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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 UkraInian energy servIce
company (ESCO) capabIlItIes To accomplIsh thIS task, Burns and Roe Enterpnses, Inc (the pnmary
contractor) hIred UkraInIan engmeers These engmeers were tramed m U S technIques of conductmg
energy audIts and m ESCO concepts The mdustnal energy audIts were conducted to faCIlItate the
ESCOtrammg

Smce these mdustnes are very large, a one week SIte VISIt IS not suffiCIent to adequately audIt the
entIre faCIlIty The SIte VISIt was restncted to one week due to other project conSIderatIOns However,
the engmeenng staff were tramed to IdentIfy Improvements that would be representatIve of the entIre
plant In many cases It was necessary to focus the audltmg efforts on one system or only on a portIOn
of the plant Therefore, thIS audIt IS based on what could be accomplIshed dunng the one week
allocated WhIle thIS audIt contams numerous recommendatIOns for the plant management, the plant
management IS encouraged to perform a complete audIt of the entIre faCIlIty Hopefully, the plant
management wIll conSIder hmng the engmeers tramed under thIs project to contmue thIS work,
whIch WIll result m a complete understandmg of energy usage wIthm the plant, as well as a complete
lIstmg of all potentIal energy Improvement projects

The current report descnbes the findmgs of the energy effiCIency audIt performed by Bums and
Roe at the JSC KharkIv fat processmg complex The KharkIv fat processmg complex IS the one of
the largest producers of margarIne, mayonnaIse and vegetable fat m Ukrame The plant IS eqUIpped
WIth conveyor lInes though unfortunately productIOn capaCItIes are used only by 35%

The plant preffiicts are m demand at the domestIc market and make up 33 2% of total productIOn m
Ukrame They meet the hIghest qualIty standards The total output In 1995-1997 amounted to
144,900,000 Hnvnas, The share of energy m the productIOn cost was 18%

The objectIves of the energy effiCIency audIts were as follows

• to conduct mformal trammg m the energy management practIces
• to create an mstItutIOnal awareness of energy management
• to recommend speCIfic steps for Improvement of energy effiCIency, mcludIng management

cost-free actIOns and eqUIpment to be procured WIth USAID funds
• to recommend medIUm cost and capItal Investments actIOns, reflectmg large energy conservatIOn

OpportunItIes

A team of energy audItors consIstmg of three UkraInIan speCialIsts performed an energy audIt dunng
March 23 - 29, 1998 Havmg fulfilled ItS obJectIves, the project team prepared the followmg draft
report
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1 2 PrmcIpal Fmdm~s

The Kharklv fat processmg complex IS a faIrly energy mtenslve enterpnse The consumptIOn of fuel
and energy m 1997 was as follows
• electnclty - 16,600 thousand kWh,
• thermal energy - 64,680 Gcal,
• natural gas - 10,800 thousand m3

,

• chemIcally treated water - 630 thousand m3

•
The energy audIt team has dIscovered many attractive opportunIties of Improvmg energy effiCIency
at the current energy and fuel pnces Presently the energy efficIency Improvement IS cost effective
though dIfficult to Implement due to hIgh mterest rate of the bank credIt and general economIC
dIfficulties

Closed-type JSC "Kharklv fat productIOn complex" IS conSIdered faIrly successful by Ukralman
standards and IS capable of energy conservation ImplementatIOn

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

Energy consumptIOn effiCIency can be Improved by proper arrangement of energy use m
technologIcal productIOn processes

The proposal enVIsages further ImplementatIOn of suggested long-term measures by the plant Itself
together WIth pnvate Ukramlan energy servlcmg companIes One of the objectives of ESCO IS
acqmsitIon oflong-term (2-3 years) financmg to Implement energy conservatIOn projects

One of the team members - Mr M Tarnovsky can render substantial aSSIstance m reduction of
energy use by mstItutmg energy management sefVlce at the enterpnse outSIde the USAID project
under an mdlVIdual contract

ImplementatIOn of the ECOs wIll reduce energy consumptIOn by 30% and, accordmgly, ItS costs,
WIll Improve workmg condItions as the temperature m several rooms reaches 40°C

The time hmlts of the present Project do not permIt to momtor the operation of the eqmpment
mtended for space heatmg season

1 3 RecommendatIOns

RecommendatIOns hsted below WIll Improve energy effiCIency of the plant, reduce the costs and
consohdate competItiveness of the enterpnse

To encourage the faclhty to Implement energy effiCiency and energy conservatIOn, USAID IS
contnbutmg energy audltmg eqmpment to the plant ThIS eqmpment conSIsts of standard energy
audltmg 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 estabhshment 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
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Generally the energy management sectIOn should conSIst as a mmImum of three persons techmcal
supervIsor, electncal and thermal engmeers The supervIsor should be a part of the plant management
and report dIrectly to the plant general manager It IS essentIal as energy consumptIOn and energy
costs acqUIre a speCIal Importance and a plant manager should be aware of energy conservatIOn
potentIal

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

If Implemented the measures proposed by the audItors wIll ensure an OPPOrtunIty to reduce energy
consumptIon annually

• e1ectnc power by - 10,370,000 kWh (64%)
• natural gas by - 2,694,000 m3 (25%)
• chemIcally treated water - by 100,000 m3 (16%)

and wIll result addItIonally m reductIOn ofpollutant emISSIons

1 Sohd partIcles - 45 6 tons/year
2 Sulfur dIOXIde - 102 7 tons/year
3 Carbon oXIde - 28 2 tons/year
4 NItrogen oXIde - 308 tons/year

The recommendatIOns hsted m Table 1 WIll Improve energy efficIency of the plant, cut down costs
and consohdate the competItIveness of the plant The Table hsts several energy conservatIOn
OpportunItIes WIth short payback penods

CapItal mvestments of$716,800 mto the Improvement of energy efficIency (ECG #1 through ECG
#6) w111 result m annual saVIngs of$737,300 later

5



LIst of Ener2)' Conservation OpportUnItIes (ECO)

ECO DescnptIOn ElectncIty, Natural ChemIcally Annual Project Payback,
pnonty 1,000 kWh gas, treated savmgs, cost, years

# 1,000 water, US$ US$
m3 1,000 m3

1 InstItutIOn of energy
management 1600 1080 162'400 81'200 05
ThIs ECO wIll ensure
energy use management
and reduce energy costs
by 10%

2 OptImIZatIOn of
thermal and hydraulIc 10 150 14'500 10'000 07
parameters of thermal
supply networks
ThIs ECO wIll morutor
on-lIne energy
consumptIOn, prevent
exceSSIve energy use
and Improve energy
efficIency at the
enterpnse

3 Thermal energy and
electnc power co- 8760 333'000 500'000 1 5
generatIon
ThIs ECO WIll Improve
combustIOn efficIency

----------
6
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---------------------
4 Recovery of

condensate 1300 100'000 212'000 115'000 06
ThIS ECO wIll reduce
thennal energy and
chemIcally treated water
losses

5 Thermal msulatIon of
pIpmg and eqUIpment
ThIS ECO WIll reduce

56 5'300 3'600 07heat losses
6 Gas and aIr mIxture

savmg opportumty m 108 10'100 7'000 07
productIon process
Tills ECO WIll enable
mstantaneous control of
combustIOn savmg
natural gas
TOTAL 10'370 2'694 100'000 737'300 716'800 1
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The total workforce IS 821

8

Currently there are SIX SImIlar enterpnses m Ukrame lIsted below

2 2 Number of SimIlar enterprises m Ukrame

Alexander N VasIlenko
VladImIr P Kalashmk

1 Donetsk Marganne Plant
2 Uzhgorod Marganne Plant
3 LVIV Fat Processmg Combmed FaCIlIty
4 Zaponzhzha Fat Processmg Combmed FaCIlIty
5 Odessa Fat Processmg Combmed FaCIlIty
6 KyIV Marganne Plant

The CJSC "Kharklv fat processmg complex" IS a specmhzed producer ofmarganne,
mayonnaIse and vegetable fat

The most energy mtensIve facIlIty IS the refinmg UnIt where vegetable OllIS refmed
at the upgraded Alpha Laval separatIOn lIne usmg addItIOnally WIth the WestphalIa
eqUIpment WIth overall capacIty of 150-180 tons dally AlongSIde the vegetable 011
the refinmg umt produces vegetable fat whIch IS the baSIS of marganne The
marganne umt IS eqUIpped WIth two Johnson Imes - new and old, one Shroeder lIne
and one Roberts lIne The complex extensIvely uses conveyor lInes though
unfortunately productIOn capacltles are used only by 35%

The complex compnses four pnmary productIOn UnIts

• margarme umt
• mayonnaIse umt
• refinmg umt
• punficatIOn umt

The Kharbv fat processmg complex was founded m 1932

Presently the enterpnse has been converted mto a closed-type Jomt-stock company
(CJSC)

2 1 Enterprise history

DIrector
ChIefpower manager
Phone (0572) 76-21-28
Fax (0572 ) 76-38-29
120 Ilylchpr Kharklv 310019

20 GENERAL BACKGROUND
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2 3 SI2mficance of this sector for the natIOnal economy

The products of the Kharkiv fat processmg complex are m demand at the domestic
market and constItute 33 2% of the total output m Ukrame They meet the hIghest
qualIty standards

9
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30 CURRENT STATUS OF PRODUCTION

3 1 ProductIOn output In November 1997

# DescnptIOn Urnt ofmeasure ProductIOn output
1 Marganne products tons 3102
2 Vegetable fat tons 2,350
3 MayonnaIse tons 260

TOTAL tons 5,712

3 2 ProductIvIty of labor In 1997 vs 1996

ProductIvIty oflabor m 1997 grew as compared to 1996 by 30%

33 Prospects of development

The present economIC sItuatIOn IS charactenzed by the productIon slump It IS
connected wIth appearance at the market of foreIgn low-qualIty products The
enterpnse has developed a plan of technIcal renovatIOn aImed at qualIty upgradmg
by addItIonal refimng ofvegetable 011 (wmtenzmg, b1eachmg), expandmg the range
ofproducts and growth ofproductIOn output

The enterpnse produces ItS own output and processes externally owned raw
matenals There are pennanent supphers and customers

3 4 Exports vs DomestIc sales

In 1997 product exports amounted to 3% of the total productIOn output After
completIOn ofrenovatIon products meetmg world standards wIll be produced

10
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40 FINANCIAL STATUS OF THE ENTERPRISE

41 Currency vs Barter

Bartenng made up 42% of total sales In 1997

42 VIabIlity of enterprIse

ProductIOn output of the fat proceSSIng complex In 1996-1997

## Name ofproduct Dmtof 1996 1997
measure

1 Marganne ton 20,768 26,223
2 MayonnaIse ton 8,212 3,156

3 Vegetable fat ton 12,739 16,472
4 Refined and deodonzed 011 ton 24,639 25,507

TOTAL ton 66,358 71,358

The analysIs showed that In 1997 productIOn output grew by 7% as compared to 1996

ProfitabIlIty In 1997 was 22%
Total productIOn output In 1995-1997 was 1449 mIllIon hnvnas
The share of fuel and energy In the productIOn cost IS 18%

11
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As seen from the charts the plant operatIOn dunng the year was unstable The mIll1mum
electnc power consumptIOn III July, August and September was due to necessary overhaul
dunng the summer season, maxImum consumpnon III October and November was caused by
the oversupply of raw matenals (sunflower 011)

50 ANNUAL ENERGY CONSUMPTION AND ENERGY COSTS
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Average annual energy consumptIOn and costs In 1995-1997

The complex purchases for productIon purposes 1,480 m3 ofwater a day from the CIty utIlIty
network
The cost of 1 m3 IS $0 95

Natural gas consumptIon chart shows that thennal energy losses not dIrectly connected wIth
productIOn and necessary use for the WInter season space heatIng reach 30% IndIcatIng
conSIderable gas savIng potentIal
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36$
0031$
3,000kW
3,000 x 36= 10,800 ($)
1,390,000 kWh
1,390,000 x 0031 =43,090 ($)

10,800 + 43,090 = 53,890 ($)
53,890/1,390,000 = 0 038 ($)

Fuel

The sole type of fuel used by the enterpnse IS natural gas
The cost of 1000 m3 IS $94 06

Electnc power bIlls are paId at the folloWIng rates
• 1 kW ofnegotIated demand
• 1 kWh of consumed electnClty
NegotIated demand
Payment for negotIated demand
Average monthly electncIty consumptIOn
Payment for actual electncIty consumptIOn
Total payments
Actual pnce for 1 kWh

5 2 Current enerin' and fuel prices

ElectncIty

The works pay Its electncIty bIlls by two-part tanffs
1 NegotIated demand
2 Amount of consumed electncIty by electnc meter readIngs

Energy ElectncIty, Natural gas, ChemIcally TOTAL
consumptIOn 1,000 kWh 1000m3 treated water, m3

1995 13668 8850 615000

1996 15469 10300 623400

1997 16658 10775 630000

Energy $ $ $ $
costs

1995 410040 708000 584000 1702040

1996 464070 844600 592200 1900870

1997 499740 883550 598500 1981790

13



Product name
Electnclty use,

%
thousand kWh

Marganne 4,993 33
MayonnaIse 243 2
Vegetable fat 8,005 52
011 refinmg and deodonzmg 1,987 13
TOTAL 15,228 100

5 3 Ener~ use profile

Average hour electnclty consumptIon IS 2,800 kWh

Margarme
33%

Mayonnaise
2%

14

ad refimng and
deodonsmg

13%

Electricity consumption in 1997
by enterprise data

Fats
52%
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Product name Thenna1 energy use, %
Gcal

Marganne 12,063 19
Mayonnaise 3,982 6
Vegetable fat 26,190 40
011 refinmg and deodonzmg 22,446 35
TOTAL 64,681 100

Thermal energy consumptIOn In 1997
by the plant data

Vegetable fat
40%

Marganne
19% Mayonnaise

6%

15

all refinmg and
deodonsmg

35%
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Consumer Water use, m3/day %
Refinmgumt 245 12
PunficatlOll umt 21 1
Marganne umt 336 17
MayonnaIse umt 300 15
BOller house 850 43
Other 348 12
TOTAL use 2,100 100

from CIty utIlItIes 150 7
from deep wells 1,950 93

Average dally water consumptIOn
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BOller room
43%

MayonnaIse umt
15%

16

Punfication umt
1%

Margarme umt
17%
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OutsIde consumers
06%

Electricity use balance
on 24 March 1998

Used by enterpnse for
productIOn needs

54,490 kWh
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IOther consumers
119%

MayonnaIse umt
13%

297 kWh

3,353 kWh
Steam power plant

62%

6,484 kWh

3,395 kWh (
Ammomaumt 1L 62_%_--..JJ

736 kWh

837 kWh

3,511 kWh

22,494 kWh

13,450 kWh

r

Marganne umt
15%

Refimngumt
246%

Water pump plant
64%

-ProductIOn hne No1
413%
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Electrlclty consumptIOn by the plant
In February 1998
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Electnc power and natural gas consumption generally corresponds the degree of the
productIOn capacIty use However on 24 and 25 February there IS a dIscord between of electnc
and thermal loads ThIS reqUIres an accurate analysIs and an answer to the questIOn why the
electnc power use was hIgher by 30 MWh than usual? WhIch productIOn hne allowed
exceSSIve power costs ofUS$l,OOO dunng the day? ThIs confirms the neceSSIty for InstitutIOn
of energy management descnbed In AppendIx A (ECa #1)
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The electnc use charts of the marganne and ammoma productIOn umts show the
relation of refrIgeration machmery operation to the workload of the marganne
productIOn umt but It IS charactenzed by tIme lag The ammoma umt does not have
feedback from the marganne productIOn umt It can be seen at the chart m the time
mtervals from 030 am to 730 am, from 130 pm to 400 pm, from 630 pm to 11 30 pm
Average hourly consumptIOn of electnc power by the ammoma umt was
apprOXImately 150 kW IntroductIOn of automatIC close technologIcallmks between
the marganne productIOn umt and refrIgeratIOn plant WIll reduce average hourly
consumptIOn by up to 20% and electncIty costs by US$5,000 annually

20
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60 PREVIOUS ENERGY IMPROVEMENTS

Energy conservatIOn measures Implemented by the Kharklv fat processmg complex
m 1997 are lIsted below

1 InstallatIOn of deep-well water reagent-free Iron oXldlzmg and dIssolved Iron
punficatIOn eqUIpment

2 OperatIOn of the DKVR-1O/24-370 boIler WIth automatIc burner control mstead of
the N03 Babcock WIlcox bOIler

3 OperatIOn of the magnetIC water treatment plant to reduce carbonate sedIment m
heat exchangers

4 InstallatIOn m the boIler house of a Transomc heat exchanger of mIxer type (HX)
for space heatmg mstead of steam-to-water heaters

5 RepaIrs ofmsulatIOn of steam and hot-water plpmg and eqUIpment
6 SealIng of leaks m the fixtures and flanges ofplpelmes
7 Removal of 15-kW pumps from the space heatmg system due to mstallatlon of the

mIxer-type HX
8 Replacement of 75-kW pump WIth 55-kW pump m the water pumpIng umt

Recommended measures reflect eXIstIng potentIal for energy conservatIOn The
complex carnes out vanous organIzatIOnal and techmcal measures In order to reduce
energy use dIctated by the deSIre to lower productIOn costs The HX InstallatIOn was
completed but the umt turned to be unfit for operatIOn In the space heatIng system
CertaIn Issues were no addressed due to the lack of acceptable techmcal solutIOns and
funds

Unfortunately the energy conservatIOn program lacks ImplementatIOn data and
economIC results

21



70 ENERGY AUDIT

22

ECO #1 - InstitutIon of enerey manaeement

IntroductIOn of the recommended measures wIll reduce annual energy consumptlon

by 10,370,000 kWh (64%)
by 2,694,000 m3 (25%)
by 100,000m3

In order to reduce heat consumptIOn for space heatIng down to the standardIzed values
and decrease ofelectnc power consumptIOn for network water pumpIng It IS necessary
to detenmne USIng the Installed Instruments the actually connected heat load, to

Presently the space heatIng at the plant IS furnIshed by the boIler house of the plant VIa
thermal supply network from steam-to-water heaters and, partlally, approxImately
40%, steam space heatIng IS used VIa steam pIpIng from processIng eqUIpment In the
maIn bUIldIng DeSIgn thermal load for heatIng the entlre complex Q= 1 6 Gcal/hour,
connected heatIng capaCIty IS 80% ofthe deSIgn capaCIty
The lack of hydraulIc and thermal adjustment of thermal networks and space heatIng
systems causes 20-30% waste of heat and 20-30% of electnc power for heat medmm
pumpIng

ECO #2 - OptImIZatIOn of thermal and hydraulIc parameters of thermal supply
networks

ImplementatIOn OfthIS project WIll reduce fuel and energy costs by 162,400 $/year
Payback penod WIll be 0 5 year
See detaIls of thIS proposal In Appendl:x A, ECO #1

In order to Implement contInuous supervISIOn and analySIS ofenergy use we
recommend to Instltute energy management system and proVIde necessary measunng
eqUIpment

The results oftechmcal and economIC calculatIOns of energy conservatIOn
opportumtIes

Energy management IS the maIn avenue by whIch energy usage reductIOn and Increase
In consumptIOn efficIency can be achIeved Energy management IS a management
system based on standard measurements and checks proVIdIng for such operatIOn of
the plant that ensures only absolutely necessary consumptIOn of energy for productlon
purposes

1 ElectncIty
2 Natural gas
3 ChemIcally treated water

As the result of the energy audIt at the OISC KharkIv fat processIng complex the audIt
team recommended several proposals for Improvement of energy efficIency at the
plant The maJonty of the problems are typIcal for UkraIman enterpnses so the
solutIOns of these problems can be replIcated for enterpnses wIth sImIlar systems of
energy use
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calculate hydraulIc parameters of hot water networks, after the hydraulIc calculatIOns
controllmg drammg diaphragms should be mstalled at each consumptIOn SIte before
each space heatmg system

ImplementatIOn OfthlS project WIll reduce fuel and energy costs by 14,500 $/year
Payback penod Will be 0 7 year
See details of thIS proposal m AppendIx A, ECO #2

ECO #3 - Thermal energy and electriC power co-generatIOn

The plant hOller house IS eqmpped WIth two DKVR hOllers The energy audItors
recommend to mstall steam turbmes m the plant boIler house It Will result m an
OpportunIty to optimIze the DKVR bOIler operatIOn and generate addItIOnal electnc
power WIthout damage to the productIOn process Tills WIll reduce the volume of
purchased power and lower energy costs

ImplementatIOn OfthiS project WIll reduce fuel and energy costs by 333,000 $/year
Payback penod WIll be 1 5 years
See details of thIS proposal m AppendIX A, ECO #3

ECO #4 - Recovery of condensate

Currently the plant bOIler house uses approXImately 10,000 thousand CUbIC meters of
natural gas for steam generatIOn Steam generatIOn meters are absent 100,000 tons of
condensate a year are lost Irretnevably Tills causes the loss of 10-15% ofgenerated
thermal energy and 95% of chemIcally punfied boIler water

The en&gy audItors conSIder It necessary to study the system of steam consumptIOn,
develop and mtroduce a condensate recovery system

The condensate recovery system WIll arrange thermal flows wlthm the productIOn
processes and permIt theIr automatIon further on

ImplementatIOn of thIS project WIll reduce fuel and energy costs by 212,000 $/year
Payback penod WIll be 0 6 years
See detaIls of thIS proposal m AppendIX A, ECO #4

ECO #5 - Thermal Insulation of PlPIn2 and eqUipment surfaces With
temperatures of over 60°C

The analYSIS of the steam dIstnbutIOn system resulted m the findmg that some of the
pIpelInes and eqmpment umts are not thermally msulated The energy losses due to
the lack ofmsulatIOn at plpelmes and at the surfaces of steam consummg eqmpment
are formIdable The temperature mSIde the eqmpment rooms reaches 40°C WIth the
ambIent temperature of2°C Tills ImpaIrs the workmg condItIons conSIderably

We recommend that the steam plpmg should he fully msulated The thIckness of
msulatIOn should he selected dependent on the pIpmg dIameter and Its purpose
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ImplementatIOn OfthIS project wIll reduce fuel and energy costs by 5,300 $/year
Payback penod wIll be 0 7 year
See detaIls oftms proposal In AppendIX A5, ECO #5

ECO #6 Gas and air mixture savlD2s opportunIty lD the productIOn process

For thermal energy supply two DE-l 0/14, two DKVR-1O/39 and DKVR-1O/23 bOIlers
are used (one IS standby) To run these bOIlers the operatIOn charts have been worked
out but automatIc control of fuel-to-aIr ratIO In conformIty WIth the load IS
noneXIstent The aIr consumptIOn value IS controlled penodIcally by the supply aIr
pressure and gas consumptIOn by the pressure before the burners WhICh under the
condItIOns ofuncontrolled aIr mfiltratIOn does not allow one to substantIate the Idea
of optImal combustIOn processes

We recommend to eqUIp the operatIOn personnel of the boIler umt WIth the ENERAC­
2000 combustIOn analyzer and to Include In the operatIOnal responSIbIlItIes of the
operator penodIcal check ofcombustIOn processes whIch would ensure saVIngs In
natural gas There IS a realIstIc pOSSIbIlIty to reduce gas consumptIOn In case of
ImplementatIOn of thIs measure by 2-25%

ImplementatIOn oftms project WIll reduce fuel and energy costs by 10,100 $/year
Payback penod WIll be 0 7 year
See detaIls OfthIS proposal In AppendIx A, ECO #6
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where
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80 ENVIRONMENTAL IMPACT OF RECOMMENDATIONS

Amounts ofpollutants formed dunng generatIOn of 6,720,000 kWh

10,370,000 kWh
2,694,000 m3

hI = 99 X 10,370,000= 102,700,000 (g/year)
hz = 05 x 10370000= 5,200,000 (glyear) ~­
h3 = 22 X 10,370,000= 22,800,000 (g/year)
h4 = 4 4 X 10,370,000= 45,600,000 (g/year)

1) sulfur dIOXIde S02
2) carbon oXId~ CO
3) mtrogen OXIdes NO"
4) solId partIcles

CalculatIOn of the carbon OXIde that forms after combustIon of coke-oven gas IS made
by the formula

Meo = 0 001 B Kco Qr (l -q/100),

~ - the speCIfic content of emISSIOns, glkW h
K - electnc Dower savmg, kW h

y~ .1. _

Annual energy resource savIngs due to ImplementatIon of energy management WIll be
as shown In the Table!
1 Electncity savIng ­
2 Natural gas savIng-

AccordIng to the data from the Mimstry ofEnergy, In 1996 I kW h ofthe electnc
power meant emIttIng Into the atmosphere of 17 g ofcontamInatIng substances,
IncludIng the follOWIng

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

h =~ Eps,

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

The proposed project contaInS energy conservatIon measures aImed at savIng fuel and
electnc power The maIn fuel used at the JSC KharkiV fat proceSSIng complex IS
natural gas The harmful substance that forms In sigruficant quantIty dunng
combustIOn of thIS fuel IS mtrogen OXIde (N0x) The rntrogen 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 weakenIng of "the green house effect" Carbon
monOXIde (CO) IS emItted after an Incomplete combustIOn of fuel, It reacts WIth other
substances and has vanous detnmental Impacts Sulfur dIOXIde resultIng from
combustIOn destroys matenals

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
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where
B - consumptIOn ofOIl-well gas, m3/yr,
Keo = 0 25 kglGJ - the quantIty of carbon oXIde that IS produced per heat umt

released after combustIon ofOIl-well gas,
Qr =35 MJ/m3

- the lowest calonfic value of natural fuel,
q =0 5 % - heat losses resultmg from an mcomplete gas combustIOn,
Meo = 0 001 2,694,000 025 35 (1 - 0 5/100) = 23,000 (kglyr),

or
Meo =23 tlyr

CalculatIOn of the mtrogen oXIdes per tIme umt (tlyr) shall be done by the formula
MNox = 0 001 B KNOX Qr (1 - b),

where
KNOx = 0 1 kglGJ - a parameter charactenzmg the amount ofthe mtrogen

oXIdes formmg per 1 GJ ofheat, kglGJ,
b = 0 15 - a coefficIent for takmg mto account the degree of decreasmg the

level of emISSIons ofmtrogen oXIdes resultmg from ImplementatIOn oftechnologlCal
measures

MNOx = 0 001 2,694,000 01 35 (1 - 0 15) = 8,000 (kglyr),
or

MNOx = 8 tlyr

ImplementatIOn at the fat processmg complex of energy conservatIOn measures WIll
decrease the energy resource consumptIOn, and m Its turn lower the quantIty of
harmful emISSIOns mto the atmosphere

TABLE OF POLLUTANT EMISSION REDUCTION

I
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ReductIOn m emISSIons as result of the energy savmgs, t/yr ..
EmISSIons ElectriC power Natural ~as TOTAL •Hard partIcles 456 - 456
Sulfur dIOXIde 1027 - 1027 •Carbon OXIde 52 23 282 •NItrogen OXIdes 228 8 30,8
Total emISSIOn 207,3 IreductIOn
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APPENDIX A ENERGY CONSERVATION OPPORTUNITIES (ECOs)

A-I



ECO descnptlon

Energy management cycle

Collectmg energy
consumptIon data

AnalysIs

Preparmg energy
consumptIOn chart

Implementmg

planned Improvements

InstitutIOn of energy management

Planmng

ECO#l

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 mmlmal energy consumptIOn needed for the technology ThIS IS also a
management tool whIch compnses a contmuous research allowmg preCIse knowledge
on facIlIty's energy dIstnbutlOn and consumptIOn, as well as on best energy utIlIzatIOn
for productIon, dIstnct heat and other non-productIve purposes
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ImplementatIon of energy management program wIll result m havmg more detaIled
energy consumptIOn records Such system WIll allow companson of the energy usage
to that of other enterpnses for preCIse evaluatIOn of energy savmg projects that are
conSIdered by the facIlIty

Implementmg an energy management actIvIty typIcally would mvolve establIshmg a
separate sectIOn of employees to deal only wIth energy effiCIency At a mInImum an
energy management sectIon should conSIst of three people technIcal supervIse, an
electnc engmeer and a thermal engmeer

The mam dutIes of an energy management sectIon mclude



• Preparmg 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,

• Preparmg 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 hnes,
• Implementmg new technologIes on eXIstmg and new energy systems to Improve

energy effiCIency of operatIOn,
• Encouragmg the personnel to mdicate potential energy conservatIOn

OpportunItIes
• 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 momtormg 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 mc1ude

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

Annual energy savmgs

Currently the works use annually on average 16,600,000 kWh of electnc power,
10,800,000 m3 ofnatural gas

TypIcally, combustIOn effiCIency Improves by 2 5% from utIlIzmg the combustIOn
analyzer Electnc power use effiCIency can be hnked 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 On average Improvement of electrIc
power use can ensure from 3 to 10% savmgs oftotal electnc power consumptIOn
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The global expenence and practIce show that In case of InstitutIOn of full-time
energy management ensures 10% of fuel and energy consumptIon saVIngs Energy
savmgs WIll amount to
1) Electnc power - 16,600,000 x 0 1 = 1,660,000 (kWh)
2) Natural gas - 10,800,000 x 0 1 = 1,080,000 (m3

)

Annual cost savmg estnnate

I At the pnce of$O 038 per I kWh of electnc power the cost saVIngs WIll be
1,660,000 x 0 038 - $60,800

2 At the pnce of $94 06 per 1,000 m3 ofnatural gas the cost savIngs Will be
1,080,100 x 94 06 - $101,600

Total energy cost savIngs WIll be
60,800 + 101,600 - $162,400

ImplementatIOn Costs

AccordIng to the world practIce, expenses on ImplementIng energy management
constItute 50% of estImated energy savIngs, I e

162,400 x 0 05 - $81,200

SImple payback

ImplementatIOn costs - $81,200
Annual cost savIngs - $162,400
SImple payback penod WIll be
81,200/162,400 - 0 5 (year)



ECO # 2 Optimization of thermal and hydraulIc parameters of thermal
supply networks

ECO descriptIOn

Presently the space heatmg at the plant IS furnIshed by the bOIler house of the plant VIa
thennal supply network from steam-to-water heaters and, partIally, approXImately
40%, steam space heatmg IS used VIa steam plpmg from processmg eqmpment m the

-mambmldmg DeSIgn thennalload for heatmg the entire complex Q= 1 6 Gcallhour,
connected heatmg capacIty IS 80% ofthe design capacIty

Qu = 1 6 X0 8 ~ 1 28 (Gcal/hour)

At the ambient temperature ta= +30C thennal energy use for space heatmg should be
Q= Qu X(tm- ta)/(tm- ta

C
) = 1 28 (18-3)/(18-[-23]) = 0 47 Gcal,

where ~n - temperature mSIde heated room,
ta

C
- calculated mlmmum temperature of ambIent aIr

The actual regIstered thennal energy use IS as follows
Q= 45 X(74-55) = 0 86 (Gcal),

where 45 IS water supply to the thennal network,
74-55 IS the temperature dIfference m the mput and output plpmg

Overheatmg ofbmldmgs IS as follows
o84 - 0 47 = 0 39 (Gcal) or
o39/0 86 = 0 45, 1 e 45%

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

• to detennme usmg the mstalled mstruments the actually connected heat load,
• to calculate hydraulIc parameters ofhot water networks,
• after the hydraulIc calculatIOns controllmg drammg diaphragms should be mstalled

at each consumptIOn SIte before each space heatmg system In thIS case the entire
space heatmg system wIll be hydraulIcally stable,
It IS reqUired that the reSIstance of the mternal systems before WhICh the controllmg
diaphragms must be placed should be not hIgher than h ~ 1 rom water column
OtherwIse, the mternal systems WIll have the coolant flow rate 1 5 to 2 tImes hIgher
than the deSIgned one,

• after mstallatlon of the controllIng drammg diaphragms a thennal testmg of the
system and checkmg of correspondence of the actual flow rates to the deSIgned
ones are reqUired In case of any vanatIOns m any dIrectIOn, one shall correct the
diameters of the controllmg drammg dIaphragms

The above mentIOned measures after then ImplementatIOn shall gIVe the followmg
results
• decrease of the electnc power consumptIOn for the heat medIum transportatIOn,
• decreased heat losses due to overheatmg of bUIldmgs
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Annual energy savmgs estimate

The lack of hydrauhc and thermal adjustment of Thelma networks and space heatmg
systems causes 20-30% waste of heat and 20-30% of electnc power for heatmg
medIUm pumpmg

If we assume that the heat load m the heatmg season of 1998 wIll be
Q= 1 6 Gcal = 1 6 Gcal then the heat use per 1 degree-day WIll equal

1 6 x 24/41 = 0 94 (Gcal),
1 7

where 41 IS the number of degree-days per year m the CIty of KharkIv durmg the
coldest days

GIven that the number of degree-days for Kharlav IS equal to ~ 3,500 the use of heat
for space heatmg WIll be

Q = 0 94 x 3,500 = 3,290 (Gcal)

Overheatmg WIll be addItIOnal 30%
3,290 x °3 ~ 1,000 (Gcal)

WIth the speCIfic use of natural gas of 150 m3/Gcal the natural gas savmgs wIll be
1,000 x 150 ~ 150,000 (m3

)

Electnc power consumptIOn by the network pump for the heat medIum CIrculatIOn IS

7 5 x 24 x 189 = 34,020 (kWh),

where 7 5 - motor capaCIty (kW),

24 x 89 - motor operatIOn hours durmg heatmg season

Electnc power savmgs WIll be
34,020 x °3 = 10,000 (kWh)

Annual energy cost savmgs estimate

1 At the pnce of$O 038 per 1 kWh of electrIc power the cost savmgs WIll be
10,000 x °038 ~ $380

2 At the pnce of $94 06 per 1,000 m3 ofnatural gas the cost savmgs WIll be
150 x 94 06 ~ $14,110

Total energy cost savmgs WIll be
380 + 14,110 ~ $14,500

ImplementatIon Costs

1 The deSIgn costs

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



The apprOXImate cost IS $5,000

2 Fulfillment of measures resultmg from the study and calculatIOns - $1,000

3 Thermal and hydraulIc tests of thermal networks, adjustment of controllIng drammg
dIaphragms - $2,000

4 Overhead costs at 30% wIll be $2,000

Total costs wIll be 10,000 ($)

SImple Payback

CommIssIOnmg costs - $10,000
Annual cost savmg - $14,500
SImple payback penod

10,000/14,500 = 0 7 (yr)

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

6 X 0 7 ~ 4 0 (months)
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Total costs - $500,000

Annual energy savmgs estImate

ImplementatIon costs

Electnc power generated by m-plant faCIlItIes wIll amount to

Thermal energy and electrIc power co-generatIOnECO#3

Overheads and contmgencles at 25% - $100,000

1,000 x 24 x 365 = 8,760,000 (kWh)

DeSIgn - $50,000

8,760,000 x 0 038 =$333,000

Cost savmgs by reductIOn of externally purchased power at the pnce of $0038 per I
kWh wIll be

Annual cost savmgs estImate

The energy audItors recommend to Install steam turbmes In the plant bOIler house It
WIll result m an OpportunIty to optImIze the DKVR boIler operatIOn and generate
addItIOnal electnc power wIthout damage to the productIOn process ThIs may result m
utIlIzatIOn of potentIal energy of superheated steam that can generate up to I 5 MW of
electnc power m wmtertIme and up to 0 75 MW m summertIme usmg steam turbmes
The energy audItors see It expedIent to use steam turbmes m the works bOIler house of
I 5 MW total capacIty ThIS WIll reduce the volume of purchased power and lower
energy costs Average annual capacIty of the steam turbme WIll be 1 MW

• DKVR 10/24 pressure - 24 kg/cm2
, temperature - 350°C,

• DKVR 10/39 pressure - 39 kg/cm2
, temperature - 440°C

The plant boIler house IS eqUIpped wIth two DKVR bOIlers generatmg steam wIth the
followmg parameters

ECO descrIptIon

EqUIpment - $250,000

Turnkey mstallatIOn - $100,000

Simple payback

CommIssIOnmg costs - $500,000
Annual cost savmgs - $333,000
SImple payback perIod WIll be

500,0001333,000 - 1 5 years
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76,900/0 73 ~ 105,000 (tons/year)

ECO description

Annual cost savmgs estimate

and savmgs of chemIcally punfied water - 100,000 tons/year
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Recovery of condensate

ThIS corresponds to natural gas savmgs
9,800 X 130 ~ 130,000 (m3/year)

1 At the pnce of $94 06 per 1,000 m3 ofnatural gas the cost savmgs WIll be
1,300 X 94 06 ~ $122,000

2 At cautIous expert estImate we may assume that the pnce of chemIcally punfied
water IS $0 95 per 1 m3

, then the cost savmgs WIll be
100,000 X °95 ~ $90,000

Total fuel cost savmgs WIll be
122,000 + 90,000 ~ $212,000

Annual energy savmg estimate

where 0 1 - heat content ofcondensate,°02 - average annual heat content ofmput water

Thermal energy savmgs WIll be
100,000 X (0 1 - °02) ~ 9,800 (Gcal),

Currently the plant bOIler house uses approxImately 10,000 thousand CUbIC meters of
natural gas for steam generatIOn

The energy audItors consIder It necessary to study the system of steam consumptIOn,
develop and mtroduce a condensate recovery system

The condensate recovery system wIll arrange thermal flows wIthm the productIOn
processes and permIt theIr automatIOn further on

The condensate IS not returned to the bOIler house except the condensate from space
heatmg heat exchangers to the amount of 1 ton/hour or 5,000 tons/year 100,000 tons
ofcondensate a year are lost IrretrIevably ThIS causes the loss of 10-15% of generated
thermal energy and 95% of chemIcally punfied bOIler water

that IS equal to the steam (wIth heat content of 073 Gcallton) of the followmg
quantIty

Smce steam generatIOn meters m the boIler house are lackmg we may assume that the
amount of natural gas corresponds to thermal energy generatIon (at the standard of
130 m3/Gcal) of the followmg quantIty

10,000,000/130 ~ 76,900 (Gcal),

ECO#4
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ImplementatIOn cost

At cautIOUS expert estimate the costs wIll be

• InSpectIOn of steam supply system and condensate turnkey
recovery system development on

• eqUIpment pnce
• addItIOnal fixtures (15%)
• InstallatIon cost (30%)
• correctIOn ofdeSIgn drawmgs, contract supervIsIon,

adjustment (10%)
TOTAL costs

SImple payback

Implementation costs - $115,000
Annual cost saVIngs - $212,000
SImple payback penod WIll be

115,000/212,000 - 0 6 (year)

$5,000

$70,000
$10,000
$20,000
$10,000

$115,000



ECO # 5 Thermal msulatlOn of plpmg and equIpment surfaces wIth
temperatures of over 60°C

ECO descrIptIOn

The steam generated at the bOIler house IS used extenSIvely for productIOn needs of
the complex , laundry, motor transport umt and for space heatmg There are
branchlmes to VarIOUS productIOn bUIldmgs from the trunk steam pipeimes The
refinmg unIt IS one of the pnnclpal consumers of steam EqUIpment mstalled here
uses from 3 to 5 tons of steam per hour at 6-10 kg/cm2 pressure

The analysIs of the steam dIstnbutIOn system resulted m the findmg that some of the
plpelmes and eqUIpment umts are not thermally msulated The energy losses due to
the lack of msulatIOn at plpelmes and at the surfaces of steam consummg eqUIpment
are formIdable The temperature mSIde the eqUIpment rooms reaches 40°C WIth the
ambIent temperature of2°C ThIS ImpaIrs the workmg condItIons conSIderably

PartIculars ofnon-msulated pIpmg are gIven m the table below

# Purpose of LocatIon Length, DIameter, Number t,OC
pIpmg Lm Dmm ofvalves

I Steam Mam productIOn 10 219 3 110
umt

2 Steam Refimngumt 8 102 2 105

3 Steam Refimng umt 5 102 3 153

4 Steam Refinmg unIt 9 76 1 140

5 Steam Refimngumt 7 50 1 110

6 Steam Water punficatIOn 5 89 1 160
umt

7 Steam Pipeime sectIOn 5 40 - 170

8 Steam Pipeime sectIOn 10 30 - 108

The gIves the results ofmeasurement of external surface temperatures

Annually the steam IS consumed 300 days on average

We recommend that the steam pIpmg should be fully msulated The thIckness of
msulatIOn should be selected dependent on the pIpmg dIameter and ItS purpose

Purpose DIameter, mm InsulatIOn thIckness,
mm

1 Steam 102 - 219 100

2 Steam 50 - 89 80

3 Steam 30 - 50 40
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Annual energy savmgs estimate

We should determme thermal energy waste for msulated and non-msulated pIpes
accordmg to the methodology below [MethodologIcal mstructIOns for determmatIOn
of losses of fuel and energy resources RD5 EDIV 015-008094 Mmmashprom, KIev,
1994]

Thermal energy waste m non-msulated pipeimes (kcal/hour) IS determmed
by the followmg formula

where gnm - specIfic losses ofnon-msulated pIpmg (kcallmeter x hour),

k - correctIon factor dependmg on the outSIde temperature and dIfference between
pIpe outer wall and outSIde temperatures,

Lo - gIVen length ofpIpmg, m

Lo = L + (1m x n) = 10 + (1m x 3) = 13 (m)

n - number ofvalves withm the sectIOn

For the pipeime #1 from the Table we have

Qmnl = 560 x 13 x 0 91 = 6,620 (kcal/hour)

Further calculatIOns were carned out SImIlarly and are summanzed m the Table
below

Thermal energy waste ofmsulated (Kcal/hour) pipelmes IS calculated by the formula

where gm - specIfic loss over 1 meter ofpIpmg wIth the dIfference (t) - t) = IOe
dependmg on the thIckness of msulatIOn, kcallm x hour ,

t} - temperature ofpIpe walls assumed as equal to temperature ofheat carner, °C,

t2 - temperature of aIr, 0 C,

a - correctIOn factor dependmg on the thIckness of msulatIOn, thermal conductIvIty If
msulatIOn matenal and temperature dIfference between heat carner and aIr WIth
msulatIOn thIckness up to 100 mm and temperature dIfference up to 200 0 C a = 1,

b - wmd correctIOn factor (WIth wmd velOCIty of5 m/sec)

Presently It IS realIstIC to cut down waste m the thermal networks by usmg modern
effiCIent types ofthermal msulatIon matenals WIth thermal conductIvIty of 0 03 - 0 05
kcall (m x hr x °C) We assume the use of these pIpmg msulatIOn matenals



For pipehne #1 from the Table

Qml =0364 x (110 - 2) x 1 x 1 04 x 13 = 530 kcal/hr

SImIlar calculatIOns were carned out for all pipeimes and are shown m the Table
below The savmgs are receIved takmg mto account the length of a pipeime

Pipelme No GIVen length Thermal Thermal Savmgs
waste WIthout waste wIth
msulatIOn msulatIOn

L o, m Qnm' kcal/hr Qm' kcal/hr SN,kcal/hr

1 13 6,620 530 6,090

2 10 2,730 250 2,480

3 8 4,370 290 4,080

4 10 3,730 280 3,450

5 8 1,470 140 1,330

6 6 3,280 230 3,050

7 5 1,700 210 1,490

8 10 1,370 230 1,140

TOTAL 23,1103

Thus annual loss ofheat
Qtr= Qtrn x 300 x 24 x 10 6 = 23,000 x 300 x 24 x 10 6 = 166 Gcal,

220°C steam IS supphed to three 011 heaters m the refimng umt VIa the pipeime at 25
kglcm2 pressure Large heat waste IS determmed by non-msulated surfaces and
measurements taken WIth the help ofmfra-red remote thermometer (T1 = 122°C, T2 =

123°C, T3 = 120°C)

Total external surface area IS F = 80 m2

Total area of non-msulated surfaces IS F :::: 80 m2 The loss of heat Into the
enVIronment IS calculated by the formula

Qloss = K x F x ~t x 10 6 (Gcal/hour),
where

K :::: 4 5 kcallm2 x hour x °e - thermal conductiVIty coeffiCIent of structures
F:::: 80 m2

- area of heat exchange
~t :::: (tsur - tamb) - temperature dIfference
tsur = surface temperature
tamb :::: ambIent temperature
n = 300 - number ofdays

Heat losses at tsur :::: 120°C, tamb :::: 40°C are calculated mdependently
Qloss = K x F x «tsur - tamb) x 24 x n x 10 6 ::::
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Implementation cost

Thus annual gas savmgs WIll amount to

Annual cost savmgs estImate

C2 =Lx C,

US$3,600

3,600/5,300 = 0 7 (year)

US$5,300

C1 = 80 x 20 = US$I,600

56 4 x 94 06 =5,300 ($/year)

= 45 x 80 x (120-40) x 24 x 300 x 10 6 = 210 (Gcal)
SpecIfic consumption ofgas IS b = 150m3/Gcal

Q = (Qtr + Q)oss) x b = (166 + 100) x 150 = 56,400 (m3/year)

C2 = 59 x 20 = 1,180 (US$/year)

Cost savmgs at the natural gas pnce of US$94 06 per 1,000 m3 WIll be

Total cost of necessary msulatIOn for 80 m2 at the pnce ofUS$20 per 1 m2 WIll be

InsulatIOn costs for steam pIpmg IS calculated by the formula

Annualsavmgs

Implementation costs

where
L IS total gIVen length of steam pIpmg, m,

C equals US $20/m - the cost of 1 m ofpIpmg msulatIOn,

Total estimated costs ofmsulatIOn to be mstalled at the enterpnse WIll be US$2,780,
Overheads 30% - US$820
TOTAL US$3,600

SImple payback

Simple payback estImate
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Annual energy savmgs estimate

ECO description

Annual cost savmgs estimate

ImplementatIOn cost

I
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IUS$7,000

US$1O,140

US$5,000
US$l,OOO
US$500
US$500
US$7,000

ImplementatIOn cost
Annual cost sa"111gS

Simple payback

EqUIpment cost

CombustIOn analyzer
Computer
CalIbratIOn gas set
ShIpment
TOTAL eqUIpment cost

10,775 X°01 ~ 108 (thousand m3/year)

Accordmg to the plant data on the use of fuel m 1997 total consumptIOn of natural gas
was 10,775 thousand m3

At a cautIOUS estimate of gas use reductIOn by 1% the annual savmgs WIll be

We recommend to eqmp the operatIOn personnel of the bOIler umt WIth the ENERAC­
2000 combustion analyzer and to mc1ude m the operatIOnal responsIbIlIties of the
operator penodical check of combustIOn processes WhICh would ensure savmgs m
natural gas There IS a realIstic pOSSIbilIty to reduce gas consumptIOn m case of
ImplementatIOn of thIS measure by 2-25%

At the pnce of fuel of $94 06 per 1,000 m3 the fuel cost IS
9406 X108 ~ US$10,100

For thermal energy supply two DE-IO/14, two DKVR-1O/39 and DKVR-10/23 bOIlers
are used (one IS standby) To run these bOIlers the operatIOn charts have been worked
out but automatic control of fuel-to-aIr ratiO in conformIty WIth the load IS
noneXIstent The air consumptIOn value IS controlled penodically by the supply air
pressure and gas consumption by the pressure before the burners which under the
condItions of uncontrolled air mfiltratIOn does not allow one to substantiate the Idea
of optimal combustIOn processes

ECO #6 GAS AND AIR MIXTURE SAVINGS OPPORTUNITY IN
PRODUCTION PROCESS

SImple payback WIll be
7,000/10,140 =0 7 year or 8 4 months,
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APPENDIX B PHOTOGRAPHS OF THE PLANT
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TIpOH3BO,n;CTBO H3MepeHHM ra30aHaJIH3aTOpOM "ENERAC-2000"
COCTaBa yxo,n;.m:.u;HX ra30B 3a KOTJIOM ,lJ;E-16-14

Measurements of the exaust gases content after DE-16-14 BOller
WIth ENERAC-2000 combustIOn analyzer
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Qex npOH3Bo.n;CTBa MaprapHHa

Workshop for Mmganne ProductIOn

llapOBoH KOllJIeKTOp rJIaBHOrO Kopnyca

Steam mamfold m the Mam BUlldmg
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HeH30JIHpOBaHHble naponpOBO,ll;bl rJIaBHOrO Kopnyca

Non-msulated steam hnes m the Mam BUlldmg
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APPENDIX C CONVERSION FACTORS
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Currency rates of exchange

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

ConverSIOn factors

1 cal = 4187 J
1 keal = 4187 kJ = 3968 BTU
1 Geal =4187 X 103= 4187 GJ
1 BTU = 1055 J = 1055 kJ = 1055 X 10 3MJ
1 tee (tonne ofeoal eqUIvalent) = 7,000 keal x 3968 BTU = 27,78 x 106 BTU = 27,78
MBTU

Power

1 W = 36 X 103 J = 36 kJ
1 kW = 3 6 X 103kJ = 3 6 MJ = 860 Keal
1 MW = 3 6 x 103MJ = 860 Keal
1 keal = 1 163 x 10 3
1 Geal = 1163 kW = 1 163 MW
1 kW= 136HP
1 kW= 134hp

Pressure

1 kg/cm2 = 1 atm
1 atm = 101 325 kPa = 01 MPa
1 bar = 105 Pa = 100kPa = 01 MPa

Len~h

1 mm =003937 III = 0 00328 ft
1 em = 03937 III = 00328 ft
1 m = 3 937 III = 3 281 ft

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

1 em2 = 0 155 square III = 1 076 x 10 3square ft
1 m2 = 1 55 X 103square III = 1076 square ft
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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 BTU/lb
1 kJ/m3 =26 84 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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APPENDIX D ABBREVIATIONS
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ABBREVIATIONS

CIS - Commonwealth of Independent States
ECO - energy conservatIOn opporturnty
ESCO - energy service company
etc - et cetera
Hr -mvrna
I d -Id est
JSC - Jomt-stock company
mIn - mIllIon
TACIS - Technical ASSIstance to CIS countnes
tel - telephone
thou - thousand
US - Urnted States
USAID - Urnted States Agency ofIntematIOnal Development

BTU - Bntlsh thermal umt
°c - degrees CelsIUS
cm2

- centlmeter 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 - mIlhmeters of the water column
MW - megawatt
t - tonne
tce - tonne of coal eqUIvalent
tIh - tonnes per hour
W - watt
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