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1 EXECUTIVE SUMMARY

1 1 IntroductIOn

The Umted States Agency for InternatIOnal Development (USAID) under the Contract #30 has
financed energy audIts at 24 mdustnal plants whIch were selected accordmg to the USAID
cntena for ImplementatIOn of the Industnal Energy EfficIency Project ThIS report descnbes the
findmgs of the energy audIt camed out by the Bums and Roe company at the Open Jomt-Stock
Company Central Ore ConcentratIon Complex (OJSC COCC) m Kryvyi RIh, Ukrame

Accordmg to Sub-Task #3 of thIS Contract, 24 mdustnal plants out of 90 possIble candIdates
were selected for the audIt Each plant was consIdered on the basIs of cntena set by the USAID
for selectmg project partIcIpants The selectIOn cntena mcluded long-term economIC forecast,
financIal state of the enterpnse, the share of mcome generated from exports, current output/ rated
output ratIO, energy savmg potentIal, a possIbIlIty for project replIcatIOn at sImIlar plants, and the
accessIbIlIty of the plant to serve as a demonstratmg facIlIty for others The DJSC COCC IS not
the only Ukramlan plant whIch belongs to the mmmg and processmg sector Most problems
pertammg to the plant are typIcal for Ukramlan mdustnal enterpnses, and theIr solutIOn can be
applIed m mmmg, metallurgIcal and other mdustnes

The energy audIts had the followmg objectIves

• to conduct unoffiCIal trammg m energy management practIces,
• to explam to the plant management the energy management structure,
• to recommend speCIfic steps to Improve energy effiCIency, mcludmg admIillstrative

measures and energy savmg measures,
• to recommend mvestment opportumtIes and medIUm-cost measures aimed at large-scale

energy savmg

A team of energy audItors has conducted an energy audIt at the plant dunng March 16 to 20 and,
accordmg to the Project obJectIves, prepared the followmg report

1 2 PrInCipal findm2s

As It was expected, the energy audItors team has revealed a number of opportumtIes to Improve
energy effiCIency under current energy pnces EarlIer, when energy pnces were 20-30 tImes
lower than now, energy effiCIency measures were Irrelevant Currently, Improvement of energy
efficIency can be profitable, but IS dIfficult to realIse because of hIgh dIscount rates for bank
loans and economIC obstacles related to barter settlements and mter-enterpnse arrears

• The OJSC COCC IS conSIdered to be qUIte successful accordmg to the Ukralman
standards for enterpnses of such a scale, however It has to use barter when sellmg ItS
products

• Bemg a large consumer of electnclty and natural gas, the mtegrated plant and ItS
pelletIzer-plant have a number of problems related to effiCIent utIlIsatIOn of energy
resources

low effiCIency of gas eqUIpment due to the lack of up-to-date automatIC systems and
use ofout-dated fuel combustIOn deVIces,

1



hIgh rates of faulty products because of shortages m the desIgn of technologIcal
eqUIpment, and the complIcIty of observmg temperature parameters,

low efficIency of electncal eqUIpment due to the lack of up-to-date automatIc control
systems,

energy efficIency of the plant IS also decreasmg because the rated capacltles do not
correspond to the actual productlon output

1 3 Recommendations

The recommendatIOns set forth m thIS report wIll help Improve energy efficIency, decrease costs
for energy resources, enhance the qualIty of products whIle reducmg theIr cost, and to assure the
competItIveness of the enterpnse The plant has several energy conservatIOn opportunItIes
(ECOs) wIth dIfferent payback penods

ImplementatIOn of the proposed ECOs wIth a short payback penod (ECa #1, #2) WIll reduce gas
consumptIOn by 7,214,000 m3 per year, that of e1ectnc power - by 23,071,000 kWh/year The
cost ofECOs wIth a short payback penod of 1,18 years IS $3,700,000, and the savmg IS expected
to be $3,129,857

The ImplementatIOn of the proposed ECOs wIth a medIUm payback penod (ECO #4, ECO #6
and ECO #7) WIll reduce power consumptIOn by 12,929,000 kWh/year The cost ofECOs wIth a
medIUm payback penod of 249 year IS $1,450,000 and the savmg IS expected to be $581,824

The enterpnse also presents energy conservatIon opportunItIes wIth payback penods more than 3
years (ECO #5)

The assessment and ImplementatIOn of the above-stated ECOs and searchmg for other ECOs
would reqUIre a more detaIled energy audIt of the plant, elaboratmg the development plan of the
enterpnse, and selectmg energy conservatIOn strategy

14 OperatIOn and mamtenance

The specIfic feature of each mdustnal enterpnse IS the management's focusmg on productIOn
Issues and Its deSIre to mcrease productIOn volumes Owmg to thIS, such Important Issues for the
company's operatIOn as energy resources and theIr cost are often not dealt WIth adequately

SImIlar to most Ukramlan mdustnal enterpnses m the past, energy expenses of thIS plant were
substantially SUbSIdIsed, makmg energy conservatIOn a low pnonty Issue m the plant's actIvIty

In the last few years, energy expenses mcreased dramatIcally due to the growmg energy pnces
Currently, energy cost makes up 40% of the pnce of plant's products

Most UkraInIan mdustnal enterpnses have an expert or a group of experts - energy engmeers
TypIcally, these experts are responSIble for relIable energy supply to the plant rather than
Improvmg ItS energy effiCIency Due to growmg energy pnces and the uncertamtIes m the supply
of all types of fuel, energy management IS becommg an Important actIvIty Each enterpnse
should properly consIder mtroductIOn of the pOSItIOn of energy manager or, m case WIth huge
mdustnal faCIlItIes, energy management groups

Such servIces should regularly mOnItor all processes and, m partIcular, estImate monthly energy
consumptIOn volumes The data on monthly energy consumptlon should then be presented
graphically and compared WIth relevant mdlces m precedmg months or years m order to detect
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changes In energy consumptIOn volumes If such changes have really occurred, the energy
management group should Identlfy theIr cause and make a decIsIOn on whether some measures
should be Implemented In thIS regard For mstance, If monthly figures show an mcrease m
energy consumptIOn, the cause should be detected

In additlon to thIS, the energy management group should systematically study all processes to
IdentIfy energy conservatlon opportunItIes The experts should assure the ImplementatIOn of
energy effiCIency proposals at the plant, begmmng from the recommendatIOns lIsted m thIS
report The energy conservatIOn group should conSIder all changes proposed to the plant to check
theIr energy effiCIency

An energy management group at the plant of the SIze of COCC should conSIst of several persons
Prefelably, such group should mclude thermal (gas-supply and gas-operated and hot water
supply systems, heatIng and heat-operated eqUIpment, etc) and power engmeers (transformers,
motors, etc) The group leader should report dIrectly to the top management of the plant

Many enterpnses aSSIgn to theIr energy management groups such tasks as "to reduce total annual
energy consumptIOn by 5%" Of course, the planned percentage may change, but such approach,
when a task IS set, can be serve as a cntenon to assess the work of the group Itself The above
percentage of energy savmg could be much hIgher at UkraIman mdustnal enterpnses, where
energy conservatIOn reserves are substantlal IncentIve schemes for speCialIsts m charge of
effiCIent utIlIsatlon ofenergy resources should be Implemented at plants



1 5 Ener2Y ConservatIOn Opportulllties CECOs)

Table I 1 LIst of Energy ConservatIOn OpportumtIes

# Power Natural Annual Cost of proposed SImple Item
ECO NAME savmgs gas payback refersavmgs measures

(ths savmgs ($/year) perIod

kW·h) (ths M3
)

($)
(year)

1 IntroductIOn of energy 23,071 3,514 1,329,857 1,100,000 083 72
management

2 ApphcatIOn of the gas- 0 3,700 1,800,000 2,600,000 I 44 732
turbme, replacement of
mJ ector burners and
heatmg ofpnmary
combustIOn air

3 Up-gradmg of the e1ectnc 3,000 0 1,350,000 320,000 237 74
dnve system for the plant
of circulatmg water
supply

4 InstallatIOn of a vanable- 5,929 0 266,824 630,000 236 733 I
speed dnve to the Dl
Fan at the pelletizer-
plant

5 InstallatIOn of a vanable- 2,353 0 105,882 400,000 378 7332
speed dnve to the D2
Fan at the pelletlzer-
plant

6 InstallatIOn of a vanable- 2,000 0 90,000 250,000 278 7333
speed dnve to the D3
Fan at the pelletlzer -
plant

7 InstallatIOn of a vanable- 2,000 0 90,000 250,000 278 7333
speed dnve to the D4
Fan at the pelletlzer -
plant

Total 38,353 7,214 3,817,563 5,550,000 145
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2 2 ProductIOn output

2 1 Enterprise hIstory

Legal Address and Bank InformatIOn

The rated capacIty of the processmg complex of the enterpnse was desIgned for processmg 28
mIllIon tonnes of crude ore, resulted m 10 2 mIllIon tons of concentrate, and productIOn of 6 8
mIllIons tonnes ofpellets

VladImIr P Movchan
Yury P Cherchel

2 GENERAL INFORMATION

- Open Jomt-Stock Company "Central Ore ConcentratIOn
Complex" (COCC), CIty OfKryvyI RIh

The enterpnse IS engaged m open-pIt mmmg of magnesIte, ferrugmous quartZIte, processes It and
produces the followmg

• Iron ore concentrate,
• fluxed Iron ore pellets,
• constructIOn crushed stone

The first stage of the Kryvyi RIh State Central Ore ConcentratIOn Complex was put mto
operatIOn m 1961 In 1992, the cycle-Ime technologIcal workshop was put out of operatIOn,
whIch resulted m consIderable raIse ofmmmg work cost

DespIte huge financIal problems, m 1996 a new machme (OK-324) for pellets productIOn was
commIssIOned, that strengthened the enterpnse pOSItIOn on the market

Tel - (0564) 51-83-01, 51-83-30
Fax - (0564) 51-32-82

DIrector General
ChIef Energy Engmeer

"Central Ore ConcentratIOn Complex",
Dmpropetrovsk Oblast, Kryvy1 RIh, 324510, Ukrame
Bank Account # 263802 m Zhovtnevy DIvIsIon ofPROMINVESTBANK m Kryvyi RIh CIty
MFO - 305631
OKPO Code - 00190977

Name
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2 3 Number of personnel

At present, over 7,000 employees work for the Central Ore ConcentratIOn Complex Plant
(COCC)

2 4 SImIlar enterprIses m Ukrame

There are dozens of enterpnses m Ukrame, producmg Iron ore raw matenals the most sImIlar, III

terms of the technologIcal level and types of productIOn, are the Northern COCC (Kryvyl RIh
CIty) and Poltava COCC (Komsomolsk Town)
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3 CURRENT STATUS OF PRODUCTION

3 1 Export opportUnItIes

At present, almost all Iron ore concentrate IS exported from Ukrame, whIle almost all pellets are
supplIed to the natIOnal metallurgIcal plants

3 2 Structure of the enterprIse

The enterpnse conSIsts of
• four open cuts, one of them IS laid-up at present,
• department of raIlway transport,
• two departments of auto transport for technologIcal process,
• crushmg-and-processmg complex,

• pellettzer-plant,
• aUXIlIary departments, provldmg for the operatIOn ofpnnclpal workshops

3 3 Consumers of the enterprIse's products

Mam consumers of the Iron ore raw matenal m Ukrame are steel works of Kryvyi RIh,
Dmpropetrovsk, Dmprodzerzhmsk and Yenalayevo

The products are exported to East European countnes Poland, CzechIa, SlovakIa, RomanIa

3 4 Importance of the sector to the natIOnal economy

Smce the Open Jomt-Stock Company "Central Ore ConcentratIOn Complex" IS one of the largest
producers of raw matenals (Iron ore and pellets) for the ferrous metallurgy m Ukrame and other
CIS-countnes, and Its products are competitive, thIs enterpnse has good prospects and IS of
Importance for the UkraIman economy

1
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4 FINANCIAL STATUS OF THE ENTERPRISE

4 1 Currency versus barter

The marketmg of almost all the enterpnse's products IS carned out through barter transactIOns

4 2 VIabIlIty of the enterprise

Based on the actIvIty results for 1995 the Central Ore ConcentratIOn Complex IS among the best
hundred (1 e #79) enterpnses of Ukrame, accordmg to the ratmg, held by the "UkraInIan
Investment Newspaper" In 1995 the enterpnse's mcome made up US $60099 mIllIon, whIle m
1996 - US $35353 mIllIon The "De/olue & Touche" firm served as a consultant for that ratmg
Due to the economIC receSSIOn, m 1996 the Central Ore ConcentratIOn Complex was
unprofitable However m 1997, the output mcreased 1 5 -1 7 tImes, that enabled the enterpnse to
approach close to a profitable operatIOn
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Month 1995 1996

Tanuary 58623 49892

February 52,965 40,062

March 63,389 53,364

Apnl 59,181 49,071

May 63,070 37,505

June 62,507 46,440

July 58,769 45,344

August 62,547 51,247

September 61,916 47,125

October 63,925 48,877

November 56,891 48,911

December 54,622 62,576

Total 718,405 580,414

FIg 5 1 Power consumptiOn In 1995 - 1996
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Fig 5 2 Power consumptiOn in 1995 - 1997

FIg 5 3 Balance ofpower consumptiOn by the enterpnse departments

ElectrIc power consumptIOn breakdown over mam departments of the enterpnse
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FIg 54 Power consumptIOn breakdown over the enterpnse's departments
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Table 52 Power consumptIOn by pelletzzer-plant In 1995 -1996

Processing plant

37 0%

Crus hmg plant

40%

Power consumption

ths kW·h

Month 1995 1996

January 15,275 14741

February 16,215 12,965

March 19,533 17,361

Apnl 16,015 15,428

May 20,107 10,545

June 15,726 12,547

July 18,371 13,328

August 18,220 13,498

September 17,132 13,106

October 20,487 12,456

November 16,332 14,683

December 17,753 18,981

Total 211,166 169,639

Slurry facIlities

13 0%

Pelletlzer plant

28 0%

Other consumers

15%

Heat generating

shop

140%

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

0 1995 I
I
I

11 1996

ElI995

II' 996

IV

quarte r

III

quarter

II

q uarte r

Natural gas consumptIOn (ths m3
)

Month 1995 1996
I quarter 41,239 35,822
II quarter 34,878 18,634
III quarter 28,465 14,512
IV quarter 33,403 25,801

Total 137,985 94,769

FIg 5 5 Power consumption by pelletIzer-p1ant III 1995 - 1996
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FIg 5 7 Overall natural gas consumptIOn III 1995 - 1997

Except very lIttle amount of gas (1%) consumed by the boIler house of the enterpnse m cold
seasons, all the rest volume of natural gas IS consumed by the pelletIzer-plant for a technologIcal
process Roastmg umts are the major natural gas consummg eqUIpment
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6 PREVIOUS ACTIVITY IN THE FIELD OF ENERGY CONSERVATION

The enterpnse focuses consIderable attentIOn on energy conservatIOn aspects Thus, the
enterpnse "Electromechamka" performed an analySIS of financIal state of the enterpnse and
grounded the need for reductIOn of the energy expenses It was also determllled, that Just
organIsatIOnal no-cost measures would provIde an OpportunIty to reduce the overall energy
consumptIOn by the enterpnse by more than 10%, at the same tIme reduclllg the wear-out of
eqmpment GIven the lack of necessary measunng lllstruments (Combustzon Analyzer and
Infrared Thermometer) It was not pOSSIble to carry out thorough energy audIt at the enterpnse

Accordmg to recommendatIOns, prepared by the "Electrotechmka", the Central Ore
ConcentratIOn Complex began the actIvIty aImed at llltroductIOn of energy metenng systems
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7 ENERGY AUDIT

71 General

Dunng the energy audIt the followmg energy conservatIon opportumtIes have been IdentIfied
and dIscussed wIth the plant management

• erectlOn of a shelter from mOIsture at the raw matenals warehouse,

• adjustment of burners operatlOn,

• observance of the preventlve mamtenance schedule,

• mamtammg optlmal and quahty load for roastmg umts and the plant on the whole,

• contmuous control over the raw matenals and products propertIes (concentrate, bectomte,
hmestone, raw and roasted pellets),

• contmuous control over faulty productlOn return,

• replacement of eXIstmg burners WIth more effiCIent ones,

• observance of technologIcal process chart,

• charge components batchmg,

• protectIOn from overloadmg m 6 kV lInes,

• extentlOn of the covered warehouse for crushed and dned bectomte, WIth a supply
conveyor and a system ofmOIsture momtonng and control,

• development of a system for the charge preparatIOn control,

• commIssIOmng of a complex for control of technologIcal process of OK-324 roastmg umt,

• prOVISIOn of qualIty bmders for the charge (bectomte and lImestone),

• mtroductlon of the "bunker-rotor loader" system at the pellets warehouse,

• observance of technologIcal dIscIplme,

• mtroductIOn of the energy metenng system,

• effectlve mIxmg of the components,

• aVOIdance of emergency downtIme,

• chargmg the umt WIth raw pellets ofreqmred SIze (8-18 mm),

• relIable operatIOn of all automated systems and measunng mstruments,

• proper classIficatIOn of the "bed",

• prelImmary air heatmg m the crushmg plant,

• transfer of turbo-generator exhausts to the drymg zone ofroastmg umts,

• re-calculatlOn of the gaS-air mIxture supply rate on the baSIS of thermal balance,

• stabIlIzatIOn of pelletlzers and roastmg umts chargmg,

• removal of returns from the charge,

• mountmg of the transpIratlOn coolmg system and utllIzatIOn of the heat for raw matenals
drymg,

• Improvement of the furnace heat msulatlon,

• mstallatIOn ofthe system of automatlc control and burners lIghtmg-up,

• Improvement of the water supply system

Based on prelImmary studIes some mam lInes of actlvIty have been selected

- mtroductlOn of energy management,



Energy management cycle

- modernizatIOn ofthe-OK-324 roastmg umt m the pelletIzer-plant,

- improvement of the electnc dnve system for the Clrculatmg water supply plant
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Taking control Inst
rum ents readings

AnalysIs

Implementation of
the planned
measures

CreatIOn of the energy
consumption chart

FIg 7 1 Energy Management Cycle

Planning

Introduction of the energy management would make It possIble to obtam more detaIled pIcture of
energy consumptIOn, which would provIde a basIs to compare consumptIOn levels with those at
the other enterpnses for the purpose of thorough evaluatIOn of the energy savmg proJects,
planned for the mtroductIOn at thIS plant

Energy Management begms from the appomtment of a correspondmg employee (energy
manager), who would bear responSibIlIty for the mtroductIon of energy management at the
enterpnse Followmg are the mam dutIes of the energy manager

7 2 IntroductIOn of enerey manaeement

DescnptlOn of the ECO

Energy Management is the mam mechamsm of reducmg energy consumptIOn and mcreasmg
energy efficiency m the mdustnal enterpnses Energy management IS a system of management,
based upon the senal measurements and tests, thus, provIdmg such type of the enterpnse
operatIOn, when the exact needed amount of energy IS consumed for the productIOn purposes
Energy management IS an mstrument for the enterpnse control, which ensures contmuous study,
therefore provIdmg the knowledge of dIstnbutIOn and consumptIOn of energy both for the
productIOn and for heatmg and other non-productIOn purposes

• Prepanng facIhty's energy consumptiOn chart (probably m collaboratIOn wIth an outsIde
consultant - energy audItor),

• Collectmg fuel and energy consumptiOn data, usmg measunng mstrumentatiOn,
• Prepanng a plan for mstallatIOn addItional meters and measunng eqmpment,
• Collectmg data on raw matenals, energy consumptIOn and productIOn output,



CalculatIOn of the annual energy savIng

Accordmg to the 1997 records, the plants consumed for a year some 769,047 ths kW· h of
power and 117,120 ths m3 of fuel (natural gas) The world expenence and practIce confirm that
after mtroductIOn of the energy management the energy consumptIon IS usually reduced by 3%
The energy savmg would make up

• Development of a plan to use low-cost and no-cost energy savmg measures,
• Carrymg out basIc calculations, related to the Improvement of energy efficIency, both for

overall plant and for mdividual productIOn hnes,
• Implementmg new technologIes on eXIstmg and new energy systems to Improve energy

efficIency of operatIOn,
• Keepmg hImself mfOlmed on trends m the current energy pohcy and accompanymg Issues,

(e g, new tax legIslatIOn, eXIstmg restnctIOns for energy consumption levels, SubsIdIes,
envIronmental aspects etc)

It IS proposed to mtroduce an energy management system at the enterpnse m full volume
ImplemenatIOn of thIS proposal wIll provIde an opportumty to reduce energy consumptIOn by
3%

To mtroduce energy management system the enterpnse should elaborate and mstall a power
metenng system wIth mterpretatIOn of the power meters readmgs from all transformer sub­
statIOns m a tIme range The eXIstmg commercIal system of metenng momtors only overall

----power consumptIOn, whIle all mternal consumers are checked sporadIcally

It IS necessary to elaborate a metenng system for all kmd of energy, employmg up-to-date
computer devIces, whIch wIll provIde opportumtIes to assess the energy consumptIOn dynamIcs
m the process of productIon and to prepare recommendatIOns concernmg energy savmg

$1,100,000/$1,329,857 = 083 year

Energy management department wages fund and mcentIve fund to stImulate
productIOn departments to save energy

IntroductIOn of the energy metenng system at the plant (desIgnmg, mountmg,
adjustment)

Purchase of necessary energy audIt eqUIpment

Total costs

SImple payback penod

17

$60,000

$1,000,000

$40,000

$1,100,000

- 769,047 x 003 = 23,071 ths kW· h

-117,120 x 003 = 3,514 ths m3

1) Power

2) Natural Gas

CalculatIOn of annual savIngs of energy expenses

At the pnce of$45 for 1,000 kW·h of power the savmgs WIll be

23,071 x 45 = $1,038,195

1 At the pnce of $83 for 1,000 m3 of gas the savmgs WIll be

3,514 x 83 = $291,662

The total savmgs of energy expenses WIll make up

1,038,195 + 291,662 = $1,329,857

Costs of settIng-up the energy management department
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Gas burners are mstalled m pre-combustIOn chamber at sIde walls of roastmg area

Natural gas IS used as a fuel The gas has the followmg charactenstics

73 Uperadme the OK-1-324/326Ts roastmg umt at the pelletIzer plant I
I
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C02 - 0 020 to 0 045
CSH12 - 0 035 to 0 024

0752 to 0745 kg/m3

- 35,770 to 35,688 kJ/m3 (8,543 to 8,524 kcal/nm3)

C4HlO - 0122 to 0091
C3Hs - 0 45 to 0320

• denSIty of the natural gas -
• the lowest calonfic value

CH4 - 94 926 to 95 920

• content ofthe components of gas fuel, %

N2 - 2 760 to 2320

Burner deVIce WIth a mIxer IS mstalled along the aXIS of face wall of the pre-combustIOn chamber
(dIameter 2 m, length 4 m), an open end of whIch rests on the cut of a sIde roastmg chamber
behmd a layer of pellets At the near upper part of the pre-combustIOn chamber there was made a
channel, to whIch the second stage air IS supplIed ThIS aIr IS heated up to 880°C m the
recuperatIOn zone and m the roastmg umt coolmg zone

The fuel IS burned m a pre-combustIOn chamber CombustIOn products fill the roastmg zone
chambers and are carned by ID fan down, through the layer of pellets, moved by the conveyor of
roastmg umt

A Jet of gas and air mIxture mJects hot air from the pre-combustIOn chamber, supplIed through
the upper channel of pre-combustIOn chamber

• m Zone I-SIX burners (three at each sIde),
• m Zone II - eIght burners (four at each sIde)

73 1 The technologIcal umt descrzptzon

The OK-324 roastmg umt was modIfied (by the "Uralmash" research mstItute) to replace the old
roastmg umt The rehabIlItatIOn of the pelletIzer plant proVIdes replacement of the three
remammg out-dated umts by the OK-324

The OK-324 IS a roastmg umt of conveyor type, WhICh was desIgned for thermal treatment and
coolmg of pellets of ore Iron concentrates to attach them necessary physIcal and chemIcal
propertIes m order to ensure meetmg metallurgIcal reqmrements, as well as reqmrements to theIr
transportation, handlIng, storage and blast furnace smeltmg

In a roastmg umt Iron ore pellets pass over a full cycle of strengthenmg thermal treatment,
mcludmg prelImmary heatmg, drymg, reheatmg, roastmg and coolmg of pellets, restmg on the
movmg grate bar The process employs filtratIOn of heat carner or coolmg air, commg through
the layer ofpellets
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Table 71 Techmcal specIficatIOn of the OK-1-324/336 Ts roastmg umt

Kg Name VUlts QuantIty
1 Area of actIve process zones m2 324
2 Work area (of Induced and forced draft) m2 336
3 Total length of work area m 84

4 Work wIdth of a umt m 4

5 Rated output (fimshed pellets) t/h 2592
6 Zones area m2

- prelImmary heatmg 12
- drymg, Stage I 48
- dryIng, Stage II 18
- heatmg 24
- roastmg, Stage I 36
- roastmg , Stage II 48
- recuperatIOn 12
- coolIng, Stage I 48
- coolmg, Stage II 24
- coolmg, Stage II 65

7 Speed of finng trolleys mfs 0012 to
0042

8 The largest thIckness of raw pellets layer on the grate bar mm 400

9 ThIckness of the bottom bed layer mm 100

10 QuantIty of burners pIece 14

11 Flow rate of natural gas at 20°C m3/h
- RoastIng Zone I 2,100
- RoastIng Zone II 2,730
- total 4,830

12 Max rated temperature of heat carner m the zones °C
- prelImmary heatmg 350

- drymg, Stage I 80
- dryIng, Stage II 350

- heatIng 600 to 800
- roastmg , Stage I 1,000 to
- roastmg, Stage II 1,200

- recuperatIon 1,300

- coolmg, Stage I 900

- coolmg, Stage II 1,020 to 910

- coolmg, Stage III 780 to 600
440 to 120

13 CapaCIty of electrIC motor for trolleys dnve kW 22

732 ApplzcatlOn ofthe gas-turbme. replacement ofmlector burners and heatzng
Ofpllmary combustlOn axr

Study results

The followmg parameters have been determmed dunng tests

• compOSItIOn of gas and au mIxtures (Db CO, COb NOx , excess aIr) - by gas analyser
ENERAC - 2000, produced by the Energy Efficlency Systems, Inc (USA),

• surface temperatures - by the Heat Spy DHS-24X, mfrared themperature detector/mdicator,
produced by the Wahl Instruments, Inc (USA)

All measurements were carned out at operatmg umt

The followmg charactenstIcs have been measured



1) composItIOn of recycled gas, removed by ID fan Dl out of the coolmg Zone III and
earned to the drymg Zone I and heatmg zone (Measurement #4),

2) composItIon of recycled combustIOn products, removed by ID fan D3 out of the
roastmg Zone II and carned to the prelImmary heatmg and drymg Zone II
(Measurements #2, 6, 15,17,18),

3) composItIon of the gas, exhausted by the ID fan D2 to the stack out of dryIng Zone II,
heatmg and roastmg Zones I (Measurements #5, 16),

4) composItIOn of the gas, exhausted by the ID fan D5 to the stack out of drymg Zone I,
(Measurements #1, 3, 7),

5) gas composItIon m drymg Zones I, II, III (Measurements #8, 9, 10),

6) gas composItIOn m the hood above heatmg and coolmg Zones I, II, III (Measurements
#11-14),

7) mternal surface temperature of the Immg m drymg Zone II,

8) external surfaces temperature ofroastmg umt

Measurements have been carned out at the followmg ambIent condItIons
• barometnc pressure - 100 to 101 kPa
• ambIent temperature - 7 to 15°C

Measurements, studIes and mtervlews wIth the plant techmclans enabled our audIt team to amve
at the forllowmg conclusIOns (concernmg unsatIsfactory operatIOn of a new umt), namely

• non-correspondence of the process temperature to the rated one, establIshed for pre­
roastmg zones of the umt, 1 e temperature of the aIr, supplIed to drymg Zone I - 150°C
(the reqUIred temperature IS 330°C), temperature ofthe aIr, supplIed to drymg Zone II ­
120°C (the reqUIred temperature IS 350°C),

• underheatmg m drymg zones IS compensated by exceSSIve consumptIOn of gas m
roastmg zones, but the temperature chart IS not observed any way,

• presence of CO m gas and aIr mIxtures, removed from roastmg zones, mdlcates non­
efficIent combustIOn of gas by mJector burners m pre-combustIOn chambers, gas after­
burnmg m roastmg zones, mcludmg at the surface of pellets (thIS IS also confinned by
the fact, that mternal Immg temperature exceeds the temperature of gas and aIr mIxture
by 200 to 250°C)

Proposal

GIven the above mentIOned drawbacks, revealed m the process of the OK-324 roastmg umt
operatIOn, we propose to carry out detaIled study, desIgnmg and ImplementatIon of the followmg
measures, aImed at Improvement of the system

• to use gas-turbme umt (GTU) for addItIOnal heatmg of the gas and aIr mIxtures to
mcrease the process temperature m drymg zones and m the zone of heatmg wIth
SImultaneous generatIOn ofpower for the plant's own purposes,

• to replace mJector burner WIth more effiCIent fish-tall burners (mIcro-dIffusIOn-flame,
flat-flame, dIsk-flame etc ),

• to mstall contact aIr heater to ensure adeqUIte temperature of the pnmary combustIOn
aIr, supplIed to the roastmg zones

The above recommendatIOns are aImed at the savmg of energy, as well as at the Improvement of
technologIcal process and reductIon of faulty productIOn (mcrease m the level of products
qualIty) and, thus, reductIOn of the productIOn costs
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$0 045 - $0 0085 = $0 0365

The followmg IS a calculatIOn of the cost ofpower generated by the gas turbme

At the rated power of gas turbme umt (2,500 kW ) an annual savmg WIll be

- 2,500kW,

- 45 Gcal/hour,

- 272%,

• electnc power

• heat capaCIty

• electnc effiCIency

• effluent gas temperature

The savmg WIll be

The type and capaCIty of gas turbme should be finally determmed after detaIled energy audIt and
pre-deslgmng study of all pecuhantIes of the technologIcal process The calculatIOn are based
upon assumptIOn, that the GT-2500 gas turbme, produced by the "Mashproject" Works, WIll be
used Its baSIC charactenstIcs are the followmg

Calonfic value of the gas
8,200 kcal/m3 = 35,333 kJ/m3 = 9 8 kW· hlm3

The volume of gas, used for the addItIonal heatmg of air, IS not taken mto conSIderatIOn, smce
the heat, produced m the process of combustIOn IS transferred to the furnace to heat the raw
matenals, thus reducmg gas consumptIOn m the roastmg zone

The cost of] kW of purchased power IS $0 045

2,500 kW $00365 per kW· h 8,760 hlyear = $800,000 per year

Replacement of IllJector burners WIth more effiCIent ones and supply of heated air (as pnmary
air) for the process of combustIOn m roastmg zones

ApplIcatIOn of more effiCIent fish-tall burners (mIcrodIffusIOn-flame, flat-flame, dIsk-flame etc)
mstead of mJector burners WIll Improve the qualIty of gas combustIOn and reduce the ratIO of
exceSSIve pnmary aIr down to ] 05, that, m ItS tum, WIll prOVIde a pOSSIbIlIty to reduce the gas
consumptIOn by 5 to ]ffYo BeSIdes, these burners have a number of advantages, concernmg
adjustment, stabIlIty of the combustIOn process, umformlty ofthe temperature scheme, etc

The cost of - $0 083 per 1m3, so the cost of] kW ofthe generated power IS
o083/9 8 = $0 0085

BaSIC calculatIOns

Use ofgas-turbzne umt

The followmg technologIcal cycle IS proposed

1) Gas turbme umt generates some 2,500 to 3,000 kW of power to be used for the plant
purposes

2) The effluent gas (wIth temperature of 450 to 500°C) from gas turbme goes to the
dlstnbutIOn deVIce, where It IS mIxed WIth the gas and air mIxture from roastmg Zone II
and WIth air from the coolmg Zone III, then It IS carned to the drymg zones and the
heatmg zone The dlstnbutIOn deVIce should guarantee the reqUIred technologIcal
temperatures for mIxtures
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$50,000

$150,000

$400,000

$300,000

$300,000

$100,000

$2,600,000

$1,300,000

- $1,800,000 per year

- $2,600,000

- 4,220m3fh

- 8,760 h/year

Simple payback period

Cost ofputtmg m operatIOn

Annual savmg

SImple payback penod IS

$2,600,000/$1,800,000 =1 44 years

Gas Turbme UnIt

FIsh-taIl burners 14 UnIts)
WIth a set of gas accessones and automatic control
system

DIstnbutIOn deVIce WIth automatic control and
adjustment system

Contact heat exchanger

DeSIgn work

Cost of mountmg and puttmg m operatIOn

Overheads and Contmgencles

Total costs

Mamtenance of the temperature mode m all zones (thus reducmg faulty products and emergency
downtIme) WIll save mInImUm $500,000 a year

So, the total savmg would be

$800,000 year 1 + $300,000 year I + $500,000 year 1= $1,800,000 year I

ImplementatIOn costs

Rated gas consumptIOn

Hours of operatIOn m a year

5% of gas savmg correspond to

4,220 m3/h 0 05 8,760 h/year = 1,850,000 nm3/year

At gas pnce $83 for 1,000 m3
, 5% of gas savmg correspond to $150,000 a year

Both, burners replacement and supply of heated aIr WIll provIde mmimum 10% of gas savmg,

whIch corresponds to $300,000 a year

When the pnmary aIr IS heated up to 150 to 130°C the gas consummg eqUIpment saves
correspondmgly 5 to J(!% of gas ApplIcatIOn of effiCIent burners WIll gIVe an opportUnIty to
supply prelImmary heated aIr for the combustIOn process, whIle gas turbme WIll allow the
pnmary aIr get heated by the aIr from coolmg Zone III, through the contact heat exchanger

When calculatmg the savmgs we are based upon the rated gas consumptIOn, smce It IS assumed
that the temperature mode m drymg and heatmg zones (WIth gas turbme applIcatIOn) IS
mamtamed, therefore there IS no exceSSIve consumptIon of gas m roastmg zones



7 3 3 1 1nstallatzon ora variable-speed drive to D1 (an

73 3 Enhancement ofthe electric drive systems for 1E-324 roastmg Unit fan

If the eXIstmg system of Dl Fan control (WIth gmdmg devIces) were replaced wIth a new system
wIth vanable speed dnve, up to 20% of the power, consumed by the fan, would be saved

ConclUSIOn The specIfied set of measures IS economIcally sound It IS recommended to
use It at a new furnace, and to take mto consIderatIOn when deslgmng
other furnaces

- 3,150kW
- 2,470,588 kW· h/month
- $0045

- Electnc motor capacIty
- Power consumptIOn (of D1 Fan)
- Cost of 1 kW h ofpower

Imtlal data for calculatIOn

Savmgs, resulted from the mstallatIon of variable-speed drive

Up to 20% of the electnc power consumed by the fan would be saved, If the vanable-speed dnve
were mstalled at Dl Fan

The annual savmg of power would be

2,470,588 kW· h/month x 12 months/year x 02= 5,929,411 kW h/year

m terms of money It IS

5,929,411 kW· h1year x $0045 per kW· h = $266,824 per year

The cost of a hIgh-voltage frequency converter for regulatIon of the rotatIOn speed of D1 Fan
electnc motor IS $630,000

CalculatIOn of the ECO payback period

Payback penod for thIS ECO IS

$630,000 1$266,824 yeaK I = 2 36 year

ConclUSIOn In terms of payback penod tills energy savmg measure IS a mIddle-term one,
thus It IS recommended for ItS ImplementatIOn In addItIon, ImplementatIOn of

At present, the output of roastmg umt IS 60% of the desIgn value That IS why the reqUIred
temperature IS not observed m many of ItS zones That results m the fact that air and gas flows do
not correspond to the desIgn reqUIrements eIther
D1 Fan capacIty control IS carned out by means of gUIdmg devIce m a range from
176,000 m3/hour to 331,096 m3/hour The average capacIty of Dl Fan IS 70% of open gmdmg
devIce, that reduces the capacIty by 20%

Proposal

For the purpose of efficIent control of the operatIOn of Dl Fan It IS recommended that a
frequency converter to be mstalled mstead of gUIdmg deVIces The converter would regulate the
frequency of rotatIOn, therefore, the Dl Fan capacIty

Study results
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Savmgs, resulted from the mstallatIOn of varIable-speed drIve

Up to 12 5% of the power, consumed by the fan, would be saved If the vanable-speed dnve were
Installed at D2 Fan

At present, D2 Fan operates at a reduced capacIty - 281,097 m3/hour The rated capacIty of D2
Fan IS 377,998 m3/hour

thIS measure wIll enhance the level of relIabIlIty of the OK-324 UnIt, through
the elImmatIOn ofdynamIC Impacts at the D1 Fan start-up
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- 2,000kW
- 1,568,627kW· h/month
- $0045

CalculatIOn of the ECO payback perIod

Payback penod for thIS ECD IS

$400,000/ $105,882 per year = 3 78 year

ConclUSIOn In terms of payback penod thIs energy savmg measure IS a mIddle-term one,
thus It IS recommended to Implement It In addItIOn, ImplementatIOn of thIS
measure wIll enhance the level of relIabIlIty of the OK-324 umt, through the
elImmatIOn of dynamIC Impacts at the D2 Fan start-up

The annual savmg ofpower would be

1,568,627 kW· h/month x 12 months/year x 0125 = 2,352,940 kW· h/year

In terms of money It IS

2,352,940 kW· h/year x $0 045 per 1 kW· h = $105,882 3 per year

The cost of a hIgh-voltage frequency converter for regulatIOn of the rotatIOn speed of D2 Fan
electnc motor IS $400,000

Imtial data for calculatIOn
- Electnc motor capacIty
- Power consumptIOn (of D2 Fan)
- Cost of 1 kW/h of power

If the eXIstmg system of Fan control, based upon gUIdmg devIces, were replaced wIth a new
system wIth vanable speed dnve, up to 125% of the power, consumed atpresent by the D2 Fan,
would be saved

Thus, the relatIve decrease m the D2 Fan capacIty, compared wIth the rated value, IS

(347,998 - 281,097) /347,998= 0192 = 192%

73 3 2 InstallatiOn ora varzable-speed drIve at D2 Fan

Proposal

For the purpose of efficIent control of the D2 Fan It IS recommended that a frequency converter
wIll be mstalled

Study results



SaVIngs, resulted from the InstallatIon of varIable-speed drIve

7 3 3 3 InstallatLOn ora varzable-speed drzves at the D3 and D4 fans

2,000,000 kW eh1year x $0045 per 1 kW eh = $90,000 per year

The cost ofhIgh-voltage frequency converter for regulatIOn of rotatIOn speed of D3 and D4 Fans
electnc motors IS $250,000 per one

17% of the power consumed by D3 and D4 Fans would be saved, If the vanable-speed dnves
were mstalled on D3 and D4 Fans

The annual savmg ofpower would be

980,392 kW eh1month x 12 months/year x 017 = 2,000,000 kW eh1year

m terms ofmoney It IS

- 1,250kW (each)

- 980,392kW ehlmonth(each)
- $0045

- Electnc motors capaCIty

- Power consumptIOn (of D3, D4 Fans)
- Cost of1 kW/h ofpower

7 4 Up2radIn2 of the electrIC drIve system for the plant of clrcuiatIn2 water supply

Proposal

To mstall frequency converter at one of three pump umts m the plant of circulatmg water supply

Study results

At present, the plant of circulatmg water supply IS eqUipped WIth three pumps WIth dnvmg
synchromsed motors, 1,600 kW each Two or three pumps are usually operatmg at a tIme
InstallatIOn of a vanable speed dnve would proVIde a pOSSIbIlIty to save 250,000 kWe h per
month

CalculatIOn of the ECO payback perIod

Payback penod for thIs ECO IS

$250,000/ $90,000 year I = 2 78 year

ConclUSIOn In terms of payback penod thIs energy savmg measure IS a mIddle-term one,
thus It IS recommended to Implement It In addItion, ImplementatIOn of thIS
measure WIll enhance the level of relIabIlIty of the OK-324 umt, through the
elImmatIOn of dynamIC Impacts at the D3 and D4 Fans start-up

Proposal

For the purpose of effiCIent control of the D3 and D4 Fans It IS recommended that frequency
converters wIll be mstalled

Study results

At present, the D3 and D4 Fans operates at the capaCIty reduced by 20% to 30% If the eXIstmg
electnc dnve system were replaced WIth a smoothly regulated one, not less than 17% of the
power, consumed by the fans, would be saved

ImtIal data for calculatIon
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Power savmg

InstallatIon of a vanable speed dnve would provIde a pOSSIbIlIty to save

250,000 kW· h/month x 12 months/year =3,000,000 kW· h/year

m terms of money It IS

3,000,000 kW· h/year x $0045 per 1 kW· h = $135,000 per year

The cost of a frequency converter reqUIred to control the motor of one of the pumps IS $320,000

Payback penod for the BeG IS

$320,000/ $135,000 per year = 2 37 years

ConclUSIOn In terms of payback penod thIS energy savmg measure IS economIcally
effiCIent, and It IS recommended for ItS ImplementatIOn
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8 ENVIRONMENTAL IMPACT OF THE RECOMMENDATIONS

Accordmg to the data measured at the enterpnse, burmng of 1,000 m3 of natural gas entaIls
exhaust of

ImplementatIOn of energy conservatIOn opportumties results m reductIOn of harmful exhausts
mto the atmosphere, due to decrease m fuel and power consumptIOn

Accordmg to the MmIstry of Energy of Ukrame m 1996 an average quantity of harmful
exhausts for each 1,000 kW· h ofthe generated power was contammg

- 75kg,

- 80kg

(Carbon monOXIde)

(OxIdes of mtrogen)

co - 05 kg,

NOx - 22 kg,

S02 - 99kg,

Ash - 44kg

ImplementatIOn of the proposed energy conservatIOn opportumties would reduce the electnc
power consumptIOn by 38,353 thousand kW h, whIch IS eqmvalent to the followmg reductIOn of
harmful exhausts mto the atmosphere

CO 38,353 thousand kW· h/year x 05 kg/thousand kW· h =19,1765 kg/year

NOx 38,353 thousand kW· h/year x 22 kg/thousand kW· h = 84,3766 kg/year

S02 38,353 thousand kW· h/year x 99 kg/thousand kW· h = 379,694 7 kg/year

Ash 38,353 thousand kW· h/year x 44 kg/thousand kW· h = 168,753 2 kg/year

ImplementatIOn of the proposed energy conservatIOn opportumtIes would reduce the
consumptIOn of natural gas by 7,214 thousand m3/year, whIch IS eqmvalent to the followmg
reduction ofharmful exhausts mto the atmosphere

CO 7,214 thousand m3/year x 75 kglthousand m3 = 54,105 kg/year

NOx 7,214 thousand m3/year x 80 kg/thousand m3= 577,120 kg/year

The overall reductIOn of harmful exhausts would be as follows

CO 973,281 5 kg/year

NOx 661,4966 kg/year

S02 379,6947kg/year

Ash 168,753 2 kg/year
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APPENDIX A ENERGY CONSERVATION OPPORTUNITIES (ECOs)

A-I



# Power Natural gas Annual Cost of Simple Item
ECO Measure savIngs savIngs proposed payback refersavIngs

perIOd(ths kWoh) (ths m3
) ($/year) measures

($) (year)

1 IntroductIOn of the energy 23,071 3,514 1,329,857 1,100,000 083 72
management

2 ApplIcatIOn of the gas- ° 3,700 1,800,000 2,600,000 1 44 732
turbme, replacement of
mJector burners and heatmg
of pnmary combustIOn air

3 Up-gradmg of the electrIc 30,000 ° 135,000 320,000 237 74
dnve system for the plant
of circulatmg water supply

4 InstallatIOn of a vanable- 5,929 0 266,824 630,000 236 733 1
speed dnve to the Dl Fan
at the pelletizer - plant

5 Installahon of a vanable- 2,353 ° 105,882 400,000 378 7332
speed dnve to the D2 Fan
at the pelletIzer - plant

6 InstallatIon of a vanable- 2,000 ° 90,000 250,000 278 7333
speed dnve to the D3 Fan
at the pelletIzer - plant

7 InstallatIOn of a vanable- 2,000 0 90,000 250,000 278 7333
speed dnve to the D4 Fan
at the pelletIzer - plant

Total 38,353 7,214 3,817,563 5,550,000 145
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LIst of Energy ConservatIOn OpportunItIes (ECOs)
Table A 1
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APPENDIX B MESURED AND COLLECTED DATA

B-1



Followmg are the results of measurements, earned out at the OK-324 roastmg umt

1 CompOSItIOn of gas mIxtures

COMBUSTION EFFICIENCY 387 % COMBUSTION EFFICIENCY 641 %

AMBIENT TEMPERATURE 10 °C AMBIENT TEMPERATURE 11 °C

STACK TEMPERATURE 66 °C STACK TEMPERATURE 103 °C

OXYGEN 203 % OXYGEN 187 %

CARBON MONOXIDE o PPM CARBON MONOXIDE 18 PPM

CARBON DIOXIDE 004 % CARBON DIOXIDE 01 3 %

COMBUSTIBLE GASES 000 % COMBUSTIBLE GASES 000 %

STACK DRAFT (INCHES H2O) - 38 STACK DRAFT (INCHES H2O) - 63

EXCESS AIR OVER % EXCESS AIR 738 %

OXIDES of NITROGEN 16 PPM OXIDES of NITROGEN 303 PPM

SULFUR DIOXIDE o PPM SULFUR DIOXIDE o PPM

CARBON MONOXIDE 1990 PPM CARBON MONOXIDE 1990 PPM
ALARM ALARM

MODE PPM OXY_REF = 3% MODE PPM OXY_REF = 3%
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Measurement #1

Before gas cleanmg D5

SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS & ROE
TIME 11 51 50

DATE 03117/97

FUEL NATURAL GAS 21870 BTUILB

Measurement #2

After D3, drymg umt cap II

SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS & ROE
TIME 120241

DATE 03117/97

FUEL NATURAL GAS 21870 BTUILB
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Measurement #4

After Dl

SERIAL # 11003246
ENERAC MODEL 2000
COMBUSTION TEST REKORD
FOR BURNS & ROE

TIME 125956

DATE 03/l7/97

FUEL NATURAL GAS 21870 BTUILB

COMBUSTION EFFICIENCY 00 0 %

AMBIENT TEMPERATURE 13°C

STACK TEMPERATURE 160°C
OXYGEN 210 %
CARBON MONOXIDE 0 PPM
CARBON DIOXIDE 00 1 %
COMBUSTIBLE GASES 0 00 %
STACK DRAFT (INCHES H20) - 29

EXCESS AIR OVER %
OXIDES of NITROGEN 0 PPM
SULFUR DIOXIDE 0 PPM
CARBON MONOXIDE 1990 PPM
ALARM
MODE PPM OXY_REF = 3%

Measurement #3

After D5

SERIAL # 11003246
ENERAC MODEL 2000
COMBUSTION TEST REKORD
FOR BURNS & ROE

TIME 123548

DATE 03/l7/97

FUEL NATURAL GAS 21870 BTUILB

COMBUSTION EFFICIENCY 73 2 %

AMBIENT TEMPERATURE 12°C
STACK TEMPERATURE 32 °C

OXYGEN 202 %
CARBON MONOXIDE 0 PPM
CARBON DIOXIDE 00 5 %
COMBUSTIBLE GASES 0 00 %

STACK DRAFT (INCHES H20) - 4 9

EXCESS AIR OVER %
OXIDES of NITROGEN 24 PPM
SULFUR DIOXIDE 0 PPM

CARBON MONOXIDE 1990 PPM
ALARM
MODE PPM OXY_REF = 3%



COMBUSTION EFFICIENCY 000 % COMBUSTION EFFICIENCY 000 %
AMBIENT TEMPERATURE 12 °C AMBIENT TEMPERATURE 14 °C
STACK TEMPERATURE 75 °C STACK TEMPERATURE 20 °C

OXYGEN 197 % OXYGEN 207 %

CARBON MONOXIDE 63 PPM CARBON MONOXIDE o PPM

CARBON DIOXIDE 008 % CARBON DIOXIDE 02 %

COMBUSTIBLE GASES 000 % COMBUSTJBLE GASES 000 %

STACK DRAFT (INCHES H2O) - 37 STACK DRAFT (INCHES H2O) - 47

EXCESS AIR OVER % EXCESS AIR OVER %

OXIDES of NITROGEN 432 PPM OXIDES of NITROGEN 4 PPM

SULFUR DIOXIDE o PPM SULFUR DIOXIDE oPPM
CARBON MONOXIDE 1990 PPM CARBON MONOXIDE 1990 PPM
ALARM ALARM

MODE PPM OXY_REF = 3% MODE PPM OXY_REF = 3%
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Measurement #5
After D2
SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 160532

DATE 03/17/97
FUEL NATURAL GAS 21870 BTUILB

Measurement #6
After D3, pre-heatm2 zone
SERIAL_# 11003246

ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 162211

DATE 03/17/97
FUEL NATURAL GAS 21870 BTUILB
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Measurement #8

Drymg umt Cap II

SERIAL # 11003246

ENERAC MODEL 2000
COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 164209
DATE 03/17/97
FUEL NATURAL GAS 21870 BTUILB

COMBUSTION EFFICIENCY 34 8 %

AMBIENT TEMPERATURE 16°C

STACK TEMPERATURE 119°C

OXYGEN 189 %

CARBON MONOXIDE 1950 PPM

CARBON DIOXIDE 01 3 %

COMBUSTIBLE GASES 0 04 %

STACK DRAFT (INCHES H20) - 6 1

EXCESS AIR 701 %

OXIDES of NITROGEN 967 PPM

SULFUR DIOXIDE 0 PPM

CARBON MONOXIDE 1990 PPM
ALARM

MODE PPM OXY_REF = 3%

Measurement #7

Effluent gas from drymg umt Cap I

SERIAL # 11003246

ENERAC MODEL 2000
COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 163537
DATE 03/17/97
FUEL NATURAL GAS 21870 BTUILB

COMBUSTION EFFICIENCY 00 0 %

AMBIENT TEMPERATURE 15°C

STACK TEMPERATURE 51 °C

OXYGEN 208 %

CARBON MONOXIDE 0 PPM

CARBON DIOXIDE 00 1 %

COMBUSTIBLE GASES 0 00 %

STA r"'TT T"'RAT""''T' /T"Tr"'TTEC'l =20) 7 2L-b..U rl ~ll'lL-n ;).rr, -

EXCESS AIR OVER %

OXIDES of NITROGEN 0 PPM

SULFUR DIOXIDE 0 PPM

CARBON MONOXIDE 1990 PPM
ALARM

MODE PPM OXY_REF = 3%



COMBUSTION EFFICIENCY 140 % COMBUSTION EFFICIENCY 000 %
AMBIENT TEMPERATURE 14 °C AMBIENT TEMPERATURE 13 °C
ST.ACKTE~TURE 298 °C STACK TEMPERATURE 298 °C
OXYGEN 21 0 % OXYGEN 21 0 %
CARBON MONOXIDE 49 PPM CARBON MONOXIDE 53 PPM

CARBON DIOXIDE 00 1 % CARBON DIOXIDE 00 1 %

COMBUSTIBLE GASES 000 % COMBUSTIBLE GASES 000 %

STACK DRAFT (INCHES H2O) - 357 STACK DRAFT (INCHES H2O) -122

EXCESS AIR OVER % EXCESS AIR OVER %

OXIDES of NITROGEN 5 PPM OXIDES of NITROGEN o PPM

SULFUR DIOXIDE o PPM SULFUR DIOXIDE o PPM
CARBON MONOXIDE 1990 PPM CARBON MONOXIDE 1990 PPM
ALARM ALARM

MODE PPM OXY_REF = 3% MODE PPM OXY_REF = 3%
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Measurement #9

Heatmg zone, Pre-chamber #6

SERIAL # 11003246
ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS & ROE
TIME 165223

DATE 03/17/97
FUEL NATURAL GAS 21870 BTUILB

Measurement #10

Heatmg zone, Pre-chamber #7

SERIAL # 11003246
ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS & ROE
TIME 1657 14

DATE 03/17/97
FUEL NATURAL GAS 21870 BTUILB



Measurement #11
Coohne zone Cap III
SERIAL # I 1003246
ENERAC MODEL 2000
COMBUSTION TEST REKORD
FOR BURNS & ROE

TIME 170854
DATE 03/17/97
FUEL NATURAL GAS 21870 BTUILB

COMBUSTION EFFICIENCY 00 0 %

AMBIENT TEMPERATURE 13°C

STACK TEMPERATURE 320°C
OXYGEN 210 %
CARBON MONOXIDE 2 PPM

CARBON DIOXIDE 00 I %
COMBUSTIBLE GASES 0 00 %
STACK DRAFT (INCHES H20) - 3 I

EXCESS AIR OVER %
OXIDES of NITROGEN 0 PPM
SULFUR DIOXIDE 0 PPM

CARBON MONOXIDE 1990 PPM
ALARM
MODE PPM OXY_REF = 3%

Measurement #12
Coohne zone Cap II
SERIAL # I1003246
ENERAC MODEL 2000
COMBUSTION TEST REKORD
FOR BURNS & ROE

TIME 17 1522
DATE 03/17/97
FUEL NATURAL GAS 21870 BTUILB

COMBUSTION EFFICIENCY 00 0 %

AMBIENT TEMPERATURE 13°C

STACK TEMPERATURE 470°C
OXYGEN 209 %

CARBON MONOXIDE 32 PPM
CARBON DIOXIDE 00 1 %

COMBUSTIBLE GASES 0 00 %
STACK DRAFT (INCHES H20) - 2 I
EXCESS AIR OVER %

OXIDES of NITROGEN 15 PPM
SULFUR DIOXIDE 0 PPM
CARBON MONOXIDE 1990 PPM
ALARM

MODE PPM OXY_REF = 3%
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Measurement #14
Heatmg zone cap
SERIAL # 11003246

ENERAC MODEL 2000
COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 172432
DATE 03/17/97

FUEL NATURAL GAS 21870 BTUILB
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Measurement #13
Cap between roastm2 Zone II and coolm2
Zone I
SERIAL # 11003246
ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 17 1957

DATE 03/17/97

FUEL NATURAL GAS 21870 BTUILB
COMBUSTION EFFICIENCY 60 0 %
AMBIENT TEMPERATURE 13°C
STACK TEMPERATURE 755°C
OXYGEN 202 %
CARBON MONOXIDE 9 PPM
CARBON DIOXIDE 00 5 %
COMBUSTIBLE GASES 0 00 %
STACK DRAFT (INCHES H20) - 3 4

EXCESS AIR OVER %

OXIDES of NITROGEN 0 PPM

SULFUR DIOXIDE 0 PPM

CARBON MONOXIDE 1990 PPM
ALARM
MODE PPM OXY_REF = 3%

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 = 3%

900 %

14°C
756°C
180 %

78 PPM
018 %
000 %

- 36
800 %

15 PPM

o PPM

1990 PPM

~1
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Measurement #15 Measurement Nd6
Before 2as cleamn2 D3 (collector) Before 2as cleanm2 D2 (collector)
SERIAL # 11003246 SERIAL # 11003246

ENERAC MODEL 2000 ENERAC MODEL 2000

COMBUSTION TEST REKORD COMBUSTION TEST REKORD

FOR BURNS & ROE FOR BURNS & ROE

TIME 173706 TIME 17 51 18

DATE 03/17/97 DATE 03/17/97

FUEL NATURAL GAS 21870 BTUILB FUEL NATURAL GAS 21870 BTUILB

COMBUSTION EFFICIENCY 642 % COMBUSTION EFFICIENCY 500 %

AMBIENT TEMPERATURE 14 °C AMBIENT TEMPERATURE 14 °C

STACK TEMPERATURE 144 °C STACK TEMPERATURE 99 °C

OXYGEN 178 % OXYGEN 196 %

CARBON MONOXIDE 15 PPM CARBON MONOXIDE 72 PPM

CARBON DIOXIDE 01 7 % CARBON DIOXIDE 008 %

COMBUSTIBLE GASES 000 % COMBUSTIBLE GASES 000 °;0

STACK DRAFT (INCHES H2O) - 17 I STACK DRAFT (INCHES H2O) - 18 3

EXCESS AIR 683 % EXCESS AIR OVER ~o

OXIDES of NITROGEN 287 PPM OXIDES of NITROGEN 600 PPM

SULFUR DIOXIDE 0 PPM SULFUR DIOXIDE 0 PPM

CARBON MONOXIDE ALARM 1990 PPM CARBON MONOXIDE ALARM 1990 PPM

MODE PPM OXY_REF = 3% MODE PPM OXY_REF = 3%



Measurement #17 Measurement #.NH8
After D3 After D3, after eas c1eanme
SERIAL # 11003246 SERIAL # 11003246

ENERAC MODEL 2000 ENERAC MODEL 2000

COMBUSTION TEST REKORD COMBUSTION TEST REKORD

FOR BURNS & ROE FOR BURNS & ROE

TIME 185843 TIME 190744

DATE 03/17/97 DATE 03/17/97

FUEL NATURAL GAS 21870 BTUILB FUEL NATURAL GAS 21870 BTUILB

COMBUSTION EFFICIENCY 57 0 % COMBUSTION EFFICIENCY 59 7 %
AMBIENT TEMPERATURE 12°C AMBIENT TEMPERATURE 12°C
STACK TEMPERATURE 123°C STACK TEMPERATURE 117°C
OXYGEN 188 % OXYGEN 186 %
CARBON MONOXIDE 0 PPM CARBON MONOXIDE 0 PPM
CARBON DIOXIDE 01 3 % CARBON DIOXIDE 01 3 %
COMBUSTIBLE GASES 0 00 % COMBUSTIBLE GASES 0 00 %

STACK DRAFT (INCHES H20) +90 STACK DRAFT (INCHES H20) - 19 8

EXCESS AIR 783 % EXCESS AIR OVER %
OXIDES of NITROGEN 818 PPM OXIDES of NITROGEN 824 PPM

SULFUR DIOXIDE 0 PPM SULFUR DIOXIDE 0 PPM

CARBON MONOXIDE 1990 PPM CARBON MONOXIDE 1990 PPM
ALARM ALARM
MODE PPM OXY_REF = 3% MODE PPM OXY_REF = 3%
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2 Surface Temperature

Temperature of the mtenor surface oflmmg m drymg zone II
Temperature of the extenor surface of heat msulatlOn

550 to 570°C
35 to 45°C
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APPENDIX C CONVERSION FACTORS

C - 1
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CURRENCY EQUIVALENTS

1 hm - a UkraIman money umt
1hm = 0,5 x US $1 (the state on Apnl 1998)

CONVERSION FACTORS

HEAT

I cal = 4 187 J
I keal = 4 187 kJ = 3 968 Btu
I Geal = 4187 103MJ = 4 187 GCal
I Btu = 1,055 J = 1 055 kJ = 1 055 10-3MJ

POWER

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

PRESSURE

1 kgf/em2 = 1 barg
1 barg = 101 325 kPa = 0 1 MPa
1 bar = 105 Pa = 100 kPa = 0 1 MFa

LENGTH UNITS

1 nun = 0 0394 m = 0 00328 ft
1 em = 0 3937 m = 00328 ft
Im=3937m=3281ft

WEIGHT UNITS

1 g = 22046 1O-31b
1 kg = 2 2046 Ib
1 t = 1000 kg = 22046 1031b

AREA UNITS

1 em2 = 0 155 m2 = 1 076 10-3ft2
1 m2 =1 55 103 m2 =10 76 ft2

VOLUME UNITS

1 m3 = 35 31 ft3 = 1000 1
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1 1= 35 31 10-3 [13
1 1= 0 264 gal (US)

HEAT CONTENT

1 kJ/kg = 0 43 Btu/lb
1 kJ/m3 = 26 84 10-3 Btu/ft3

1 MJ/m3 =26 84 Btu/ft3

1 kcal/m3 =4 187 kJ/m3 =0 112 Btu/ft3

TEMPERATURE

or =() ::;h (OP _ 1.'),
'-" .,,; __ \... J .... j
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APPENDIX D ABBREVIATIONS

D - 1
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ESCO

ECO

FIg
hrn

tel

USAID

VAT

ABBREVIATIONS

- energy servICIng company

- energy conservatIOn opportumty,

- figure,

- hryvma,

- telephone,

- Umted States Agency for InternatIOnal Development,

- value-added tax,

barg - atmosphere gauge
BTU - BntIsh thermal umt
°C - degrees CelclUs
cm2

- centImeter squares
OF - degrees FahrenheIt
g - gram
Gcal - gigacalone
GJ - glgajoule
h - hour
kcal - kIlocalone
kg - kilogram
kgf - kilogram-force
kV - kilovolt
kV-A - kilovolt-amper
kW - kIlowatt
kWh - kilowatt hour
Lm -lumen
m - meter
m2

- meter squared
m3

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


