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1. EXECUTIVE SUMMARY

1.1 IntroductIOn

The UnIted States Agency for InternatIOnal Development (USAID) under the Contract #30 has
financed energy audIts at 24 mdustrIal plants whIch were selected accordmg to the USAID
cntena for ImplementatIOn of the IndustrIal Energy EffiCIency Project ThIs report descnbes the
findmgs of the energy audIt carned out by the Burns and Roe company at the Open Jomt-Stock
Company Inguletsk are ConcentratIon Complex (OJSC IOCC) m Knvoy Rog, 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 OJSC IOCC IS not
the only UkraInIan 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 mInIng and other mdustrIes

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 adm1ll1stratIve
measures, low-cost and no-cost measures,

• to recommend mvestment opportUnItIes and medIUm-cost measures aImed at large-scale
energy savmg

An energy audItors team, compnsmg two experts, namely (DmItry Kramarenko - thermal energy
and technology energy expert, and VladImIr Mamalyga - electrIcal engmeenng expert)
conducted energy audIt from March 23 to 27

1 2 AdmmlstratlOn and energy management

The speCIfic feature of each mdustrIal 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 UkraInIan mdustnal enterpnses m the past, energy expenses of thIs plant were
substantIally subSIdIzed, makmg energy conservatIOn far-from-pnonty Issue III 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 ofplant's products

Most Ukramlan 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

1 1



Improvmg ItS energy efficIency Due to growmg energy pnces and the uncertamties m the supply
of all types of fuel, energy management IS becommg a forefront actIvIty Each enterpnse should
properly consIder mtroductIOn of the posItion of energy manager or, m case wIth huge mdustnal
facIlItIes, even energy management groups

Such servICes should regularly momtor all processes and, m partIcular, estImate monthly energy
consumptIOn volumes The data on monthly energy consumptIOn should then be presented
graphIcally and compared wIth relevant mdices m precedmg months or years m order to detect
changes m energy consumptIon volumes If such changes have really occurred, the energy
management group should Identify theIr cause and make a deCISIon on whether some measures
should be Implemented m thIS regard For mstance, If monthly figures show an mcrease m
energy consumptIOn, the cause should be detected WIth further elImmatIOn of the problem

In addItIon to thIs, the energy management group should systematIcally study all processes to
IdentIfy energy conservatIOn opportumtIes The group experts should assure the ImplementatIOn
of energy effiCIency proposals at the plant, begmnmg 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 IOCC SIze should conSIst of several persons
Preferably, such group should mclude thermal (steam and gas supply and steam and gas
operated, and hot water supply systems, heatmg 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 Ukramlan mdustnal enterpnses, where
energy conservatIOn reserves are substantIal IncentIve schemes for speCIalIsts m charge of
effiCIent utIlIzatIOn of energy resources should be Implemented at plants

1 3 Major Fmdmgs

• As expected, the energy audItors team has revealed a number of opportumtIes to Improve
energy effiCIency under current energy pnces Earher, 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 realIze because of
hIgh dIscount rates for bank loans and economIC obstacles related to barter settlements
and mter-enterpnse arrears

• the OJSC IOCC IS conSIdered qUIte successful accordmg to Ukramian standards for
enterpnses of such scale, however It has to use barter when selhng ItS products

• Bemg a large consumer of energy resources, the concentratIOn complex has a number of
problems related to effiCIent utIlIzatIOn of energy resources

low effiCIency of gas eqUIpment m the bOIler house due to the lack of up-to-date
automatIC systems and madequate msulatIOn of the bOIlers,

low effiCIency of e1ectncal eqUIpment due to the lack of up-to-date automatIC control
systems,

energy effiCIency of the plant IS also decreasmg because rated capaCItIes do not
correspond to the actual productIOn output
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1.4 RecommendatIOns

The recommendatIOns set forth m thIS report WIll help Improve energy effiCIency, decrease costs
for energy resources, enhance the qualIty ofproducts whIle reducmg theIr cost, and to assure the
competItIveness of the enterpnse The complex has several energy conservatIOn opportumtIes
(BCGs) WIth dIfferent pay-back penods
(Table I I LIst ofthe Energy ConservatIOn OpportumtIes (ECOs))

The ImplementatIOn of the proposed ECOs WIth a very short payback penod (ECO-06, ECO-07,
ECO-OS, ECO-09, ECO-lO) wIll reduce power consumptIOn by 3,581,000 kW·h1year and
natural gas consumptIOn by 3,569,000 m3 a year The cost of ECOs WIth a very short payback
penod IS $123,000, the savmg IS expected to be $423,700, average payback penod IS 029 year

The ImplementatIOn of the proposed ECOs WIth a short and medIum payback penod (ECO-OI,
ECO-2, ECO-03, ECO-OS, ECO-ll, ECO-12) WIll reduce power consumptIOn by 84,014,000
kW· h /year, and gas consumptIOn by 5,643,000 m3/year The cost of ECOs WIth a short and
medIum pay-back penod IS $4,044,400, and the savmg IS expected to be $4,246,400, average
payback penod IS 095 year

The enterpnse also presents energy conservatIOn opportunItIes WIth pay-back penods of more
than 2 years (ECO-04)

The assessment and ImplementatIOn of the above-hsted ECOs and search for other ECOs would
reqmre a more detaIled energy audIt of the plant, elaboratIOn of the development plan of the
enterpnse, and selectIon of the energy conservatIOn strategy

13
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LIst of the Energy ConservatIon OpportumtIes

Table 11

# Power savmgs Natural gas Annual Cost of SImple Clause #

of ECO (ths kW·h) savmgs savmgs proposed payback OfthlS

ECO (ths m3
)

(ths $/ measures penod (year) report
year) (ths $)

1 InstitutIOn ofEnergy Management 53,301 2,102 2,570 2,140 083 7 I

2 ModermzatIOn of the pulp pumpmg plant PPP-l 14,016 0 631 760 120 72

3 Modermzatlon of the pulp pumpmg plant PPP-2 14,016 0 631 712 1 13 72

4 Up-gradmg ofthe electnc dnve system for the plant of 7,000 0 315 732 232 731
circulatmg water supply

5 Introduction of the automated control system at the plant of 2,681 0 121 100 083 732
circulatmg water supply

6 Up-gradmg of the water supply system to the concentratIOn 2,681 0 121 60 05 74
plants

7 Replacement ofpump for water supply to ball mIlls 131 0 5,9 1 7 029 75

8 Adjustment of combustIOn process m bOIlers of the bOIler plant 0 3,500 290 60 02 761

9 ThennalmsulatIOn of the end sIdes ofbOIlers' economIzers at 0 225 1 9 03 016 762
the bOIler plant

10 ThennalmsulatIOn ofbOIlers' screens at the bOIler house 0 588 49 10 02 763

11 AddItional thermalmsulatlOll of the external enclosure of 0 406 34 24 07 764
bOIlers

12 UtIhzatIOn of effluent gas heat at the boIler house 0 3,500 290 330 1 l~ 765

TOTAL 93,826 9,2239 4,9851 4,8994 098

'._------------



• heat

• Iron ore concentrate,

• constructIOn crushed stone,

• sand,

Alexander P Stankov
Nlkolay SOrel

General DIrector
ChIef Energy EngIneer

The rated capacIty of the processIng complex of the enterpnse was desIgned for productIOn of 15
mIllIon tons of concentrate per year

The enterpnse IS engaged In open-cast mmIng of magnesIte and ferrugInous quartzIte, processes
It and produces the followmg

The first stage ofthe Inguletsk Ore ConcentratIOn Complex was put Into operatIOn In 1964

For the whole tlme of the complex operatIOn contInUOUS actlvltles have been carned out to up
grade and modernIze the productIOn facIlItles In 1997 the first stage of the underground
conveyIng system was put Into operatIOn The complex has begun productIOn and marketIng of
the sand

Tel - (0564) 22-83-30, 22-83-31
Fax - (0564) 22-11-92

2 GENERAL INFORMATION

"Inguletsk Ore ConcentratIOn Complex",
Dmepropetrovsk oblast, 324064, Knvoy Rog

2 2 Productwn output

2 1 Enterprise hlstory

Legal Address

Name - Open JOInt-Stock Company "Inguletsk Ore ConcentratIOn
Complex" (IOCC), Knvoy Rog
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2 3 Number ofpersonnel

At present about 10,000 employees work for the Inguletsk are ConcentratIOn Complex (lOCC)

2 4 Similar Enterprises m Ukrame

There are dozens of enterpnses m Ukrame, producmg Iron ore raw matenals The most sImIlar,
m terms of the technologIcal level and types of productIOn, are the Northern ConcentratIOn
Complex (Knvoy Rog), Poltava ConcentratIOn Complex (Komsomolsk), Southern Concentration
Complex (Knvoy Rog), NovoKnvorozhsky ConcentratIOn Complex (Knvoy Rog)

2-2
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3 CURRENT STATUS OF THE ENTERPRISE

3 1 Export opportunItIes

At present, the major part of Iron ore concentrate IS marketed at the domestIc market of Ukrame,
whIle some ore concentrate IS also exported to the Eastern Europe

3.2. Structure ofthe enterprise

The enterpnse consIsts of

• open cut,

• department of raIlway transport,

• department of automobIle transport,

• crushmg-and-concentratIOn complex,

• boIler house,

• auxIlIary departments, provldmg for the operatIOn ofpnnclpal workshops

33 Consumers ofthe enterprzse's products

Mam consumers of the Iron ore raw matenal m Ukrame are steel works of Knvoy Rog,
.QnleprppetroYsk Dmeprodzerzhmsk and Ena~lev

The products are also exported to East European countnes

3 4 Importance ofthe sector to the natIOnal economy

Smce the Open Jomt-Stock Company "Inguletsk Ore ConcentratIOn Complex" IS one of the
largest producers of raw matenals (Iron ore) 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 UkraIllian economy

3-1
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4. FINANCIAL STATUS OF THE ENTERPRISE

4.1. Currency versus barter

Marketmg of the most part of the enterpnse's products (70%) IS earned out through barter
transactIOns

42 Vtabtllty ofthe enterprise

Dunng all history of ItS operatIOn (mcludmg last years) the complex was among those few
enterpnses ofmmmg sector, whIch have been profitable

At present, the level ofprofitablhty has reached 30%

4-1



1997

--1776 691764---1

19961995

1637 658722

--1557 712196

Energy consumptIOn by major units ofthe enterprise

FIgure 51 Energy consumptIOn by the complex In 1995 -1997

Table 51 Energy consumptIOn by major departments ofthe enterprzse

51. Power

min kW·h

1800
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1600

1550

1500

1450

1400

5 ENERGY CONSUMPTION

# Department Umts January 1998 August 1997

1 ConcentratIOn plant # 1 kWh 51,439,800 53,095,900

2 ConcentratIOn plant # 2 kWh 49,143,000 52,536,550

3 Crushmg plant kWh 6,839,450 6,000,610

4 Open cut kWh 5,742,600 4,881,350

5 Burden preparatIOn works (PPW) kWh 880,950 924,400

6 Pulp facIlItIes and process water supply plant kWh 33,328,780 31,350,530

7 Power department kWh 3,660,300 2,633,110

8 Department ofrailway transport kWh 1,553,780 1,884,400

9 Other consumers kWh 1,015,030 999,850

Total kWh 153,603,690 154,306,700

I
I
I
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I
I
I
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I
I
I
I
I
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Winter Summer

FIgure 5 2 Balance of power consumptIOn by the enterprIse umts
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PPW Department of railway transport----.....:.-
PUlp, and process
water supply plant
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Crushing
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FIgure 5 3 Power consumptIOn by the enterprise umts
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Table 5 2 Power consumption In 1997

Power consumptIOn kW h

Month 1997

January 151,846,901

February 136,317,489

March 158,145,682

Apn1 146,681,989

May 146,055,001

June 145,001,940

July 149,419,237

August 154,933,590

September 149,623,280

October 145,429,842

November 148,600,077

December 144,636,736

Total 1,776,691,764

1997

mn kWh
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FIgure 5 4 Power consumptzon by the enterprzse In 1997
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Table 5 3 Natural gas consumptIOn by the enterprzse umts

Figure 5 5 Natural gas consumptIOn In 1995 -1997

5 2 Natural gas
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1995 1996

# Department Umts January 1998 August 1997

1 BOller house ths m3 9,921 2,193

2 Bncks productIOn plant ths m3 36 40

3 Zmc meltmg furnaces ths m3 5 5

4 Canteen ths m3 5 5

Total ths m3 9,967 2,243

Figure 5 6 Balance ofnatural gas consumptIOn by the enterprzse umts
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1997

ths mJ 14000

Month
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Natural gas consumptIon, ths m3

Month 1997

January 12,679

February 10,844

March 9,127

Apnl 6,538

May 2,792

June 2,262

July 2,001

August 2,243

September 2,178

October 4,332

November 6,484

Decert}ber 8,584 --

Total 70,064

2000

6000

12000 V!:I~:_~

BOiler
house

FIgure 5 7 Natural gas consumptIOn by the enterprise umts

Table 5 4 Natural gas consumptIOn In 1997
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FIgure 58 Natural gas consumptIOn In 1997

5-5



Table 5 5 Heat consumption (steam, hot water)

ProductIOn of heat by the boIler house and consumptIOn of steam and hot water

# Consumers Umts January 1998 August 1997

1 Own needs of the enterpnse GCa1 54,495 9,981

2 DIstnct resIdents GCa1 26,272 3,898

3 Other enterpnses GCal 5,226 1,268

Total GCal 85,993 15,147

-

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

Other

84%

659%

257%

DistrIct

populatIOn

en t e rp rIS e s

61%

634%

305%

Winter SummerHeat 100%

Own needs

Dlstnct
population

Other
enterpnses

Own needs

FIgure 5 9 Balance ofheat consumptIOn (steam, hot water)

FIgure 510 Steam and hot water consumptIOn
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6 PREVIOUS ACTIVITY IN THE FIELD OF ENERGY

CONSERVATION

Inguletsk Ore ConcentratIOn Complex IS one of the few mInIng enterpnses In Ukrame, that
dunng some years have carned out some actIvIty, related to the energy conservatIOn Thus,
raIlway transport replaced quarry dump trucks and an underground conveymg system was
commIssIOned last year An automated system of momtonng and control of automobIle transport
was mstalled In an open cut Accordmg to the concentratIOn complex order the mstitutes
"Mechanobrchermet" and Knvbassruda" worked out a complete set of energy savmg measures
However, economIC aspect of these measures reqUIres more thorough elaboratIOn, the fact, that
seemmgly explaIns why these measures were not Implemented

It IS also Important to note that up to now no energy audIts have been carned out at the
enterpnse The above Increases the Importance of the energy audIt, performed at the Inguletsk
Ore ConcentratIOn Complex, whIch results are shown In thIS report

6-1



DescriptIOn of the ECO

7 ENERGY AUDIT

Taking controllnst
ruments readsngs

AnalySIS

Implementation of
the planned
measures

Creation of the energy
consumptton chartPlanning

Picture 71 Energy Management Cycle

Energy management cycle

7 1 InstitutIOn ofenergy management

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

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

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 enterpnse

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

7-1



• Prepanng facIlity'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 eqUIpment,

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

• Carrymg out baSIC calculatIOns, related to the Improvement of energy effiCIency, both for
overall plant and for mdIvldual productIOn hnes,

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

• Keepmg hImself mfonned on trends m the current energy polIcy and accompanymg Issues,
(e g , new tax legIslatiOn, eXIstmg restrIctiOns for energy consumptIOn levels, SubsIdIes,
envIronmental aspects etc)

It IS proposed to mtroduce an energy management system at the enterpnse m full volume
ImplementatIOn of thIS pro~os~LWIll 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 transfonner sub
statIOns m a time range The eXlstmg commercial system of metenng morutors 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, willch WIll prOVIde opportumtIes to assess the energy consumptIOn dynamIcs
m the process of productIOn and to prepare recommendatIOns concernmg energy savmg

CalculatIOn of the annual energy savmg

Accordmg to the 1997 records, the enterpnse consumed for a year some 1776692 ths kW·h of
power and 70064 ths m3 of fuel (natural gas) The world expenence and practice confinn that
after mtroductIOn of the energy management the energy consumptIOn IS usually reduced by 3%
The energy savmg would make up

I) Power -1,776,692 x 003 =53,301 ths kW· h

2) Natural Gas - 70,064 x 0 03 =2,102 ths m3

CalculatIOn of annual savmgs of energy costs

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

53,301 x 45 =$2,400,000

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

2,102 x 83 =$170,000

The total savmgs of energy expenses WIll make up

2,400,000 + 170,000 =$2,570,000
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Costs of settmg-up the energy management department

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 ofnecessary energy audIt eqUipment

Total costs

SImple payback perIOd

$21,400,0001$2,570,000 = 083 year

7.2 ModernizatIOn ofthe pulp pumpmg plants PPP-l and PPP-2

Proposal

$100,000

$2,000,000

$40,000

$21,400,000

I
I
I
I
I
I
I

To mstall at the pulp pumpmg plants of the Inguletsk Ore ConcentratIOn Complex frequency
converters to control pumps operatIOn

Study results

At present two pulp pumpmg plants are operatmg at the complex PPP-l (10 pumps) and PPP-2
(6 pumps) CapaCIty ofpump dnvmg motors IS 3200 kW at each pulp pumpmg plant

Annual Energy Savmg

InstallatIOn of frequency converters to control pumps operatIOn would reduce the consumed
power by 50%

The annual power savmg for PPP-l and PPP-2 would be

3,200 kW 0 5 8,760 hour/year =14,016,000 kW h/year

Savmg of annual costs

At the pnce of $45 for one thousand kW· h of power the savmgs of annual expenses for each
pulp pumpmg plant would make up

14,016 ths kW· hiyear $45/thousand kW· h =$631,OOO/year
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- cables and WIres

ImplementaIOn cost

3,200 kW x $200/kW =$640,000

- hIgh voltage sWItches to dIsconnect motors from frequency converters after the pumps
start-up, and theIr connectIOn to the 6 kV hne

10 pIeces x $10,000 =$100,000

•

I
I
I
I
I
I
I
I

$760,000

10 pIeces x $2,000 =$20,000

Total for PPP-l

2) ForPPP-2

- frequency converter

3,200 kW x $2001kW =$640,000

- hIgh voltage sWItches

6 pIeces x $10,000 =$60,000

The followmg eqUIpment shall be purchased to Implement thIS energy conservatIOn OPPOrtunIty

1) For PPP-l

- frequency converter

- cables and WIres

Total for PPP-2

6 pIeces x $2,000 =$12,000

$712,000

SImple payback period

Payback penods for two pulp pumpmg plants would make up

- ForPPP-l

$760,000/$631,OOO/year =1 20 year

- ForPPP-2

ConclUSIOn

$712,000/$631,000/year =113 year

GIVen comparatIvely short payback penods It IS recommended to Implement
these measures at any mterest rate on loans m Ukrame
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73 Upgrading ofclrcuiatmg water supply plant.

731 Upgradlllg of the electric drive system for the plant of circulatlllg water supply

Proposal

To Install frequency converter for the purpose of controllIng pumps of CIrculatIng water supply
plant

Study results

At present, the CIrculatIng water supply plant IS eqUIpped WIth two types of pumps WIth drIvmg
synchronIzed motors, 1000 and 1600 kWeach There are 16 pumps operatIng at the enterpnse

Power savlllg

InstallatIon of a vanable speed drIve would provIde a pOSSIbIlIty to reduce the consumed power
by 800 kW The annual saVIng of power, consumed by the system of CIrculatIng water supply,
resulted from InstallatIon ofthe frequency converters WIll make up

800 kW x 8,760 hours/year = 7,000,000 kW· h/year

Savlllg of annual costs

At power pnce of $45 for a thousand kW· h the saVIngs of annual expenses would make up

7,000 ths kW· h/year $45/thousand kW· h =$315,000Iyear

ImplementatIOn cost

SInce there are two types of motors operatIng at the plant (1000 and 1600 kW) It IS necessary to
Install two types of frequency converters

The cost of frequency converter IS equal to $200 for 1 kW ofthe motor power

The follOWIng eqUIpment shall be purchased to Implement thIs energy conservatIOn opportumty

- frequency converter to control 1000 kW motors (at the pnce 0[$200,000)

- frequency converter to control 1600 kW motors (at the pnce 0[$320,000)

- hIgh voltage SWItches to dIsconnect motors from frequency converters after the pumps
start-up, and theIr connectIOn to the 6 kV hne

16 pieces x $10,000 = $160,000

- cables and WIres

16 pIeces x $2,000 = $32,000

Total $732,000
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SImple payback perIOd

Payback penod for th1s ECO 1S

$ 732,000/$315,OOO/year = 2 32 year

ConclusIOn Due to the qUite long payback penod, ImplementatiOn of thIS opportumty may be
recommended on condItIon that a loan IS avaIlable for a lower mterest rate than
the present rate ofUkraIman state loan bonds

7 3 2 IntroductIOn of the automated control system at the circulatmg water supply plant

Proposal

Install controlled valves and an automated control system to controlr operatIOn of circulatmg
water supply to the concentratIOn plants

Study results

The circulatmg water supply plant IS connected to the concentratIon plants wIth five pipe-imes,
runnmg from the common header The pumps dIscharge mto the common header At present all
pipe-imes have manually controlled gate valves, and manometers, readmg pressure m these pIpe
hnes From tIme to tIme mamtenance personnel manually adjust pressure m the pipe-hnes,
runmng from the plant of circulatmg water supply

Annual energy savmgs

AutomatiOn of operatiOn of the cIrculatmg water supply plant would save 3-5% of the power,
used for water pumpmg, I e

003 x (2 x 1,600 kW + 7 x 1,000 kW) x 8,760 hours/year =2,681,000 kW/hour/year

Annual savmg of costs

At the power pnce of $45 for 1,000 kW h the savmg of expenses would make up

2,681,000 kW/hour/year $45lths kW h =$121,000Iyear

ImplementatIOn cost

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

Cost of automatIc eqUIpment

- conrolled valves (5 pIeces)

- automatIOn eqUipment

$10,000 x 5 pc = $50,000

$50,000

Total amount, reqUired to Implement thIS energy conservatIOn opportumty $100,000
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Annual savmg of costs

Study results

Proposal

7-7

$200 for 1 meter

$200/m x 200m =$40,000

$20,000

GIven the short payback penod thIS energy conservatIOn opportumty IS one of
the most prospectIve for ImplementatIOn at the enterpnse

Cost of a pIpe

Total cost ofpIpes

Cost ofdeslgnmg and study work

Cost of puttmg mto operatIon

2,681,000 kW· h/year $45/ths kW h = $121,000/year

At the pnee ef$45 for 1,000 kVV h ufpower the annual savmg would be

ConclusIOn

Annual savmg of energy

CreatIon of the closed system of process water supply at the concentratIOn plants would save at
least 3% of the power annually consumed for water pumpmg

003 x (2 x 1600 kW + 7 x 1,000 kW) x 8,760 hour/year=
= 2,681,000 kW· hour/year

At present, the system of process water supply IS of open type That IS why, due to accIdental
sWItchmg on and off the sectIOns of concentratIOn plants the present energy expenses by 3 - 5%
exceed the necessary amount To elImmate such losses It IS necessary to lay and put mto
operatIOn up to 200 m of pIpes

To create closed system ofthe process water supply to the concentratIOn plants # 1 and # 2

7.4. Up-gradmg ofthe system ofwater supply to the concentratwn plants

ThIS ECO's payback penod IS

$100,000/$121,000/year =083 year

SImple payback perIod

I
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Annual savmg of energy

Annual savmg of costs

7.5. Replacement ofthe pump for water supply to ball mills With more effiCient
ones

The payback penod of thIs ECO would make up

$60,000/ 121,000/year =05 year

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

$60,000

GIven the short payback penod thIS energy conservatIOn opportumty IS one of
the most prospectIve for ImplementatIOn at the enterpnse

Total cost oftlus ECO ImplementatIOn

Replacement of 8AD-8 pump by three more effiCIent pumps of AD-100 150 170AI type (WIth
the motors power of 20 kW) the power savmg would make up 25% Thus, the annual power
savmg would be

025 (3 pIeces 20 kW) 8760 hours/year = 131,000 kW· hJyear

At the power pnce of $45 for 1,000 kW h the savmg would make up

131,000 kW/year $45/ths kW h = $5,900/year

Proposal

To replace the pump 8GR-8 by three more effiCIent pumps ofAR-100 150 170DNtype

ConclUSIOn

Study results

At present, water to the ball mIlls IS supphed by 8GR-8 pumps There are also back-up umts to
ensure rehabilIty of water supply 8GR-8 pumps are dnven by 125 kW or 132 kW motors The
study results show that the motors are loaded for 40-60% of theIr rated power That IS why It IS
necessary to replace the eXIstmg motor (pump-motor assembly) by that of less power Smce
8GR-8 pump and ItS motor are subject to replacement (due to theIr weanng out), It IS
recommended to consIder expedIency of theIr replacement WIth three pumps of AR
100150 170DN type and one frequency converter

SImple payback perIod
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Measurements have been carned out at the followmg ambIent condItIons

ImplementatIOn cost

SImple payback perIod

$20,900

$20,800

$41,700

- 100-101 kPa

GIven the short payback penod It IS recommended to Implement thIS energy
conservatIOn opportumty for all pumps, at the tIme of theIr planned
replacement

• barometnc pressure

ConclUSIOn

• ambIent temperature - 14-19°C

Total

DIfference m cost of two optIOns $41,700 - $40,000 =$1,700

The payback penod of thIS ECD IS

$1, 700/$5,900/year =029 year

The cost of 8GR-8 pump IS $20,000, but takIng Into consIderatIOn theIr lower relIabIlIty and
shorter servIce lIfe (2-3 tImes), compared to AR-100 150 170DNpumps, theIr actual cost wIll be
hIgher and make up some $40,000

The cost of a system, conslstmg of three AR-100 150 170DN pumps WIth motors and one
frequency converter wIll be

The followmg parameters have been detenmned dunng tests

• composItIOn of gas and air mIxtures (Oz, CO, COz, NOx , excess aIr) - by gas analyzer
ENERAC - 2000, produced by the Energy EffiCiency Systems, Inc (USA),

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

All measurements were carned out at operatmg bOilers

The followmg has been measured

1) compOSItIOn of effluent gas (#1,2,4 bOilers),

2) compOSItIOn of effluent gas (hot-water bOiler),

3) external surfaces temperature of bOilers

76 Modernlzatwn ofthe bOIler house to enhance effiCIency ollts operatwn

- pumps WIth motors (3 pieces)

- frequency converter
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7 6 1 Adjustment of combustIOn process In bOilers

Proposal

Install systems to adjust combustIOn process upon actual air flows and to control automatIcally
the fuel-aIr ratIO accordmg to the bOIlers load

Study results

There are three bOIlers of DKVR-10/13 type, one bOIler of DKVR-20/13 type and one bOIler of
KVGM-100 type at the bOIler house

The system of combustion process control, used at these bOIlers, IS out-dated, though It IS WIdely
used m the CIS countnes As a result exhaust gases have 50 • 80% of excess air

Mam drawbacks of the eXIstmg system of combustIOn process control are the followmg

• Use of the values of forced aIr pressure mstead of actual values of air flow Therefore,
It IS not pOSSIble to carry out qualIty control of air flow, and the fuel-aIr ratio dunng
the combustIOn process,

• Lack of automatic control of excess aIr supply accordmg to the load, 1 e no control of
oxygen supply EXlstmg system IS based on manual control of aIr supply, accordmg to
the mode schemes, when the load IS changed In fact It IS not performed and the bOIler
operates at exceSSIve supply of air,

• Lack of automatic correctIOn of excess au at bOIlers outlets

We propose to solve all three problems For tlus purpose a pIezometrIc nng shall be mstalled at
the forced-draft fan of each bOIler Plezometnc nng WIll be an element of the air forcmg system
AUXIlIary eqUIpment shall mclude two dIfferential pressure transducers, gas (air) analyzer,
controller WIth mIcroprocessor, and a dnve WIth frequency control ThIS system WIll prOVIde
pOSSIbIlIty to adjust combustIOn process upon actual aIr flows and to control automatIcally the
relatIOnshIp fuel-air accordmg to the bOIler load

Upon Implementation of thIS EeO the bOIler may operate at the followmg values of excess au
5% after the bOller, and 15% before mduced-draft fan Fuel-air ratIO WIll be controlled
automatically accordmg to the load ThIS WIll result m 5-10% of fuel (natural gas) savmg

Annual savIng of energy

Annual consumptIOn of natural gas by the bOIler house IS 70,000,000 m3 5% of annual savmg of
natural gas WIll correspond to 3,500,000 m3/year

Annual savIng of costs

At the natural gas pnce of $83 for 1,000 m3 the annual savmg WIll be

3,500,000 m3/year X$83/ths m3= $290,000 a year
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7 6 2 Heat IDsulatlOn of the end sides of boIlers' economIZers

Study results

To Install thermal InSUlatIOn at the end sIdes ofb01lers' economIzers to reduce heat losses

7-11

$2,000

$4,000

$2,000

$60,000

$15,000

$7,500

$20,000

$7,500

$10,000

$60,000

Proposal

Cost for puttmg mto operatIOn $60,000

Annual saVIng of expenses $290,000

At the pnce of $83 for 1000 m3 of natural gas the SImple payback penod wIll make up

$60,000/ $290,000 = 02 year

Total cost for puttmg Into operatIOn

ImplementatIOn cost

Cost of eqUipment

DIfferentIal transducer, 10 pIeces

MIcroprocessor based controller, 5 pIeces

Gas analyzer, 5 pIeces

Frequency controlled drIve, 5 pIeces

ShIppmg and transportatIOn

TOTAL cost of eqUipment

RegIstratIOn and certIficatIOn m the State CommIttee
for SupervISIOn

TechnIcal InSpectIOn and acceptance

Total cost for regIstratIOn and acceptance

Cost of mstallatIOn and puttmg mto operatIon

Matenals and labor to be provIded by the enterpnse TheIr cost wIll be low

Simple payback period

ConclUSIOn Due to the short payback penod It IS recommended to Implement thIS ECO
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Average temperature of the end sIdes of DKVR-10/13 bOIlers' economizers IS 90°C (whIle the
rated temperature IS 40°C) InstallatIOn of thermal msulatIOn WIll reduce heat losses, therefore the
bOIlers operatIOn wIll be more efficIent

Annual savmg of energy

Heat losses at the end sIdes of economIzer (one boIler) at the temperature 90°C (heat transfer
factor a=6 7 kCalfm2hOC), total area ofnon-msulated sectIOns of pipes 15 m2

, average ambIent
temperature 15°C make up

15 6 7 (90 - 15) = 7,500 kCalfh

Heat losses at one bOller, after mstallatIOn of thermal msulatIOn and lowenng temperature of the
end Sides of economizer down to 40°C (heat transfer factor a=2 0 kCalfm2hOC), at the area of

thermal msulatIOn 10m2 WIll make up

10 20 (40 -15) =500 kCal/h

ReductIOn of heat losses from the economIzer of one boller, after mstallatIOn of thermal
msulatIOn, WIll be 7,500 kCal/h - 500 kCalfh = 7,000 kCalfh

Annual savmg of heat, takmg mto conSIderatIOn shutdown of one boIler for summer penod,
(factor 2,5) WIll be

7,000 24 365 2,5 = 153,300,000 kCalfyear

Annual savmg of natural gas at the lowest heat value ofnatural gas Q~I=8000 kCalfm3 of gas and
boIler combustIOn effiCIency of 85%, WIll be

153,300,000/(8,000 x 0 85)=22,500 m3/year

Annual savmg of costs

At the cost of natural gas $83 for 1,000 m3 the expenses savmg would make up

22,500 m3/year x $83/ths m3= $1,900 /year

Implementation cost

Cost of heat msulatIOn (mc1udmg deslgmng and mstallatlon) for three bOIlers

SImple payback penod

Cost ofputtmg mto operatIOn $300

Annual saVIng of expenses $1,900

At the pnce of $83 for 1,000 m3 ofnatural gas the SImple payback penod would be

$300/ $1,900 = 0 16 year
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ConclUSIOn Due to the short payback penod and Its low-cost It IS recommended to Implement
thIS ECO

7 6 3 Thermal InSUlatIOn of boIlers screens

Proposal

To mstall thermal msulatIon at the front and back screens (collectors, drums, pIpes) of the bOIlers
to reduce heat losses

Study results

Average temperature of the collectors, drums, pIpes at the front and back screens ofDKVR-I0/13
and DKVR-20/13 bOIlers IS 160°C (whIle the rated temperature IS 40°C) InstallatIOn of thermal
msulatIOn WIll reduce heat losses, therefore the bOIlers operatIOn WIll be more effiCIent

Annual savIng of energy

Heat losses at the front and back screens of one bOIler at the average surface temperature 160°C
(heat transfer factor a=50 kCallm2h°N), total area of non-msulated sectIOns 20 m2

, average
ambIent temperature 15 ON make up

20 50 (160 -15) = 14,500 kCallh

Heat losses at one boIler, after mstallatIOn of thermal msulatIOn and lowenng temperature of the
front and back screens down to 400& (heat transfer factor a=24 kCallm2h°N), at the area of
thermal msulatIOn 25 1

2 WIll make up

25 24 (40-15)=1,500kCal/h

ReductIOn of heat losses from the screens of one boller, after mstallatIOn of thermal InSUlatIOn,
WIll be 14,500 kCallh -1,500 kCal/h = 13,000 kCallh

Annual savmg of heat, takmg mto conSIderatIOn shutdown of one boIler for summer penod,
(factor 3,5) WIll be

13,000 24 365 3,5 = 400,000,000 kCallyear

Annual savmg ofnatural gas at the lowest heat value ofnatural gas ftr8,000 kCallm3 of gas and
bOIler combustIOn effiCIency of 85% WIll be

400,000,000/(8,000 x 0 85) =58,800 m3/year

Annual savIng of expenses

At the pnce of natural gas $83 for 1,000 m3 the expenses savmg would make up

58,800 m3/year x $83/ths m3= $4,900 /year

Cost of puttIng Into operatIOn
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Cost of heat msulatIOn (mcludmg desIgnmg and mstallatIOn) for four bOIlers

100 m2 $10/m2 = $1000

Simple payback period

Cost ofputtmg mto operatIOn $1000

Annual savmg of expenses $4,900

At the pnce of $83 for 1,000 m3 of natural gas the sImple payback penod would be

$1000/ $4,900 = 0 2 year

ConclUSIOn Due to the short payback penod It IS recommended to Implement thIS ECO

7 6 4 AddItIOnal thermalmsulation of the external enclosure of boIlers

Proposal

To mstall addItIonal thermal msulatIOn at the external enclosure ofbOIlers to reduce heat losses

Study results

Average temperature at the external enclosure of DKVR-I0/13 and DKVR-20/13 bOIlers IS 65°C
(whIle the rated temperature IS 40°C) InstallatIOn of addItIonal thermal msulatIOn WIll reduce
heat losses, therefore the bOIlers operatIOn WIll be more effiCIent

Annual savmg of energy

Heat losses at one bOIler at the temperature of external enclosure 65°C (heat transfer factor a=2 5
kCallm2hOC), total area of 120 m2

, average ambIent temperature 15°C make up

120 25 (65 -15) = 15,000 kCallh

Heat losses at one boller, after mstallatIOn of addItIOnal thermal msulatIOn and lowenng
temperature of external enclosure down to 40°C (heat transfer factor a=20 kCal/m2hOC) WIll
makeup

120 20 (40-15)=6,000kCallh

ReductIOn of heat losses at one boller, after InstallatIOn of addItIonal thermal msulatIOn, WIll be
15,000 kCallh - 6,000 kCallh = 9,000 kCal/h

Annual savmg of heat, takmg mto consIderatIOn shutdown of one boIler for summer penod,
(factor 3,5) WIll be

9,000 24 365 3,5 = 275,940,000 kCal/year
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ImplementatIOn cost

Proposal

7 6 5 UtIlIzatIOn of the boIlers effluent gas heat

Annual savIng of expenses

$2,400

$3,400

At the pnce ofnatural gas $83 for 1,000 m3 the expenses saVIng would make up

40,600 m3/year x $83/ths m3= $3,400 /year

ConclusIOn Due to the short payback penod It IS recommended to Implement thIS ECG as
soon as possIble

Cost of heat msulatIOn (mcludmg deslgnmg and mstallatIOn) for four hOllers

480 m2 $5/m2 =$2,400

At the pnce of $83 for 1,000 m3 ofnatural gas the sImple payback penod would be

$2,400/ $3,400 = 0 7year

Study results

Temperature of effluent gas after economIzers of DKVR-10/13, DKVR-20/13 and KVGM-100
bOIlers IS m the range of 110 - 175°C (at the same there IS no pre-heatmg of the aIr, supphed for
the combustIOn process) UtIlIzatIOn of effluent gas heat for pnmary aIr heatmg WIll mcrease the
operatIOn efficIency of eXIstmg bOIlers

Annual savmg ofnatural gas at the lowest heat value ofnatural gas ftr8,000 kCal/m3 of gas and
bOIler combustIOn efficIency of 85% WIll be

275,940,000/(8,000 x 085)=40,600 m3/year

Cost ofputtmg mto operatIOn

Annual savmg of expenses

Install "effluent gas - mr" heat exchangers (plate or contact type) at the bOIlers to utIlIze effluent
gas heat and to heat pnmary aIr, supplIed for the combustion process

SImple payback perIod
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Annual savIng of energy
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Annual savmg of costs

Annual consumptIOn of natural gas by the bOIler house IS 70,000,000 m3

5% of annual natural gas savmg wIll correspond to 3,500,000 m3 of gas

At the pnce ofnatural gas $83 for 1,000 m3 the cost savmg would make up

3,500,000 m3/year x $83/ths m3= $290,000 /year

Heatmg of pnmary aIr, supplied for combustIOn process, by 60 - 70°C wIll result m more 400
kCal/m3 of gas, therefore the gas savmg (at the lowest heat value of natural gas (['/=8,000
kCal/m3 of gas) wIll be 400/8,000=5%

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

-$150,000

$15,000

$50,000

$5,000

$330,000

Cost ofputtmg mto operatIOn $330,000

Annual savmg of expenses $290,000

At the pnce of $83 for 1,000 m3 ofnatural gas the SImple payback penod would be

$330,000/ $290,000 = 1,14 year

Cost of puttmg mto operatIOn

Heat exchanger (aIr heater), 5 pIeces

ShIppmg and transportatIon

InstallatIOn and puttmg mto operatIon

Techmcal mspectIOn and acceptance

Total cost for puttmg mto operatIOn

SImple payback perIod

ConclUSIon The payback penod of thIS BCO IS not long, therefore It 15 recommended to
consIder pOSSIbIlIty of Its ImplementatIOn

7-16



8-1

ENVIRONMENTAL IMPACT OF RECOMMENDATIONS

CombustIOn of 1000 m3 ofnatural gas entaIls emISSIOn of

- 028 kg,

- 122 kg,

CO 49,496 kg/year

NOD 210670kg/year

S02 928,877 kg/year

ASH 412,834 kg/year

ImplementatIOn of the proposed energy conservatIOn opportumties would reduce the power
consumptIOn by 93826 thousand kW· h/year, that IS equal to the followmg reductIon of
harmful exhausts mto the atmosphere

CO 93,826 thousand kW· h/year x 05 kg/thousand kW· h = 45,913 kg/year

NOD 93,826 thousand kW·h/year x 22 kg/thousand kW·h = 206,417 kg/year

S02 93,826 thousand kW· h/year x 99 kg/thousand kW· h = 928,877 kg/year

ASH 93,826 thousand kW· h/year x 44 kglthousand kW· h = 412,834 kg/year

ImplementatIOn of the proposed energy conservatIOn opportumtIes would reduce the natural
gas consumptIOn by 9,223 9 thousand m3/year, that IS equal to the followmg reductIOn of
harmful exhausts mto the atmosphere

CO 9,223 9thousand m3/year x 028 kg/thousand m3 = 2,583 kg/year

NOo 9,2239 thousand m3/year x 1 22 kg/thousand m3= 11,253 kg/year

The overall reductIon of harmful emISSIon would be

CO (Carbon monoxIde)

NOx (OxIdes ofnitrogen)

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 1000 kW· h of the generated power was

co - 05 kg,

NOx - 22 kg,

SO] - 99 kg,

ASH - 44kg

8
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APPENDIX A

LIST OF ENERGY

CONSERVATION OPPORTUNITIES
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Table A 1
LIst of Energy ConservatIOn OpportuDltIes

# Power Natural Annual Cost of SImple Clause

of ECO
savmgs gas savmgs proposed payback #of

ECO (ths savmgs measures penod thIS

kW·h) (ths m3
)

(ths $/
(ths $) (year) report

year)

1 Energy Management IntroductIOn 53,301 2,102 2,570 2,140 083 7 1

2 ModernIzatIOn of the pulp 14,016 ° 631 760 120 72
pumpmg plant PPP-1

3 ModernIzatIOn of the pulp 14,016 0 631 712 113 72
pumpmg plant PPP-2

4 Up-gradmg of the electnc dnve 7,000 0 315 732 232 73 1
system for the plant of clrculatmg
water supply

5 IntroductIOn of the automated 2,681 0 121 100 083 732
control system at the plant of
clrculatmg water supply

6 Up-gradmg ofthe water supply 2,681 0 121 60 05 74
system m the concentratIOn plants

7 Replacement of the pump for 131 ° 5,9 1 7 029 75
water supply m ball mIlls by more
efficIent one

8 Adjustment of combustion process 0 3500 290 60 02 761
m bOIlers of the boIler plant

9 Thermal msulatIOn of the end 0 225 1 9 03 016 762
SIdes ofbOIlers' economIzers at
the bOIler plant

10 Thermal msulatIOn ofbOIlers' 0 588 49 1 0 02 763
screens at the bOIler house

11 AddItional thermal msulatIOn of 0 406 349 24 07 764
the external enclosure ofbOIlers

12 UtlhzatIOn of the effluent gas heat 0 3,500 290 330 1 14 765
at the bOIler house

TOTAL 93,826 9,2057 4,9836 4,8994 098



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

APPENDIX B

RESULTS OF MEASUREMENTS AND

COLLECTED DATA



COMBUSTION EFFICIENCY 796 % COMBUSTION EFFICIENCY 829 %

AMBIENT TEMPERATURE 16 °C AMBIENT TEMPERATURE 16 °C

STACK TEMPERATURE 173 °C STACK TEMPERATURE 142 °C

OXYGEN 100 % OXYGEN 079 %

CARBON MONOXIDE 0 PPM CARBON MONOXIDE ~

CARBON DIOXIDE 063 % CARBON DIOXIDE 075 %

COMBUSTIBLE GASES 000 % COMBUSTIBLE GASES 000 %

STACK DRAFT (INCHES H2O) - 40 STACK DRAFT (INCHES H2O) - 54

EXCESS AIR 82 % EXCESS AIR 54 %

OXIDES ofNITROGEN 72 PPM OXIDES ofNITROGEN 48 PPM

SULFUR DIOXIDE o PPM SULFUR DIOXIDE o PPM

CARBON MONOXIDE ALARM 1990 PPM CARBON MONOXIDE ALARM 1990 PPM

MODE PPM OXY_REF = 3% MODE PPM OXY REF = 3%

Boller #4
DKVR20113

SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR BURNS & ROE

TIME 0823 14

DATE 03/24/97

FUEL NATURAL GAS 21870 BTUILB

% COMBUSTION EFFICIENCY 83 4 %

°C AMBIENTTEMPERATURE 16°C

°C STACK TEMPERATURE 131°C

% OXYGEN 07 5 %

PPM CARBON MONOXIDE 0 PPM

% CARBON DIOXIDE 07 7 %

% COMBUSTIBLE GASES 0 00 %

STACK DRAFT (INCHES H20) - 3 0

% EXCESS AIR 51 %

PPM OXIDES ofNITROGEN 79 PPM

PPM SULFUR DIOXIDE 0 PPM

PPM CARBON MONOXIDE ALARM 1990 PPM

MODE PPM OXY_REF = 3%

Boder#l
DKVR 10113

SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR BURNS & ROE

TIME 0841 07

DATE 03/24/97

FUEL NATURAL GAS 21870 BTUILB

I
I
I
I
I
I
I
I
I
I
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I
I
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Followmg are the results of measurements, earned out at the bOIler house bOIlers

I ComposItIon of gas mIxtures

Boder#4
DKVR20113

SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR BURNS & ROE

TIME 0805 17

DATE 03/24/97

FUEL NATURAL GAS 21870 BTUILB

COMBUSTION EFFICIENCY 83 2

AMBIENT TEMPERATURE 16

STACK TEMPERATURE 132

OXYGEN 085

CARBON MONOXIDE 0

CARBON DIOXIDE 072

COMBUSTIBLE GASES 000

STACK DRAFT (INCHES H20) - 3 7

EXCESS AIR 61

OXIDES ofNITROGEN 85

SULFUR DIOXIDE 0

CARBON MONOXIDE ALARM 1990

MODE PPM OXY REF = 3%

Boder#2
DKVR 10/13

SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR BURNS & ROE

TIME 083248

DATE 03/24/97

FUEL NATURAL GAS 21870 BTUILB



Temperature, °C

Surface BOller #1 BOller #2 BOller #4
DKVR-10/13 DKVR-10/13 DKVR-20/13

Front enclosure 50-80 85 87

RIght SIde enclosure 70 65 40-45

Left SIde enclosure 60 55 40-45

Back enclosure 50 55 80-90

EconomIzer SIdes 80-100 80-100 -

Front screen 154 157 150

Back screen 163 150 162

COMBUSTION EFFICIENCY 820 % COMBUSTION EFFICIENCY 770 %

AMBIENT TEMPERATURE 16 °C AMBIENT TEMPERATURE 14 °C

STACK TEMPERATURE 147 °C STACK TEMPERATURE 112 °C

OXYGEN 97 % OXYGEN 160 %

CARBON MONOXIDE o PPM CARBON MONOXIDE 33 PPM
CARBON DIOXIDE 065 % CARBON DIOXIDE 029 %

COMBUSTIBLE GASES 000 % COMBUSTIBLE GASES 000 %

STACK DRAFT (INCHES H2O) - 53 STACK DRAFT (INCHES H2O) - 07

EXCESS AIR 76 % EXCESS AIR 290 %

OXIDES ofNITROGEN 74 PPM OXIDES ofNITROGEN 44 PPM

SULFUR DIOXIDE o PPM SULFUR DIOXIDE o PPM

CARBON MONOXIDE ALARM 1990 PPM CARBON MONOXIDE ALARM 1990 PPM

MODE PPM OXY REF = 3% MODE PPM OXY REF = 3%

2 Surface temperatures

BOiler #1
DKVR 10/13
SERIAL # 11003246
ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR BURNS & ROE

TIME 084934

DATE 03/24/97
FUEL NATURAL GAS 21870 BTUILB

Hot water boIler
DKVR 100
SERIAL # 11003246
ENERAC MODEL 2000
COMBUSTION TEST RECORD
FOR BURNS & ROE

TIME 0841 07

DATE 03/24/97

FUEL NATURAL GAS 21870 BTUILB

I
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APPENDIXC

PLANT PHOTOGRAPHS
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"
I1aHeJIH npn6opoB KOIITpOIDI napaMe'TpoB KOTJIOB ,l{KBP 10/13

Panels of the mstruments for controllmg parameters ofDKVR 10/13 Bollers
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CHCTeMa perYJIHPOBaHIDI nO)l;aq}! raJa Ha KOTen pKBP 10/13

System controllmg gas supply to DKVR 10/13 Bouer

TeTIJIOH30.IDII{IDI naponpoBO)l;OB BKOTeJThHOH

Thermal illsulatlon of the stream lmes ill the bOIler house
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TopueBl>Ie CTOpOHbI 3KoHoMaihepoB KOTJIOBj(KBP 10/13

SIde VIews ofeCOllOlll1ZerS ofDKVR 10/13 BOIlers



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

~

b-
r'-",

I,

~

~ {
fj".,l;!~'"'."ti,

~,;;

l"8EJ"--

f;~

TermoM30JUIl(lliI TOP~OB 3KoHoMaihepa KOTJIaJ(KBP 20/13
Thennal msulatlOn of the sIde ends of econ01ll1Zers for

DKVR 20/13 BOller

IIepe.zurnii: 3KpaH KOTJIaJ(KBP 20/13
The front screen ofDKVR 20/13 BOller
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APPENDIX D

UNITS OF MEASUREMENT



PRESSURE

WEIGHT UNITS

LENGTH UNITS

= 4,187 J
4,187 kJ = 3,968 Btu

= 4,187 103 MJ =4,187 GJ
= 1055 J = 1,055 kJ = 1,055 10-3 MJ

CURRENCY

POWER

1 Cal
1 kCal =
1 GCal
1 Atu

UNITS OF MEASUREMENTS RELATION

1 g = 2,2046 10-3 lb
1 kg = 2,2046 Ib
1 t = 1000 kg = 2,2046 103 1b

1 rom = 0,0394 m =0,00328 ft
1 cm = 0,3937 m = 0,0328 ft
1 m = 39,37 m = 3,281 ft

1 kgfi'cm2 = 1 atm
1 atm = 101,325 kPa = 0,1 MPa
1 b = 105 Pa = 100 kPa =°1 MPa,

1 UAR Hnvnya, National currency ofUkrame
1 UAR = US $0493 (as ofDecember 1997)

1 W = 3,6 103 J = 3,6 kJ
1 kW = 3,6 103 J = 3,6 MJ = 860 kCal
1 MW = 3,6 103 MJ = 0,86 GCal
1 kCal = 1,163 10-3 kW
1 GCal = 1163 kW = 1,163 MW =395 MBtu
1 kW = 1,36 hp
1 kW = 1,34hp
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SQUARE MEASURE

1 cm2 = 0,155 m2 = 1,076 10-3 ft2
1 m2 = 1,55 103 m2= 10,76 ft2

VOLUME MEASURE

1 m3 = 35,31 ft3 = 1000 1
11 =35,31 1O-3ft3
1 1 = 0,264 gal (US)

CALQRIFIC VALUE

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

1 MJ/m3 = 26,84 Btu/ft3

1 kCal/m3 = 4,187 kJ/m3 = 0,112 Atu/ft3

TEMPERATURE

ON = 0,56 (OF - 32)

I
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APPENDIX E

LIST OF ABBREVIATIONS
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ECO

UAR

Q-ty

mo

OJSC

Ru

CIS

tab

etc

1 e

Tel

ths
ESC

USAID

ABBREVIATIONS

- Energy Conservation OPPOrtunIty,

- Hnvnya,

- quantIty,

- month,

- open Jomt-stock company,

- rouble,

- Commonwealth ofIndependent States,

- table,

- et cetera,

- that IS,

- telephone,

- thousand,

- energy servIce company,

- US Agency for International Development,



•
UNITS OF MEASUREMENT

I
Btu BntIsh Thermal Vmt, IW - watt,

GJ - glgaJoule,

IGCal - gigacalone,

g - gram,

kVA - kIlovolt-ampere IkW - kIlowatt,

kWIh - kIlowattihour, IkV - kIlovolt,

kg - kilogram,

Ikgf - kIlogram-force,

kg Sf - kilogram of standard fuel (kIlogram ofcoal eqUivalent),

kCal - kilocalone, ILm - lumen,

MJ - megaJoule,

IMW - megawatt,

m - meter,

m2 square meter, I
m3 - CUbIC meter,

rom - mIllImeter, Iem2 - square centImeter,

°C - CelsIUS degree,

t - metncton,
of - Farenhelt degree,

h hour,


