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1 0 EXECUTIVE SUMMARY

1 1 Introduction

ThIS energy audIt has been conducted under a program sponsored by the US Agency for InternatIOnal
Development ThIS project, referred to as DelIvery Order #30, consIsted of performmg twenty four
audIts throughout Ukrame The purpose of the project was to develop Ukralman energy servIce
company (ESCO) capabIlIties To accomplIsh thIS task, Burns and Roe Enterpnses, Inc (the
pnmary contractor) hIred UkraIman engmeers These engmeers were tramed m US techmques of
conductmg energy audIts and m ESCO concepts The mdustnal energy audIts were conducted to
faCIlItate the ESCO traImng
The team made up of two representatives of the Bums and Roe Enterpnses - energy management
experts MIkhaIl V Tamovsky and VladImIr V Prokopenko - carned out the energy audIt from May
11 to 15, 1998 m accordance WIth the purposes of the Project and prepared the report

Smce these mdustnes are very large, a one week SIte VISIt IS not suffiCIent to adequately audIt the
entire faCIlIty Therefore, the work was focused on a smgle gasolIne catalytIC reformmg productIOn
plant

ThIS audIt IS based on what could be accomplIshed dunng the one week allocated WhJ.1e tlns audIt
contams numerous recommendatIOns for the plant management, the plant management IS encouraged
to perform a complete audIt of the entire faCIlIty Hopefully, the plant management Will conSIder
lnnng the engmeers tramed under thIS project to contmue thIs work, wlnch WIll result m a complete
understandmg of energy usage wItlnn the plant, as well as a complete lIstmg of all potentIal energy
Improvement projects and theIr turnkey ImplementatIOn

The current report descnbes the findmgs of the energy effiCIency audIt performed by Burns and
Roe at the JSC UKRTATNAFTA The UKRTATNAFTA IS the largest 011 refinery m Ukrame
The gross mcome m 1997 amounted to US$370,290,000 and the share of exports m the total
volume of sales was 4 6% The share of energy m the productIOn cost was 14 7%

The tasks of the energy audIt were as follows

• to conduct mformal trammg m energy management practIces
• to create an mstItutIOnal awareness of energy management
• to recommend medmm-cost and capItal mvestment actIOns reflectmg large-scale energy

conservatIOn OpportunIties

1 2 Brief survey

The JSC UKRTATNAFTA IS a modem dynamIcally growmg enterpnse, It IS well-known m
Europe, the largest of Its kmd m Ukraine

The enterpnse management IS mterested In energy effiCIency Improvement that IS proven by the
establIshment of an energy laboratory

Due to the short term of the energy audIt by the concurrence WIth the refinery management the
LCh-35/11-600-68 gasolIne reformIng plant was selected for the study WIth the purpose of
replIcatIOn on other plants of the refinery
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In the total energy costs mcurred by the plant seventy five per cent make up fuel and thermal
energy SIXty per cent of consumed electnc power are used by the dnves of pumps, fans and
compressors These usages actually determme pnmary energy savmg sources Energy cost
constItute 47 2% ofproductIOn costs

As expected the energy audIt team has dIscovered many attractIve OpportunItIes of Improvmg energy
effiCIency at current energy and fuel pnces When the energy costs were 20 to 30 tImes lower the
energy conservatIOn measures were not economIcally essentIal Presently the energy effiCIency
Improvement IS cost effectIve though dIfficult to Implement due to illgh mterest rate of the bank
credIt and general economIC dIfficultIes lInked to bartenng and mutual non-payment

The lack of computenzed techmcal energy submetenng does not permIt to mstItute the baSIS for
energy conservatIOn and mtroduce the full-scale energy management system

A SIgnIficant energy conservatIOn opportumty IS Improvement of the use of gas and other fuels by
utIlIzatIon of modem burners and automatIc systems of combustIOn control, enhancement of
pIpmg and heat exchanger msulatIOn

ReductIOn of electnc power consumptIon can be achIeved by the Improvement of compressed aIr
generatIOn and utIlIzatIon systems, and by energy effiCIent lIghtmg

The energy audItors conSIder the JSC UKRTATNAFTA to be a potentIally relIable partner of
energy servIcmg compames

After eqUIppmg the energy laboratones WIth energy audIt mstrumentatIOn It IS adVIsable to regroup
It mto an energy management sectIon

The energy audItors see the prospects m contInuatIon ofwork both at the studIed plant and at other
productIon lInes and at general energy and aUXIlIary faCIlItIes

The project enVIsages further ImplementatIOn of long-term measures by the plants themselves m
concert WIth pnvate Ukralman energy servIcmg companIes One of the mam tasks of ESCO
development IS the pOSSIbIlIty of acqumng long-term (for 2-3 years) financmg for ImplementatIOn
of energy conservatIOn measures at the enterpnses

The energy audIt team saw a realIstIc opportumty to render conSIderable aSSIstance m energy use
reductIOn by mstItutIon of energy management servIce and other ECOs at the plant by an
mdIvIdual contract after completIOn of the USAID project

IntroductIon of measures proposed m tills project WIll reduce energy consumptIOn and respectIve
costs by 11 2%
If to extend the measures proposed for the LCh35/11-600-68 onto other productIon lInes of the

refinery the sum total of energy cost savmgs can be forecasted wIthm 20-25%

The tIme lImIts of the present Project do not permIt to momtor the operatIOn of the eqUIpment
intended for space heating seaSOn
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1 3 RecommendatIons

RecommendatIOns lIsted below WIll Improve energy effiCIency of the plant, reduce the costs and
consolIdate competItiveness of the enterpnse These measures are recommended to be
Implemented m the shortest terms The refinery management IS recommended to conSIder the Issue
of Implementmg other measures as financIally pOSSIble

To encourage the faCIlIty to Implement energy effiCIency and energy conservatIOn, USAID IS
contnbutmg energy audItmg eqUIpment to the plant ThIS eqUIpment consIsts of standard energy
audItmg mstrumentatIon and meters that WIll enable them to Implement an energy savmg actIVIty
For example, ECO #1 "Energy management mstitutIOn" WIll set up systematIc energy conservatIOn
actIVIties by establIshment of an energy management sectIOn responsIble for the control and analySIS
of the energy consumptIOn at the plant and development of recommendatIOns for renovatIOn and
Improvement of any energy savmg systems

Generally the energy management sectIOn should conSIst as a mmimum of three persons techrncal
supervIsor, electncal and thermal engmeers The supervIsor should be a part of the plant management
and report dIrectly to the plant general manager It IS essentIal as energy consumptIOn and energy
costs acqUIre a speCIal Importance and a plant manager should be aware of energy conservatIOn
potential

ECO #2 "Automatic energy metenng system" It WIll prOVIde get an objective pIcture of energy
use at the enterpnse WIthout manual operatIOns, enhance the groll..11ds for energy conseruatlOn-and
relIabIlIty of energy use mdICators for mternal settlements between production umts

ECO #3 "Retrofittmg of P-601 hydraulIc punficatIOn oven WIth utilIzatIOn of exhaust gas heat"
UtIlIzatIOn of exhaust gas heat, automatIc control of fuel-to-air ratIO by the exhaust gas analySIS
and ofoven load dependmg on the temperature ofraw matenals, mstallatIOn ofnbs m the radIatmg
part ofthe oven WIll ensure savmgs of fuel for the hydraulIc punficatIOn oven and energy costs

ECO #4 "Improvement of fuel combustIOn effiCIency m P-602 reformmg oven" Upgradmg of the
oven burners and mstallatIOn of metenng and control deVIces, elImmatIOn of alr mfiltratIOn m the
exhaust gas duct, Improvement of msulatIOn m the convection part of the oven wIll lead to 6%
savmgs of fuel

ECO #5 "Retrofittmg of heat exchange eqUIpment at the reformmg plant and Improvement of ItS
operatIOn efficIency" The analySIS of the entIre set of heat exchangers showed that there IS a
potentIal for reductIOn of resIdual temperature Impact by 50% as a mimmum For thIS purpose It IS
necessary to mstall addItional hIgh-effiCIency heat exchange eqUIpment SImultaneously WIth
scheduled replacement of eqUIpment termmatmg ItS servIce lIfe ThIS WIll mcrease the temperature
of raw matenals before the hydraulIc punficatIOn and reformmg ovens by 20-250C and thus reduce
fuel consumption by 20-25%

ECO #6 "Improvement of LCh-35/11-600-68 reformmg plant msulatIOn" It IS recommended to
deSIgn and mstall at the refinery plants easy-to-dismantle msulatIOn permIttmg multIple use after
overhauls By the experts' estImate, msulatIon of bare surfaces IS an attractIve and cost-effiCIent
opportumty reducmg heat emISSIon mto the enVIronment by 90-95%
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ECO #7 "Energy effiCIent hghtmg" By mtroducmg energy-efficIent hghtmg sourcesInstead of
DRL-type lamps at the plant, the hghtmg system rehabIhty WIll Improve and power use wIll be
reduced

ECO #8 "Momtonng and optImIzatIOn of electnc eqUIpment capacItIes" IntroductIOn of
mstrument metenng, full use of rated capacItIes WIll exclude ImpractIcal modes of operatIOn and
ensure unreasonable use ofpower

If Implemented the measures proposed by the audItors WIll ensure an opportumty to reduce energy
consumptIOn annually

• electnc power by - 33,300,800 kWh (9 1% of 1997 consumptIon)
• fuel by - 36,039,800 tce (9 8% of 1997 consumptIon)
• thermal energy by - 64,822 Gcal (98% of 1997 consumptIOn)

and WIll result addItIonally m reductIOn ofpollutant emISSIons

1 Sohd partIcles - 146 0 tons/year
2 Sulfur dIOXIde - 329 7 tons/year
3 Carbon OXIde - 83 47 tons/year
4 NItrogen OXIde - 170 95 tons/year

CapItal lllvestments of $4,485,050 mto the Improvement of energy effiCIency (ECO#l through
ECO#8) WIll result m annual savmgs of$6,079,718 later

6
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---------------------
Enerey conservatIon opportuDlties

Table Nol
Electnc Fuel, Thermal Annual Project cost, Payback,

ECa
DescnptIOn power, tce energy, savmgs, $ years

1,000 kWh Gcal $

1 InstItutIon of energy management 18285 17680 40500 2700000 1 356300 05

2 AutomatIc energy use metenng system
10972 8588 24 32~ 1627500 1400000 09

3 Retrofittmg ofP-601 hydraulIc punfication oven
wIth utIlIzatIon ofexhaust gas heat 6026 548000 330000 06

4 Improvement of fuel combustIon efficIency m

P-602 reformmg oven 2040 186000 142000 08

5 Retrofittmg of heat exchange eqUIpment of
reformmg plant and Improvement of Its
operatIon efficIency 9187 846000 1 150000 14

6 Improvement ofLCh-35111-600-68 reformmg
plant msulatIon

248 22600 14500 064

7 Energy efficIent lIghtmg 3891 14396 17250 12

8 Momtonng and optImIzatIOn of electnc
eqUIpment capaCItIes 36547 135222 75000 06

TOTAL 333008 360398 6482} 6079718 4485050

Bnef survey ofthe EeOs IS gIven m SectIOn 7 "Energy audIt",
full descnptIOn - m AppendIX A of thIs report
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In 1971 the followmg plants sIgmficantly ImproVIng oIl product qualIty were commIssIoned

SImultaneously wIth the L-35-11/300 the 19/6011 asphalt plant was commIssIOned for operatIon

In August 1967 the L-35-11/300 gasolIne catalytIc reformmg plant was commIssIoned

VladImIr M Matytsm

Nlkolay V Eskov
2-85-97

Sergey P Leltar

• L-35-11/600 catalytIc reformIng plant wIth the processIng capacIty of 600,000 tons ofraw
matenals

• LCh-24-7 hydraulIc dIesel fuel punficatIon plant wIth the processmg capacIty of 600,000 tons
ofraw matenals

Further growth of 011 refinmg was achIeved by commlsslornng of the atmosphenc 011 refirung unIt
wlthm the GK-3/l combIned plant N02

In December 1969 the atmosphenc 011 refirung plant wIth the ELOU electnc desalmatIOn urnt was
commISSIoned The catalytIc crackmg plant went Into operatIOn m June 1970

In 1973 - 1976 the urnt complex for productIOn oflubncatmg oIls G-37, G-39-40, G-36-37, G-24 In
1975 the process of catalytIc reformIng was mtroduced wIth an extractIon facIlIty and new
petrochemIcal products - benzene and toluene were receIved

The first-phase facIlItIes commIssIOned for operatIon mcluded the folloWIng plants
• ELOU-I0/6 electnc desalInatIOn plant
• AVT-A-12/5 plant
• mert gas generation plant
• ethyl mlxmg plant
• general servIce facIlItIes

2 1 EnterprIse hIstory

In May 1969 the gas fractIOnatIon plant went Into operatIon At thIs plant productIon of lIquefied gas
and mdlvldual hydrocarbons n-butane and ISObutane - raw matenals for petrochemIcal mdustry 
was mastered

ConstructIOn ofthe plant began m Apnl1961 July 10, 1966 the first 011 was accepted and July 19
first tons of ready products were receIved

2 0 GENERAL BACKGROUND

Chairman ofthe board
DIrector general
FIrst deputy chaIrman,
techmcal dIrector
Deputy chIef power manager
Tel (05366) 2-84-11, 2-85-55, 4-13-34, 4-13-27,
Fax (05366) 2-80-20, 2-84-48, 2-84-49
3 SVIshtovskaya str , Poltava regIon,
Kremenchug, Ukrame 315309
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Further Improvement of 011 refinmg was connected WIth the start of the second umfof catalytIc
crackmg wlthm the N02 GK-3/1 combmed plant m 1976 Thus the catalytIc crackmg capacItIes were I
mcreased to the desIgn output of 1,480 thousand tons a year

GIven the mcreasmg share ofhIgh-sulphur content 011 processmg and takmg care of the envIronment I
a comprehensIve catalytIC crackmg gas punficatIOn program for hydrogen sulphIde removal at the
dry gas desulphunsatIOn urnt and further processmg of hydrogen sulphIde at the mdustnal sulphur
productIOn plant The mdustnal sulphur IS supphed to chemIcal works for productIOn of sulphunc I
aCId

In 1978 the LK-6u combmed plant for productIOn of several types of fuel and gas In 1980 tills plant I
began productIOn of Isopentane fractIOn

At the end of 1981 the Dneprol ash-free detergent and dIspersmg addItIve productIOn plant started I
operatIOn The addItIve IS used mlubncant productIon

Further constructIOn of faCIlItIes for pnmary 011 refinmg has been discontmued smce commisslOnmg I
ofthe LK-6u combmed plant

Considenng large demand for lubncatmg 011 m Ukrame m 1988 a combmed plant for regeneratlOn of I
used lubncants was commISSIOned However, poor results of used lubncatmg 011 collectIon was the
reason of actually permanent Idlmg of the plant due to the lack of raw matenals Currently the plant I
IS mothballed

The JSC UKRTATNAFTA has large pnmary 011 refinmg capaCItIes and msuffiCIent productIOn hnes
for deep processmg of 011 wastes Some of the plants have eqUIpment WIth servIce hfe of over 20
years

The LCh-35/11-600-68 plant belongs to the productIOn facIhty N02 and conSIsts of the followmg
umts

• raw matenal prehmmary hydrauhc punficatlOn urnt WIth hydrogenatlOn product stnppmg and
hydrogen sulphIde stnppmg hydrocarbon gas monoethanolamme punficatIOn suburuts

• catalytIC reformmg umt WIth hydrogen-contammg gas dehumIdIficatIOn suburut
• reformate stablhzatIOn umt
• exhaust gas heat utIlIzatIOn subumt (utlhzatIOn bOIlers)

For receptlOn and storage of 011 and storage and dehvery of fimshed products the refinery has a
product and raw matenal handlmg faclhty eqUIpped WIth storage parks WIth 10-20-50 thousand CUbIC
meter tanks, drammg and fillmg raIlroad trestles and od pumpmg statIOns The mam handlmg
operatIOns are automated

Average number of the UKRTATNAFTA personnel m 1997 was 4,698

The management structure IS gIven m FIg 2 1
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Management structure ofJoznt-stock company
UKRTATNAFTA

r "CHAIRMAN OF THE BOARD,

Director general

"- .....

,
FIrst deputy charrman, "

techmcal drrector

\..

r Deputy charrman, "
productIon dIrector Foreign econOmIC relatIons "advisor

\.. ~ -
\.. ~

,.
Deputy charrman """ L.( Chief accountant
Fmanclal dIrector

\.. ~

r Deputy charrman, "'constructIon and renovatIon
drrector

'- ../

,
Deputy charrman, "
personnel dIrector

\..

r Member of the board, "
commercial dIrector

~

Secunty dIrector

Frrm Ulatatnaftaservlce

r "PnvatIsatIon and market economy
dIrector

\..
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2 2 Recent productIOn

The JSC UKRTATNAFTA puts out a wIde range of 011 products By the maJonty ofmdicators the
refinery occupIes the leadmg place at the UkrainIan market

Output ill 1997 Share ill total output,
# Deslgnatlon Umtof %

measure

1 Gaso1me 1,000 tons 9901 2189

2 AVIanon fuel 1,000 tons 05 001

3 DIesel fuel 1,000 tons 11424 2526

4 Furnace 011 1,000 tons 34 008

5 Industna1 fuel 011 1,000 tons 14928 330

6 F10tat-tQn reagent 1,000 ton.s 54 OU-
7 Lubncants 1,000 tons 1361 301

8 Petroleum asphalt 1,000 tons 995 22

9 Petroleum asphalt matena1s 1,000 tons 1069 236

10 Domesnc gas 1,000 tons 516 1 14

11 Sulphur 1,000 tons 163 036

12 LOW-VISCOSIty manne fuel 1,000 tons 0 0

13 Other 1,000 tons 478 2 1057

TOTAL 45232 100

Breakdown o/productlOn output by types

3
25,26%

1
21,89%

11 6
036% 10 8 7 0,12%

, 114% 9 301°/, 2,36% 2,20% , /0
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• fuel supply departments, fuel storage faCIlItIes, fuel dIstnbutIOn facIlItIes,

The pnmary customers of the UKRTATNAFTA products are the followmg

Sales ofpetroleum products manufactured by JSC UKRTATNAFTA
(1,000 tons)

• Lubncants

1997

o Fuel oIl

1996

II DIesel fuel

4000

3500

3000

2500

2000

1500

1000

500

0
1995

CGasolme

12

2 3 SIgmficance of the sector for the natIonal economy

• ore concentratIOn complexes,

• farm supply orgaruzatIOns,

• steel works and rollmg mIlls, metal structure works, coke works,

Presently there are SIX 011 refinenes m Ukrame

• Kremenchug, Poltava regIOn

• LlSlchansk, Lugansk regIOn

• Kherson

• Odessa

• DrogoblCh, LVIV regIOn

• Nadvirna, Ivano-Frankivsk regIon

The pnmary customers ofpetroleum products m Ukrame are the agromdustnal complex, power
generatIon enterpnses, motor transport enterpnses and motor vehIcles
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• construction and mstallatton enterpnses, mobIle construction umts, constructIon mecnanizatton
departments,

• bakenes, gram elevators,

• sugar refinenes, dames, butter works,

• mImng management departments,

• power generatIOn plants,

• collective farms, forestnes, agromdustnal compames and mdividual farms

The dynamIcs of sales of the UKRTATNAFTA Illustrates sImultaneousness of the decrease of the
share ofoutSIde owned raw matenals whIch does not generate profit for the refinery and ImpaIred
finanCIal results

13
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30 CURRENT STATUS OF PRODUCTION

3 1 ProductIon output

Production output changes

Output at current prices

1997

1997

1996

__1996

1000 tons
9000.,---------------------------,

8000 I

7000 ------

6000 ~====-------======~~==~;;::===:d5000 +
.,~

4000 -t----------------------------{

3000 -1----------------------------1

2000 -1-----------------------------1

1000 -1-----------------------------1

0+--------------,---------------1
1995

1,000 Hr
700000.,...------------------------------,

600000 -1---------------------------1

500000f==::~:;~===~::===::::~~~=J400000

300000 -1-------------------------1

200000 +--------------------------1

100000 -1---------------------------1

0"'1-------------.,---------------1
1995

In 1995-1997 the refinery was underusmg the capacItIes ThIS was caused by the changes m the
pncmg pohcy and mstabIhty of the 011 market
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3 2 ProductIvIty of labor 1997 vs 1996

ProductivIty oflabor m 1996 was 297,766 2 Hr
ProductivIty oflabor m 1997 was 304,796 7 Hr,
whIch makes 1024% vs 1996

3 3 Prospects of development

The marketmg, productIOn and technIcal sefVlces of the JSC work on the prospective development of
the refinery In future the refinery plans to expand the selhng market for the UKRTATNAFTA
petroleum products by 5% The followmg factors wIll be employed

• m order to encourage the customers' demand a flexIble pnce dISCOunt system has been developed
whIch enables successful competitIOn by attractmg large wholesalers,

• It IS planned to expand sales by attractmg the state-owned Jomt-stock company "K.hleb Ukramy"
whIch supphes petroleum products to agncultural enterpnses, and to contmue long-term co
operatIOn wIth the Ukramian Mimstry of energy by supplymg fuel 011 to power statIOns,

• besIdes power sector fuel 011 IS purchased by other mdustnes such as 011 refimng and
petrochemIcal enterpnses, sugar refinenes wIth whIch long-term co-operatIOn IS planned,

• JSC UKRTATNAFTA plans to supply the petroleum products to ore concentratIOn complexes,
steel works and rollmg m1lls, departments of the Ukralman raIlroad company,

• accordmg to publIcatIOns only 30% of total consumption of lIght fuels (gasohne and mesel fuel)
are sold VIa retail networks 1 e fillmg statiOns, therefore, It IS planned to buIld further gas fillmg
statIOns

15
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The chart shows that the export market were stable for the UKRTATNAFTA though the exports In

1997 decreased from 1996 by 7%

-
~
~
~
~

JSC UKRTATNAFTA exports petroleum products

Share ofexports In total sales
In 1995-1997

19971996

16
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3 4 Exports vs Domestic sales

% of total sales
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40 FINANCIAL STATUS

4 1 Currency vs Barter

Receivables andpayables In 1995-1997

Gross Income o/the refinery In 1995-1997

1997

1997
--.tr- Payables

17

1996

1996
---- ReceIvables

~

• 4t

o
1995

50000

250000

1000 Hr
800000 ....-------------------------------,

700000 +-------------------------=,.......

600000 +----------------_--:=-""""""':::......--------1

500000 :b:::::::::::=---==:::::::::::======::~=----------~
400000 -1----------------------------1

300000 +---------------------------1

200000 +---------------------------1

100000 -1----------------------------1

0-1--------------..--------------1
1995

100000

200000

1,000 Hr

300000

150000

In the busIness operatIOns of the JSC UKRTATNAFTA barter operatIOns constItute a slgmficant
part ThIS IS explaIned by the payment cnSlS In UkraIne
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The charts above show the mam finanCial results of the refinery operatIOns The analySIS reveals that
m spIte of a sIgmficant nse m gross Income In 1997 vs 1996 by 24 5%, the payables though dropped
but neglIgIbly ReceIvables Increased In 1997 vs 1996 by 104%
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ProfitabIlIty ofoutput In 1995-1997
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The profitabilIty ofproductIOn 1997 vs 1996 contmued to grow due to the transItIon to processmg of
own raw matenals mstead ofoutSide owned

In general, the viabilIty mdlcators have satIsfactory values and show a stable status of the enterpnse
In the studIed penod

18



tee

5 0 ANNUAL ENERGY CONSUMPTION AND COST

Fuel and energy consumptIOn In 1995-1997

5 1 Annual consumptIOn In 1995 - 1997
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1997
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1996
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Specific consumptIon offuel and energyfor processing of
crude 011 In 1995 -1997
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The JSC UKRTATNAFTA uses secondary types of energy purchased from the local utIlItIes as
electnc power, VarIOUS types of fuel, and thermal energy as technologIcal steam
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Breakdown oftotal fuel and energy use In 1997

LiqUId fuel
875%

I

I
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Od processmg
gas

3553%

Potable
water
004%

Clrculatmg
water
520%

Natural gas
459%

Purchased heat
22,21%
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Annual consumptIOn, Share of total consumption,
# Fuel or energy tce %

1 Electnc power 87772 5 13 98
2 Natural gas 288444 459

3 LIqUId fuel 549453 875

4 Petroleum coke 607965 969
5 011 processmg gas 2230575 3553
6 Potable water 226 004
7 Crrculatmg water 326489 52

8 Purchased heat 1394469 2221

TOTAL 627738 100

The above charts, dIagram and table show annual consumptIOn by types of energy and fuel Electnc
power, purchased heat and 011 processIng gas compnse 1398 %, 2221 % and 3553% of the total
consumptIon respectIvely However, the cost structure IS somewhat dIfferent (see SectIon 52)
electnc power - 20 67",/0, purchased heat - 22 85 %, 011 processIng gas - 16 85 %

UpgradIng and growth of production In combInation wIth ImplementatIOn of comprehensIve energy
conservatIOn opportumtIes WIll reduce speCIfic consumptIOn of fuel and energy per ton of 011

20



ElectricIty consumptIOn m 1997

Monthly fuel and energy consumptIOn IS shown on the graphs below
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Thermal energy consumptIon In 1997
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Total electncIty consumptIOn In 1997 was 365,718 7 thousand kWh, all types of fuel (natural gas,
fuel 011, petroleum coke, 011 proceSSIng gas) - 367,644 tce, steam - 810,738 Gcal MaxInlum steam
consumptIOn IS In the WInter months ofDecember and January (88,663 and 114,379 Gcal
respectIvely) Synchronous changes ofparameters In the charts reflect the Impact ofproductIOn
factors on the fuel and energy consumptIOn
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Fuel and energy consumptIOn by the LCh-35/11-600-68 plant In 1997

Production ElectrIcIty Fuel Heat Treated Steam AIr TechnologIcal steam Condensate Circulatmg

output consumptIOn, consumptIOn, consumptIOn water use generation consumption,
consumption, recovery, water,

Tlmepenod
1,000 kWh Gcal Gcal 1,000 m3 tons tons 1000ml

tons tce tons

I quarter 60376 55392 6480 1984 6875 2679 4492 2377 1242 16892

II quarter 30039 29104 3215 445 3641 1174 1409 645 112 9522

III quarter *) 0 0 0 0 0 0 0 0 0 730 I

IV quarter 63170 61226 6754 1510 6642 3166 4105 1646 960 21624

1997 123546 116618 13234 3494 13517 5845 8597 4023 2202 45817

*>In May - September 1997 the plant was undergomg major overhaul
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Breakdown ofenergy costs m 1997

5 2 EXIstIng energy tarIffs

ElectrIcIty
2067%

Clrculatmg water
1671%

Potable water
043%

- 0 037 $/kWh,
- 89 03 $/1000 m3

Natural gas
327%

Od processmg gas
1685%

Petroleum
coke

1145%

Average annual energy cost at the current tanffs was deternllned by the refinery operatIon results m
1997
• electrIcIty
• natural gas

In 1997 the JSC UKRTATNAFTA paId for energy and fuel $54,252 thousand Accordmg to the
energy audIt data the cost of energy used by the LCh-l1/35-600-68 plant amounted to 472 % of all
productIOn costs Therefore, the energy conservatIon measures may have a sIgnIficant Impact on the
financIal results of the plant and entire refinery operations

Annual costs, Share of annual costs,
# Fuel and energy $ %

1 ElectrIcIty 13,531,592 2067

2 Natural gas 2,141,795 327

3 LIqUld fuel 5,087,045 777

4 Petroleum coke 7,499,805 1145

5 011 processmg gas 11,032,368 1685

6 Potable water 284,244 043

7 CIrcu1atmg water 10,944,103 1671

8 Purchased heat 14,959,589 2285

TOTAL 65,480,541 100
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5 3 Ener2)' use profile

DIstnbutIOn of energy among the JSC UKRTATNAFTA IS carned out by 45 dIstnbutIOn and 65
transformer substatIOns VIa cables laId m overpasses and m the ground

In 1997 the energy was supplIed under dIrect contracts Annual electncity consumptIOn was 365,719
thousand kWh The total capaCIty of capaCItor urnts was - 34,002 kVAR, mcludmg the Kremenchug
power statIOn - 5,955 kVAR, the FAKEL substatIOn - 21,447 kVAR, the ZARYA substatIon - 6,600
kVAR

TechnologIcal steam was used m 1997 by all UKRTATNAFTA faCIlItIes In 1997 the maJomum
dally average load of steam WIth 16 kg/cm2 pressure receIved from the Kremenchug power statIOn
was 239 1 ton/hour gIVen total maXImum consumptIOn from the external sources of241 6 ton/hour

For plant, space and partial mam 011 pIpelIne heatmg the power statIOn hot water IS used Heatmg
supply system supplIes mam 011 pipeime heatmg systems and domestic hot water supply system

Overall length of steam, condensate, hot water chemIcally treated water and aIr pIpmg operated by
the thermal supply unIt constitutes 474 km

In 1997 1,079,801 Gcal of thermal energy was used The thermal energy use mcludes 122,220 Gcal
of heat generated by the heat utIlIzmg eqUIpment of the GK-3/1 No 1 and 2, G-36-37 , LCh-35/11
600, S-200 LK-6U, UPES plants In 1997 heat use for productIOn purposes was 935,958 Gcal

Standard speCIfic consumptIOn for processmg 1 ton of 011 was 195 8 Mcal

Total actual heat consumptIOn m 1997 from the Kremenchug power statIOn WIth contracted amount
of 1,853,000 Gcal was 897,437 Gcal, mcludmg VIa N Phobos - 88,663 Gcal ConsumptIOn of the 16
kg/cm2 steam from the mdustnal carbon works was 60,144 Gcal

The condensate recovery IS carned out at SIX condensate statIons The condensate recovery system IS
closed-cIrcUIt The condensate receIved at the condensate statIOns IS cooled at the first-phase space
heatmg system and IS pumped to the central condensate statIOn Condensate recovered at the central
condensate statIOn m 1997 amounted to 493,162 tons and was punfied of 011 products by settlement
pnor to return to the Kremenchug power station m conformIty WIth the contract between the power
statIOn and JSC UKRTATNAFTA For the make-up of the space heatmg system and feedmg the
utIlIse bOIlers the power statIOn supplIed 142,111 tons ofchemIcally treated water

Annual generatIOn and consumptIOn of compressed aIr was 137,56594 thousand CUbIC meters
agamst the planned amount of 134,900 2 thousand CUbIC meters

In 1997 398,807 tce were used for productIOn purposes compnsmg

• natural gas - 33,118 5 thousand normal m3

• fuel 011
• steam
• petroleum coke
• 011 processmg gas

• 011 processmg gas

• crackmg gas

• dIesel fuel

• boIler and oven fuel

-13323 $/ton
- 18 45 $/Gcal
- 133 23 $/ton
- 82 05 $/ton

- 148,373 tons

- 52,293 tons

- 37,605 tons

- 205 tons
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IncludIng the folloWIng

for domestzc purposes

• dIesel fuel

• bOIler and oven fuel

for outszde sales

• natural gas

- 373 tons

- 205 tons

- 9,061,698 normal CUbIC meters

• 011 processIng gas - 13,920 tons

At the refInery there IS no techmcal submetenng of natural gas and heat use by productIOn umts and
types of products, therefore objective estImates of energy use dIstnbution the IndIcated types of
energy use Presently these estimates are drafted by the economIC section of the refinery by
calculations based on desIgn speCIfic consumption and productIOn output The results of the energy
use are reflected In the state statistics form No 11 MTP "Report on the results of fuel, thermal energy
and electncity consumptIOn"
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Fuel consumptIon by types of products and operatIOns

Total 011 mcludmg pnmary Sulphur Other productIOn use,

Years processmg, processmg, productIon,

tee tee tee tee

1995 559,290 261,642 1,311 305

1996 435,682 199,849 1,214 0

1997 365,776 155,420 800 232

tce
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100000

o
Total 011 processmg Includmg primary Sulphur productIon Other mdustral use

01995 01996
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ElectrIcity consumptIOn by types of products and operatIOns

Total oIl mcludmg pnrnary Sulphur Other productton use,

Years processmg, processmg, productton,

1,000 kWh 1,000 kWh 1,000 kWh 1,000 kWh

1995 516917 176703 3709 9146

1996 397513 157611 3337 6204

1997 357320 108942 2595 5551
1

1 000 kWh

600000

500000

400000

300000

200000

100000

Total 011 processmg Includmg primary Sulphur productJon Other productJon use

m1995 01996
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Thermal energy consumption by types of products and operations

Total 011 mc1udmg prunary Sulphur Other producnon use,

Years processmg, processmg, producnon,

Gcal Gcal Gcal Gcal

1995 1 524658 783551 9985 38971

1996 1211 482 612 191 10735 26491

1997 914433 434057 9841 8684

Gcal
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Total oil processing Including primary Sulphur productIOn Other industrial use
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60 PREVIOUS ENERGY IM:PROVEMENTS

CertaIn energy conservatIOn effort was made at the J8C UKRTATNAFTA Dunng the prevIous year
the energy laboratory Implemented the folloWIng
• reVIew of the folloWIng plants 8-200 LK-6U of the N02 productIon hne, AVT and ELOU of the

No 3 productIon hne, AT-l GK-3/1 of the Nol productIon hne,
• reVIew of the AT-l GK-3/1 ovens ofthe Nol productIOn hne, AVT, 8-200, 8-300,
• reVIew of electncIty consumptIOn, analysIs of the electnc supply of the refinery and development

of measures to cut down losses In electnc gnds, optImIzatIon of operatIOn of statIC capaCItor
battenes,

• prelImInary study of the refinery lIqUId fuel system, system of regIstratIOn of natural and 011
proceSSIng gas consumptIon

The company IS developIng the concept of regIstratIOn, control and management of the energy use on
the basIs of computer technology

At the LCh-35/11-600-68 catalytIC reformmg plant
• utIlIze bOIlers have been replaced,
• oven hmng have been replaced,
• productIOn parameter regIstratIOn have been set up (temperature, pressure, flow),
• accordIng to the retrofittIng plan developed m conjunctIon WIth the Gas InstItute the eXIstIng

burners are bemg replaced WIth more modem ones
Refimng technologIes are beIng Improved WIth the VIew of energy conservatIon
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70 ENERGY AUDIT

We recommend to mstItute the energy management system at the JSC UKRTATNAFTA to full
extent

Energy management IS the mam avenue by whIch energy usage reductIOn and mcrease m
consumptIOn effiCIency can be achIeved Energy management IS a system of enterpnse management
that promptly reveals and ehmmales non-producnve use of energy resources

Implementmg an energy management actiVIty typIcally would mvolve appomtmg a person
responsIble for mstItutIon of energy management at the enterpnse - an energy manager In order to
carry out contmuous morutonng and analySIS of energy consumptIOn It IS proposed to proVIde the
enterpnse WIth necessary measunng eqUIpment

Institution of energy management

Automatic energy metermg system

ECO-l

ImplementatIon of the proposals recommended by the energy audItors WIll reduce annual energy
consumptIOn
• electnc power by 33,300 8 thousand kWh (9 1% of 1997 consumption)
• fuel by 36,039 thousand CUbIC meters (9 8% of 1997 consumption)
• thermal energy by 64,822 Gcal (8 05 of 1997 consumption)

The energy audIt of the LCh-35/11-600-68 plant of the JSC UKRTATANAFTA resulted m a range
of recommendations for energy efficIency Improvement at the plant and the entire refinery The
maJonty of the problems of the JSC UKRTATNAFTA are typIcal for the UkraIruan refinenes,
therefore addressmg these problems can be replIcated at these enterpnses WIth sImIlar type of energy
use

Implementation of thIs project WIll reduce
• electncity consumptIOn by 18,285 thousand kWh/year,
• fuel consumption by 17,680 tce/year,
• thermal energy by 40,500 Gcallyear,
• energy costs by $2,700,000 per year
SImple payback WIll be 0 5 year
See detaIls m AppendIX A, ECG #1

ECO-2
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• Presently the refinery energy laboratory IS performmg the study of energy effiCIency of production

plants For regIstratIOn of energy tradItional technIques are used when the servIce personnel records
mstrument readmgs and submIts them for further processmg CalculatIOns of electncIty, steam,
heatmg water, lIqUId and gaseous fuel consumptIOn by the refinery production uruts are carned out
WIth the help of standard mdicators and productIOn output Instrument submetenng presently does
not meet actual reqUIrements both from organIzatIonal and technologIcal standpomts

We recommend to automate commerCIal and techrucal metenng WIth the help of the ITEK
technIcal mstrument set manufactured by the R &D mstItute "EnergIya" m KIev These
mstruments are certIfied m Ukrame and are deSIgned for contmuous and penodlcal
measurement/regIstratIOn of phySIcal values
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IntroductIOn of the ITEK-XIX allows consumers to pay theIr electnc power bIlls by the one-rate
tanff dIfferentIated accordmg to the daytIme zone

We recommend to automate commercIal and technIcal metenng wIth the help of the ITEK
technIcal mstrument set manufactured by the R &D mstItute "EnergIya" m Kiev These
mstruments are certIfied m Ukrame and are deSIgned for contmuous and penodical
measurement/regIstratIon ofphySIcal values

IntroductIon of the ITEK-XIX allows consumers to regIster the resource use WIth hIgh accuracy and
pay the bIlls by the actual consumptIOn but not proportIOnally to the occupIed area or to other
mdicator

In order to lmplement thIS work It IS planned to set up commercial electnclty metenng at 136
pomts, steam at 12 pomts, heatmg water at 4 pomts, hqUId fuel at 2 pomts, gaseous fuel at 1 pomt

Techmcal electnclty consumptIOn metenng can be Implemented at 1,200 pomts, steam at 80
pomts, heatmg water at 28 pomts, compressed au at 130 pomts, hqUId fuel at 34 pomts, gaseous
fuel at 46 pomts

Judgmg from the global expenence expected savmgs from mtroductIOn of the m-plant automatIc
metenng and control and plannmg systems wIll be not less than 3%

ImplementatIon oftms project wIll save

• Electnc power - 10,972 thousand kWh
• Natural gas - 721 7 thousand m3 or 8588 tce
• Steam - 24,322 Gcal

SImple payback IS 0 9 year

See detaIls m AppendIX A, ECG #2

ECO-3
heat gas

RetrofittIng of P-601 hydraulIc pUrIficatIOn oven with utIlIzatIOn of exhaust

At the L-Ch-35/11-600-68 reformmg plant m order to hydrauhcally punfy low-octane gasolme a P
601 cyhndncal vertIcal heatmg oven IS operated usmg the 011 processmg gas The experts usmg
energy audIt eqUipment have performed the study of the oven operatIOn

The energy audItors see the opportumty to Implement the followmg at the oven

• retrofittmg burners,
• utlhzatIOn of exhaust gas heat by usmg "gas-to-alr" type eqUipment on the heat plpmg,
• automatIC control of fuel to-alr ratIo by the combustIOn gas analYSIS, oven load dependmg on the

temperature ofraw matenals,
• mstallatIOn of fins on the radIator part of the oven,
that WIll save 30-32% Of fuel used by the P-60l hydrauhc punficatIon oven

ImplementatIOn of thIS project WIll save
• 6,026 tce/year,
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• $548,000 per year
SImple payback IS 0 6 year
See detaIls m AppendIx A3, ECO #3

ECO - 4 Improvement of fuel combustIOn efficIency In P-602 reformmg oven

The energy audItors studIed the operatIon ofP-602 umt of the LCh-35/11-600-68 plant The oven IS
desIgned for heatmg of the gas product mIxture to 498-500oC The oven IS eqUIpped wIth 42 burners
wIth combmed gas and lIqUId fuel combustIon capabIlIty Behmd the oven there are two KU-60l/1 2
waste-heat recovery bOllers Exhaust gas analyses were taken at eIght POInts along the flow of the
flue gas

Overall effiCIency of the oven IS 83% If losses Into the enVIronment are taken mto account the
effiCIency IS 82%

The energy audItors recommend a set ofmeasures for Improvement of fuel effiCIency at the oven that
WIll save 8-10% of fuel

implementatIOn ofthIs project WIll reduce

• fuel consumptIOn by 2,040 tce/year,
• energy costs by $186,000 per year

SImple payback IS 0 8 year

See detaIls m AppendIx A, ECO #4

ECO - 5 RetrofittIng of heat exchange eqUIpment of reformIng plant and Improvement of
Its operatIOn effiCIency

Refonmng of low-octane gasolme mto hIgh-octane IS connected WIth heatmg of raw matenals
undergomg hydraulIc punficatIon, gas catalytIC crackmg and ready product coolmg on completIOn of
the former processes Between heatmg the raw matenal and coolIng of the ready product are heat
exchanger unItS whIch heats raw matenals from 45°C to 226°C before the hydrauhc punficatIon oven
and cools the punfied product from 310°C 0 116°C In the coolmg UnIt the product IS cooled from
116°C to 38°C 1 e there are Irretnevable heat losses

Performed analySIS of the general operatIonal parameters of the entIre set ofheat exchangers showed
that there was a potentIal of reducmg reSIdual temperature dIfference 50% as a mInImum ThIs WIll
mcrease the raw matenal temperature before the hydraulIc punficatIon and refonmng ovens by 20
25% and through thIS to reduce fuel consumptIOn for raw matenal heatmg m the ovens by 20-25%

For that purpose It IS necessary to Install addItIonal hIgh-effiCIency eqUIpment sImultaneously WIth
planned replacement of the eqUIpment WIth expIred lIfe tIme

implementatIOn ofthIs project WIll reduce

• fuel consumptIOn by 2,040 tce/year,
• energy costs by $186,000 per year
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SImple payback IS 1 4 years

See detaIls m AppendIx A, ECO #5

ECO-6 Improvement of LCh-35/11-600-68 reformmg plant msulatlOn

Dunng the study of the plant the energy audItors revealed sIgmficant number of non-msulated
surfaces of pipeimes, heat exchangers, reactors, supports and other Items WIth temperatures from
I 50°C to 450°C In order to calculate heat losses It IS necessary to know the temperature and area of
heat emIttmg surface

For the detaIled analySIS of heat losses It IS advIsable to carry out thermal survey of all eqUIpment not
only at tms plant but at the entIre refinery WIth further development of a specIal mvestment project of
Improvement of msulatIOn on the refinery eqUIpment and pIpmg By the experts' estImate msulatIOn
of bare surfaces IS attractIve and effiCIent opportumty to reduce heat waste by 90-95% The energy
audItors recommend to deSign and mstall easIly dIsmantled thermal msulatIOn permIttmg multIple
use after overhauls

ImplementatIOn OfthiS project WIll reduce

• fuel consumptIOn by 248 tce/year,
• energy costs by $22,600 per year

SImple payback IS 0 64 year

See detaIls m AppendIx A, ECO #6

ECO-7 Energy effiCient plant hghtmg

The external and mternallIghtmg system of the plant area conSIsts of 45,756 lIghtmg fixtures of
vanous types mcludmg 1,000 searchlIghts on masts With mcandescent lamps WIth 500-1000W,
explOSIOn-proof lamps for productIOn area lIghtmg, lIghtmg fixtures WIth DRL - 250 (400) and DRL
400 (150) lamps for lIghtmg of compressor rooms, pumpmg and ventilation stations, circulatmg
water supply umts and for external area lIghtmg

The lIght flow of the DRL-400 lamp IS 23,000 lumen and nommal servIce lIfe IS 6,000 hours, for
DRL-250 lamp respectively 10,000 lumen and 2,400 hours

ThIS recommends replacement of DRL -400 mgh pressure mercury lamps for external lIghtmg of the
plant area WIth the DNaT-250-3 mgh pressure sodmm lamps and of DRL-250 WIth DNaT-IOO-3
usmg eXIstmg fixtures and replacmg sWItcmng applIances WIth appropnate capaCIty The sodmm
lamps of the DNaT -250-3 type manufactured m the CIty ofPoltava have a longer operation lIfe 
12,000 hours WIth the lIght flow of 25,000 lumen and DNaT-100-3 respectively 6,000 hours WIth the
lIght flow of 9,000 lumen

Implementation OfthiS project WIll reduce

• electncity consumptIOn by 389 1 thousand kWh/year,
• energy costs by $14,396 per year
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See detal1s m AppendIx A, ECO #7

SImple payback IS 1 2 years

SImple payback IS 0 6 year

ImplementatIon oftrus project WIll reduce

MODltormg and optimIZatIOn electric eqUipment capacities

• electncity consumptIOn by 3,654 7 thousand kWh/year,
• energy costs by $135,222 per year

ImplementatIon of thIS project WIll save at least 1% of electncity used for productlOn purposes each
year

Histoncally, when electnc motors went out of order the replacements were brought m IrrespectIve of
the nommally requrred capacIty

Electnc dnves of productIOn, pumpmg and ventIlatIOn eqUIpment are mam consumers of electnc
power

Total rated capacIty of 45 electnc motors of the plant was 8,285 kW Total used capacIty was 4,283
kW Measurements taken by the DRANETZ electnc load analyzer testIfy to the low dnve loads of
electnc dnves

ECO-8

Nmety mne per cent of total electnCIty consumptIon of the refinery was used for pnmary productlOn
purposes accordmg to the 1997 data that constItute 365,466 thousand kWh per year for $13,522,242

ThIS recommends to mtroduce operatIonal momtonng of actual electnc parameters of electnc
eqUIpment by a set of portable devIces The recommended proposal WIll ensure momtonng of the
actual electnc eqUIpment loads, analyse theIr effiCIency and schedule replacement wIth more
efficIent eqUIpment

I
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I

See detaIls 10 AppendIX A, ECO #8
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8 0 ENVIRONMENTAL IMPACT OF RECOMMENDATIONS

Annual energy resource savmgs due to Implementation of energy management Will be as shown In
the Table 1

AccordIng to the data from the Mimstry of Energy, In 1996 1 kW h of the electnc power meant
emIttIng Into the atmosphere of 17 g of contamInatIng substances, IncludIng the follOWIng

The most effiCIent way of reductIOn of hazardous emISSIons Into the atmosphere IS decrease of fuel
and electnc power use Energy conservation and efficIency are extremely urgent from the ecologIcal
standpoInt

- 33,300,800 kWh
- 36,039 8 tce

- 64,822 Gcal

99g
05g
22g
44g

RedUCIng electnc consumptIOn results In decreaSIng the amount of the emItted harmful substances
that can be determIned by the formula

h = hu Eps,

• sulphur diOXIde S02
• carbon OXIde CO
• mtrogen OXIdes NOx

• solId partIcles

The proposed project contaInS energy conservatIOn measures aImed at savIng fuel and electnc power
The maIn fuel used at the JSC UKRTATNAFTA IS natural gas The harmful substance that forms In
sIgmficant quantity dunng combustIOn of this fuel IS mtrogen OXIde (NOJ The mtrogen OXIdes are
harmful to the human health and can cause severe respIratory problems
SInce combustIOn of natural gas results In the least emISSIons of the carbon dIoXIde CO2 (that IS the
maIn gas responsIble for settIng "the green house effect"), saVIng natural gas WIll contnbute to
weakemng of "the green house effect" Carbon monOXIde (CO) IS emItted after an Incomplete
combustion of fuel, It reacts WIth other substances and has VarIOUS detnmental Impacts Sulphur
dIOxIde resultIng from combustIOn destroys matenals

1 Electncity savIngs
2 Fuel saVings
3 Thermal energy

•

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

-
where

h - total emISSIons g/kWh, saved or not emItted Into the atmosphere
h.t - the specIfic content of emISSIons, g/kW h
Eps - electnc power saVIng, kW h

Amounts ofpollutants formed dunng generation of33,300 8 thousand kWh

1) sulphur dIOXIde S02
2) carbon OXIde CO
3) mtrogen OXIdes NOx

4) solId partIcles

hI = 9 9 X33,3008/103= 329 7 (t/year)
h2 =05 x33,300 8/103 = 16 65 (t/year)
h3 =22 X33,3008/103 = 73,26 (t/year)
h4 = 4 4 X33,300 8/103 = 146,0 (t/year)

The amount of prevented emISSIons Into the atmosphere as the result of fuel and purchased heat
saVIngs can be calculated based upon the European standards ofIndustnal emISSIons

For the lIght 011 fractIOns used In the power plants of 5 MW capaCIty the standards are as follows
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• carbon oXIde CO = 171 mg/kWh or 171 kg/thousand kWh
• mtrogen oXIdes NOx = 250 mg/kWh or 0 25 kg/kWh
Total fuel savmgs by Implementmg ECO #1 - #6 consIdenng that for generatIOn of 1 Gcal of heat
o172 tce IS used WIll be 47,1892 tce whIch IS equal to 33 032 Gcal (390,773 8 thousand kWh) of
thermal energy

ReductIOn of emISSIons mto the atmosphere WIll be

• carbon oXIde CO
• mtrogen oXIdes NOx

Mea = 0171 X390,773 8/103 = 6682 (ton/year)
M NOx = 0 25 X390,773 8/103 = 9769 (ton/year)

TABLE OF POLLUTANT EMISSION REDUCTION

DescrIptIOn Umt of ReductIOn In emIssIons as result of the energy
saVInl!S, tlvr

measure ElectrIc Natural gas TOTAL
power

Hard partIcles 146 - 146
Sulphur dIoxIde 3297 - 3297
Carbon oXIde 1665 6682 8347
NItrogen oXIdes 7326 9769 17095
Total emISSIon reductIOn 73012
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APPENDIX A ENERGY CONSERVATION OPPORTUNITIES (ECOs)

A-I



ECO description

Energy management cycle

CoUectmg energy
consumptIOn data

AnalYSIS

Prepanng energy
consumptIOn chart

Implementmg
planned zmprovements

InstitutIOn of energy management

Plannmg

ECO #1

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

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

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

Implementmg an energy management actIVIty typIcally would mvolve appomtmg a person
responSIble for mstItutIOn of energy management at the enterpnse - an energy manager For the JSC
UKRTATNAFTA the energy audItors see It adVIsable to mstItute the energy manager pOSItIOn at each
productIOn hne and at each energy consumptIOn system (fuel, electnClty, aIr, heat and water)

The mam dutIes of an energy manager



• Prepanng faCIlIty's energy consumptIon chart (probably m collaboratIon WIth an outsIde
consultant, energy audItor),

• Collectmg fuel and energy consumptIon data usmg measunng and testmg eqUIpment,
• Prepanng a plan for Implementmg addItIOnal measunng and testmg eqUIpment,
• Collectmg data on raw matenals and energy consumptIOn and on productIOn output,
• Makmg key calculatIOns on Improvmg energy effiCIency - for overall faCIlIty as well as specIfic

productIOn lInes,
• Implementmg new technologIes on eXIstmg and new energy systems to Improve energy

effiCIency of operatIon,
• Encouragmg the personnel to mdicate potentIal energy conservatIon opportumtIes
• Keepmg mformed on current energy polIcy trends and neighbonng Issues, (e g , such as new tax

legIslatIOn, eXIstmg consumptIOn restnctIOns, SubSIdIes, envIronmental aspects etc)

In order to Implement permanent energy consumptIon momtonng and analySIS we recommend to
mstitute energy management system at the plant and to proVIde reqUIred measunng eqUIpment The
set of eqUIpment that WIll be useful for the plant should mclude

• three phase energy analyzer,
• tachometer,
• hot-WIre anemometer,
• combustIOn analyzer,
• non-contact thermometer,
• ultraSOnIC leak detector,
• dIgItal contact thermometer,
• lIght meter,
• power factor meter,
• portable temperature/humidity/ dew pomt meter,
• computer WIth pnnter

ImplementatIOn of thIs ECO WIll result m conSIderable energy savmgs

Annual energy savmgs

Currently the works use annually on average 365,718,700 kWh of electnc power, 24,057,000 m3

of natural gas, 810,738 Gcal of steam, 38,138 tons of fuel 011 and 190,746 tons of other fuel
(petroleum coke and OIl-processmg gas)

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

The global expenence and practIce show that m case of mstItutIOn of full-tIme energy management
ensures 10% of fuel and energy consumptIon savmgs WIth 5% energy conservatIOn
ImplementatIOn cost



or 2,750 tce
or 3,000 tce
or 10,500 tce

I
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Presently the refinery management IS purposefully addressmg energy conservatIon-Issues by
settmg up an energy laboratory wIth the concrete actIon program The laboratory plans to develop
and Implement energy efficIency Improvements and mtroduce consIstent energy conservatIon
effort

At a cautIous estImate of the laboratory efficIency WhICh wIth the proper mstrumentatIOn can be
transformed mto an energy management sectIon at the refinery we can assume that at the
expendIture of 2 5% ofenergy costs the energy savmgs WIll amount to

• Electnc power - 365,718,700 x°OS - 18,285,000 (kWh)
• Natural gas - 24,057,000 x°OS - 1,202,000 (m3

) or 1,430 tce
• Steam - 810,738 x °os - 40,500 (Gcal)
• Fuel oIl - 38,183 x °OS - 1,900 (tons)
• Petroleum coke - 56,293 x °OS - 2,800 (tons)
• all processmg gas - 134,453 x °05 - 6,700 (tons)

Annual cost savIngs estimate

1 At the average annual pnce of$O 037 per 1 kWh of electnc power the cost savmgs wIll be
18,285,000 x °037 - $676,500

2 At the average annual pnce of $89 03 per 1,000 m3 ofnatural gas the cost savmgs WIll be
1,202 x 89,03 - $107,000

3 At the average annual pnce of $18 45 per 1 Gcal ofsteam the cost savIngs WIll be
40,500 x 18,45 - $747,000

4 At the average annual pnce of$133 23 per 1 ton of fuel 011 the cost saVIngs WIll be
1,900 x 133 23 - $253,000

5 At the average annual pnce of $133 23 per 1 ton ofpetroleum coke the cost savmgs WIll be
2,800 x 13323 - $373,000

6 At the average annual pnce of $82 05 per 1 ton of 011 processmg coke the cost saVIngs WIll be
6,700 x 82 05 - $549,000

TOTAL energy cost savmgs WIll be
676,500 + 107,000 + 747,000 + 253,000 + 373,000 + 549,000 -$ 2,700 000

mcludmg fuel costs
107,000 + 253,000 + 373,000 + 549,000 - $1,282,000

Implementation Costs

Accordmg to the world practIce, expenses on Implementmg energy management are planned m
advance and constitute 5% of energy costs These expenses mcIude costs of Improvmg energy
consumptIOn record system, management costs, costs of consultmg company serVices, which
WIll produce

• faCIlIty's energy flow survey,



• energy consumptIOn charts,

• energy consumptIOn balance,

and WIll also

• work out energy efficIency recommendatIOns,

• Implement energy management program,

• provIde assIstance m purchasmg energy efficIent eqUIpment

At average annual energy costs of $54,252,000 total implementatIOn costs of energy
management program should be planned at

54,252,000 x0 025 - $1,356,300

SlIllple payback

ImplementatIOn costs - $1,356,300
Annual cost saVIngs - $2,700,000
SImple payback penod WIll be

1,356,000/2,700,000 - 05 (year)



ECO descrIptIon

For measunng non-electnc parameters the followmg measunng mstruments are used

Energy metenng IS carned out by 674 Instruments used for metenng

Heat supply for the JSC UKRTATNAFTA comes from the Kremenchug power statIOn WIth the
followmg steam parameters

AutomatIc energy metermg system

• electnc power - 562 electnc meters,
• steam 52 meters,
• heatmg water - 17 meters,
• hqUId fuel - 17 meters,
• gas fuel - 27 meters

Electnc power IS supphed to the refinery from the GRU-6 mam dIstnbution deVIce of the power
statIon VIa two five-cable, one four-cable and ten three-cable feeders through 24 node dIstnbutIOn
pomts of the refinery, from the FAKEL l50/6-kV substatIon VIa three four-cable, eIght three-cable,
SIxteen two-cable and twelve smgle-cable feeders through 45 node dIstnbutIon pomts

• pneumatIc measunng converters WIth output SIgnals of 0 2 - 1 0 kg/cm2
,

• measunng converters WIth electnc output SIgnals of4-20 rnA,
• dIfferential flow mk plotters

Presently the refinery energy laboratory IS perfornllng the study of energy efficIency of productIon
plants WIth tills purpose the energy use regIstratIon and operatIOn modes of energy mtensive
eqUIpment of the productIOn plants are checked step by step followed by the analysIs and
evaluatIon of the energy effiCIency The measurements WIll result m development of proposals for
energy effiCIency Improvements

ECO-#2
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• pressure 16 kg/cm2
, temperature 300°C VIa five steam pipeimes of 500 mm dIameter,

• pressure 40 kg/cm2
, temperature 350°C VIa one steam pipeime of200 mm dIameter,

• pressure 40 kg/cm2
, temperature 350°C VIa one steam pipeime of350 mm dIameter,

and VIa heatmg water network WIth the temperature schedule of 130-70oC

Industnal carbon utIhzer bOIlers are the second source ofheat supply for the refmery supplymg the
steam WIth 16 kg/cm2 pressure, 300°C temperature VIa a 500 mm pipehne

Twenty two utIhzer bOIlers are the thIrd heat source

Compressed aIr for productIon and testmg IS supphed by four compressor statIOns

• VK-l aIr compressor umt eqUIpped WIth one 5G-100/8 and two 3NV-4K-3l5/520 and three
UQV-lOO aIr dehumIdIfiers WIth 100 m3/mm capaCIty each

• VK-2 aIr compressor umt eqUIpped WIth three 5G-IOO/8 and one 43BTz-160/9 compressors and
three DQV-lOO aIr dehumIdIfiers WIth 100 m3/mm capaCIty each



• VK-3 air compressor umt eqUIpped WIth two German-made VMTS-8037 and one 43BTz-160/9
compressors and three DaV-lOO aIr dehumIdIfiers WIth 100 m3/mm capacIty each

• AIr compressor umt of productIon hne N04 eqUIpped WIth four 305 VP-30/8 and one PK-5/25
compressors and three DaV-100 aIr dehumIdIfiers

The pnmary fuels are 011 processmg gas and fuel oIl of own productIOn The fuels for G-24, G-36
37, UPES, petroleum asphalt and DIG plants are natural gas supplIed by the CIty utIlIty

BeSIdes, the catalytIC crackmg plants use as theIr technologIcal fuel petroleum coke generated
dunng catalytIC crackmg process

DetaIled study of the refinery showed that for energy regIstratIon tradItIonal technIques are used
when the servIce personnel makes rounds of meters, flow meters and other mstruments, records
theIr readmgs and takes them to the computer center for further processmg CalculatIOns of
electncIty, steam, heatmg water, mdustnal hot water, hqUld and gaseous fuel consumptlon by
productIOn umts If the refinery are made WIth the help of standard mdicators and actual productIOn
output Energy submetenng mSIde the refinery does not meet current reqUIrements both from
organIzatIOnal and technologIcal standpomts

We recommend to automate commercIal and technIcal metenng WIth the help of the ITEK
technIcal mstrument set manufactured by the R &D mstItute "Energlya" m Kiev These
mstruments are certIfied m Ukrame and are desIgned for contmuous and mstantous
measurement/regIstratIOn ofphySIcal values

IntroductIOn of the ITEK-XIX allows consumers to pay theIr electnc power bIlls by the one-rate
tanff dIfferentIated accordmg to the daytIme zone whIch m conjunctIon WIth the measures of
reductIon of the maxImum hour consumptIon prOVIdes a conSIderable cost effect that has been
proven by more than annual operatIon at numerous UkramIan faCIlItIes

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

ITEK-210 can be used m combmatIOn WIth or mstead of the mstalled TsT-5000 systems by
connectIon to the eXIstmg matnx ofpnmary measurement converters The ITEK-2l0 IS mcluded m
the State regIster ofmeasurement deVIces ofUkrame

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

IntroductIOn of ITEK-X2X allows consumers to meter resources WIth hIgh accuracy and pay the
bIlls for actual consumptIOn but m proportIon to the area
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ITEK-220 and ITEK-320 are desIgned for automatic commercIal metenng and telemetnc control
of supply and consumption of lIqUIds, gases, steam and thermal energy In cOmbinatIOn WIth any
pnmary measurement converters of consumption, temperature, pressure and pressure drop WIth
standardIzed output parameters at suppher's (thermal power plant, dIstnct heat, bOIler houses) and
consumer's SItes (Industnal enterpnses, publIc utIlIty faCIlItIes) The ITEK-X20 deVIces are
deSIgned In conformIty WIth reqUIrements of RD-50-213-80, PR34 -70-010-85, State standard
6651-84 and recommendatIons of the MiruStry ofhealth

The ITEK-X20 deVIces are Intended for the faCIlItIes of the first metenng group (up to 4 facIlIties)
WIth a complex configuratIon of supply and recovery pIping (ITEK-220), and for the faCIlItIes of
the first or second metenng groups (one faCIlIty) (ITEK-320)

In order to Implement tills work It IS planned to set up commercIal electncity metenng at 136
POints, steam at 12 POints, heating water at 4 POints, lIqUId fuel at 2 POints, gaseous fuel at 1 POint

Techrucal electncity consumption metenng can be Implemented at 1,200 POints, steam at 80
POints, heating water at 28 POints, compressed aIr at 130 POints, lIqUId fuel at 34 POints, gaseous
fuel at 46 POints

Annual energy savmgs

Judging from the global expenence expected saVings from introductIOn of the In-plant automatic
metenng, control and planrung systems WIll be not less than 3% In 1997 the plant used
approxImately 7,530,000 kWh ofelectnc power, 2,530,000 m3 ofnatural gas
Therefore, based on the 1997 energy consumptIon data energy saVings at the works WIll be

• Electnc power - 10,972 thousand kWh
• Natural gas - 721 7 thousand m3 or 8588 tce
• Steam - 24,322 Gcal

Annual cost savmg estimate

Currently the refinery pays for energy $54 25 mIllIon Therefore, the energy cost savings WIll be
54,250,000 X 0 03 = $1,627,500

Implementation Costs

CommercIal metenng of electncIty, steam, heating water, lIqUId and gaseous fuels -$400,000
Techmcal metenng of electncIty, steam, heating water, compressed alr,

hqUld and gaseous fuels
InstallatIOn and commissiorung
TOTAL cost

SImple payback

ImplementatIOn costs - $1,400,000
Annual cost saVings - $1,627,000
SImple payback penod WIll be

1,400,00011,627,000 - 09 (year)

- $800,000
- $200,000
- $1,400,000



ECO #3
heat gas

Retrofittmg of P-601 hydraulic purIficatIOn oven wIth utilizatIon ofexhaust

ECO descrIptIOn

At the L-Ch-35/11-600-68 refomllng plant m order to hydrauhcally punfy low-octane gasolme a P
601 cylmdncal vertIcal heatmg oven IS operated usmg the 011 processmg gas The experts usmg
energy audIt eqUIpment have performed the study ofthe oven operatIon

The exhaust gas analySIS at the balance pomt after the convectIOn tube bank showed the followmg

• temperature at the oven output IS 578°C,

• excess aIr ex = 1 99-203,
• mcomplete CO combustIOn =3-39 PPM,
• effiCIency IS 57 4 - 58 3%

The energy audItors see the opportumty to Implement the followmg at the oven

• retrofittmg burners for Improved fuel combustIon WIth less excess aIr and ehmmatmg mcomplete
combustIOn WIll save 5-5=6% of fuel,

• utlhzatlon of exhaust gas heat by usmg "gas-to-alr" type eqUIpment on the heat plpmg WIll save
20-22% of fuel,

• automatIc control of
- fuel to-aIr ratIo by the combustIon gas analySIS,
- oven load dependmg on the temperature ofraw matenals before the P-601 reactor WIll save 3-5% of
fuel,
• mstallatIon of fins on the radIator part of the oven to mcrease heat utIhzatIon m the combustIOn

chamber and reductIon ofheat load on the oven hmng WIll save 0 5-1% of fuel

The oven effiCIency Improvement measures WIll save 30-32% of the fuel used by the P-601 hydrauhc
punficatIOn oven

Annual energy savmgs estimate

Dunng the study of the L-Ch-35/1l-600-68 reformmg plant the P-601 hydraulIc punficatIOn oven
was runnmg to the full capaCIty of 110m3 of raw matenals per hour whIch was heated to the
temperatures from 225-226°C to 310°C

ThIrty per cent savmgs WIll result from ImplementatIon of the energy conservatIon measures

If the L-Ch-35/11-600-68 reformmg plant IS operated 7,200 hours per year as set forth by the
RegulatIOns fuel savmgs WIll be

2,790 x 0 3 x 7,200/1,000 - 6,026 (tce)

Annual cost savmgs estimate

At the current average $91 04 cost of 1 tee at the refinery cost savmgs WIll be
6,026 x 91 04 - $548,000
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ImplementatIon cost

DesIgn and consultmg - $30,000
EqUIpment and components (heat utilIzmg eqUIpment, burners, fan, aIr ducts, msulatIon, automatIc
controls) - $200,000
InstallatIOn and turnkey COmmISSIOnIng - $70,000
Contmgencies and overheads - $30,000
TOTAL cost - $330,000

SImple payback

ImplementatIOn cost - $330,000
Annual cost savmgs - $548,000
Snnple payback WIll be

33,000/548,000 =0 6 (year)



ECO#4 Improvement of fuel combustIOn efficIency m P-602 reformmg oven -

ECO deSCrIptIon

The energy audItors studIed the operation of P-602 umt of the LCh-35/11-600-68 plant The oven IS
deSIgned for heatmg of the gas product mIxture to 498-500oC The oven IS eqUIpped WIth 42 burners
WIth combmed gas and lIqUId fuel combustion capabIlIty Behmd the oven there are two KU-601/1 2
waste-heat recovery bOIlers

Dunng the VISIt the energy audItors used US-made eqUIpment BACHARACH combustIOn analyzer,
HeatSpyDHS-24X non-contact mfra-red thermometer, KURZ thermoanemometer

Exhaug gas analyses were taken at eight pomts along the flow of the gases

• top of the convectIOn part of the oven
• center ofthe convectIOn part of the oven
• bottom ofthe convectIOn part of the oven
• general oven outlet
• before Nol waste-heat recovery boIler
• before N02 waste-heat recovery boIler
• behmd Nol waste-heat recovery bOIler
• behmd No1 waste-heat recovery bOIler

Overall effiCIency of the oven IS 83% If losses mto the enVIronment are taken mto account the
effiCIency IS 82%

Infenor effiCIency for this eqUIpment compOSItion IS caused by the followmg factors

• uneven dlstnbutIOn of aIr among the burners Spot mr flow measurements showed that for the
upper burners (21) aIr consumptIOn IS twIce as much as for the lower burners (21) 1 e 30,700 m3

/hour and 14,400 m31 hour respectively Therefore, total excess mr m the exhaust gas m the
radlatmg part of the oven IS a. = 1 35-1 36 DespIte the presence of the excess aIr mcomplete
combustion was observed,

• lack of aIr and fuel pressure control at the burners, pOSItion mdlcators of aIr dampers the number
of which, by the way, IS msufficlent for aIr flow control for all the oven burners,

• low qualIty of oven hrnng of the convection part of the oven Dunng measurement WIth the non
contact mfra-red thermometer zones of 7-8 m2 area WIth surface temperatures of 200-220oC were
observed,

• eXIstence of mr mfiltratIOn shown on the chart below
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Measuremen Name ofP-602 part along the smoke flow Excess aIr
t pomts a.

1 RadIation part 135

2 I Convection part (bottom) 183
22 ConvectIOn part (center) 197
23 Convection part (top) 213

3 General exhaust gas outlet 23

41 Before KU-I waste heat recovery botler 23

42 Before KU-2 waste heat recovery boIler 245

5 1 Behmd KU-l waste heat recovery botler 239

52 Behmd KU-2 waste heat recovery botler 265

6 Before exhaust fan 25
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As the chart shows WIth the standard a = 1 4 excess aIr surplus m the combustIOn chamber was 30%
and 100-110% for the entire oven

It IS eVIdent from the above mentIOned that the effiCIency Improvement potentIal of fuel combustIOn
at tms oven constitutes 8-10%

In order to Improve the operatIOn effiCIency of the oven It IS recommended to Implement the
followmg measures

• retrofit oven burners and mstall parameter control mstruments Fuel savmgs WIll be 1 5%
• elImmate aIr5 mfiltration along the smoke gas flow Fuel savmgs WIll be 1 5%
• retrofit thermal msulatIOn ofthe oven convectIOn part Fuel savmgs WIll be 1-1 5%

Annual energy savmgs estImate

By the accurate estImate of the experts ImplementatIOn ofthe above measures WIll save 6-7% of fuel

WIth the oven fuel consumptIon - 4,730 tce per hour and operatIOn dUflng 7,200 hours per year fuel
savmgs WIll be

4,730 x 7,200 x 0 06 - 2,040 (tce)



Annual cost savIngs estimate

WIth the current average fuel cost at the refinery of$91 04 per 1 tee cost savmgs wIll be
2,040 x 91 04 ~ 186,000 ($)

ImplementatIOn cost

By the experts' estimate the cost wIll be

• burner uruts - $42,000
• control eqUIpment - $20,000
• mstallatIOn ofburners and mstruments - $10 000

• msulatIOn retrofittmg - $50,000

• ESCO sel'V1ces
(contract supervlSlon, adjustment, servIcmg, management) - $20,000
TOTAL cost - $142,000

SImple payback

ImplementatIOn cost
Purunual cost savIngs
SImple payback WIll be

- $142,000
- $186,000

142,000/186,000 = 08 (year)
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ECO #5 Retrofittmg of heat exchange eqUIpment of reformmg plant and Improvement of
Its operatIOn effiCiency

ECO description

The LCh-35/11-600-68 plant dunng processmg both heats the raw matenal and cools ready products

Between heatmg the raw matenal and coolmg of the ready product there heat exchanger urnts whIch
heats raw matenals from 45°C to 226°C before the hydraulIc punficatIOn oven and cools the punfied
product from 310°C 0 116°C In the coolIng urnt the product IS cooled from 116°C to 38°C 1 e there
are Irretnevable heat losses

The temperature dIfference underused dunng processmg IS
L\t = 116° - 45° = 71°C

Dunng reformmg the reSIdual temperature dIfference between the mItIal raw matenal before the heat
exchangers and the fimshed product before the coolIng unItS IS
L\t = 138° - 83° = 55°C

The lImIted term of the audIt precluded to perform careful analysIs of operatIons of each heat
exchanger urnt Performed analysIs of the general operatIonal parameters of the entIre set of heat
exchangers showed that there was a potentIal of reducmg reSIdual temperature dIfference 50% as a
mInImum T1us wIll mcrease the raw matenal temperature before the hydraulIc punficatIOn and
reformmg ovens by 20-25% and through thIS to reduce fuel consumptIon for raw matenal heatmg m
the ovens by 20-25%

For that purpose It IS necessary to mstall additIonal1ugh-efficiency eqUIpment SImultaneously wIth
planned replacement of the eqUIpment WIth expIred lIfe tIme

Annual energy savmgs estimate

At the tIme ofthe energy audIt the LCh-35/11-600-68 plant was runrnng at the nommal capacIty
Fuel consumptIOn was

• by the hydraulIc punficatIOn oven approxImately 2 8 tce/hour
• by the reformmg oven approXImately 4 7 tce/hour

Total fuel consumptIOn was 7 5 tce/hour WIth annual operatIOn of 7,200 hours fuel consumptIOn IS
7 5 X7 200 = 54,000 (tce/year)

If we take mto account that pnor to the ImplementatIon of energy effiCIency Improvements of heat
exchanger operatIon the ECOs N03 and 4 for performance Improvement ofheatmg ovens WIll have
been carned out fuel consumptIOn wIll be

54,000 - 6,026 -2,040 = 45,934 (tce/year)
where 6,026 tce/year IS fuel savmgs ofEca N03

2,040 tce/year IS fuel savmgs ofEca N04

Then, fuel savmgs by Implementmg thIS ECa WIll be
45,934 X0 2 = 9,187 (tce)



Annual cost savmgs estimate

At the current pnce of 1 tee of$91 04 cost savmgs wIll be
9,187 x 91 04 - $846,000

Implementation cost

By the experts' estImate ImplementatIOn cost wIll be

survey, desIgn and busmess planmng
eqUIpment
mstallatIOn
contmgencles and overheads
TOTAL cost

Simple payback

Implementation cost
Annual cost savmgs
SImple payback

- $50,000
- $1.000,000
- $50,000
-$50,000
- $1.150,000

$1,150,000
$846,000

1,150,000/846,000 = 1 4 years



Total losses by non-msulated surfaces - 1,600 GCallyear

ECO descnptlon

Annual energy savmgs estimate

Savmgs of90% ofheat after msulatIOn WIll be
1,600 x 0 9 - 1,440 (GCal)

WIth t = 450°C
WIth t = 280 - 320°C
WIth t = 230 - 280°C
WIth t = 180 - 200°C

Improvement of LCh-35/11-600-68 reformmg plant msulatlonECO#6

Thermal waste IS calculated by the formula
Q=KxFxi1txnx 10 6

,

where K = 10 Ccallm2 x hour x CO thermal conductIvIty of structures
F - heat exchange surface area
i1t = (tsur - tatr) - temperature dIfference
tsur - surface temperature
tatr - ambIent aIr temperature
n = 7,200 - annual workmg hours

By the experts' estImate (though not complete and not finalIsed) the area ofnon-msulated surfaces at
the plant was

The energy audItors recommend to deSIgn and mstall eaSIly dIsmantled thermal msulatIOn permIttmg
multIple use after overhauls

F1 = 5 - 52m2

F =20m2
I

F = 15 m2
I

F = 60 - 65 m2
I

LF -100m2

LimIted term of the audIt precluded detaIled analysIs of the msulatIon, nevertheless we consIder It
necessary smce at several places of the outer surfaces of msulation at several places the temperature
reached 80°C and hIgher

Dunng the study of the plant the energy audItors revealed sIgmficant number of non-msulated
surfaces of pIpelmes, heat exchangers, reactors, supports and other Items WIth temperatures from
150°C to 450°C In order to calculate heat losses It IS necessary to know the temperature and area of
heat emIttmg surface Temperature measurements on the surfaces of the productIOn eqUipment and
pIpmg were taken by the non-contact mfra-red thermometer The surfaces were determmed based on
the geometncal SIzes of the eqUipment and pipelmes

By the experts' estImate msulatIOn of bare surfaces IS attractIve and effiCIent opportunIty to reduce
heat waste by 90-95%

For the detaIled analysIs ofheat losses It IS adVIsable to carry out thermal survey of all eqUipment not
only at thIS plant but at the entIre refinery WIth further development of a special mvestment project of
Improvement ofmsulatIOn on the refinery eqUipment and pIpmg
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At the specIfic consumptIOn standard of 0 172 tce/ GCal fuel savmgs wIll be
1,440 x 0 172 - 248 (tce)

Annual cost savmgs estimate

At the current pnce of 1 tce of$91 04 cost savmgs wIll be
248 x 91 04 - $22,600

Implementation cost

By the experts' estImate ImplementatIon cost wIll be

survey and desIgn
eqUipment
mstallatIon
contmgencles and overheads
TOTAL cost

Simple payback

ImplementatIOn cost
Annual cost savmgs
SImple payback

- $5,000
- $5,000
- $2,000
-$2,500
- $14,500

$14,500
$22,600

14,500/22,600 = 0 64 year



ECO descrIptIOn

Energy efficIent plant IIghtmg

PF32= (250+34 7) x 0 98 = 279 W =0 279 kW

where PL 2= 250 VA IS the capaCIty ofDNaT - 250-3 lamp,
Psw 2 = 34,7 VA IS capaCIty of sWItchmg applIances,
cos¢J= 0 98

F=10 x 365 =3,650 hours - annual time oflIghtmg operation
PI=0 475 x 82 x 3,650 =260,062 kWh

where n=150 IS the number oflIghtmg fixtures,

Amount of the power used by 150 lIghtmg fixtures over 1 year at average 10-hour use IS

The electnc power use ofthe SZPR-250 hghtmg fixtures With DNaT -250-3 lamp

where PL 1 =400 VA IS the capaCIty ofDRL - 400 mercury lamp,
Psw 1 = 85 VA IS capaCIty OfswItcmng applIances,
cos¢= 098

PFI = (400 +85) x 0 98 = 475 Wh =0 475 kW

ECO#7

The electric power use of the DRL - 400 mercury lamp IS

CalculatIon of annual electrIC power savmgs

ThIs recommends replacement of DRL -400 mgh pressure mercury lamps for external lIghtmg of the
plant area WIth the DNaT-250-3 mgh pressure sollium lamps and of DRL-250 WIth DNaT-I00-3
usmg eXIstmg fixtures and replacmg SWItCmng applIances With appropnate capacIty The sodmm
lamps of the DNaT -250-3 type manufactured m the CIty of Poltava have a longer operation lIfe 
12,000 hours WIth the lIght flow of25,000 lumen and DNaT-I00-3 respectively 6,000 hours WIth the
lIght flow of9,000 lu.rnen

The external and mternal lIghtmg system of the plant area consIsts of 45,756 lIghtmg fixtures of
vanous types mcludmg 1,000 searchlIghts on masts wIth mcandescent lamps wIth 500-1000W,
exploslOn-prooflamps for production area lIghtmg, lIghtmg fixtures wIth DRL - 250 (400) and DRL
400 (150) lamps for lIghtmg of compressor rooms, pumpmg and ventilation statIOns, circulatmg
water supply umts and for external area lIghtmg The hght flow of the DRL-400 lamp IS 23,000
lumen and nommal servIce hfe IS 6,000 hours, for DRL-250 lamp respectIvely 10,000 lumen and
2,400 hours
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Power used by 150ghtmg fixtures over 1 year at average 10-hour use IS

Pe=PF2 X nx F= 0 279x 150x 3,650 =152,752 kWh

Annual energy savmgs by usmg DNaT-250-3 lamps

The electnc power use ofthe DRL - 2500 mercury lamp IS

where PL j = 250 VA IS the capacIty ofDRL - 250 mercury lamp,
Psw j = 54 1VA IS capaCIty of sWItchmg applIances,
cos¢= 098

Pn = (250 +541) x 098 =298 Wh =0 298 kW

Amount of the power used by 400 lIghtmg fixtures over 1 year at average 10-hour use IS

where n=400 IS the number of lIghtmg fixtures,
F=10x 365 =3,650 hours - annual tIme oflIghtmg operation

P j = 0298 x 400 x 3,650 =89,191 kWh

The electnc power use ofthe lIghtmg fixtures With DNaT -100-3 lamp

where PL-4= 100Wls the capacIty ofDNaT - 100-3 lamp,
PSW4 = 7W IS capacIty ofswitchmg applIances,
cos¢= 098

PFl = (100+7) x 0 98 = 105 W =0 105 kW

Power used by 400 lIghtmg fixtures over 1 year at average 10-hour use IS

P4=PF4 x n x F= 0 105 x 400 x3,650 =153,300 kWh

Annual energy savmgs by usmg DNaT-100-3Iamps

SE_E = Pj - P4 = 435,080 -153,300 =281, 780 kWh

TOTAL electnc power savmgs at the refinery WIll be
107,310 + 281,780 =389,090 (kWh)

Annual cost savmgs estImate

Cost saVings at the pnce ofelectnc power ofUS$O 037 per lkWh



SM=SEEX 0 037= 389,090 X 0 037= US$14,396 per year

ImplementatIOn costs

ImplementatIOn costs - US$17,250

Annual cost saVIngs - US$14,396

SImple payback

SImple payback estImate

- $17,250TOTAL cost

Cost of DNaT -250-13 lamps wIth applIances ($35 x 150) - = US$5,250
Cost of DNaT -100-13 lamps WIth applIances ($30 x 400) - = US$12,000

ConstructIon and InstallatIOn costs not Included SInce the work wIll he carned out by the plant
personnel

SP =17,250/14,396 =12 years
SInce the servIce lIfe of selected lamps IS longer than that of the eXIstIng lamps actual payback

penod can be less than one year
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ECO #8 Momtormg and optimIZation electric equipment capacities

ECO description

Nmety rune per cent of total electncity consumptIOn of the refinery was used for pnmary productIOn
purposes accordmg to the 1997 data that constItute 365,466 thousand kWh per year for $13,522,242

Electnc dnves of productIOn, pumpmg and ventIlatIOn eqUIpment are mam consumers of electnc
power

Histoncally, when electnc motors went out of order the replacements were brought m IrrespectIve of
the nommally reqUIred capacIty As the measurements at the LCh-35/11-600-68 plant on May 12,
1998 showed the N-605a pump motor capacIty was used by 38%, N-l pump electnc motor by 53%,
V-6156 blower dnve by 51 % The TK-601 compressor motor of5790 kW was used by 58,7%

Total rated capacIty of 45 electnc motors of the plant was 8,285 kW Total used capacIty was 4,283
kW

Measurements taken by the DRANETZ electnc load analyzer testIfy to the low dnve loads of electnc
dnves Dally chart of electnc parameter changes (voltage -D, full power -S, actIve power -P, reactIve
power - Q, power factor - cos~) of the H-602-13 aIr cooler wIth AYM-811006T motor of 17 kW
taken on May 12 and 13, 1998 Illustrate umform character of the load wIth capacIty use of 588%
Low cos~ - 0 51 IS explamed by underuse of statIc capacItor battenes on the 0 4kV SIde

Daily chart ofelectflc parameter changes
ofthe H-602-13 au- cooler
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In general, the total rated capaCIty of 7,345 electnc motors was 288,924 kW, total capaCIty of 6
electnc generators was 167 kW Non-motor electnc load IS represented by 54 electnc weldmg umts
of 1,275 kW total rated capaCIty and 45,756 IIghtmg deVIces

The electnc power supply system mcludes 241 power transfonner of307,620 kVA

ThIs recommends to mtroduce operatIOnal momtonng of actual electnc parameters of electnc
eqUIpment by a set of portable deVIces The recommended proposal wIll ensure momtonng of the
actual electnc eqUIpment loads, analyse theIr effiCIency and schedule replacement WIth more
effiCIent eqUIpment

ImplementatIOn of thIS project WIll save at least 1% of electnclty used for productIOn purposes each
year

Annual energy savIngs estImate

Annual electnClty consumptIon by 1997 data IS 365,466 thousand kWh
Expected reductIOn of electnclty use by 1%,
365,466 x 0 01 =3,65466 (thousand kWh)

Annual cost savIngs estImate

At $37 per 1,000 kWh ofelectnclty cost savmgs WIll be
3,65466 x 37 =$135,222

ImplementatIOn cost

One set of portable mstruments of 2000A Wattprobe, DRANETZ, Power factor meter, TIP 2300
WIth overheads and contmgencles $20,000
Momtonng and analySIS of eqUIpment load effiCIency (assumed) $55,000
TOTAL cost $75,000
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Simple payback

ImplementatIOn cost
Annual cost savmgs
Snnple payback

$75,000
$135,222

75,000/135,222 =0 6 year
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APPENDIX B PHOTOGRAPHS OF THE PLANT

B-1
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HeH30JUJpOBaHHbIH yqacToK Tpy60rrpOBO,lJ;a
Non-msulated pIpmg sectIon

•

CJIe.n;bI XHMlfqeCKOrO He.n;OJKera Ha6mo.n;aJIHCb BH3YaJIbHO
Traces ofmcomplete combustIOn observed Visually
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IIeqb rH,rqJOOqHCTKH ycnrnoBKH PH<popMHHI'a JIll 35/11-600-68

Hydrauhc punficatlOn oven ofLCh-35/11-600-68 refonnmg plant

BbIXO,ll;HOH KOJIJIeKTOp rrelfH rH,rqJOOqHCTKH

Outlet marufold ofhydrauhc punficattlOn oven
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TeMrrepmypa Ha HeH30JIHpOBaHHOH rroBepXHocTH 263°CTemperature ofnon-msulated smface IS 2630c

HeH30JIHpOBaHHbIe IIoBepXBocm peaKTOpoB YCTaHOBIG1Non-msulated smfaces of the plant reactors
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rOpemrn: TeXHOJIOflflIeCKOH neTIH yCTaHoBKH pmpOpMHHfa
JIll 35/11-600-68

Burners ofLCh-35/l 1-600-68 refonnmg plant oven
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H3MepeHHe rrapaMeTpOB 3JIeKTPWIecKHX 3JIeKTPWIeCIGIX BeJIWIHH c
rrOMOIQ:b1O rrpH60pa DRANETZ

ElectrIc measurements by the DRANETZ mstrument
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APPENDIX C CONVERSION FACTORS
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Currency rates of exchange

1 hnvrua ~ local currency umt
Ihnvma = US$O 54 as ofDecember 1997

ConversIOn factors

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

Power

1 W=36xl03 J=36kJ
1 kW = 36 X 103 kJ = 36 MJ = 860 kcal
1 MW=3 6x 103 MJ=860kcal
1 kcal = 1 163 x 10 3

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

Pressure

1 kg/cm2 = 1 atm
1 atm= 101325kPa=0 1 MFa
1 bar = 105 Pa = 100kPa = 01 MFa

Len~th

1 mm =0 03937 In = 0 00328 ft
1 cm = 03937 In = 00328 ft
1 m = 3937 In = 3281 ft

1 gram = 2 2046 x 10 3 lb
1 kg = 2,20461b
1 t = 1000kg = 22046 X 103 ft
Area

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



Volume

1 m3 = 3531 ell ft = 10001
11 = 35 31 x 103 ell ft
11 = 0 264 US gal

Heat content

1 kJ/kg = 0 43 BTUllb
1 kJ/m3 = 2684 x 10 3 BTU/ell ft
1 MJ/m3 =26 84 BTU/ell ft
1 keallm3 = 4,187 kJ/m3 =0 112 BTU/ell ft

Temperature
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ABBREVIATIONS

CIS - Commonwealth of Independent States
ECO - energy conservatIOn opporturnty
ESCO - energy servIce company
etc - et cetera
Hr - hnvrna
I d - Id est
JSC - Jomt-stock company
mIn - mIllIon
TACIS - Techrncal AssIstance to CIS countrIes
tel - telephone
thou - thousand
US - Urnted States
USAID - Urnted States Agency ofIntemattonal Development

BTU - Bnttsh thermal unIt
°c -degrees CelsIUs
cm2

- centImeter squared
of - degrees FahrenheIt
g - gram
Gcal - gIgacalory
GJ - gIgaJoule
h - hour
kcal - kIlocalory
kg - kIlogram
kgf - kIlogram-force
kV - kIlovolt
kV-A - kIlovolt-ampere
kW - kIlowatt
kW h - kIlowatt hour
Lm -lumen
m - meter
m2

- meter squared
m3

- meter cubed
mm -mmute
MJ - megaJoule
mm H20 - mIllImeters of the water column
MW - megawatt
t - tonne
tce - tonne of coal eqUIvalent
t!h - tonnes per hour
W - watt

C -1
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APPENDIX D ABBREVIATIONS
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