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1 0 EXECUTIVE SUMMARY

1 1 IntroductIOn

ThIS energy audIt has been conducted under a program sponsored by the US Agency for
InternatIOnal development (USAID) ThIS proJect, referred to as DelIvery Order #30, consIsted of
performmg twenty four mdustnal energy audIts throughout Ukrame The purpose of thIS project
was to develop UkraIman energy servIce company (ESCO) capabIlIties To accomplIsh thIS task
Burns and Roe Enterpnses (the pnme contractor) hIred UkraIman engmeers These engmeers were
tramed m US technIques of conductmg energy audIts and m ESCO concepts The mdustnal
energy audIts were conducted to facIlItate the ESCO trammg

These audIts consIsted of a one week sIte VISIt by a team of engmeers, normally two or three
mdIvIduals Smce these mdustnes are generally very large, a one week sIte VISIt IS not suffiCIent to
adequately audIt the entIre facIlIty The sIte VISIt was restncted to one week due to other project
consIderatIOns However, the engmeenng staff were tramed to IdentIfy Improvements that would
be representatlve ofthe entIre plant In many cases It was necessary to focus the audItmg efforts on
one system or only on a portIon of the plant Therefore thIs audIt IS based on what could be
accomplIshed dunng the one week allocated WhIle thIS audIt contams numerous
recommendatIOns for the plant management, the plant management IS encouraged to perform a
complete audIt of the entIre facIlIty Hopefully, the plant management wIll consIder hITIng the
engmeers tramed under thIS project to contmue thIS work, whIch wIll result m a complete
understandmg of energy usage wIthm the plant, as well as a complete lIstmg of all potentlal energy
Improvement proJects

The current report descnbes the findmgs of the energy effiCIency audIt performed by Burns and
Roe at the "MarkokhIm" plant m the CIty of Manupol Presently the JSC "MarkokhIm" produces
2,126,900 tons of coke WIth 6% mOIsture content mc1udmg metallurgIcal coke, coke breeze, bean
coke Total productIOn output m 1997 was $57,430 thousand The products meet the hIghest
qualIty standards The share of energy cost m total productIOn costs IS 16%

Presently JSC "MARKOKHIM" has at ItS dIsposal large productIOn area and capacItles Presently
the followmg productIOn umts are operated cokmg umt, trappmg umts, coal preparatlon umt,
desulphunsatIOn umt, sodmm thIocyanate umt, auxIlIary umts

The number ofpersonnel IS 2,246

The "MarkokhIm" products are m demand at the domestIC market and constltute 14% of total
UkraIman output

The tasks of the energy audIt were as follows

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

actIOns and low-costlno-cost opportumtIes
• to recommend of medmm-cost and capItal mvestment actIOns reflectmg large-scale energy

conservatIon opportumtles
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The energy audIt team made up of three UkrainIan specIalIsts performed the energy audIt March
16 through 21, 1998 In complIance wIth the ObjectIves of the Project the energy audIt team
prepared the followmg prelImmary report

1 2 BrIef survey

The JSC "MarkokhIm" IS a rather energy-mtensive enterpnse ConsumptIOn of energy resources m
1997 was as follows
• electnc power - 98,529 5 thousand kWh,
• blast furnace gas - 1,050,100 thousand m3

The energy audIt team has dIscovered many attractive opportunIties of Improvmg energy efficIency
at the current energy and fuel pnces Presently the energy efficIency Improvements are cost effective
though dIfficult to Implement due to hIgh mterest rate for bank credIt and general economIC
challenges connected wIth the bartenng settlement system and mutual non-payments

The "MarkokhIm" plant IS consIdered fairly successful by Ukralman standards but It has to use
bartenng as well to pay for the blast furnace gas end electnc power

The plant staff approved procurement of portable combustIOn analyzers and other measunng
mstruments mcluded m the audIt team eqUIpment

Energy efficIency IS detenoratmg due to mismatchmg of desIgn capacIty and current electnc
power use Electnc power dIstnbutIOn system capacIty exceeds the needs by 280%

Smce the pnmary fuel IS cokmg gas ofm-plant generatIOn and blast-furnace gas of the "Azovstal"
steel works, ImplementatIOn of energy conservatIOn opportumttes reqUIres conSIderatIOn of
productIOn speCIfics and mutual settlement system of the steel works

The "AzovStal" has debts for coke and cokmg gas to the "MarkokhIm" The "MarkokhIm" IS
ready to pay ESCOs wIth the "AzovStal" promISSOry notes whIch can by sold by commercial
mstItutIOns at a dIscount The "AzovStal" debt settlement WIll reqmre debt discountmg at 20-30%
that should be taken mto account m ECO economIC calculation

The proposal envIsages further ImplementatIOn of suggested long-term measures by the plant Itself
together wIth pnvate UkraIman energy servIcmg companIes One of the ObjectIves of an ESCO IS
acqulSltIOn oflong-term (2-3 years) financmg to Implement energy conservatIOn projects

One of the team members - Mr M Tarnovsky found several opportumttes of space heatmg
Improvements outSIde the USAID project The purpose of the future contract WIll carry out
ImplementatIOn ofECOs deSIgnated "turnkey" m thIS report

1 3 RecommendatIOns

The followmg table IS a summary of energy conservatIOn opportumtIes at the faCIlIty These
Opportullltles are recommended for ImplementatIOn as soon as pOSSIble The plant management IS
encouraged to conSIder Implementmg other Items as soon as finanCIally pOSSIble

4

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

To encourage the facIlIty to Implement energy effiCIency and energy conservatIolT, USAID IS
contnbutmg energy audItmg eqmpment to the plant ThIS eqmpment consIsts of standard energy
audItmg mstrumentatIon and meters that wIll enable them to Implement an energy savmg actIVIty
For example, ECO #1 "Energy management mstItutIOn" wIll set up systematIC energy conservatIon
actIVItIes by establIshment of an energy management sectIOn responSIble for the control and analysIs
of the energy consumptIOn at the plant and development of recommendatIOns for renovatIOn and
Improvement of any energy savmg systems

TypIcally an energy management sectIOn should conSIst as a mimmum of three persons techmcal
supervIsor, electncal and thermal engmeers The supervIsor should be a part of the plant management
and report dIrectly to the plant general manager It IS essentIal as energy consumptIon and energy
costs acqUIre a specIal Importance that the plant manager should be aware of energy conservatIOn
potentIal

The major part of the proposed measures can be Implemented WIth mmor adjustments at other
mdustnal plants I e they are the standard solutIOn of a common problem

If Implemented the measures proposed by the audItors WIll ensure an opportumty to reduce energy
consumptIOn annually
• electnc power by - 25,397,000 kWh (26%)
• blast-furnace gas by - by 251,105,000 m3 (20%)
• thermal energy - by 2,027 Gcal (16%),
and WIll result addItIonally m reductIOn ofpollutant emISSIOns
1 SolId partIcles - 111 7 tons/year
2 Sulfur dIOXIde - 251 4 tons/year
3 Carbon OXIde - 298 3 tons/year
4 NItrogen OXIde - 402 1 tons/year

The recommendatIOns lIsted m Table 1 WIll Improve energy effiCIency of the plant, cut costs and
Improve the competItIveness of the plant The Table lIsts several energy conservatIOn opportumtIes
WIth short payback penods

CapItal mvestments of $1,803,200 mto the Improvement of energy effiCIency (ECO#1 through
ECO#7) WIll result m annual savmgs of$1,774,660 later
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List of Ener2Y ConservatIOn Opportumtles CECO)

Table No!
ECD # DescnptIon Electnclty, Blast-furnace gas Annual savmgs, Project cost, Payback,

1,000 kWh 1,000 m3 US$ US$ years
1 InstitutIOn of energy management 4,900 52,505 620400 310200 05

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

2 Energy metermg system upgradmg 1,960 21,000 243,000 500000 2
ThIS ECO WIll monitor on-hne energy
consumptiOn, prevent exceSSiVe energy
use and Improve energy efficIency at the
enterpnse

3 Use of varIable speed drIves at the 876 35000 81,000 23
dust-free coke-pushmg fans
WIth penodlcal operatiOn of fans there
are energy losses dunng ldlmg
WIth vanable speed dnve power
consumptiOn from frequency converter
will be lost only m the dnve umt leI0-
15% of the nommal capaCIty

4 Use of steam turbmes for co- 17,520 700,000 850000 1 2
generatIOn of electnc power at the
bolier house
ThIS ECO will reduce the purchases of
powu from utIlItIes

5 Improvement of thermal and 141 148,000 39000 0,3
hydrauhc condItions of thermal
supply networks
ThIS ECO IS reqmred for reductIon of
thermal energy use for space heatmg and
electrIcIty consumptIOn by water
clrwlatmg pumps

- - - -
6
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- - - - - - - - - - - - - - - - - - - - -
6 Momtormg of combustIOn modes m 174,300 9,760 7,000 07

gas consummg umts
ThIS ECO wIll ensure effiCIent fuel
combustIon m steam bOIlers and 011-
heatmg oven wIth optImum fuel-to-aIr
ratIO and penodIcal checks and
adjustments

7 ConversIon of the works boIler house 3,300 18,500 16,000 09
to umform type of fuel - coke-oven
gas
ThIS ECO wIllunprove bOIler efficIency
and operatIOn tIme between overhauls
TOTAL 25,397 251,105 1,774,600 1,803200 1

7
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20 GENERAL BACKGROUND

The age of coke ovens of No5-8 battenes IS over 40 years but they are kept Up
nonnal operatIOnal condItIOn

Smce 1990 the second phase of renovatIOn has been mitIated mcludmg constructIOn
of No 2-biS coke-oven battery and rearrangement of No 3 battery

Oleg N LItvmov
VladImIr V DvomIk

Presently JSC "MARKOKHIM" has at Its dIsposal large productIOn areas and
capacItIes

ChaInnan ofthe board
ChIefpower manager
Phone (0629) 33-93-30
Fax (0629 ) 33-53-92
Naberezhnaya str Manupol341005

2 1 Enterprise history

Open-type Jomt-stock company "MARKOKHIM", prevIOusly known as the
Manupol coke and chemIcal works was commISSIOned III 1935 (1 st complement)
compnsmg 4 coke-oven battenes No I through 4, chemIcal and auxIlIary umts In
1951 through 1955 the 2nd complement of the works started operatIOn compnsmg
four more coke-oven battenes No 5 through 8

Currently the followmg umts are operatmg
• cokmg umt of 5 coke-oven battenes (No 1 and 5 through 8)
• gas trappmg umts No 1 and 2
• coal preparatIOn umt
• desulphunsatIOn umt
• sodIUm thIOcyanate umt
• aUXIlIary umts

Pnmary energy consumers
• gas trappmg umts, desulphunsatIOn umt,
• coal preparatIOn umt, cokmg umt,
• bOIler house

In 1984 the first phase of the works renovatIon started wIth the shut-down of two
battenes of the first complement and wIth the constructIon of one heavy-duty
battery No I-bis of 910,000 tonnes of 6% mOIsture content stock coke capacIty
(whIch was commIsSIoned m December 1989)
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2 2 Recent production

24 Number of SImIlar enterprIses m Ukrame

Below IS the table reflectmg the productlOn output of the "MARKOKHIM" works
m 1997

I
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ChaIrman of the board of dIrectors

t 1~
, i

..... ,. r .....
cal director

.....
Commercial director Economic "' SOCial and welfare

director director

-""
\,. ..d '- -"" \,. .A

Techm

The output of the JSC "MARKOKHIM" amounts to 14% of the total domestic coke
productIOn

Organisational management structure of JSC
"MARKOKHIM"

The Manupol coke and chemIcal works IS one of the largest enterpnses m Ukrame
Presently there are 14 works m the country makmg SImIlar products

2 3 Number of employees

The productIOn process of generatIOn and punficatIOn of coke-oven gas IS
contmuous entaIlmg three-shIft operation ofpnmary productIOn umts
The number of mdustnal personnel at the works IS 2,246

Currently the works produce 2,126,900 tons of 6%-mOlsture content coke mcludmg
metallurgIcal coke, coke breeze, bean coke

# ProductiOn Items Umt of measure Annual output
I Crude benzene tonnes 22,500
2 Coal tar tonnes 98000
3 Industrial sulphur tonnes 4500

4 Sodmm thIOCyanate tonnes/month - 60
5 Ammoma sulphate tonnes 2,300
6 Coke-oven gas 1,000 cu meters 901,626

2 5 SI2Dlficance of thIS sector for the natIOnal economy

The products of the Manupol coke and chemIcal works are m demand at the
domestic market and abroad

9
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The pnmary consumers of the of the works' products are the followmg
• blast furnace coke -"AzovStal" steel works
• coke-oven gas -"AZOVSTAL" steel works
• coal tar - coke and chemIcal works
• benzene - exports to the CIS countnes
• mdustnal sulphur - Eastern ore concentratIOn complex

(Zheltiye Vody)
• ammoma sulphate - exports

The qualIty of the productIOn complIes WIth the eXIstmg state standards and
regulatIOns

10
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30 CURRENT STATUS OF PRODUCTION

3 1 Total productIOn output of the works

The analysIs of the total output over 1995 through 1997

# Year Umt ofmeasure ProductIOn at
comparablepnces

1 1995 thousands ofhnvnas 112,544
2 1996 thousands of hnvnas 102,878
3 1997 thousands ofhnvnas 106,248

32 ProductIvity of labor 1997 vs 1996

The analysIs of labor productIVIty over 1996 and 1997

# Year Umt ofmeasure ProductIVIty per
employee

1 1996 thousands ofhnvnas 152
2 1997 thousands ofhnvnas 173

As seen from above labor prodUCtIVIty m 1997 grew by 13 4%

3 3 Prospects of development

The present economIC SItuatIOn IS charactenzed by the productIOn slump as
compared to 1995 ThIS IS explamed by the demand for the mam product of the
"AZOYSTAL" works whIch m ItS tum supphes the JSC "MARKOKHIM" wIth
blast furnace gas Hence, the settlements between the two technologIcally hnked
enterpnses are made by mutual c1eanng

Today all profit receIved from productIOn of mdustnal sulphur, benzene and other
by-products of coke-oven gas punficatIOn goes to the productIOn hne renovatIOn
The result of constructIOn of No l-bis heavy-duty battery was conSIderable
reductIon of pollutant emISSIOn mto the atmosphere

3 4 Exports vs Domestic sales

The products of the Manupol coke and chemIcal works are sold pnmanly at the
domestIc market Exports amount to 5-6% of the sales

11



40 FINANCIAL STATUS OF THE ENTERPRISE

41 Currency vs Barter

There eXIst barter settlements wIth the customers due to the lack of currency wIth
them ThIS led to the fact that monetary operatIOns make up 45% of total sales
Bartenng IS carned out by JSC "MARKOKHIM" wIth supplIers of raw matenals,
auxIlIary production matenals

4 2 VIabilIty of enterprIse

DespIte a rather complIcated economIC sItuatIOn III the country the enterpnse has a
fairly hIgh ratmg ThIS Imphes solvency and credIt standmg wIth shght devIatIOns
from the standard Debts receIvable and accounts payable are at the same level
ProductIOn profitabIhty m 1997 was 27%
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5 1 Annual eneq~y consumption III 1997

Total annual electnclty consumptIon m 1997 amounted to 98529 5 thousand kWh
Breakdown of electnclty consumptIOn by months charactenzmg the workload on the
eqUlpment and stablhty of the plant operatIon can be seen on the chart below

5 0 ANNUAL ENEJlGY COl\TSUMPTION AND ENERGY
COSTS
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Blast-Jurnace gas use In 1997

As seen from the charts the plant operatIOn was unstable whIch lead to the fall m coke
and coke-oven gas productIOn In Its tum thIS leads to the mcrease of low-calone
blast-furnace-gas consumptIOn

5 2 Current ener~y and fuel prices
Electnclty

The works pay ItS electnclty bIlls by two-part tanffs
1 NegotIated demand
2 Amount of consumed electnclty by electnc meter readmgs

~,
~ L=~ ,I

/ \
- \

/\ / ~ 0 \
\

/ \ /
~ \/

U1

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

NOVSEEJTJLY

33$
003$
14MW
14,000 x 3 3 = 46,200 ($)
8,300,000 kWh
8,300,000 x 0 03 = 249,000 (5)

46,200 + 249,000 = 295,200 (5)
295,200 / 8,300,000 = 0 036 ($)

J\1AY

100000

95000

90000

85000

80000

75000

70000

65000

60000
JAt"'\J

thousand m3

The contract for electnc power supply was concluded WIth the JSC "AzovStal" at the
followmg pnces
• 1 kW of negotIated demand
• 1 kWh of consumed electnclty
NegotIated demand
Payment for negotIated demand
Average monthly electnclty consumptIOn
Payment for actual electnclty consumptIOn
Total payments
Actual pnce for 1 kWh

The mam dlstnbutIOn substatIOn IS located on the "Azovstal" temtory and electnclty
bIlls are paid by the substatIOn meter readmgs
Fuel

For fuel the works use blast-furnace gas from JSC "AzovStal" and coke-oven gas of
own productIon Settlements for energy are made by mutual cleanng between the
"Markokhlm" and "AzovStal"
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The cost of 1000 m3 of blast-furnace gas - 56$
For calculatIOns we used the cost ofcoke-oven gas per 1000 m3 of 10$ by the plant
data

# Type of energy Umt ConsumptIOn Cost,
US$l,OOO

1 Electncity MWh 98,2595 3,700
2 Blast-furnace gas m3 1,050,100 5,500

TOTAL 9,200

# Electnclty consumptIOn thousand kWh %
1 ProductIOn use 97,655 991
2 General use 642 07
3 DomestIC use 232 02

TOTAL 98,529 100

32

ElectricIty use profile In 1997

1

5 3 EnereY use and cost structure

Energy use and cost structure

5 4 Energy use profile
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# Thermal energy consumptlOn GCal %
1 ProductlOn use 402,255 816
2 General works use 90,099 183
3 DomestIc use 559 01

TOTAL 492,913 100

Thermal energy use profile In 1997
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Coke-oven gas production and consumption balance ­
for February 1998

Ii du tn 1s lfi

MIxture use
219 490 tonnes

6% - mOlsture content coke Coke-oven gas productIOn
184 000 tonnes _ 76821 5 Thou mJ --

(l 0\ )(:'\ J5J orhou m' )

•
Tar

No! gas trappmg umt N02 gas trappmg umt Tar
3,160 !onnes

306672thou m3 460007thou m3 5000 tonnes

// 870 thou m3
Oil heatIng oven

r " N02 umt ISodIUm thIocyanate

umt
42880thou m3

\. ~ 2755 thou m3 , Transfer to
~

battenes N05-7
ofcokmg umt

\.. ~

I = ~ ~ - - - ~ ---n s a u ur
60 formes DesulphunsatIOn

730429 thou m3

185129 thou m3 7056 thou m3

Cokmg battery ovens - BOller house~

400 thou m3 34 thou m3

Wannmgroom Mechamcal I
workshop J

47040 thou m3

Supply outsIde to
"Azovstal" works

•
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Electrtcity consumption balance on 03.02.1998

r
Consumed by the works '"
for productIOn purposes

271,223 kWh- (100%)
\. ....

Coal preparatIOn umt 21,965 kWh 20,780 kWh Cokmg umt
81 % 76 %

Trappmg umt No2 80,669 kWh 56,977 kWh Trappmg UnIt No I
297% 211 %

( Tar 1 23,008 kWh 24,105kWh- r Tar )
~

( Benzene 1 10,461kWh- 12268 kWh r Benzene
.J

l Sulphate ) 2700kWh- 1520 kWh r Sulphate )
J

( Gas ) 44500 kWh 19066 kWh r Gas )

BIOchemIcal umt 16,624 kWh 1,515kWh- SodIUm thIOcyanate umt I61 % 06 %

DesulphunsatIOn umt 40399 kWh 19221 kWh BOller house

I 149 % 71%

13073 kWh

I Other consumers

J48%
I
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Tltermal energy consumption balance on 03.02.1998

BOller house -

Generation 1337 Gcal

156 Gcal r General needs )..

[ Cokmg umt 1 88 Gcal 12 Gcal r Coal preparation umt ]
~ ...

( Desulphunsatton umt 1 227Gcal 309 Gcal r Nol gas trappmg umt ]

[ BlOchemtcal umt 1 18 Gcal 402 Gcal r No2 gas trappmg umt ]...

[ SubstatIOn network umt 1 15 Gcal 20 Gcal r Sodmm thlOcyamte umt J...

r Water supply 1 15 Gcal 124 Gcalr Mechamcal repaIr workshop ]
~ ...

[ Construction umt 1 57 Gcal 332 Gcalr Electncal repaIr workshop )
~ ...

[ InstrumentatIOn lab 1 15 Gcal 28 Gcal r RaIlroad workshop J~ ...

[ Area development 1 29 Gcal 99 Gcal r Staffbmldmg No! J~ ...

[ Transport workshop 1 28 Gcal 99 Gcal r Staffbmldmg No2 J~ ...

[ Management office 1 28 Gcal 21 Gcal r Central works lab ]

[ Warehouse 1 28 Gcal 15 Gcal r QualIty assurance office ]
~ ...

[ Central automation lab 1 15 Gcal 28 Gcal r Fuel and lubrIcant storage )

[ Guardhouses 1 14 Gcal 13 Gcal r HospItal ]
~

( Cafetena 1 13 Gcal 18 Gcal r SU-225 cokmg constructIOn umt )
~ ..

[ "Energoremont" ltd 1 04 Gcal 38 Gcal r MSU-2 "Ukrenergochennet" J~ ..

( MAC "Tennmal" 1 6 0 Gcal 04 Gcal r "Azovmetallurgremont ' )...
21 Gcal

I Losses I

19
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Dally chart ofelectric load
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The above balances of thermal energy and coke-oven gas consumptIOn are made by
the works' data and are subject to further reVIew whIle mstltutmg energy
management Below are the charts of electnc loads at the entIre works and separate
productIOn umts at 1 hour mtervals wIthm the penod from 1200 of 18 March to 1200 of
19 March 1998 receIved on the baSIS of the data of the works power supply servIces
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Electric loads by production Units
over 24 hours 18-19 March 1998
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ComparatIve analysIs of electnc power consumptIOn shows non-rhythmIcal operatIOn
of separate productIOn umts whIch means that there are opportunItIes of reducmg
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electncity consumptIOn Lack of data on productIOn output and coke-oven battery
loads withm thIS penod precludes acqUIsItIon of full pIcture m regard to efficIency of
electnc load on the eqUIpment

InstItutIOn of energy management descnbed m AppendIx A (ECa #1) wIll allow to
obtam a realIstIc pIcture of productIOn umt efficIency and work out specIfic measures
for reductIon of electncity consumptIOn Energy audIts at thIS enterpnse should be
contmued
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6.0 PREVIOUS ENERGY IMPROVEMENTS

The energy audIt team was furnIshed wIth the 1997 energy conservatIOn program of
the Manupol cokIng and chemIcal works drafted by the power management staff
FIfty per cent of of measures reflect technIcal maIntenance and overhaul of the
eqUIpment whIch do not correspond to energy conservatIon

The measures of fuel and energy use reductIon for 1997 planned by the
"MARKOKHIM" staff WhICh seem to be attractlve are gIven below
1 IntroductIon of vanable speed dnves at the crashers of the coal preparatIon umt,

at water supply pumps, phenol- and waste-water pumps (electnc power supply
umt) SavIngs estImate - 1,100 thousand kWh/$41,600 per year

2 Improvement of use of compressed aIr oxygen for treatment solutIOn
regeneratIOn from 2 5 glm 3 to 3 g/m3 (desulphunsatlon umt) SavIngs estImate ­
60 thousand kWh/$2,270 per year

3 InstallatIOn of vanable speed dnve at the BCD 2-A water supply pump to the
cokmg UnIt (gas trappIng umt N02) SavIngs estImate - 160 thousand
kWh/$605,340 per year

4 Due to the desIgn capaCIty underuse - replacement of final coolIng pump (gas
trappmg UnIt No1) SavIngs estImate - 360 thousand kWh/$13,500 per year

5 IntroductIon of vanable dnve at the dust-free coke-pushIng fan (cokIng umt)
SavIngs estImate - 110 thousand kWh/$41,620 per year

6 Due to underuse of productIOn lIne capaCItIes - replacement of seven 22- kW
pumps m the absorptIon lme WIth lower capaCIty 15-kW pumps (sodIUm
thIOcyanate umt) SavIngs estImate - 16 thousand kWh/$61 0 per year

7 InstallatIon at boIler draught and blower fans of vanable speed dnves (bOIler
house) SavIngs estImate - 265 thousand kWhJ$10,300 per year

8 InstallatIOn of exhaust gas oxygen content meters at N06 and 7 boIlers (bOIler
house) SavIngs estImate - 166 thousand kWh/$6,280 per year

9 InsulatIOn of the No1, 2 and 3 reactors WIth frame mIxers, tanks of the second
lme of polysulphIde cycle In the absorptIon productIon lIne (sodIUm thIocyanate
umt) SavIngs estImate - 750 GcaV$8,ll0 per year

10 Development and IntroductIon of automatIC temperature control system for the
network water at the heater plant (bOIler house) SavIngs estImate - 320
Gcall$3,460 per year

11 IntroductIOn of the "Izotek" and "Izover" InsulatIon at the thermal plpmg
SavIngs estImate - 810 GcaV$8,720 per year

12 IntroductIon and, WIth pOSItIve outcome, aSSImIlatIOn of recovered steam
utIlIzatIon from the meltmg and crystallIZIng productIon lme for absorbent
solutIOn heatIng m sulphur plant No 3 and IndIrect heatIng of steam traps and
Instrument cabInets (desulphunsatIon umt) SavIngs estImate - 840 Gcal/$9,080
per year

13 InsulatIon of 3 tar storage faCIlIties (gas trappmg unIt N02) SaVIngs estImate ­
1410 Gcal/$l,520 per year

14 Recovery of condensate from oIl/steam heat exchangers of sulphate productIOn
lIne (gas trappIng umt N02) SavIngs estImate - 13,245 tonnes/$20,160 per year

15 Recovery of not less than 35% of used steam as condensate (desulphunsatIOn
umt) Savmgs estImate - 6,040 tonnes/$9,200 per year
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The proposed measures reflect the eXIstmg reserves of energy conservatIOn The
works have been and are Implementmg vanous orgamzatIOnal and techmcal energy
savmg measures dictated by the need to reduce productIOn costs Several Issues
have not been dealt wIth due to the lack of proper techmcal solutIOns and because
of changes m technology and absence of sufficIent funds

Unfortunately, the "MARKOKHIM" energy conservatIOn program lacks
ImplementatIOn data and economIC results
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7.0 ENERGY AUDIT

As the result of the energy audIt at the JSC "MarkokhIm" the audIt team
recommended several proposals for Improvement of energy efficIency at the plant
The maJonty of the problems are typIcal for UkraInIan enterpnses so the solutIOns of
these problems can be replIcated for enterpnses wIth sImIlar systems of energy use

IntroductIon of the recommended measures WIll reduce annual energy consumption
1 Electncity by 25,397,000 kWh (26%)
2 Coke-oven gas by 15,000,000 m3 (5%)
3 Blast-furnace gas by 251,105,000 m3 (20%)

The results of techmcal and economIC calculatIOns of energy conservation
opportumties 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 ThIS management strategy IS
based on conventIonal measurements and documentatIOn and provIdes operatmg
condItIOns that faCIlItate mmimal energy consumptIon needed for the technology
ImplementatIOn of energy management program WIll result m havmg more detaIled
energy consumption records that WIll allow companson of the energy usage to that
of other enterpnses for preCIse evaluatIOn of energy savmg projects that are
consIdered by the faCIlIty

We recommend to mtroduce on the FaCIlIty the energy management program at full
extent The ImplementatIOn of thIS ECO WIll result m reducmg annual energy
consumptIOn by 10% In order to mstitute energy management It IS necessary to eqUIp
the works WIth a comprehensIve energy metenng system, the elements of whIch are
proposed m AppendIx A

ImplementatIOn of thIS project WIll permIt to reduce energy costs by $620,400 per
annum Payback penod WIll be °5 year

See detaIls ofthe proposal m AppendIX A, ECO #1

BCO #2 Energy metenng system upgradmg

In order to Implement energy management and mtroduction of cost-accountmg
withm the works productIOn umts It IS necessary to upgrade the eXIstmg energy
metenng system As one of upgradmg optIOns we recommend the ITEK technIcal
mstrument set whIch possesses metrologIcal charactenstIcs and IS deSIgned for
contmuous and penodical (express analysIs) measurement/regIstratIOn of phySIcal
values

IntroductIOn of the ITEK-XIX allows consumers to pay theIr electnc power bIlls by
the one-rate tanff dIfferentiated accordmg to the daytIme zone whIch m conjunction
WIth the measures of reductIOn of the peak hour consumptIOn proVIdes a
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consIderable cost effect that has been proven by more than annual operatIon at­
numerous Ukrmman facIlItIes

ITEK-220 and ITEK-320 are desIgned for automatIc commerCIal metenng and
telemetnc control of supply and consumptIOn of lIqUIds, gases, steam and thermal
energy m combmatIOn wIth any pnmary measurement converters of consumptIon,
temperature, pressure and pressure drop wIth standardIzed output parameters at
supplIer's (thermal power plant, dIstnct heat, bOIler houses) and consumer's SItes
(mdustnal enterpnses, publIc utIlIty facIlItIes)

ImplementatIOn of thIS project WIll allow to reduce energy costs by $243,000 per
annum Payback penod WIll be 2 years

See detmls of the proposal m AppendIx A, ECO #2

ECO #3 Use of frequency regulated vanable speed dnve for the fans of dust-free coke
pushmg system

In order to reduce electnc power consumptIOn It IS suggested to regulate the motor
speed by frequency WIth the damper fully opened The source of electnc power
savmgs IS total absence of power losses whIle operatmg WIth the damper closed
WIth vanable speed regulatIOn the fan speed can be reduced to 5-10% of the
nommal And the power reqUIred by the load from the frequency converter (FC)
output WIll be condItIoned only by the losses m the dnve mechamsm m Idlmg mode
Ie 5-10% of the nommal

In order to Implement vanable speed regulatIOn we recommend to utIlIze frequency
converters of the REN senes manufactured by the InternatIOnal ConsortIUm
"Energosberezheme" (CIty of KharklV)

ImplementatIOn of thIS project wIll allow to reduce energy costs by $35,000 per
annum Payback penod WIll be 2 3 years

See detmls of the proposal m AppendIX A, ECO #3

ECO #4 Steam turbmes for co-generatIOn of electrIC power at the works boller
house

The bOiler house generates steam With the parameters P = 14 kg/cm2 and T st =
3500C necessary for productIOn processes at the steam ejectors of the cokmg
umty and benzene traps of the gas trappmg umts The rest of consumers require
the steam With the followmg parameters P = 3-6 kg/cm 2 and Tst = 170 - 190°C
The energy auditors see It expedient to use steam turbme plants m the works
boIler house of 2 MW total capacity ThIS Will permit to reduce the volume of
purchased power and lower energy costs

ImplementatIOn of thIS project WIll allow to reduce energy costs by $700,000 per
annum Payback penod WIll be 1 2 years

See detmls of the proposal m AppendIX A, ECO #4
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ECO #5 OptImIzatIOn of the Hot Water Supply System

In order to reduce heat consumptIOn for space heatmg down to the standardIzed values
and decrease of electnc power consumptIon for network water pumpmg It IS necessary
to Implement the followmg measures

• to determme usmg the mstalled mstruments the actually connected heat load,
• to calculate hydrauhc parameters ofhot water networks,
• after the hydraulIc calculatIOns onfice plates should be mstalled at each

consumptIOn sIte before each space heatmg system In thIs case the entIre space
heatmg system WIll be hydrauhcally stable,

• It IS necessary that the resIstance of the mternal systems m frond of whIch the
onfice plates must be placed should be not hIgher than h ~ 1 mm water column,

• after mstallatIOn of the onfice plates a thermal testmg of the system and checkmg
of correspondence of the actual flow rates to the desIgned ones IS necessary In case
of any vanatIOns m any dIrectIOn, one shall correct the dIameters of the controllmg
drammg dIaphragms

The above mentIOned measures after theIr ImplementatIOn shall gIve the followmg
results
• decrease of the electnc power consumptIOn for the heat medIum transportatIOn,
• decreased heat losses due to overheatmg ofbuIldmgs

ImplementatIOn of thIs project WIll result m reducmg energy costs by $148,000 per
year Payback penod WIll be 0 3 year

See detaIls of the proposal m AppendIx A, ECO #5

ECO #6 CombustIOn mode control m gas finng umts

The works use two boIlers of the TO-l type, four - of the B-25-l5G type and one ­
of GM-50 type manufactured at RUSSIan plants The bOIlers are m a satIsfactory
condItIon though they lack automatIC control of mr-to-gas ratIO No 2 gas trappmg
umt uses an 011 heatmg tubular oven finng coke-oven gas

HIgh-effiCIency gas combustIon m the steam boIlers and the oven reqUIre an optImum
ratIO of gas and mr, penodIcal momtonng and adjustment

We recommend to utIhze at the works a portable combustIon analyzer, tram a
speclahst who WIll take measurements of combustIOn effiCIency every 1-2 days and
adjust the combustIOn mode accordmgly

ImplementatIOn of thIS project WIll allow to reduce energy costs by $9,760 per annum
Payback penod WIll be 0 7 year

See detmls of the proposal m AppendIx A, ECO #6
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ECO #7 - ConversIOn of plant bOller-house to umform type of fuel - coke-oven gas

Currently the bOIlers of the plant boller-house use a fuel mIxture of the blast-furnace
gas and coke-oven gas m the volumetnc ratIO of 60% of the blast-furnace gas to 40%
of the coke-oven gas The heatmg value of the coke-oven gas IS 71 5%, whIle the heat
value of the blast-furnace gas IS 28 5% The blast-furnace gas, accordmg to the report
records on the mamtenance of the bOIler umts has the calonfic value of 1,042
kCal/Nm3 ClassIcal technologIes of the 1950s - 1960s were based on the ca10nfic
value of gas equal to 1,240 kcal/Nm3 The plot for the 1998 calonfic value of the
blast-furnace gas shows that m average the actual calonfic value of the blast-furnace
gas IS by 20 to 30% lower than the rated one ThIS decreases the efficIency of the
bOIlers by 0 5 to 0 6%, dIStortS the fuel-and-energy balance ofthe plant bOller-house

To Improve the efficIency of operatIOn of the bOIlers, the possIbIlIty of automatmg
the combustIOn process, the energy audItors propose to consIder a possIbIlIty to
operate the bOIlers on coke-oven gas as the baSIC sort of fuel, whIle the blast-furnace
gas should be used only for the coke battenes Benefits mclude longer penods
between the mamtenance of the bOIlers and lower costs of repair

Implementation of thIS project WIll allow to reduce energy costs by $18,500 per
annum Payback penod WIll be 0 9 year

See detaIls of the proposal m AppendIx A, ECO #7
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where

Amounts ofpollutants formed dunng generatIon of25,397,000 kWh

80 ENVIRONMENTAL IMPACT OF RECOMMENDATIONS

Annual energy resource saVIngs due to ImplementatIOn of energy management WIll be
as shown m AppendIx A 1 calculatIOns

25,397,000 kWh
15,000,000 m3

251,105,000 m3

h] = 99 X25,397,000 =251,000,000 (g/year)
h2 = 0 5 X25,397,000 = 12,700,000 (g/year)
h3 = 2 2 X25,397,000 = 55,900,000 (g/year)
h4 =44 X25,397,000 = 111,700,000 (g/year)

1) sulphur dIOXIde S02
2) carbon OXIde CO
3) rntrogen OXIdes NO"
4) solId partIcles

electncIty saVIng ­
coke-oven gas saVIng ­
blast-furnace gas savmg-

hu - the specIfic content of emISSIOns, glkW h
Eps - electnc power savmg, kW h

EnVIronmental effect of electncIty savmgs can be determmed by the formula
h = hu Eps,

sulphur dIOXIde S02 9 9 g
carbon OXIde CO 0 5 g
rntrogen OXIdes NO" 2 2 g
solId partIcles 4 4 g

ElectncIty
Accordmg to the data from the MInIstry of Energy, m 1996 1 kW h of the electrIc
power meant emIttmg Into the atmosphere of 17 g of contammatIng substances,
mcludIng the followmg

The most effiCIent way of reductIOn of hazardous emISSIOns Into the atmosphere IS
decrease of fuel and electnc power use Energy conservatIOn and effiCIency are
extremely beneficIal from the ecologIcal standpoInt

The proposed project contams energy conservatIOn measures aImed at savmg fuel and
electnc power The maIn fuel used at the JSC "MARKOKHIM" IS blast-furnace and
coke-oven gas The harmful substance that forms In sIgrnficant quantIty dunng
combustIOn of thIS fuel IS nItrogen OXIde (NOx) The nItrogen OXIdes are harmful to
the human health and can cause severe respIratory problems
Carbon dIOXIde CO2 IS the mam gas responsIble for settmg "the green house effect"
Savmg blast-furnace and coke-oven gas WIll contnbute to weakenmg of "the green
house effect" Carbon monoxIde (CO) IS emItted after an mcomplete combustIOn of
fuel, It reacts WIth other substances and has vanous detnmental Impacts Sulphur
dIOXIde resultmg from combustIOn destroys matenals
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Coke-oven gas
CalculatIOn of the carbon oXIde that forms after combustIOn ofcoke-oven gas IS made
by the formula

Mea = 0 001 B Kea Qr (1 -q/l00),
where

B - consumptIOn of gas, m3/yr
Kea = 0 25 kg/GJ - the quantIty of carbon oXIde that IS produced per heat umt

released after combustIOn of coke-oven gas
Qr = 16 5 MJ/m3

- the lowest calonfic value of the fuel
q = 0 5 % - heat losses resultmg from an mcomplete gas combustIOn
Meo =0 001 15,000,000 025 165 (1 - 051100) = 61,600 (kg/yr),

or
Meo = 61 6 t1yr

CalculatIOn of the mtrogen OXIdes per tIme umt (t1yr) shall be made by the formula

M Nox =0001 B KNOX Qr (1 - b),
where

KNOX = 0 12 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 emiSSlOns ofmtrogen OXIdes resultmg from ImplementatlOn oftechnologlCal
measures

MNox =0001 15,000,000 0 12 165 (1 - 0 15) =25,200 (kg/yr),
or

MNOx =25 2 t/yr

Blast-furnace gas
CalculatIOn of the carbon OXIde that forms after combustlOn of blast-furnace gas IS
made by the formula

Mea =0 001 B Keo Qr (1 -qI100),
where

B - consumptlOn of blast-fumace gas, m3/yr
Keo = 0 28 kg/GJ - the quantity of carbon OXIde that IS produced per heat umt

released after combustIOn ofblast-furnace gas
Qr = 3 2 MJ/m3

- the lowest calonfic value of the fuel
q = 0 5 % - heat losses resultmg from an mcomplete gas combustIOn
Mea =0 001 251,105,000 028 32 (1 - 0 51100) = 224,000 (kg/yr),

or
Meo = 224 t/yr

CalculatlOn 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 47 kg/GJ - a parameter charactenzmg the amount ofmtrogen 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 emiSSlOns of mtrogen OXIdes resultmg from Implementation of technologIcal
measures

MNox = 0001 251,105,000 047 32 (1 - 015) =321,000 (kg/yr),
or

MNOx = 321 t/yr

31

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
•

ImplementatIOn at the cokmg works of energy conservatIOn measures wIll decreas-e
the energy resource consumptIOn, and m Its turn lower the quantIty of hannful
emISSIOns mto the atmosphere

TABLE OF POLLUTANT EMISSION REDUCTION

ReductIOn m emISSIOns as result of the energy savmgs, t1Yf

EmISSIOns ElectrIC Coke-oven Blast- TOTAL
power e:as furnace e:as

SolId partIcles 111 7 - 111 7
Sulphur dIOXIde 2514 - 2514
Carbon OXIde 127 616 224 2983
NItrogen OXIdes 559 252 321 4021
Total emISSIOn 1,0635
reductIOn
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ENERGY CONSERVATION OPPORTUNITIES (ECOs)

A-I



ECO descriptIOn

Energy management cycle

Collectmg energy
consumptiOn data

AnalySiS

Preparmg energy
consumptiOn chart

Implementmg
planned improvements

Plannmg

InstitutIOn of energy management

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

Implementmg an energy management actIVIty typIcally would mvolve 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

Energy management IS the mam avenue by whIch energy usage reductlOn and mcrease
m consumptIOn effiCIency can be achieved ThIS management strategy IS based on
conventIOnal measurements and documentatIOn and provIdes operatmg condItions that
faCIlItate mmimal energy consumptIOn needed for the technology ThIs IS also a
management tool whIch compnses a contmuous research allowmg preCIse knowledge
on facIhty's energy dIstnbutIOn and consumptlOn, as well as on best energy utilIzatIOn
for productIOn, dIstnct heat and other non-productIve purposes

ECO -#1
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The mam duties of an energy management sectIOn mclude



• Prepanng facIlity's energy consumptIOn chart (probably m collaboration wIth
an outsIde consultant, energy audItor),

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

• Prepanng a plan for Implementmg addItional measunng and testmg
eqUlpment,

• Collectmg data on raw materials and energy cGR-SUmption and on production
output,

• Makmg key calculatIOns on Improvmg energy effiCiency - for overall facIlity
as well as speCIfic productIOn lmes,

• Implementmg new technologies on eXIstmg and new energy systems to
Improve energy effiCiency of operatIOn,

• Encouragmg the personnel to mdlcate potential energy conservatIOn opportunIties
• Keepmg mformed on current energy policy trends and nelghbormg Issues,

(e g , such as new tax legIslatIon, eXlstmg consumptIOn restnctlOns, SubsidIes,
envIronmental aspects etc)

In order to Implement permanent energy consumptIOn mOnItormg and analySIS
we recommend to mstltute energy management system at the plant and to
prOVide reqUlred measurmg eqUlpment The set of eqUlpment that Will be useful
for the plant should mclude
• three phase energy analyzer,
• tachometer,
• hot-WIre anemometer,
• combustIOn analyzer,
• non-contact thermometer,
• ultrasonIc leak detector,
• dIgItal contact thermometer,
• lIght meter,
• power factor meter,
• portable temperature/humidItyl dew pomt meter,
• computer WIth pnnter
The global expenence and practice show that m case of mstItutlOn of full-tIme
energy management ensures 10% of fuel and energy consumptIOn savmgs The
energy savmgs are lIsted below

Annual energy savmgs

Currently the works use annually on average 98,530,000 kWh of electnc power,
1,050,100,000 m3 of blast furnace gas and 300,000,000 m3 of coke-oven gas

TypIcally, combustIOn effiCIency Improves by 2 5% from utIlIzmg the combustIOn
analyzer Electnc power use effiCIency can be lInked to a WIde range of factors I g
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, etc On average Improvement of electnc
power use can ensure from 3 to 10% savmgs of total electnc power consumptIOn
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ECO descnptIOn

IntroductIOn of the ITEK-XIX allows consumers to pay theIr electnc power bIlls by
the one-rate tanff dIfferentiated accordmg to the daytIme zone whIch m conjUnctIOn
WIth the measures of reductIOn of the maXImum hour consumptIOn proVIdes a
consIderable cost effect that has been proven by more than annual operatIOn at
numerous UkraIman faCIlItIes

Energy and fuel consumptIOn momtonng and precIse breakdown of thIS
consumptIOn by productIOn hnes and umts IS one of the basIc tools of energy
management ThIS WIll provIde a realIstIc depIctIon of the energy balance of the
enterpnse, opportumty of energy use assessment and VIable possIbIlIty of fuel
consumptIOn dependent on the eqUIpment charactenstlcs and workloads

In order to Implement energy management and mtroductIOn of cost-accountmg
wlthm the works productIOn umts It IS necessary to upgrade the eXlstmg energy
metenng system As one of upgradmg optIOns we recommend the ITEK techmcal
mstrument set whIch possesses metrologIcal charactenstIcs and IS deSIgned for
contmuous and penodlcal (express analysIs) measurement/regIstratIOn of phySIcal
values

Energy metermg system upgradmg

ITEK-210 and ITEK-310 are mtended for commerCIal and techmcal metenng of
electnc power (dIfferentIated by tIme) and bUIld-up of automatIc metenng and
control systems of electnc power use (AMCSEPU) m combmatIOn WIth electnc
meters of three-phase mductIOn type eqUIpped WIth pulse generatIOn deVIces (E440,
E870, UP-I, UP-2, UP-3, SU-500) or electromc (SIemens, Landys and Gyr, Alpha­
ABB, etc) WIth pulse putout They support 64 (for ITEK-21O) or 12 (for ITEK­
310) metenng channels, 4 tanff zones, day schedule for all metenng channels IS a 5
days' mlmmum, 2 mdependent data mterfaces

ECO -# 2

Though the eXIstmg system of electnc power metenng permIts to acqUIre a pIcture
of electnclty consumptIOn and dIstnbutIOn among productIOn hnes, however, It IS
cumbersome m processmg and evaluatIOn of obtamed results Thermal energy
metenng system of the works combmes utilIzatIOn of mstrument metenng and
calculatmg WIthout the use of measunng deVIces whIch precludes proVIsIon of
realIstic thermal energy consumptIOn regIstratIOn
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ITEK-210 can be used m combmatIOn WIth or mstead of the mstalled TsT-5000
systems by connectIOn to the eXlstmg matnx of pnmary measurement converters
The ITEK-21O IS mcluded m the State regIster ofmeasurement deVIces ofUkrame

The ITEK-410 IS deSIgned for 4 metenng channels and IS SImIlar to the above
deVIces AddItIonally It supports tanffs dIfferentIated by peak consumptIon and
demand, and proVIdes momtonng and control over consumptIOn process Dally
schedules from 4 channels are stored for not less than 1 month

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



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) E1ectnc power - 98,530,000 x 0 05 = 4,900,000 (kWh)
2) Coke-oven gas - 300,000,000 x 0 05 = 15,000,000 (m3

)

3) Blast-furnace gas - 1,050,100,000 x 0 05 = 52,500,000 (m3
)

Annual cost savmg estImate

1 At the pnce of $0 036 per 1 kWh of electnc power the cost savmgs wIll be
4,900,000 x 0 036 ~ $176,400
2 At the pnce of $1 0 per 1,000 m3 of coke-oven gas the cost savmgs wIll be
15,000 x 10 ~ $150,000
3 At the pnce of $5 6 per 1,000 m3 of blast-furnace gas the cost savmgs WIll be
52,505 x 5 6 ~ $294,000
Total fuel cost savmgs wIll be
176,400 + 150,000 + 294,000 ~ $620,400

ImplementatIOn Costs

The cost of energy management InstItutlOn Judgmg from the expenence
constItute 50% of estImated savmgs and are equal to

620,400 x 0,5 = 310,200

SImple payback

ImplementatIOn costs - $310,200
Annual cost savmgs - $620,400
SImple payback penod wIll be
31 0,200/620,400 ~ 0 5 (year)
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ECO # 3 Use of frequency regulated variable speed dnve for the fans of-
dust-free coke pushmg system

ECO descriptIOn

Currently the operatIOn mode of the fans of dust-free coke pushmg system IS
contmuous and cyclIc Electnc motors of DA30-400U-4Ul type are used to dnve
the fans havmg the followmg parameters
• nommal voltage - 6 kV
• nommal current - 58 5 A
• nommal capacIty - 500 kW
• effiCIency at nommalload - 94%
• power factor at nommalload - 0 87
• nommal rotatIOn speed - 1484 rpm

The load IS regulated WIth the help of the damper (shut-off) and amounts to 400 kW
dunng 15 seconds every 10 mmutes The rest of the tIme the damper stays closed
and the dnve motor IS Idlmg

TypIcal hourly loads of the dnve by electnc meter

TIme, 11 12 1 2 3 4 5 6 7 8 9 10
hours PM PM am am am am am am am am am am

Electnc
power

120 192 168 144 192 192 124 168 144 168 168 168consum
phon by
meter,
kW

In order to reduce electnc power consumptIOn It IS suggested to regulate the motor
speed by frequency WIth the damper fully opened The source of electnc power
savmgs IS total absence of power losses whIle operatmg With the damper closed
With vanable speed regulatIOn the fan speed can be reduced to 5-10% of the
nommal And the power reqmred by the load from the frequency converter (Fe)
output Will be condItioned only by the losses m the dnve mechamsm m Idling mode
1 e 5-10% of the nominal

In order to Implement vanable speed regulatIOn we recommend to utilIze frequency
converters of the REN senes manufactured by the International ConsortIUm
"Energosberezheme" (CIty of KharkIv) of the REN-320 type With the followmg
parameters
• nominal capaCIty - 320 kW
• nommal voltage -3 x 380V, 50 Hz
• nommal effiCiency - not less 0 97
• power factor at the nommalload - 0 96

The load test of thIS FC performed by the manufacturer showed that It IS pOSSIble to
run It for an extended time WIth overload to 400 kW dunng 15 seconds every 10
mmutes 1 e m the current work mode



ITEK-220 and ITEK-320 are desIgned for automatic commercIal metenng and
telemetnc control of supply and consumptIOn of lIqmds, gases, steam and thermal
energy m combmatIOn WIth any pnmary measurement converters of consumptIOn,
temperature, pressure and pressure drop WIth standardIzed output parameters at
suppher's (thermal power plant, dIstnct heat, bOIler houses) and consumer's SItes
(mdustnal enterpnses, pubhc utIhty facIlIties) The ITEK-X20 deVIces are mtended
for the faCIlIties of the first metenng group (up to 4 facIhtIes) WIth a complex
configuratIOn of supply and recovery pIpmg (ITEK-220), and for the faCIlIties of
the first or second metenng groups (one faCIlIty) (ITEK-320)

PRD IS a WIde range pressure dIfference converter The PRD measurement deVIce IS
deSIgned for operatIOn m automatIC momtonng and control systems of
technologIcal processes and provIdes contmuous converSIOn of the measured
parameter mto a umform electnc output SIgnal It IS a fast operatmg converter and
can be utIlIzed for converSIOn of pulsatmg pressure dIfferences mto a umfied
electnc sIgnal WIth time constant of up to 2 msec (maXImum permISSIble
operatIOnal excess pressure IS 1 6 MPa and 40 MPa)

Annual energy savmgs

In 1997 the works used approxImately 98,000,000 kWh of electnc power,
1,050,100,000 m3 ofblast furnace gas and 300,000,000 m3 of coke-oven gas
The global expenence and practice confirm that qualIty momtonng of energy
ensure 2% of fuel and energy consumptIOn savmgs Energy savmgs at the works
WIll amount to
1) Electnc power - 98,000,000 X0 02 = 1,960 (thousand kWh)
2) Blast-furnace gas - 1,050,100,000 X0 02 =21,000 «thousand m3»
3) Coke-oven gas - 300,000,000 X0 02 = 6,000 (thousand m3

)

Annual cost savmg estImate

1 At the pnce of $0 033 per 1 kWh of electnc power the cost savmgs WIll be
1,960,000 X0 033 - $65,000

2 At the pnce of$5 6 per 1,000 m3 of blast-furnace gas the cost savmgs WIll be
21,000 X5 6 - $118,000

3 At the pnce of $10 per 1,000 m3 of coke-oven gas the cost savmgs WIll be
6,000 X10- $60,000

Total fuel cost savmgs WIll be
65,000 + 118,000 + 60,000 - $243,000

ImplementatIOn Costs

ApprOXImate cost of the ITEK automatic metenng system IS $500,000

SImple payback

ImplementatIOn costs - $500,000
Annual cost savmgs - $243,000
SImple payback penod WIll be
500,000/243,000 - 2 (years)
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To output

To output

T2

Fe

Tl

6kV

6kV

Cl,C4 - eXIstmg sWItchgear cells
Tl - step-down transformer 6 kV/O 4 kV
T2 - step-up transformer 0 4 kV/6 kV
FC - REN-320 frequency converter
C2, C5, C6, C3 - sWItchgear cells for connectIOn/dIsconnectIOn ofFC

GIven that the FC nornm a1 'loltage IS 380 V It JS proposed w employ the followmg­
electnc CIrcUIt permIttmg to utIlIze the eXIstmg factory-assembled sWItch gear cell
as a by-pass for mamtenance and adjustment purposes

CapacIties of Tl and T2 transformers WIll be selected m accordance WIth the FC
parameters and WIll be as follows
for T1 transformer-
Ql~Pn/(r1Fc x cosqJFd = 500/(0 97 x 0 96) = 536 (kVA)
for Tl transformer-
Q2~P/(l1Fc x cosqJFd = 500 (0 94 x 0 87) = 548 (kVA)

In conformIty WIth the standard range the 630 kVA-type transformers are to be
selected GIven that the transformers of the SImIlar capaCIty have Uk - 14% a CIrcUIt
reactor at the FC mput IS not needed To perform as C2, C5 and C3, C6 cells the
standard SWItchgear cells are suggested WIth voltage of 6-10 kV and mmimum
permISSIble current of 630A eqUIpped WIth oIl or vacuum SWItches The entIre
package of eqUIpment IS manufactured m Ukrame
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Annual energy savmgs estimate

Frequency regulatIOn of asynchronous fan dnve motor WIll lead to electnc power
savmgs
Average hourly motor load (based on the table) IS as follows
P1= 160kWh
Dunng 1 operatlOn hour power demand IS as follows
15 x 6 = 90 sec = 0,025 hour and amounts to



P2 - 400 x 0 025 = 10 (kWh)
It can be postulated that at reduced revolutIOns power demand constItutes 10% of
the nomma1 capaCIty I e 50 kW dunng 0 975 hour
P3 = 500 x 0 1 x 0 975 = 49 (kW)
Then an hourly electnc power consumptIOn wIth vanable speed dnve wIll be
P4 = P2 + P3 = 10 =49 = 59 (kW)
Thus, e1ectnc power savmgs wIll be
PI - P4 = 160 - 59 - 100 (kW)
Annual energy savmgs wIll be
100 x 24 x 365 - 876,600 (kWh)

Cost savmgs estImate

Cost savmgs due to reductIon of electnc power consumptIOn at the pnce of
US$O 04 per 1 kWh will be
876,000 x 0 04 - 35,000 (US$)

ImplementatIOn cost

REN-320 frequency converter - US$35,200
TS-630 transformer of 6kV/0 4kV - 2 at US$12,000 - US$24,000
KMIF-IO-630-20 cell at US$4,500 a pIece - US$18,000
InstallatIOn and commlsslonmg - US$3,800
TOTAL cost - US$81,000

Simple payback

ImplementatIOn cost - US$81,000
Annual savmgs - US$35,000
The SImple payback wIll be
81,000/35,000 = 2 3 (years)

L.f(
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ECO -#4 Steam turbmes for co-generatIOn of electric power at the works boiler

house

ECO descriptIOn

Dunng the VISIt to the works the energy management team have surveyed the
follOWIng pIcture The bOIler house generates steam wIth the parameters p:::: 14
kg/cm2 and Tst :::: 350°C These parameters are necessary for productIOn processes at
the steam ejectors of the cokIng umty and benzene traps of the gas trappmg umts The
rest of consumers reqUIre the steam WIth the follOWIng parameters P = 3-6 kg/cm2

and Ts!:::: 170 - 190°C WIth thIS aIm the works In cooperatIOn WIth the "Glprokoks"
deSIgn mstItute plans to mstall reductIOn and coolmg plants (RCP) wlthm the system
of the works steam plpelme network ThIS may result m faIlure to utIlIze potentIal
energy of superheated steam whIch can generate up to 5 MW of electnc power m
wmtertIme and up to 2 MW m summertIme The energy audItors see It expedIent to
use a steam turbme plant m the works bOIler house of 2 MW total capaCIty ThIS WIll
permIt to reduce the volume of purchased power and lower energy costs

Annual energy savmgs estimate

Electnc power generated by In-plant faCIlItIes WIll amount to

2,000 x 24 x 365 = 17,520,000 (kWh)

Annual cost savmgs estimate

Cost savIngs by reductIOn of externally purchased power at the pnce of $004 per 1
kWh WIll be

17,520,000 x 0 04 ~ $700,000

ImplementatIOn costs

DeSIgn - $50,000

EqUIpment (1 turbme)- $400,000

Turnkey mstallatIOn - $200,000

Overheads and contIngencIes at 30% - $200,000

Total costs - $850,000

Simple payback

CommlssIOmng costs - $850,000

Annual cost savmgs - $700,000

SImple payback penod WIll be

850,0001700/000 ~ 1 2 years



ECO descnptlOn

Heat consumptIon for space heatmg at the works was
Q=G (It - tr )/ 1000 = 450 (68-75)/1000 =4 73 (Gcallhour)

At low ambIent temperatures of -5 - 10°C two addItIOnal network pumps are turned on
and thermal medIUm reaches G = 650 tons per hour

Presently the space heatmg at the plant IS furnIshed by the heat exchanger umt of the
works where 8 paIrs of water heaters are mstalled Each palr conSIsts of one steam-to
water heat exchanger and one water-to-water heat exchanger The cIrculatIOn of heat
medIUm IS ensured by three D-320-70 network pumps 90 kW each Make-up water IS
supplIed by KM-SS/4S pumps wIth 11 kW motor dnves each Dunng the study of the
bOIler house and heat exchanger umt the followmg mode of the hot water supply
system was regIstered
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OptImizatIon of the Hot Water Supply SystemECO -#5

I) ambIent temperature ta = 25°C
2) temperature at the mput pIpmg t1 = 68°C
3) temperature at the recovery pIpmg tr = 575°C
4) water pressure m the mput pIpmg PI =4 kg/ cm2

5) water pressure m the recovery pIpmg Pr = 32 kgl cm2

6) gauge water supply to the network G = 450 tons per hour
7) steam supply to the heat exchanger umt Gn- = 75 tons per hour
8) electnc power consumptIOn by the network pump N =76 kW

Actual dIfference between the temperatures was,
Al = I - t = 68 - 57 5 = 10 5 (OC)t t r ,

whereas the standard temperatures at ta = 25°C and the operatmg temperature
schedule of hot water networks of ISO-70°C should be

t S= 785°C
I

t S =44 SoC
r

temperature dIfference WIll be Ae = tIS - tr
S= 78 5-44 8 = 33 7 (oC)

Ifwe assume that the heat supply corresponds to the demand then the standardIzed
heat tlSe-should be as follows

Gs = G x AeC/AtS= 450 x 105/337 = 1402 (tons per hour)
Electnc power demand by the network pump WIll be m thIS case (accordmg to the
pump specIficatIOns) = Ns = 45 kW

In order to reduce heat consumptIOn for space heatmg down to the standardized values
and decrease of electnc power consumptIOn for network water pumpmg it is necessary
to implement the followmg measures

• to determme usmg the mstalled mstruments the actually connected heat load,
• to calculate hydraulIc parameters of hot water networks,
• after the hydrauhc calculatIOns onfice plates should be mstalled at each

consumptIOn Site before each space heatmg system In thiS case the entire space
heatmg system Will be hydraulically stable,
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• It IS necessary that the reSIstance of the Internal systems before WhICh the onfice
plates must be placed should be not hIgher than h S 1 mm water column
OtherWIse, the Internal systems wIll have the coolant flow rate 1 5 to 2 times
hIgher than the deSIgned one,

• after mstallatIOn of the onfice plates there IS a reqUIrement of thermal testIng of the
system and checkIng of conformIty ofactual flow rates WIth the deSIgned ones

The above mentIOned measures after theIr ImplementatIOn WIll gIve the followmg
results

• decrease of the electnc power consumptIOn for the heat medIum transportatIOn,

• decreased heat losses due to overheatmg ofbUIldmgs

Annual energy savIngs estImate

MaXImum thermal load for the works space heatmg IS as follows
Qmax = Gs X(150-70)/1000 = 1402 X(150-70)/1000 = 11 2 (Gca1 per hour),

where (150-70) IS the dIfference between the temperatures In the supply and recovery
pIpelInes at the maXImum load

The use of heat per 1 degree-day IS calculated by the follOWIng formula
q = Qmax X24/tmt - ta= 11 2 X24/18 - (-23) = 6 56 (Gcal/degree-day),

where tmt IS a calculated Internal room temperature

TakIng Into conSIderatIOn that the Marmpol regIOn IS charactenzed by n = 3500
degree-days a year the necessary volume of heat WIll be

Qyear = q Xn = 6 56 X3500 - 23,000 (Gcal/year)

If taken Into account that In case of unoptImised thermal network overheatIng of
bUIldIng leads to 20% loss of heat then the actual need of heat WIll be,

QyearS =23,000 X°8 = 18,400 (Gcallyear)

Actual heat use for space heatIng In 1997 were
Qyea/ct

= Gsteam X(1st -Ic) =49,170 X(0 73 - 01) - 31,000 (Gcal/year),
where Gsteam IS equal to 49,170 tons of steam accordmg to the works data,
1st IS equal to 0 73 Gcallton - heat content of 1 ton of superheated steam,
Ic IS equal to 0 1 Gcallton - heat content of condensate returned from the heat
exchanger umt

As the result of optImIzatIOn of the space heatIng system the energy savmgs WIll be
Qyearact - Qyea/ = 31,000 - 18,400 - 12,600 (Gcal/year)

Electnc power consumptIOn of the Ime pump 0-320-70 WIth a motor ofN = 90 kW,
accordmg to the made measurements, IS Nact = 76 kW

ElectrIC power consumptIOn durIng a heatmg season IS

Eact = Nact X24 nheatmg = 76 X24 x 189 = 345,000 (kW),



Total savmg from ImplementatIOn of the ECO

5,600 + 142,400 == 148,000 ($)

12,600 x II 3 = 142,400 ($)

In case of decreasmg the flow rate of the Ime water electnc the energy
consumption must go down to N pr =45 kW
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- duration of the heatmg penodnheatmg

where

Correspondmgly, the expected electnc power consumptIOn wl1l be

Epr = N pr x 24 x nheatmg = 45 x 24 x 189 = 204,000 (kW)
The expected electnc power savmg on transportmg the heat medlUm per

year w111 be

Eact - Epr = 345,000 - 204,000 = 141,000 (kW)

Annual energy cost savmgs estimate
Cost savmg resultmg from decreasmg the electnc power consumptIon at the pnce
of $004 per 1 kWh wIll be

141,000 x 004 = 5,600 ($)

Cost savmg resultmg from decreasmg thermal energy consumptIOn at the prIce of
$11 3 per 1 GCal (accordmg to the data of the works) wIll be

ImplementatIOn Costs

The desIgn costs

• determmatlOn of the actual heat loads,
• development of a new thermal lines system,
• hydraulIc calculatIOn of the thermallmes

The approxImate cost is $15,000

Fulfillment of measures resultmg from the study and calculatIOns - $10,000

Thermal and hydraulic tests of thermal networks, adjustment of onfice plates­
$5,000

Overhead costs at 30% $9,000

Total costs ""Ill be 39,000 ($)

Simple Payback

CommissIOnIng costs - $39,000
Annual cost savmg - $148,000
Simple payback penod

39,000/148,000 =0 3 (year)

As the duratIOn of the heatmg season IS 6 months per year, the actual payback
smce the commisslOnmg wIll be

6 x 0 3 - 1 8 (months)



The eXlstmg combustIOn control system has three mam drawbacks

Fuel consumptlon IS regIstered at each boIler

The boIlers fire a mIxture of gases

- 60% of blast furnace gas

Combustion mode control m gas firmg units

• If fuel calone content change equals 20% dunng a month the automatlc control
becomes problematIc It IS necessary to adjust the combustIOn process
contmuously

• automatIC control of excess aIr m conformIty WIth load IS non-eXIstent, 1 e oxygen
supply momtonng IS not applIed, the eXIstmg system relIes on adjustment of aIr
supply by the operator m accordance WIth the operatIOn charts m case of a load
change,

• aIr supply for combustIOn IS controlled by the pressure of the mput aIr whIch
entaIls ImpOSSIbIlIty of automatIC control of correct combustIon aIr-to-fuel ratIO at
low loads,

HIgh-efficIency gas combustIOn m the steam bOIlers and the oven reqUIre an optlmum
ratIO of gas and aIr, penodlcal momtonng and adjustment

- 40% of coke-oven gas,

ECO -#6

The "pIctures" of the bOIler operatIOn modes were taken utIlIzmg the ORSA
combustIOn analyzers The results of the survey showed that the B-25-15 bOIler No 1
and No 4 are operated WIth low effiCIency equal to 85 92 - 88 94, actual opportumty
ofgas savmg used for combustIOn WIll constItute 2 - 2 5%

The works uses two bOIlers of the TO-l type, four - of B-25-15G type and one - of
GM-50 type manufactured at RussIan plants The boIlers are m a satlsfactory
condItIon though they lack automatlc control of aIr-to-gas ratIO No 2 gas trappmg
umt uses an 011 heatmg oven The JSC "MARKOKHIM" uses two types of fuel blast
furnace gas receIved from the "AzovStal" steel works and coke-oven gas as a product
of mternal processmg
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•
We recommend to utIlIze at the works a portable combustIOn analyzer, tram a
speCIalIst who WIll take measurements of combustIOn effiCIency every 1-2 days and
adjust the combustIOn mode accordmgly

Annual energy savmgs estImate

The annual savmgs should be VIewed by the costs of the blast furnace consumptIon
The power manager department has furnIshed us WIth the data on blast furnace gas
use for the boIler house and 011 heatmg oven for February In order to double-check
we have calculated annual costs of fuel usmg hourly gas consumptIOn (24,200 m3

)

multIplIed by 7,200 annual bOIler operatIon hours



242 x 7,200 ~ 174,300 (m3/year)

Annual cost savmgs estImate

At the cost of fuel ofUS$5 6 per 1000 m3 the fuel costs are

56 x 174,300 ~ 976,000 ($) per year

WIth conservatIve estlmate of blast furnace gas reductIOn by approxImately 1% the
annual savmgs wIll amount to $9,760

ImplementatIOn costs

EqUIpment costs

CombustIOn analyzer - $5,000

Computer - $1,000

CalIbratIOn gas set - $500

ShIpment - $500

Total eqUlpment costs - $7,000

SImple payback

CommissIOnmg costs - $7,000

Annual cost savmgs - $9,760

At the pnce of US$5 6 per 1,000 m3 of blast furnace gas the sImple payback
penod WIll be

7,000/9,760 = 0 7 year or 8 4 months
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kcal/m3

Calorific value ofblast-furnace gas In 1998

The personnel of the plant cannot foresee the composItiOn of the delIvered blast­
furnace gas and mfluence ItS quahty ThIS bnngs to losmg 8 to 10% of the calonfic
value of the fuel filAture of the gases ana, consequently, an mcreased content of the
excess air that amounts to 10%, whIch decreases the effiCiency of the boIlers by 0 5 to
06%, dIStortS the fuel-and-energy balance of the plant boller-house

ECO DescrIption

Currently m the boIlers of the plant boller-house as the fuel a mIxture of the blast­
furnace gas and coke-oven gas are used m the volummous ratio of 60% of the blast­
furnace gas and 40% of the coke-oven gas The heat value of the coke-oven gas IS
71 5%. whIle the heat value of the blast-furnace gas IS 285% WIth that there IS
provIded that the blast-furnace gas, accordmg to the report records on the mamtenance
of the bOIler aggregates, has the calonfic value of 1,042 kcalINm3 ClaSSIcal
technologIes of the 1950s - 1960s were based on the calonfic value of gas equal to
1,240 kCalINm3 The plot for the 1998 calonfic value of the blast-furnace gas shows
that m average the actual calonfic value of the blast-furnace gas IS by 20 to 30%
lower than the rated one
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The mlsbalance of the thennal energy productIOn concernmg the heat value of the fuel
and the dnnkmg water consumptIOn IS 3 to 15%

To Improve the efficiency of operatiOn of the bOIlers, the pOSSibIlIty of automatmg
the combustiOn process, the energy audItors propose to conSIder a pOSSIbIlIty to
transfer the boIlers on coke-oven gas as the baSIC sort of fuel, whIle the blast-furnace



An addItIonal benefit IS less mamtenance cost

3,300 x 5 6 I':::: US $18,500

CalculatIOn of the annual energy savmg

gas should be used only for the coke battenes In the result there IS possIble to prolong
the penods between the mamtenance of the bOIlers and to decrease the costs of theIr
repaIr

•
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IUS $2,000

US $5,000
US $5,000
US $4,000
US $16,000

Implementation costs

Deslgnmg works
ReconstructlOn of the burners on the boIlers
Pre-start and adjustment works on the "tum-key" baSIS
Contmgency and overhead costs- 30%
TOTAL costs

CalculatIOn of the annual savmg of costs

Cost savmg by decreasmg the blast-furnace consumptlOn If 1,000 m3 costs US $5 6
WIll be equal to

Thermal energy productlOn m 1997 was 1'::::493,000 Gcal The specIfic fuel
consumptlOn rate per 1 Gcal was 1529 kg of conventlOnal fuel /Gcal

Improvement of the effiCIency by 05% prOVIdes energy savmg m case of the
conservatIve condItIons equal to

1529 x 005 x 493,000 I':::: 3,770,000 (kg of conventlOnaI fuel /yr),
whIch corresponds to the calonfic value of the saved blast-furnace gas

3,770,000 x 7,000/ 106 ~ 2,640 (Gcal),
or m the volummous terms

2,640/800 x 106
~ 3,300,000 (m3

),

where 800 IS an average actual calonfic value of the blast-furnace gas m kcallNm3

Simple payback

CommlsslOmng costs - US $16,000
Yearly cost savmg - US $18,500
The SImple payback penod for the project WIll be
16,000 118,500 ~ 0 9 (year)
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APPENDIX B PHOTOGRAPHS OF THE PLANT
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Terrrroo6MeHHI1KI1 6eH30rrbHOrO OT,lJ;erreHI1»

Heat exchangers of benzene umt
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KOTeJIbHa» 3aBO)J;a

Plant Boller-house

Ilpo6ooT6opmfKH napa H KOTnOBOH BO,D;bI KOTJIOB KOTeJIbHOH

Steam and boIler water samplers III the BoIler-house
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YCTaHOBKa MOKpOrO TylIIemm KOKca

Coke quenclung plant
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YCTaHOBKaCepOOqHCTKH

Sulfur punficatlOu plant
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APPENDIX C CONVERSION FACTORS
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Currency rates of exchange

I hnvma -local currency umt
1hnvma = US$O 54 as of December 1997

ConversIOn factors

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

Power

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

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

Pressure

1 kglem2 = 1 atm
1 atm= 101325 kPa=O 1 MPa
1 bar = 105 Pa = 100kPa = 0 1 MPa

1 mm =0 03937 m = 0 00328 ft
1 em = 0 3937 m = 0 0328 ft
1 m=3 937m=3 281 ft

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

1 em2 = 0 155 square m = 1 076 x 10 3 square ft
1 m2 = 1 55 X 103 square m = 10 76 square ft

C - 1



Volume

1 rn3 = 35 31 eli ft = 1000 1
11 = 35 31 x 103 eli ft
11 = 0 264 US gal

Heat content

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

Temperature
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APPENDIX D ABBREVIATIONS
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ABBREVIATIONS

CIS - Commonwealth of Independent States
BCO - energy conservatIOn opportumty
ESCO - energy servIce company
etc - et cetera
Hr - hnvma
I d - Id est
JSC - jomt-stock company
mIn - milhon
TACIS - Techmcal AssIstance to CIS countnes
tel - telephone
thou - thousand
US - Umted States
USAID - Umted States Agency of InternatIOnal Development

BTU - BntIsh thennal umt
°c -degrees CelsIUs
cm2

- centImeter squared
of - degrees FahrenheIt
g - gram
Gcal - gIgacalory
GJ - gIgajoule
h - hour
kcal - kIlocalory
kg - kIlogram
kgf - kIlogram-force
kV - kIlovolt
kV-A - kIlovolt-ampere
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
tce - tonne ofcoal equIvalent
tIh - tonnes per hour
W - watt
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