kharklv 310106
Ukrame

2 1 HIstory of the Plant

Kharklv Tile Plant was designed by Ukramlan SCientific Research Institute and put III

operatIOn m 1946 At that tIme the facIlIty produced ceramic tIles for floors, samtary
faIence, msulatlOn matenals, pamtwork matenals

In 1949 productIOn of facmg tIle for Moscow sky-scrapers was started

In 1951-56 new hnes were launched for producmg decorative clay fimsh tIle and floonng
tIle

In 1962-66 all of the technology hnes were changed considerably, after deslgnmg and
Implementmg new conveyor drymg ovens Besides these radiatIOn dryers, the plant III

collaboratIOn with Institute of Gas mtroduced first samples of roller oven, hlgh
temperature ovens, etc

ImplementatIOn of new up-to date technologIes, evenness of load distributIOn between mam
and aUXIlIary workshops, regulatory control of productIOn and coordmatlOn of functlOmng of
all sectors resulted m product qualIty Improvements

From 1976 to 1981 SIX flow conveyor lInes were mstalled With an annual output of 800,000
m3 of floonng tile and another lme producmg 160,000 m3 of large-Size ornamented tile Labor
productiVity mcreased by 42%, product qualIty also mcreased considerably

Dunng the penod from 1983 to 1986 the whole technology of fimsh tile productIOn was
retrofitted and the old technology lInes became obsolete Retrofittmg mcluded ImplementatIOn
of 4 conveyor lInes deSigned by StroykeramIka Research Institute With deSigned overall
output of 1,000,000 m3 per year

More than 15 productIOn umts were transferred from manual to automated control,
productIOn output of the plant mcreased by 46%, and labor productiVity by 48 9% Product
qualIty Improved and cost ofproduction decreased by 15 5%

The faCIlIty conSIsts of4 productIOn workshops

In January 1991 the enterpnse staff leased the facIlIty from the State

Smce September 1994 the faCIlIty became a lImIted lIabIlIty closed Jomt-stock company
Kharkiv PIston Plant

9



2 2 Types of Products

23 Number of Employees

Currently the faCilIty produces smooth and cnnkle facmg tile, fimsh tile mcludmg ornamented
and marble-lIke smooth tile, and large-Size floonng tile

Polymer Concrete Workshop has started productIOn of polymer tanks, lavatory and closet
basms and large fimsh tile sized 1,900x500 mm

I
I
I
I
I
I
I
I
I
I
I
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10

699 people

713 people

Artistic CeramiCS Workshop produces household utensl1s (cerarmc dlshware and majolIca
dlshware)

auxIlIary workers

engmeers

The faCilIty uses contmuos technologIcal process oftile production, therefore the hnes operate
24 hours a day The enterpnse staff consIsts of 1610 people, mcludmg

199 people

productIOn lInes workers



---------------------
OrganizatIOnal management structure of JSC "KharkIv TIle

Plant"

General Meetmg of Shareholders

Director

Board ofDirectors

~ ~ ~ ~ ~
r

""'"
r ""l; r ""l; ,

"'""
r

""'"
r

Engmeenng ProductIOn Economic Accountmg
CommerCial Human Resource

and Techmcal Department Development and control Department Department
\... npn~rhnpnt ...... \... ... \... ... \... .A \... ... \.. ....

Techmcal Services
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2 4 Number of SimIlar Enterprises m the Ukrame

For the time bemg UkraIne has on Its terntory three enterpnses producmg facmg clay tile,
these are

1 KharkIv Tile Plant

2 Slavyansk CeramICS Factory

3 LVlV CeramICS Plant

2 5 Sl2Dlficance of Sector to Economy

The Product of the faCIlIty has a good demand m the country's mternal market and has 70%
market share The qualIty of the product IS better than that of ceramIC tile produced by two
other enterpnses Its market pnce IS also 2 - 2 5 times lower than the pnce of Imported tile

Considenng the great demand for fimsh tile for both reSIdential and faCIlIty bUIldmgs, thIS
sector m the country's economy seems to have a good future

12
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3 CURRENT STATUS OF PRODUCTION

3 1 Total Capacity of the Plant

Table 1 represents hIstOry of capacIty utIlIzatIOn at the facIlIty m 1995 - 1997

TABLE 1

unIts 1995 1996 1997
(9 months)

1 Planned output 1,000 m2 4,935 4,526 2,872

2 Actual output 1,000 m2 4,429 4,000 2,790

3 Percent of eqUIpment utIlIzatIOn % 8975 8838 97 14

32 Recent Productivity 1997 vs 1995 & 1996

TABLE 2

NQ Year Umts Labor ProdUCtIVIty per Worker

1 1995 m2 2,500

2 1996 m2 2,3065

3 1997 (9 months) m2 1,7187

3 3 Current Trend

At the moment the facIlIty has almost completed creatmg a commercIal network of shops
InsIde the country to sell theIr product In nearest future the followmg shops WIll be opened

• two shops m KharkIv
• a shop m Donetsk
• a shop m Zhltomlr

The Marketmg Department of the enterpnse WIll keep promotmg the product and expand Its
market presence In the future

3 4 Exports vs Domestic ConsumptIOn

In 1997 exports amounted to 82,377 m2/yr

13
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4 FINANCIAL STATUS OF THE PLANT

4 1 Currency vs Barter

The facIhty has establIshed a system of barter payments wIth Kharlav Carbon Paper Factory,
WhICh supphes packagmg matenal for the enterpnse, and wIth Pravex company, broker
between the enterpnse and the e1ectncIty proVIder

The barter to currency payments ratIO IS 30%

4 2 VIabIlIty of the Plant

Table 3 represents profitabIlIty of the facIlIty dunng the past 3 years (m percent)

TABLE 3

Year Overall Output Facmg TIle Floonng TIle

1995 120 150 34

1996 II 3 139 28

1997 (9months) 84 103 58

Overdue accounts payable for 1997 - $400,000

Overdue accounts receIvable - $158,000

Accounts payable and receIvable are balanced annually

14
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5 ANNUAL ENERGY CONSUMPTION, 1995 ~ 1997

51 Annual ConsumptIOn, 1995 -1997

ELECTRIC CONSUMPTION

Months 1995 1996 1997 (9months)
MWh MWh MWh

January 1,581 1,185 1,215 1

February 1,278 1,4044 1,31682

March 1,487 1,54223 1,25824

Apnl 1,525 1,39906 1,371 46

May 1,493 871 48 1,29503

June 1,450 1,30526 1,38539

July 1,432 968 1,25527

August 1,459 96239 1,26225

September 1,500 1,3259 1,6845

October 1,582 1,48791

November 1,531 1,48203

December 1,535 1,448 88

TOTAL 17,853 15,38254 12,04406
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GAS CONSUMPTION

Months 1995 1996 1997 (lOmonths)
1,000 m3 1,000 m3 1,000 m3

January 2,788 2,023 1,552

February 2,409 2,371 1,654

March 2,597 2,424 1,558

Apnl 2,373 2,089 1,660

May -- 2,195 976 1,523

June 1,945 1812 1,620

July 2,144 1,228 1,025

August 2,243 1,124 1,530

September 2,168,4 1,669 1,828

October 2,281,4 1,831 1,882

November 2,362 2,048

December 2,527 1,763

TOTAL 28,0328 21,358 15,832
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Annual Electric Consumption 1995-1997

NovSepJu1MayMar

MWh

1800

1600

1400

1200

1000

800

600

400

200
o I I I I I I I I I I I I

Jan

I -+-1995 ---1996 ---1997 I

5-17
~

....>
...



III
;>

I
0z

II
0..

I
~

r:/)

t-
t'-

0
'\

I
0

'\
0

'\
......

0
'\

+
1'"'"iI
l(

)
0

'\

I
0

'\
1'"'"i

-
=

;:j
0

~

I
........

\0
Q

.;
0

'\
e

0
'\

......
:I

+
I

r;n=0ur;n

I
~

;>.,

C
ro~

-
lI")

~
0

'\
:I

0
'\

I
==

......
==

+
-<

I
l-t
ro

I
~

I
("t')

~
I

E
ro~

I=:
0

0
0

0
0

0
0

I
~

0
0

0
0

0
0

0
lI")

0
V

)
0

lI")
("t')

C
"l

C
"l

.....
.....

I



19

5 2 1 ElectrlClty

5 2 Current Ener\:y and Fuel Pnces

Average electncity consumptIOn per hour IS 2, 100 KW

3,000 kW
3,000 * 4 = $12,000
1,512,000 kWh
1,512,000 * 0 04 = $60,480
12,000 + 60,480 = $72,480
72,480 / 1,512,000 = $0 048

$4
$004

I Stated capacIty
2 Actual electnc consumptIOn accordIng to the kW meters

Contract for electncity supply wIth Pravex company IS based on follOWIng costs

The facIlIty pays for electncity accordIng to the tanff based on the stated capacIty and the
actual consumptIOn

522 Fuel

Cost for 1000 M3 IS $83

53 Ener\:y Use Profile

The only fuel used on the facIlIty IS natural gas

• kWh of stated power
• kWh ofconsumed power

Electncity IS mostly Imported from RUSSIa

Stated capacIty
Payments for stated capacIty
Average monthly electnc consumptIOn
Payments for consumed power
Total payments
Actual cost per kWh

I
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DistrIbutIon of Power ConsumptIon

3
15%

2 1
25% 60%

# Consumers % Load, kW Cost, $

1 Mam ProductIOn 60 1,2684 6088

2 Awohary ServIces 25 5166 248

3 MIsc consumers 15 315 15 12

TOTAL 100 2,100 1008
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Hourly DlstnbutlOn of Gas ConsumptIOn
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$3569

WORKSHOP Conveyor Lllle 1,030 #1
Gas Regulatmg"'" .NH 110 m3/hr (PrelImmary Oven1Station

256 m3fhr $913

Total Gas used at the $213
FacilIty 146 m3/hr ( FmIshmg oven )

3,680 m3/hr $1212

Cost $305 ..,J Conveyor Lllle 1,030 #2
122 m3/hr

(PrelImmary Oven1
$1013

288 m3/hr

$239 166 m3/hr
I 879 m3/hr ( FmIshmg oven 1

$156
$13 78

16'i m1/hr

$13 7 l SpecIal Conveyor 165

220 m3/hr

$1826 I M 812

420 m3/hr
$1992 l Conveyor Lllle 1030 #6

360 m3/hr

$2988 I Drymg Tower #7

350 m3/hr

$2905 l Drymg Tower #6

WORKSHOP Conveyor Lme l012A #1
105 M3/qac

N!!2 (PrelImmary Oven)
lS 12$

243 m3/hr
$2017 132M3/Qac ( FmIshmg oven 1

1096$

Special Conveyor 450
1371 m3/hr 140 M3/qac

-1 PrelImmary Oven)
1?O m3/hr

1162$
$11379

$2656 180 M3jqac
( FmIshmg oven 1

1494$

148 m3/hr
$1228 l Raw Glaze Ovens

310 m3/hr
$2573 I DrymgTower NQl

350 m3/hr
$2905 I Drymg Tower CMK

_ 430m3/hr
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6 PREVIOUS ENERGY IMPROVEMENTS

Measures to Improve energy use Implemented by the faCIlIty m 1997

ImplementatIOn of mass preparatIOn technology usmg a new type of gnnders m the
prelImmary workshop IS expected to result m reductIOn m energy consumptIOn of about
2,468,000 kWh per year

At current cost of$O 04per kWh, annual cost savIngs wIll be

004 * 2,468,000 == $98,720

2 ImplementatIOn of automatIC control system for prelImmary and fimshmg ovens wIll result
m reduction of gas consumptIOn by some 53,000 m3 per year

At current cost of $0 083 per 1m3 of gas, annual cost saVIngs will be

o083 * 53,000 == $4,399

3 Improvements m the bOIler house eqUIpment wIll allow to reduce gas consumptIOn by
some 12,000 m3 per year

At current cost of $0 083 per 1m3 ofgas, annual cost savIngs Will be

0083 * 12,000 == $996

Total expected energy cost savmgs

98,720 + 4 399 + 996~04,085
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7. ENERGY AUDIT

7 1 Short Term Eneri:Y SavIlli: RecommendatIOns

In the result of the energy audIt at Kharkiv Tile Factory the group of energy audItors has
recommended several proposals aImed at Improvement of the energy effiCIency at the
combme facIlIty The maJonty of the gIven problems are typICal for the UkraInian
facilIties, and settlement of these problems can be dISSemInated at other mdustnes of the
SImIlar profile

ImplementatIOn of the measures recommended by the audItors will make It pOSSIble to
decrease consumptIOn of energy resources m the followmg rates

• electnc power consumptIOn - by 17,726 MW
• natural gas consumptIOn - by 3,272,000 m3

Below the results of the techmcal and economic estimatIOns for the energy conservatIOn
opportumtles are gIven

ECO #1 IntroductIOn of energy management

The baSIC mstrument m decreasmg energy consumptIOn by usmg It more effectively IS
energy management Energy management IS a management system based on fulfillIng
typIcal measurements and checkmgs provldmg such an operatIOn of the plant when there
IS consumed only the amount of energy reqUIred for the processmg needs By
mtroductIOn of energy management It IS pOSSible to gam a more detaIled picture of
energy consumptIOn at the plant, whIch males It pOSSIble to compare the energy
consumptIOn levels at a gIven plant WIth those at other mdustnes to estImate more
precIsely the energy projects aImed at savIng energy that are planned to be mtroduced at
the given factory

We propose to Introduce at the factory a system of energy management m ItS full scope
ImplementatIOn of thIS measure WIll result In a pOSSIbIlIty to decrease the energy
resources savmg by 10 per cent

ImplementatIOn of thIS projects Will enable to decrease the costs of the energy resources
by USD 260,000 per year The payback penod WIll be 0 5 year More detaIled
commentanes m regard of thIS proposal are gIven In AppendIX AI, ECO #1

ECO #2 - Excess AIr Control for Boller KBG-7 56

The plant had three bOIlers KVG-7 56 made by Ukramlan plant TEKOM There are
thousands of such bOIlers operatmg In Ukrame WhIle thIS recommendatIOn does not
have the best payback of all recommendatIOns for thIS plant, the audIt team deCIded to
aSSIgn first pnonty to thIS ECO due to vast pOSSIbIlItIes for replIcatIOn

The eXIstIng combustIOn control strategy used for thIS boIler relIes on the bOIler operator
to make an aIr flow set pomt adjustment after each load change, I e manual excess aIr
correctIOn We are proposmg to add eqUIpment to enable an automatIc excess air vs
load correctIOn on one of three boIlers

Our CalculatIOns Indicate that such operatIOn WIll result m 5% savIngs m consumptIOn of
natural gas GIven $400,000 as an annual fuel expenses per bOIler and total
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implementatIOn cost of $15,000, The payback penod IS a 8 year See Appendix AI, EeO
#2 for more details on thIS proposal

ECO #3 - Improvement III Hot Water Supply System dunng the Summer Season

Currently the hot water supply durmg the summer IS provIded by means of a shell-type
bOIler "LancashIre' operated on a gas fuel m the water-bOllmg mode The bOIler IS used
as a volummous heater and It IS operated contmuously 24 hours The specIfic gas
consumptIOn for productIOn of 1 GCal of the thermal energy for the hot water supply IS
960 m3/GCal The effiCIency of "LancashIre" bOIler m thIS operatIOn mode IS only 125
per cent It IS an mdlcator of the very poor boller operatIOn

Instead of the hot water productIOn there, It IS proposed to mstall a boller WIth the
capacity of 100 kW and a plate-type heat exchanger WIth a correspondmg thermal
productIvIty The new system WIll produce 2 I tons of hot water per hour WIth the
temperature of 60°C The hot water WIll be supplIed mto the "Lancashire" bOiler
redeSIgned as accumulatmg tank From the accumulatmg tank the hot water WIll be
pumped to the end users

ImplementatIOn of this proposal should result m decrease m 1998 consumptIOn of
natural gas by 198,650 m3/yr

The cost savmg wlll be US $16,500 per year

The payback penod is 0 95 year

See Appendix A I, ECG #3 for more detalls on this proposal
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ECO #4 - OptimIzatIOn of the Hot Water Supply System

Currently heat supply IS not provided from the boller-house where there are three water
heatmg bOIlers KVG-7 56 havmg the total heat capacity 19 5 Cal/hour In the bOller
house there IS a system of headers for the supply and return water Seven pairs of
different diameters pipe Imes are gomg m the same directIOn The acceptable temperature
range for the thermal hnes IS 130 to 70°C The heat supply system IS hydrauhcally
unbalanced The hydraulIcal unbalance results m hot water overconsumptIOn by some
150 85 tons/hour It IS necessary to simplIfy the header system inside the boller-house and
to use only one pair of pIpes with Dy = 200 mm

ThIS wIll result, after the hydraulIc adjustment of the heat supply system, In the power
consumptIOn decrease of 90,720 kW and the gas consumptIOn decrease of 100,750
m3/year The minimum total economic effect will be US $12,000 per year

The payback penod IS 1 year

See Appendix AI, ECO #4 for more detaIls on this proposal

ECO #5 - ReductIon III Leakage of Natural Gas via Purchase of Modern Leak Detector

Natural gas IS widely used In the processing hnes at Kharkiv Tile Plant The TACIS
experts from the European CommIssIOn that VIsited Open JOint-Stock Company
"Kharkiv TIle Plant" In 1996, determined via testing wIth sensitIve electromc
instrumentatIOn that leaks of gas from valves, vanous cranes and Jomts amount to 10 per
cent

Therefore the most Important functIOn IS to Identify and elIminate leaks of gas used for
Industnal proceSSing A gas and aIr mixture detector IS recommended The savmg results
from settmg a thorough control and maintenance of the gas transporting system ThiS IS
the gas saVing method requmng the lowest expenses

The CalculatIOn gives the payback penod of 0 1 year and a slgmficant gas saVing of
160,000 m3/year, which IS eqUIvalent to USD 13,300 per year

See Appendix A I, ECO #5 for more detaIls on thiS proposal

ECO #6 - Replacement of lamps III the extenor hghtmg system of the factory

We propose to replace 59 mercury lIght bulbs DRL-250 m the extenor IIghtmg system of
the plant area wIth high-pressure sodIUm hght bulbs DNaT-100-3 whIle USing the
eXIstmg IIghtmg fixtures and replacmg only the starters with the correspondmg power
consumptIOn capacity

ImplementatIOn of the project Will allow a) to decrease the costs of replaCing DRL-250
hght bulbs as their lIfe time IS 2 5 tImes shorter than that of DNaT-lOO-3 electnc bulbs,
and b) to decrease the electnc power consumptIOn by the extenor lIghtmg system by 2 2
times The payback penod WIll be 0 5 year

See AppendIX A I, ECO #6 for more detaIls on thIS proposal
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ECO #7 - Portable HIgh Range Infrared Thermometer (heat spy)

Dunng the audIt check the audIt team made surface temperature measurements usmg non
contact thermometer (heat spy) to locate heat losses and evaluate theIr amount The
measurements mdicated that consIderable losses occur m heat network, dIstnct heat systems,
m operatIOn processes, etc

A non-contact thermometer IS necessary to Implement the facIlIty energy management
program, whIch, accordmg to expert evaluatIOn, may save up to 10% of energy used Spottmg
and fixmg heat losses promptly WIll result m gas savmgs of 56,400 m3 and cost savmgs of
$5,000 annually Payback penod IS 0 3 year

See AppendIx AI, ECO#7 for more details on thIs proposal

7 2 Lonl: Term RecommendatIOns

ECO#8 - InstallatIon of Gas Turbme for Process Drymg and CogeneratIOn

The current technology provIdes drymg raw matenals m drymg towers wIth 6 GGV-100
burners each Drymg towers operate m contmuous year-round mode and use 50% of gas
consumed m the facIlIty The drymg technology reqUires temperature control m dIfferent
zones of the towers The eXIstmg heat system wIth three burners IS roughly tuned and allows
dIsturbances m zones temperature condItions, whIch results m decrease m process qualIty and
addItIOnal consumptIOn of at least 10% of gas (thIs IS accordmg to expert evaluatIOn)

We propose to Improve eXIstmg drymg eqUipment usmg gas-turbme umt GT 2500 or GT 3000
as heat source The umt produces 2,500 - 3,000 kW of power needed by the plant Exhaust
gases from the umt at 450 - 500°C are supplIed to the drymg tower and used for the drymg
process ImplementatIOn of thIs system WIll allow to produce up to 21,000 MW h per year
and reduce amount of gas used by the drymg tower by 10% Annual energy cost savmgs WIll
be $666,000 Payback penod IS 4 1 year

See AppendIx AI, ECO#8 for more details on thIS proposal
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where

where
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1,600,000 kWh
2,200,000 m3

B - consumptIOn ofnatural gas, m3/yr
Kco = 0 25 kg/GJ - the quantIty of carbon dIOXIde that IS produced per heat UnIt

releasmg at bummg ofnatural gas
Qr = 35MJ/m3

- the lowest Calonfic value ofnatural gas
q = 0 5 % - heat losses resultmg from an mcomplete gas combustiOn
Mea = 0 001 2,200,000 025 35 (1 - 0 5/100) = 19,150 (kg/yr),

or Mea = 19 t/yr

Mea = 0 001 B Kco Qr (1 -qIlOO),

hu - the speCIfic content of emISSIOns, g/kW h
Eps - electnc power savmg, kW h

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

CalculatIOn ofthe carbon dIOXIde that forms at burnIng natural gas IS made by the formula

Accordmg to the data from the MInIstry of Energy, m 1996 I kW h of the electnc power
meant emIttmg mto the atmosphere of 17 g of contamInatmg substances, mcludmg the
followmg

Carbon monOXIde (CO) IS another harmful substance that forms after an Incomplete
combustIOn of natural gas ReductIOn In natural gas combustion WIll contnbute to
reductIOn In carbon monOXIde emISSIOns

Annual natural gas saVIngs due to ImplementatIOn of energy saVIng measures at KharkIv TIle
Plant WIll be as shown In AppendIX A 8 CalculatIOns

electncity savmg 
natural gas savmg -

sulfur dIOXIde SOz 9 9 g
carbon OXIde CO 0 5 g
nItrogen OXIdes NOx 2 2 g
hard partIcles 4 4 g

Smce combustIOn of natural gas results m the least emISSIOns of the carbon dIOXIde COz
(that IS the maIn gas responsIble for settIng "the green house effect"), savIng natural gas
wIll contnbute to weakenIng of "the green house effect" ThIS happens because less coal
wIll be burnt If natural IS avaIlable for combustIOn

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 sIgnIficant quantity durmg combustIOn of natural gas are
nItrogen OXIdes (NOx) The nItrogen OXIdes are harmful to the human health and can
cause severe respIratory problems

8 ENVIRONMENTAL IMPACT OF RECOMMENDATIONS
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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 12 kglGJ - a parameter charactenzmg the amount of the mtrogen oXIdes

fomllng per 1 GJ of heat, kglGJ,
b = 0 15 - a coefficIent for takmg mto account the degree of decreasmg the level of

emISSIons ofmtrogen oXIdes resultmg from ImplementatIOn of some techmcal measures
MNox = 0 001 2,200,000 0 12 35 (1 - 0 15) = 7,850 (kg/yr),

or MNOX = 8 t/yr

ImplementatIOn at the TIle Plant of energy conservatIOn measures allows to decrease the
energy sources consumption, and that In Its turn, to decrease the quantIty of harmful emIssIOns
mto the atmosphere The data showmg decreasmg emISSIons of contammatmg substances are
gIven m the followmg table

ReductIon m emISSIOns as result of the energy savmgs, t/yr
EmISSIons Electnc power Natural2as TOTAL
Hard partIcles 7 - 7
Sulphur dIOXIde 16 - 16
Carbon oXIde 08 192 20
NItrogen oXIde 35 8 115
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Appendix A ENERGY CONSERVASTION OPPORTUITIES (ECOs)

A-I



ECO #1 - IntroductIOn of energy management

The mam dutIes of an energy management sectIOn mclude

Collecting energy
consumptlOn data

Analysls

Preparing energy
consumptlOn chart

Implementing

planned zmprovements

Planning

ECO descrIptIon

Energy management cycle

ImplementatlOn of energy management program WIll result m havmg more detaIled
energy consumptlOn records Such system WIll allow companson of the energy usage to
that of other enterpnses for preCIse evaluatlOn of energy savmg projects that are
consIdered by the facIhty

Implementmg an energy management actiVIty typIcally would mvolve estabhshmg a
separate sectIOn of employees to deal only WIth energy effiCIency At a mmimum an
energy management sectIOn should conSIst of three people techmcal superVIse, an
electnc engmeer and a thermal engmeer

Energy management IS the mam avenue by whIch energy usage reductlOn and mcrease m
consumptlOn efficIency can be achIeved ThIs management strategy IS based on
conventlOnal measurements and documentatlOn and provIdes operatmg conditlOns that
facIhtate mmimal energy consumptlOn needed for the technology ThIS IS also a
management tool WhICh compnses a contmuous research allowmg preCIse knowledge on
facIhty's energy dIstnbutlOn and consumptlOn, as well as on best energy utIhzatlOn for
productlOn, dIstnct heat and other non-productIve purposes
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• Preparmg facIlIty's energy consumptiOn chart (probably m collaboratIOn wIth an
outSIde consultant, energy audItor),

• Collectmg fuel and energy consumptiOn data usmg measurmg and testmg eqUIpment,
• Preparmg 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 potentIal energy conservatIOn opportumties
• Keepmg mformed on current energy polIcy trends and neighbormg Issues, (e g , such

as new tax legIslatIOn, eXIstmg consumptIOn restnctions, SubSIdIes, envIronmental
protectIOn 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
measurmg eqUIpment The set of eqUIpment that wIll be useful for the plant should
mclude

• three phase energy analyzer,
• tachometer,
• hot-WIre anemometer,
• combustIOn analyzer,
• non-contact thermometer,
• ultrasomc leak detector,
• dIgItal contact thermometer,
• 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
22,000,000 m3 of natural gas

Typically, cOmbustIOn effiCiency Improves by 25% from utIhzmg the combustIOn
analyzer Electnc power use effiCIency can be lInked to a wIde range of factors I e
power factor correctIon, Improvement of eqUIpment load control (shuttmg off Idlmg
eqUIpment), optImizatIOn of motor loads, optImIzatIon of pump operatIon,
Improvement of compressor load control On average Improvement of electnc power
use can ensure from 3 to 10% savmgs of total electnc power consumptIon

The global expenence and practIce show that m case of mstItutiOn of full-tIme energy
management ensures 10% of fuel and energy consumptIOn savmgs Energy savmgs wIll
amount to

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

2) Natural gas - 22,000,000 x 0 1 = 2,200,000 (m3)
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Annual cost savmg estunate

1 At the pnce of $0 048 per 1 kWh of electnc power the cost savmgs wIll be

1,600,000 x 0 048 ~ $76,800

2 At the pnce of $0 083 per 1 m3 of natural gas the cost savmgs wIll be

2,200,000 x 0 083 ~ $182,600

Total energy cost savmgs wIll be

76,800 + 182,600 ~ $260,000

ComlDlsslOmng Costs

Accordmg to the world practIce, the commIssIOnmg costs are of about 50% of the
expected energy savmgs, Ie

260,000 x 0 5 ~ $130,000

SImple payback

ImplementatIon costs - $130,000

Annual cost savmgs - $260,000

SImple payback penod wIll be

130,000/260,000 ~ 0 5 (year)



ECO#2 - Excess Air Control for Boller KBG-7 56

DescrIptIon of Opportumty

The Plant had three bOllers made by UkraInIan plant TECOM There are thousands of
such bOllers operatmg m Ukrame WhIle thlS recommendatiOn doesn't have the best
payback of all recommendatIOns for thlS plant, the audlt team declded to assIgn first
pnonty to thIS ECO due to vast possIbIlitIes for replicatiOn

The combustIon control strategy used for thIS boIler IS standard for all small bOllers m
the N I S ThIS strategy cannot be Called anythmg but pnmitIve The desIgn dates back
to approxImately the year of 1965, and It meets the reqUIrements of the standard m the
former SovIet unIOn The combustIOn control strategy used m the USA by the BaIley
Co m 1920 was better As result, the excess aIr ranges from 31 % to 100% at the bOller
eXIt and from 82% to 175% at the ID fan suctIon

There are three major problems wIth the eXlstmg control system

• Instead of aIr flow, FD fan dlscharge pressure sIgnal IS used ThIs makes aIr flow
control very erratIc at low loads and makes automatIc excess alr correctiOn Imposslble
to achIeve

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

• There IS no automatIc excess oxygen correctIOn

We are proposmg to resolve all three problems The tIle plant WIll fabncate a pIezometer
rmg and mstall It on the FD fan suctIOn The pIezometer rmg WIll serve as an aIr flow
element AddItiOnal eqUIpment mcludes two dIfferentIal pressure transmItters, an oxygen
analyzer, a mIcroprocessor based controller and a vanable frequency dnve The resultant
system WIll proVIde true alr flow control and an automatIc excess aIr vs load correctIOn,
1 e an oxygen program accordmg to the bOller load

After ImplementatIOn of thIS proposal It wlll become possIble to operate KBG-7 56
boIler at 5% excess alr at the bOller eXlt and 15% excess alr at the ID fan suctiOn under an
automatIc excess alr vs load correctiOn Such operatiOn wlll result m 5 to 6% savmgs on
fuel (natural gas)

Annual Fuel Cost Savmgs

The factory Chlef Engmeer showed us the expenses on the fuel for the bOller-house, the
total sum was US $400,000 ThlS corresponds to gas consumptiOn by the factory bOller
house of 4,820,000 m3 Assummg 5% savmgs m natural gas consumptiOn, the annual fuel
cost savmgs WIll come to

4,820,000 005 - 241,000 m3
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ImplementatIOn Costs

SImple payback is $15,000/$20,000 = 0 75 year or 45 months of the heatmg season

$15,000

$500

$1,000

$1,500

$13,500

$2,500

$2,500

$4,000

$2,500

$2,000

- US $15,000

- US $20,000

CommiSSIOnIng costs

Subtotal

Total Commlsslomng Costs

Cost of InstallatIOn and CommISSIOnIng

InstallatIOn labor and matenals WIll be proVIded by the plant These expenses are
negligIble

RegIstration and certIficatIOn by GOSNADSOR WIll cost

TechnIcal superVISIOn and commissIOnmg WIll cost

Simple Payback

One vanable frequency dnve, 15 kW

ShIppmg and handlmg

One local compressor based controller

One oxygen analyzer

Cost of EqUlpment

Two dIfferentIal pressure transmItters

Subtotal
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ECO #3 - Improvement m Hot Water Supply System durmg the Summer Season

DeSCrIptIon of Opportumty

Currently at Kharkiv tIle works on commg the heatmg season to the end the hot water
supply IS provIded wIth the help of a shell-type bOIler llLancashirell m the water heatmg
mode on a gas fuel The boIler IS used as a volummous capacIty heater and It operates
twenty-four hours a day The volume of the bOIler IS V=27 m3 wIthout the flue tube The
flow rate of water IS cyclIcal, so the speed of the water m the bOIler IS below 0 0 I mIs,
and, consequently, the bOIler scale qUIck depOSItS on the surfaces of heatmg
llLancashirell boIler has two mstalled burners of GTV-100 type The gas flow rate
accordmg to the data from the works IS 60 m3/h, or B= 1440 m3/day WIth that the flow
rate of hot water amounts to about 30 m3/day The heat reqUIred for heatmg the water IS

Q=Gw (tOhw -tOcw)/lOOO

where
Q - amount of the thermal energy, GCal
Gw - amount of the heated water, ton
tOh w - temperature of the hot water, 0C
tOe w - temperature of the cold water, 0C

When water IS heated from 100C to 60°C the heat flow rate durmg 24 hours IS

Q = 30 (60 - 10)/1000 = 1 5 (GCal)

The specIfic gas flow rate for generatmg 1 GCal of thermal energy for the hot water
supply IS

bact = B/Q = 1440/1 5 = 960 (m3/GCal)

If the Calonfic power of gas QI = 8320 kCal/m3 per I GCal of heat, supposmg that the
bOIler efficIency

111deal = 1, there IS reqUIred

b1deal = (1/8320) 106 = 120 (m3/GCal)

The effiCIency of llLancashirell bOller m such an operatIOn mode IS

llb = b1deal 100lbact = 120 100/960 =12 5 (%)

It IS a very low mdlcator of the boIler operatIon PractIcally m the volume of the bOIler
there IS no a convective constItuent to the thermal exchange process The water IS movmg
m the boIler lammary, the heatmg IS performed at the cost of the heat conductivIty On
the external surface of the flue tubes there IS takmg place a near-wall bOIlIng of the water
that dId not passed the chemIcal treatment and havmg an mcreased contents of CalcIUm
and magneSIUm salts, whIch results m an mtenslve depOSItIOn of scale That decreases the
heat conductivIty coeffiCIent and, eventually, we have a low bOIler effiCIency

Accordmg to the data from llHydro-Xll DanIsh Company 1 mm of scale brmgs to
decreasmg the bOIler effiCIency by 8 to 9 per cent It IS the scale depOSItIOn that lead to an
abrupt droppmg of the effiCIency of llLancashire" boIler that has got obsolete morally
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where

Savmgmon = Savmg gas 0083 = 198,650 0083 = $16,500

Bs = B nh= 1440 178 = 256,320 (m3)

Bs 11/100 = 256,320 77 5/100 = 198,650 (m3/year)

US $6,000Cost of the plant boller-water heater

ImplementatIOn Costs

Annual Fuel Cost Savmgs

At current CISt of $83 per 1000 m3 of gas, annual cost savmgs wIll be

Gas savmg m the natural umts IS

11 =l1pr 11b=90-125=77 5(%)

If to mstall the proposed complex of a bOiler wIth a water heater havmg efficIency 11prop
= 90%, the fuel efficIency wIll nse by

The flow rate of gas for the needs of the hot water supply m the non-heated penod IS

Instead of an Imperfect processmg of the hot water preparatIOn there IS suggested to
mstall a 100-kW bOiler and a plate-type he t exchanger wIth a correspondmg heat
productIOn capacIty The gIven complex (a boller-water heater) WIll produce 2 1 tons of
hot water per hour wIth the temperature of 600C The hot water wIll go mto an
accumulatmg tank that should be made of "LancashIre" bOiler ThIS IS not dIfficult to do
by covenng the flue tubes wIth a metal sheet (lO-mm thIckness) InsIde the tubes
openmgs wIth a 100-mm dIameter must be done m the lower and upper pomts to use
effectively the mternal volume of the flue tubes wIth the volume of V = 56m3 and to
make the total volume of the accumulatmg tank equal to the volume of V= 32 m3, whIch
corresponds to a dally need of the works m hot water The hot water flow rate accordmg
to the data from the works IS 30 m3/day The hot water from the accumulatmg tank IS
supplIed by the eXIstmg pumps to the users

ns - duratIOn of the heatmg season

nh - the number of days when the summer hot water supply mode IS used

ns = 365 - ns= 365 - 167 =178 (days/year),

In the result of Implementmg the gIven suggestIon there IS an opportumty to decrease the
gas flow rate for the hot water supply needs, as the efficIency of the suggested plant l1sugg
= 90 per sent, and not 12 5 per cent

Let us suppose the followmg data for the CalculatIOn

Annual Energy Savmgs
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US $16,500

US $14,300

US $2,000

US $3,300

US$14,300

US $1,000

US $1,000

US $1,000

SImple Payback

Annual cost savmgs

ImplementatiOn costs

SImple payback

14,300116,500 = 0 9 year

As the eqUIpment IS m operatiOn 6 months a year, the actual payback penod wIll be

6 0 9 = 5 4 months

Cost of matena1s

Cost of the project deslgnmg, regIstratlOn, agreemg

Cost of the mstallatlOn works by a specmhzmg company

Cost of turnmg "LancashIre" bOIler mto an accumulatmg

tank wIth the thermal msulatmg works

Overhead costs

TOTAL COSTS
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ECO #4 - OptImizatIOn of the Hot Water Supply System

DeSCriptIOn of Opportumty

Currently the heat supply of the works IS provIded from a boller-house, where 3 water
heatmg boIlers of KVG-7 56 type are mstalled wIth the total heat productIOn capacIty of
Q = 19 5 GCal/hour The bOller-house has a system of headers of the supply and return
water In the result the boller-house has seven patrs pipelmes of dIfferent diameters
outgomg m the same dIrectIOn The temperature mode of the thermal networks IS 130 to
70 0C

When the boller-house was VIsIted, the followmg operatIOn mode was

• the external temperature tOext = O°C

• the temperature at the supplymg header tsuppl = 67°C

• the temperature at the reverse header treverse = 55°C

• the temperature m the pipeimes mcommg and outcommg mto the Jomt header of the
reverse lme water

1) Workshop #1 - 55°C
2) Workshop #2 - 58°C
3) mhabited settlement - 49°C
4) "Polymer-Cement" Workshop - 60°C
5) artIstic ceramIcs workshop - 55°C
6) garage - 58°C
7) MechamCally & Preparatory Area + Workshop #1 - 510C

The desIgn temperature of the return lme water at tOext = O°C for the CIty of Kharkiv

tOreturn wat = 459°C (the mmimum design temperature tmm = -23°C), whIle the
temperature of the supply water tOsuppl wat = 723°C The dIfferential temperature of the
coolant between the supply and return headers of the pipeimes m the boller-house IS
practICally Atact = tactsuppl wat -tactreturn wat = 67 - 55 = 12 (oC), whIle for the temperature
schedule of the heat supply there must be the deSIgn temperature of ~td = tdsupply wat 
tdreturn wat =723 - 45 9 = 26 4 (oC)

Supposmg the water flow rate through the boiler G = 79 ton/hour the heat production
capacIty of the bOIler IS

Qb = G (tout - tm)/1 000 = 79 (97 - 55)/1000 = 3 32 (GCal/hour)

Gas flow rate accordmg to an mstrument IS Ggas = 430 m3/hour

The specific gas flow rate IS

b = GgaslQb = 430/3 32 = 1295 (m3/hour)

If the gas Calonfic value IS Qgas = 8320 kCal/m3 per IGCal of heat and If the boiler
effiCIency T\ldeal = 1, there IS reqUIred

b1deal = (1 /8320) 106 = 120 (m3/GCal)



In our case the efficIency

llb = b1deal/b 100 = 120/1295 100 = 9266% which IS a real efficiency for KVG-7 56
bollers

The mstrument for metermg the flow rate of water mto the thermal network With the
measurement range of 0 to 250 m3/hour was not sufficient, so we can Calculate the actual
water flow rate as

Gwact = Qb/6tact 1000 = 3 32/12 1000 = 276 6 (ton/hour)

If to suppose that the maximum contmuous rate of the boller Qb = 3 32 GCal/hour
corresponds to the heat load that IS avaIlable With a user, so the lme water flow rate
accordmg to a standard must be

Gd =Qb/ iltd 1000 =3 32/264 1000 =12575 (ton/hour)

Absence of a hydraulIc balancmg of the objects results m an overcomsumptlOn of the
lme water by

6G = Gwact - Gd = 276 6 -125 75 = 15085 (ton/hour)

We suppose that the optimal speed of the water m the thermal IS ro = I mis, the head
losses m the tubes IS 6h :::; 10 mm/m Under these condItions to transport a standardized
quantity of the coolant Gd =12575 ton/hour there IS enough to have tubes With D =200
mm

This brmgs to the conclusIon that one can refuse a collector system mSIde the boIler
house, If to output from the boller-house one pair of pipe lmes With Dy =200 mm The
followmg measures must be Implemented for that

• to determme usmg the mstalled mstruments the actually connected heat load,

• to choose usmg the currently put pIpe lInes the optImal diameters of the tubes that
must remam m operatIOn We can exclude by this from operation the auxIlIary pairs
of pIpe hnes, put m parallel m the same directIOn,

• usmg the chosen schemes ofthe thermal hnes to make the requIred sWItchmgs,

• after the hydrauhc CalculatIOn one has to set the controllIng dIaphragms directly near
each user before the heatmg system After that all the heat supply system WIll be
hydrauhcally stable It IS necessary that the reSIstance of the mternal systems m front
of which the controllmg diaphragms must be placed should be not hIgher than h :::; I
mm water column OtherwIse, the mternal systems Will have the coolant flow rate I 5
to 2 times higher than the deSigned one,

• after mstallatlOn of the controlhng drammg diaphragms there are reqUIred a thermal
testmg of the system and checkmg of correspondence of the actual flow rates to the
deSIgned ones In case of any varIatIOns m any dIrectIOn, one shall correct the
diameters of the controllIng drammg diaphragms

The above mentIOned measures after theIr ImplementatIOn shall gIve the followmg
results
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The expected electnc power savmg on transportmg the coolant per year IS

ElectrIC power consumptIOn durmg a heatmg season IS

The temperature of the external aIr on the day of the measurements was text aIr = OOC

Heat productIOn at te"<t =OoC Qhr =3 32 GCal/hour

- duratIOn of the heatmg penodnheatmg

Number of degree-days accordmg to the regulatIOns for Kharklv city nd d= 3,500

Total heat level production for the whole tile works must be

q =Qdally / n =79 68/18 =4 43 (GCal/degree-day)

Number of degree-days IS n =18 - text = 18 - 0 = 18

Heat flow rate per one degree-day IS

Qdally =Qhr 24 =3 32 24 =79 68 (GCal/day)

Qannual =q nannual =443 3,500 - 15,505 )GCal/yr)

Supposmg that the standard thermal losses by the external lInes are 10%, which
corresponds to

On the bOller-house there IS no regIstratIOn of the heat productIOn To determme the
mmimum heat production level dunng the heatmg penod we shall make CalculatIOns

Eact - Epr =272,160 - 181,440 =90,720 (kW)

Eact =Nact 24 nheatmg =60 24 189 =272,160 (kW),

Epr =N pr 24 nheatmg =40 24 189 =181,440 (kW)

If the average temperature durmg 24 hours IS text aIr = OOC, heat productIOn durmg 24
hours IS

In case of decreasmg the flow rate of the lme water there must go down electnc energy
consumptIOn up to N pr = 40 kW

Correspondmgly, the expected electnc power consumptIOn shall be

where

ElectrIC power consumptIOn of the lme pump D-320-50 wIth a motor of N =90 kW,
accordmg to the made measurements, IS N act = 60 kW

• decrease of the volume of the external heat supply lInes by V = 100 m3,

• decrease of the electnc power consumptIon for the coolant transportation,
• decreased heat losses mto the environment at the cost of decreased external surface of

the heat lmes

Annual Energy Savmgs
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90,720 004 = 3,630 ($)

ImplementatIOn Costs

100,750 0083 = 8,370 ($)

775 130 = 100,750 (m3/yr)
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$2,700Overhead costs

The thermal tests, correctmg the hydrauhCal deSIgn and dIameters of the drammg
dIaphragms C3 = $2,000

Fulfillment of the mstallatIOn works to connect the heat hnes and the eqUIpment on the
blockmg fixture mamtenance area

• cost of materIals - $2,000
• labour cost - from the resources of the works (from the salary and wages fund for the

energy department of the works

InstallatIOn of the controllmg drammg dIaphragms shall be done by the energy
department of the works accordmg to the schedule at the cost of ItS own salary fund on
the baSIS of payment per each worked hour

3,630 + 8,360 == 12,000 ($)

Qlosses = Qannual 0 1 = 15,505 0 1 = 1,550 (GCal/yr)

Qlosses 05= 1,550 05 = 775 (GCal/yr)

The deSIgn works

• determmatIOn of the actual heat loads,
• development of a new thermal hnes system,
• hydrauhc CalculatIOn of the thermal hnes

The apprOXImate cost IS $5,000

Total savmg from ImplementatIOn of the ECO

Cost savmg resultmg of decreasmg gas consumptIOn at the prIce of $ 0 083 per 1 m3 IS

Annual Fuel Cost Savmgs

Cost savmg resultmg from decreasmg the electrIC power consumptIOn at the prIce of
$004 per 1 kWh IS

In case of the Ideal gas consumptIOn b = 130 m3/GCal, the gas savmg per year must be

ProvIdmg expected decreasmg of the external surface of the pIpe hnes by 50 per cent, the
heat losses shall be decreased by



Annual Fuel Cost Savmgs

ECO #5 - Reduction m Leakage of Natural Gas Via Purchase of Modern Leak Detector

DescrIptIon of Opportumty

The annual gas savmg If the leaks are elImmated
7,200 (256 +288 + 243 + 320) 2/100 = 160,000 (m3/yr)

US $13,300
US $ 1,000

US $06 to 1,000

256 m3/h
288 m3/h
243 m3/h
450320 m3/h

Savmg m money umts If 1000 m3 of gas cost US $83
160,000 0083 = 13,300(~

ImplementatIOn Costs
Cost of the detector of gas and alr mIxtures

Simple Payback
Annual cost savmg
CommissIOnmg costs
Simple payback penod 1,000/13,300 = 0 1 (yr)

Annual Gas Savmgs
The mput data for the calculatIOn
• four conveyer lInes mcludmg a utilIzmg and glost finng furnaces,
• Conveyor lIne annual tIme provIdmg a contmuous productIOn - F = 7,200 hours,
• flow rate at each productIOn lIne

1 Conveyor Lme 1030 #1
2 Conveyor Lme 1030 #2
3 Conveyor Lme 1012 #1
4 SpeCial Conveyor Lme

• gas losses K = 2%

One of the Important functIOns IS IdentIficatIOn and elImmation of leaks of the gas used m the
mdustnal process It IS recommended for that to use a detector of gas and aIr mIxtures ElImmatIOn of
leaks shall be done by a team of repamng metal workers Savmg IS receIved by orgamzmg a
thorough control and mamtenance of the gas transportatIOn system It IS the cheapest way to decrease
gas consumptIOn The calculatIOn gIVen below shows the effiCIency of usmg the gIven detector even
If the gas leaks are mmimal (2 to 5 per cent)

European CmmmsslOn TACIS experts that VIsIted Open Jomt-Stock Company "Kharkiv TIle Plant"
m 1996 detennmed, wIth the help of dIfferent tests usmg electromc and measunng mstrumentatlOn,
that leaks of gas from valves, vanous cranes and Jomts are 10 per cent

Natural gas Id wIdely used m the mdustnal process at Kharkiv TIle Plant From the gas dIstnbutmg
statIOn gas IS supplIed through a metal pipeime supported over the land The gas pipeime has
branches to Workshop #1 and Workshop #2 where the pressure of the gas IS decreased to the level
reqUIred for operatmg the burners used m the mdustnal processmg at the plant The pipeimes for
supplymg gas to the burners have threaded Jomts WIth seals ofoakum
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Total costs are 5,000 + 2,000 + 2,000 + 2,700 = 11,700 ($)

SImple Payback

Annual cost savmg $ 12,000/yr

Costs of commissIOnmg works $11,700

SImple payback penod 11,700/12,000 = 1 (yr)

As the duratIon of the heatmg season IS 6 1 months per year, actually the payback IS

1 6 = 6 (months)
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Annual Fuel Cost Savmgs

Savmg m money umts If 1000 m3 of gas cost US $83

160,000 0083 = 13,300 ($/yr)

ImplementatIOn Costs

Cost of the detector of gas and air mIxtures

Simple Payback

Annual cost savmg

CommlssIOmng costs

Simple payback penod 1,000/13,300 = 0 1 (yr)

US $0 6 to 1,000

US $13,300

US $ 1,000



ECO #5 - Reduction III Leakage of Natural Gas VIa Purchase of Modern Leak Detector

DescrIption of Opportumty

Natural gas id widely used m the mdustnal process at Kharkiv TIle Plant From the gas
distnbutmg statiOn gas is supphed through a metal pipelme supported over the land The
gas pipelme has branches to Workshop #1 and Workshop #2 where the pressure of the
gas IS decreased to the level reqUired for operatmg the burners used m the mdustnal
processmg at the plant The pIpe1mes for supplymg gas to the burners have threaded
Jomts wIth seals of oakum

European CommissiOn TACIS experts that visIted Open Jomt-Stock Company
lIKharkIv Tile Plant ll m 1996 determmed, wIth the help of dIfferent tests usmg electronIc
and measunng InstrumentatIOn, that leaks of gas from valves, vanous cranes and Jomts
are lO per cent

One of the important functiOns IS identificatiOn and ehmmatiOn of leaks of the gas used
m the mdustnal process It is recommended for that to use a detector of gas and air
mixtures ElImmatIOn of leaks shall be done by a team of repamng metal workers
Savmg is receIved by organIzmg a thorough control and mamtenance of the gas
transportation system It is the cheapest way to decrease gas consumptiOn The
Calculation gIven below shows the effiCIency of usmg the given detector even if the gas
leaks are minImal (2 to 5 per cent)

Annual Gas Savmgs

The mput data for the CalculatiOn

• four conveyer lmes mcludmg a utihzmg and gas-firmg furnaces,

• Conveyor lme annual time providmg a contmuous productiOn - F =7,200 hours,

• flow rate at each productiOn lme

1 Conveyor Lme 1030 #1 256 m3/h

2 Conveyor Lme 1030 #2 288 m3/h

3 Conveyor Lme 1012 #1 243 m3/h

4 SpeCial Conveyor Lme 450320 m3/h

• gas losses K =2%

The annual gas savmg if the leaks are ehmmated

7,200 (256 +288 + 243 + 320) 2 /l00 =160,000 (m3/yr)
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Annual Electnclty SavIngs

ECO #6 - InstallatIon of More Efficient Llghtmg

SZPR-250 type lIghtmg With a DRL-250 mercury lamp consumed

- the annual operatIOn time for a lIghtmg

- the number of lIghtmg fixtures

- power of the starters

- power ofDRKL-250 lamp

F =10 365 =3 650 (hours)

PI =0 298 59 3,650 =64,1733 (kWh)

Pstart I =54 1 W

cosq> = 0 98

n = 59

Pu = 250 W

where

where

PI: =(250 + 54 1) 0 98 =298 W or 0 298 kW

The amount of the electnc power consumed by 59 lIghtmg fixtures dunng a year on
condItIOn of an average sWItchmg for about 10 hours a day IS

PI =PII n F,

The electnc power consumptIOn of a SZPR-250 IIghtmg With a DNaT-IOO-3 sodIUm
lamp IS

There IS proposed for consideratIOn a project of replacIng DRL-250 mercury lIghtIng
fixtures In the exterIor system for lIghtIng the area of the plant wIth DNaT-100-3 sodium
high-pressure lIghtIng fixtures while USIng the eXistIng lIghtIng fixtures and replaCIng
starters of the correspondmg power capacity DNaT-100-3 sodIUm high-pressure
lIghtIng fixtures are produced m Poltava, UkraIne, and have a larger lIfe time of 6,000
hours when the lummous flux IS 9,000 1m

The exterIor hghtIng system at the plant Includes 59 hghtIng fixtures of SZPR-250 type
wIth DRL-250 mercury hIgh-pressure lIghtIng fixtures and they are Installed on
reInforced supports of 10-m height Part of the area of the plant IS lIt With ordInary 100
and 150-W Incandescent lamps The lummous flux from DRL-250 IIghtmg IS 10,000
1m, while the nomInal lIfe tIme IS 2,400 hours

DescnptIon of Opportumty
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Annual Cost Savmgs

35,747 1 0 048 == 1,720 ($/yr)

PI - P2 = 64,173 3 -28,426 2 = 3,574 1 (kW)

P2:2 = (PL2 + Pstart 2) COS<p
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US $ 1,770

US $ 530

US $ 2,300

- power of the starters

- power of DRKL-250 lamp

Pstart 2= 34 7 W

cos<p = 0 98

PL2 =100 W

Overhead costs

Total costs

Cost ofDNaT-100-3 WIth ItS starters - 59 lamp x $30

Savmg of means m the pecumary form, If 1 kWh of power costs for the plant US $
0048

P2 =P2:2 n F =0 132 59 3,650 =28,426 2 (kWh)

The annual electnc power saVing In the natural umts when USing DNaT-100-3 lamps IS

PE2= (100 + 347) 098 = 132 W or 0 132 kW

The amount of the electnc power consumed by' 59 lightmg Lxtures durmg a year OR

condItion of an average sWItchmg for about 10 hours a day IS

where

ImplementatIOn Costs

Cost of the mstallatIOn works IS not taken mto account, as these sort of works WIll be
fulfilled by the plant staff

SImple Payback

Annual savmg of losses

Commlsslonmg costs

US $1,720

US $ 2,300

Simple payback IS

2,300/1,720 = 1 3 (year) \



56,400 x 0 083 ~ $5,000

Annual Cost Savmgs

Annual Energy Savmgs

DeSCriptIOn of Opportumty

$1,000

$300

$1,300

non-contact remote-sensmg thermometer (heat spy)

Overhead expenses @ 30%

ImplementatIOn Costs

TOTAL COSTS

At current pnce of$ 0 083 per 1 m3, annual cost savmgs WIll be

5,640,000 x 0,01 = 56,400 m3

Assummg conservatIvely that proposed eqUipment WIll allow to locate Just 10% of heat
losses, fixmg the ImperfectIOns found will result m°5 - 1% gas savmgs Basmg on annual
gas consumptIOn for dIstnct heat needs at 5,640,000 m3 (accordmg to the plant's data),
annual gas savmgs may come to

• In operatIOn processes due to faulty msulatIOn of technology ovens and other
eqUipment

• m dIstnct heat systems due to hydraulIc and, consequently, thermal unbalance of
heatmg eqUipment,

Non-contact thermometer IS necessary to Implement on the FacIlity energy management
program, whIch, accordmg to expert evaluatIOn, may save up to 10% of energy used
SpottIng and fixmg heat losses promptly WIll result In gas savmgs of 56,400 m3 and cost
savmgs of $5,000 annually Payback penod IS 03 year

• m heat networks due to msufficient pIpelIne and stop valves,

Dunng audIt check the audIt team based on eqUipment and heat systems surface
temperature measurements made USIng non-contact heat spy to locate heat losses and
evaluate theIr amount The heat spy's functIOn us based on objects' mfrared radiatIon
measurmg and convertmg at O°C - 1000°C temperature range Measurement mdIcated
that conSIderable losses occur

ECO #7 - Portable HIgh Range Infrared Thermometer (Heat Spy)
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Simple Payback

Annual cost savmgs

ImplementatIOn costs

SImple payback IS 1,300 /5,000 = 0 3 year

$5,000

$1,300
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ECO#8 - InstallatIon of Gas Turbme for Process Drymg and Co-generatIOn

DescriptIOn of OpportunIty

Current technology provIdes drymg raw matenals m drymg towers wIth 6 GGV-IOO
burners each At the tIme of our VISIt four out of ten towers were functlOnmg, two towers
at each workshop Drymg towers operate m contmuous year-round mode and use 50%
of gas consumed on the facIhty Mmimum gas consumptIOn per tower IS 310 m3/hr,
maXImum IS up to 450 m3/hr At 8,300 kCaIlm3 heat content of gas, heat amount
reqUIred for drymg process IS mmlmum 2 6 GCaIlhr, maXImum 3 7 GCaIlhr

Tl-te dryIng techoology reqUIres-temperature condItiOn comrol m dIfferent zones of~
towers

Zone 1 - 320 - 360°C, Zone 2 - 200 - 220°C, Zone 3 - 100 - 110°C

Currently eXIstmg heat system wIth three burners IS roughly tuned and allows
dIsturbances m zones temperature condItIons, whIch results m decrease m process quahty
and addItional consumptlOn of at least 10% of gas accordmg to expert evaluatlOn

We propose to Improve eXIstmg drymg eqUIpment usmg gas-turbme umt GT 2500 or GT
3000 as heat source SpecIfic eqUIpment IS to be determmed after a comprehensIve energy
audIt check and prehmmary study of technology process m all detaIls It would be most
efficient to retrofit the whole drymg complex and not It'S separate parts We recommend
the followmg technologIcal sequence

Gas-turbme umt produces 2,500 - 3,000 kW of power needed by the plant

2 Exhaust gases from the umt at 450 - 500°C are supplIed to the drymg tower VIa a
dIstnbutIOn deVIce The dIstnbutor should provIde umform temperature condltlOn
for specIfic zones m order to make the performance controllable and optImum

The raw matenal should be supplIed to the drymg tower WIth umform pressure and flow
rate to provIde qualIty spraymg mSIde the tower EqUIpment currently m use does not
always allow to keep these condItions It IS necessary to change pumps and retrofit the
drymg tower

ImplementatlOn of thIS system WIll allow to produce up to 21 M kW h per year and
reduce amount of gas used by the drymg tower by 10%

Annual Energy Savmgs

As the gas-turbme umt WIll cover all of the plant's electncIty needs, annual savmgs on
purchased electncity Will come to approxImately 16,000,000 kWh Gas consumptIon per
drymg tower averages 360 m3/hr or 3,150,000 m3/yr Annual 10% gas savmgs WIll
constItute



Annual Cost Savmgs

At current electncity pnce of $0 04 per 1 kW h, annual electncity cost savmgs wIll be

j150000 x 0,1 =315000 m3

16,000,000 x 0 04 =$640,000

At gas pnce of $0083 per 1 m3, annual gas cost savmgs wIll be

315,000 x 0083 = $26,000

Total energy cost savmgs

640,000 + 26,000 = $666,000

ImplementatIOn Costs

Gas-turbme umt

Tower and raw matenals pumps

DesIgn works

CommisslOnmg and turnkey mstallatlOn

Overhead expenses and unforeseen costs @10%

TOTAL COSTS

SImple Payback

ImplementatlOn costs

Annual cost savmgs

SImple payback IS

2,750,000/666,000 = 4 1 yeal

$1,300,000

$400,000

$300,000

$500,000

$250,000

$2,750,000

$2,750,000

$666,000

•
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AppendIx B. SPECIFICATIONS FOR THE REQUIRED EQUIPMENT

B-1



---------------------
Bl EqUIpment and Works SpecificatIOn, ECO#l- ImplementatIOn of Energy Management Program

# EqUlpmentlWorks Model or Manufacturer, BasIc QuantIty, Cost per ShIppmg Contractor Cost of Total Notes
Type Parameters Item Costs Works Costs

DescnptIOn Country of Ongm umt US$ US$ US$
US$

I ImplementatIOn of an "Elta" Fmancmg
Energy Management Consultmg from the
program and 130,000 130,000 funds of the
mtroductlOn of an Kharbv, TIle Plant
energy consumptIon Ukrame
record keepmg
system

TOTAL 130,000

'-:~,,



H2 EqUIpment and Works SpecIficatIOn, ECO#2 - Excess AIr Control for KVG 7,56 Boller

/,
Iv

'"'

# EqUIpment! Model or Type Manufacturer, BaSIC QuantIty, Cost per ShIp- Contractor Cost of Total Notes
Parameters Item pmg Works Costs

Works Country of OrIgm umt US$ Costs US$ US$

Descnption US$

1 Controller 348 FILDPAC™ Moore Products, Pressure 0 to 5 1 2,500 750 3,250

USA mmHzO
I

I

2 Dlfferenhal 1340DXTC™ Moore Products, 1 3,544 1,063 795 5,402
Pressure
Transmitters II 34lD XTC™ USA

1

3 Flue Gas OXigen Termos Sene'> 210 PRO-TECH Power 220 1 2,900 870 3,770
Analyzer With a SOLUTIONS, USA VAC/50 Hz
mountmg kit and Output 4 - 20
600 mm msertlOn mADC
sensor

4 InductIOn motor ATOI Trzol CorporatlOn, Motor capacity 1 2,330 TrlOl 2,330 ~stanat1on
rotahon speed 15kW ~osts mcludmg
converters and Kharbv, Ukrame
mstallahon

REN-15 ITnternatzonal Motor capacity 1 2,800 - InternatlOnal 2,800 nstallatlOn
'r:;onsortzum fo 15kW Consortzum for osts mludmg
'enerJ!Y Conservatzon Enerf!Y

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



---------------------
B2 EqUIpment and Works SpecIfication, ECO#2 - Excess Air Control for KVG 7,56 Boiler

V'
~

# EqUIpment! Model or Type Manufacturer, BaSIC QuantIty, Cost per ShIp- Contractor Cost of Total Notes
Parameters Item pmg Works Costs

Works Country of OrIgm umt US$ Costs US$ US$

DeSCrIptIOn US$

kharklv ConservallOn,
KharkIv

ACF601-0016-3 W1B Ukrazm Motor capacIty 1 2,458 737 3,195 nstallatton
HE/mash 'Research & 15kW osts to bt
ProductIOn Company ncluded

CXOq11O V Honneywell Motor capacIty 1 2,695 810 Ecoterm 660 4,165
15kW

34A2NO KyIV, Ukrame

TTE(P)1 Preobrazovatel Motor capacIty 1 2,973 892 3,865 nstallatton
Research InstItute, 14kW ~osts to be no

I
neluded

ZaponzhzhIa,
Ukrame

5 RegIstratIOn, Efta Consuftmg 2,400 2,400
certIficatIOn, Company,
mplementatIOn KharkIv, Ukrame
works



B.3 EqUIpment and Works SpecIficatIOn, ECO#3 - ChangIng summer season hot water supply scheme

) ~

v'\

# EqUlpmentIWorks Model or Manufacturer, BaSIC Parameters Quantity, Cost per ShIppm Contractor Cost Total Notes
Type Item g Costs of Costs

DeSCriptIOn Country of OrIgm umt US$ Works US$
US$ US$

I Water boIler BGV-50T Closed JSC Termo, N=50kW 2 870 360 2,100

Lugansk, Ukrame

2 Water heatmg umt NO 1-(1,5 + Ancor-Teploenergo N=100kW 1 2,000 200 220O ShIpment
WIth a plate-type heat 1,5)-KY Ltd ::osts to be
exchanger, ncluded m
temperature control, KharkIv, Ukrame he
circulatmg pump nstallatIOn

ots

3 DesIgn, regIstratIOn, Elta Consulting, 10,000
approval, shIpment,
lllstallatIOn, Kharklv,
commissIOmng works Ukrame

TOTAL 14300

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



---------------------
B.4 EqUIpment and Works SpecificatIOn, ECO#4 - Optimization of thermal networks hydrohc mode

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

Descnptlon Country of Ongm omt US$ US$ US$
US$

1 Matenal for mstallmg due to the due to the project due to the 2,000
stop valve servlCmg project project
platfonns

2 DesIgn, regIstratIOn, Elta consultmg, 9,700 9,700
approval, shIpment,
mstallatIOn, testmg, Kharktv,
commISSIOnIng works Ukrame

3 Portable one-channel TransPort™ I PANAMETRIC:. I=4t020mA 1 9,500 480 9,980
flowmeter Inc

PT868
JSCPergam

II PEEK
Measurements

TOTAL 21,680

\f""--t:::>



B.5 EqUIpment and Works SpecIficatIOn, ECO#5 - SavIng natural gas In flow process

# EqUlpmentIWorks Model or Manufacturer, BasIc Quantity, Cost Shlppm Contractor Cost Total Notes
Type Parameters per g Costs of Costs

Description Conntry ofOngm umt Item Works US$
US$ US$ US$

I Ultrasound Ltstemng EPD-500S lat EPD I 1,700 1,700
DevIce for Leak 14, Hayes Street,
Detecnon Elmsford,New York,

10523, USA

2 CombustIOn ENERAC- Energy Efficzency Analyzed gases 1 5,000 6,500
analyzed 2000 Systems, Inc

Dnve, Westbury, NX °2' CO, S02,

11590, USA NOx

TOTAL 8,200

r~
" ~o,
~

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



---------------------
B6 EqUipment and Works SpecificatIOn, ECO#6 - Replacing exterior lighting fixtures

,J'; "Y
<:"'<-..J

# EqmpmentIWorks Model or Manufacturer, BasIc QuantIty, Cost per ShIppmg Contractor Cost of Total Notes
Type Parameters Item Costs Works Costs

DeSCrIptIOn Country of umt US$ US$ US$
OrIgm US$

I High pressure DNaT-IOO-3 bJSC Poltava Gas U=220V 59 39 JSC Kharlav TEle 2,301 ShIpment costs
sodIUm lamp With EIPRA blscharge Lam[- P=lOO W Factory, mcludmg
controls IPlant,

KharkIv, Ukrame
Poltava, Ukrame,

Interface
Company,

VynnytsIa,
Ukrame

TOTAL 2,301



~

B.7-Equipment and Works SpecIficatIOn, ECO#7 - Controllmg equipment and heat networks temperature condItIon

# EqmpmentIWorks Model or Manufacturer, BaSIC QuantIty, Cost ShIppm Contractor Cost of Total Notes,
Type Parameters per g Costs Works Costs

DescnptIOn Country of Ongm Ullllt Item US$ US$
US$ US$

1 Infra-red Non-contact ST6LS Davls Instruments to = 1 499 499
IThermometer 4701 Mount Hope -20 to 500°C

Dnve Baltlffior,
MD21215,

USA

TOTAL 499

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



---------------------
B.8 EqUIpment and Works SpecIficatIon, ECO#8 - Usmg gas-turbme umt got dnving raw matenalslOll

# EqUlpmentIWorks Model or Manufacturer, BasIc QuantIty, Cost ShIppm Contractor Cost of Total Notes
Type Parameters per g Costs Works Costs

DescnptIOn Country of Ongm umt Item US$ US$
US$ US$

I

I

1 Gas-turbme umt GT-2500 Mashproekt P = 19 kg/cm2 1 Elta Consultzng, 1,300,000

Research & ProductlOI1 Gr = 4 GCallhr KharkIv,
Enterpnse, Ukrame

MykolayIv, Ukrame

2 DesIgn, productIOn of Eltao Consultzng 1,450,000
non-standard
eqUIpment, ordenng Kharklv, Ukrame
the processmg
equIpment, "turn-
key" mstallauon and
commIssIOmng works
by the subcontractors

TOTAL 2,750,000

Gv
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Appendix C AUDIT RECORDS AND PLANT DATA

C-I
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SERIAL # 11003501

MODE PPM OXY_REF=TRUE%

MODE PPM OXY_REF=TRUE%

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

%

%

38
61 PPM
oPPM

50 PPM

68
49 PPM
oPPM

50 PPM

850 %
69 OF

253 OF
063 %

36 PPM
084 PPM

000 %
08

849 %
69 OF

225 OF
091 %

36 PPM
068 PPM

000 %
1 6

ENERAC MODEL 2000
COMBUSTION TEST RECORD

TIME 113432
DATE 11/18/97
FUEL NATURAL GAS 21870 BTUILB
COMBUSTION EFFICIENCY
AMBIENT TEMPERATURE
STACK TEMPERATURE
OXYGEN
CARBON MONOXIDE
CARBON DIOXIDE
COMBUSTIBLE GASES
STACK DRAFT (INCHES H20)
EXCESS AIR
OXIDES of NITROGEN
SULFUR DIOXIDE
CARBON MONOXIDE ALARM

COMBUSTION TEST RECORD
TIME 11 3053
DATE 11/18/97
FUEL NATURAL GAS 21870 BTUILB
COMBUSTION EFFICIENCY
AMBIENT TEMPERATURE
STACK TEMPERATURE
OXYGEN
CARBON MONOXIDE
CARBON DIOXIDE
COMBUSTIBLE GASES
STACK DRAFT (INCHES H20)
EXCESS AIR
OXIDES of NITROGEN
SULFUR DIOXIDE
CARBON MONOXIDE ALARM

AnalysIs of the exhaust combustIOn gases after KVG-7,56,
by ENERAC - 2000 combustIOn analyzer

SERIAL # 11003501

ENERAC MODEL 2000



37 %
64 PPM
oPPM

50 PPM

39 %
64 PPM
oPPM

50 PPM

SERIAL # 11003501

MODE PPM OXY_REF=TRUE%

844 %
70 OF

273 OF
063 %

35 PPM
084 PPM

000 %
07

844 %
70 OF

273 of
061 %
32 PPM

085 PPM
000 %
07

MODE PPM OXY_REF=TRUE%

ENERAC MODEL 2000
COMBUSTION TEST RECORD

TIME 11 3940
DATE 11118/97
FUEL NATURAL GAS 21870 BTUILB
COMBUSTION EFFICIENCY
AMBIENT TEMPERATURE
STACK TEMPERATURE
OXYGEN
CARBON MONOXIDE
CARBON DIOXIDE
COMBUSTIBLE GASES
STACK DRAFT (INCHES H20)
EXCESS AIR
OXIDES of NITROGEN
SULFUR DIOXIDE
CARBON MONOXIDE ALARM

SERIAL # 11003501
ENERAC MODEL 2000

COMBUSTION TEST RECORD
TIME II 3753
DATE 11/18/97
FUEL NATURAL GAS 21870 BTUILB
COMBUSTION EFFICIENCY
AMBIENT TEMPERATURE
STACK TEMPERATURE
OXYGEN
CARBON MONOXIDE
CARBON DIOXIDE
COMBUSTIBLE GASES
STACK DRAFT (INCHES H20)
EXCESS AIR
OXIDES of NITROGEN
SULFUR DIOXIDE
CARBON MONOXIDE ALARM

AnalysIs of the exhaust combustIOn gases after KVG-7,56,
by ENERAC - 2000 combustIOn analyzer

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



SERIAL # 11003501

SERIAL # 11003501

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

%

%

27
67 PPM
oPPM

50 PPM

29
66 PPM
oPPM

50 PPM

829 %
70 OF

269 OF
048 %

374 PPM
093 PPM

020 %
04

842 %
70 of

270 of
051 %

142 PPM
091 PPM

006 %
04

ENERAC MODEL 2000
COMBUSTION TEST RECORD

TIME 11 51 16
DATE 11/18/97
FUEL NATURAL GAS 21870 BTUILB
COMBUSTION EFFICIENCY
AMBIENT TEMPERATURE
STACK TEMPERATURE
OXYGEN
CARBON MONOXIDE
CARBON DIOXIDE
COMBUSTIBLE GASES
STACK DRAFT (INCHES H20)
EXCESS AIR
OXIDES of NITROGEN
SULFUR DIOXIDE
CARBON MONOXIDE ALARM
MODE PPM OXY_REF=TRUE%

ENERAC MODEL 2000
COMBUSTION TEST RECORD

TIME 114524
DATE 11/18/97
FUEL NATURAL GAS 21870 BTUILB
COMBUSTION EFFICIENCY
AMBIENT TEMPERATURE
STACK TEMPERATURE
OXYGEN
CARBON MONOXIDE
CARBON DIOXIDE
COMBUSTIBLE GASES
STACK DRAFT (INCHES H20)
EXCESS AIR
OXIDES of NITROGEN
SULFUR DIOXIDE
CARBON MONOXIDE ALARM
MODE PPM OXY_REF=TRUE%

AnalysIs of the exhaust combustIOn gases after KVG-7,56,
by ENERAC - 2000 combustIOn analyzer

•



837 %
70 OF

270 OF
051 %
192 PPM

091 PPM
011 %
05

%29
67 PPM
oPPM

50 PPM

AnalysIs of the exhaust combustIOn gases after KVG-7,56,
by ENERAC - 2000 combustIOn analyzer

SERIAL # 11003501
ENERAC MODEL 2000

COMBUSTION TEST RECORD
TIME 11 5728
DATE 11/18/97
FUEL NATURAL GAS 21870 BTUILB
COMBUSTION EFFICIENCY
AMBIENT TEMPERATURE
STACK TEMPERATURE
OXYGEN
CARBON MONOXIDE
CARBON DIOXIDE
COMBUSTIBLE GASES
STACK DRAFT (INCHES H20)
EXCESS AIR
OXIDES of NITROGEN
SULFUR DIOXIDE
CARBON MONOXIDE ALARM
MODE PPM OXY_REF=TRUE%
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Appendix D. PLANT PHOTOGRAPHS
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CYlIlet-TBY~OUL<HI CXCMa pat-npelleJlem151 renJTOI-IOCHl ell»
BHYl pH KOTCJlbllOI1 I<OJlJleKTop"oro TVlrIa

The heat-carner di"tnbutmg system eXIstmg currently at the collector-type

xapmn '-pI-nyc rc.,sl H.lJlf/llll-lt. M !'l1J11Il/lllVlX rpy6onpOBOll,OB

IULyuLHX B O;'1I01V1 IIdnp,lBJlemUl (IlpHllmKulVle 1\ 3)
I';; charactenzed by presence of too meny pipelmes gomg

m the same dIrectIOn Appendix A 3
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IlpOH ~BO)lCTBO H3MepemIi;t

TeXHHKO- )KOHOMWleCKHX HOlm mTenel1 KBr-7,56 ')[leproay)J,H ropaMH

Measunng the techmcal and economic charactenstlcs of KVG-7,56
by the energy audItors
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"Polymer concrete" workshop
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Productton of polymer 5Iaa'3, tub~ bath.. hoppt,fs and smks
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CYLUHJlbHbll., OdLUIlH (,blpb51 HJIH rOllllOi 0 IlPOH3Bo,ncTBa

Towers for drymg the raw matenals for tIle productIon

)lbIMOUK CYLIIVlJlbllOH 6<lIIJIlVl )1,H-12 5
The output tan at DN-12,5 drymg tower
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et>pml1 KOISIa KBr~7,56

I he front view of KVG-7,56 BOller
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Appendix E. CONVERSION FACTORS
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Currency rates of exchange

1 hnvma - local currency umt

Ihnvma = US $054 as of December 1997

ConversIOn factors

Heat

I Cal = 4 187 J

1 kCal =4 187 kJ =3 968 BTU

I GCal =4 187 X 103 =4 187 GJ

1 BTU = 1055 J = 1 055 kJ = I 055 x 10 3 MJ

Power

1 W = 3 6 x 103 J = 3 6 kJ

1 kW = 3 6 X 103 kJ = 3 6 MJ = 860 kCal

1 MW = 3 6 X 103 MJ = 860 kCal

1 kCal = 1 163 x 10 3

1 GCal = 1163 kW = 1 163 MW

1 kW = 1 36 HP

1kW =1 34 hp

Pressure

I kg/cm2 = I atm

I atm =10 I 325 kPa =0 1 MPa

1 bar = 105 Pa = 100kPa =0 I MPa



Length

1 mm =0 03937 In = 0 00328 ft

1 em = 0 3937 In = 00328 ft

1 m = 3 937 In = 3 281 ft

WeIght

1 gram =2 2046 x 10 3 Ib

1 kg = 2,2046 Ib

1 t = 1000kg = 2 2046 X 103 ft

I em2 = 0 ISS square In = I 076 x 10 3 square ft

I m2 = I 55 x 103 square In= 10 76 square ft

Volume

I m3 =35 31 eu ft = 1000 I

II =35 31 x 103 eu 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
I
I
I
I
I
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1 MJ/m3 = 26 84 BTU/ell ft

1 KCal/m3 = 4,187 kJ/m3 = 0 112 BTU/ell ft

Temperature

0C = 056 (OP-32)

~\
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AppendIX F ABBREVIATIONS
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ABBREVIATIONS
I

CIS - Commonwealth of Independent States

ECO - energy conservatIOn opportunity

ESCO - energy serVIce company

etc - et cetera

Hr - hnvnIa

I d - Id est

JSC -Jomt-stock company

mIn - mIllion

TACIS - TechniCal Assistance to CIS countnes

tel - telephone

thou - thousand

US - United States

USAID - United States Agency of InternatIOnal Development

BTU - BntIsh thermal Unit

0C - degrees CelclUm

cm2 - centimeter squares

OF - degrees Faranhelt

g - gram

GCal - glgaCalone

GJ - glgaJoule

h - hour

kCal - kiloCalorIe

kg - kIlogram

kgf - kIlogram-force



kV - kilovolt
I

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

•
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