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PREFACE

As part ofDelIvery Order #30, Industnal Energy Efficiency - Ukrame, the U S Agency
for InternatIOnal Development (USAfD) sponsored energy efficIency audIts at 24
mdustnal plants that met the cntena of USAfD

Each facIlIty was evaluated based on selection cntena (approved by USAID) for the
selectIOn of target plants The cntena mcluded a long-term economIC vIabIlIty of the
plant, Its fmancial condItion, Its generation of export revenues, productIOn output versus
nommal capacIty, energy conservatIOn potential, possIbIlItIes of project replIcatIOn at
sImIlar enterpnses and ItS access as a demonstratIOn facIhty to other plants

ThIs report detaIls the findmgs of BURNS & ROE ENTERPRISES, fnc energy
report performed at the AT CLOSED-TYPE JOINT-STOCK COMPANY "VOZKO",
town ofVoznesensk, Nikolayev regIOn

3



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

•

1 0 EXECUTIVE SUMMARY

1 1 IntroductIOn

The closed-type Jomt stock company "Voznesensk leather amalgamatIOn" (CJSC
VOZKO) IS a modern dynamIcally growmg enterpnse and one of the largest m ItS
sector m Ukrame

Contmuous renovatIOn of products and search for new technologIes allow the plant to
Increase productIOn annually and consIstently produce the output of guaranteed qualIty

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 UkraIman energy servIce company (ESeO) capabIlItIes To accomplIsh thIS
task, Burns and Roe Enterprises, Inc (the pnmary contractor) hIred Ukralman
engmeers These engmeers were tramed m U S technIques of conductmg energy audIts
and m ESeO concepts The mdustnal energy audIts were conducted to faCIlItate the
ESeOtrammg

The team conslstmg of two representatIves of US firm Burns and Roe who are experts
m the field of energy management - VIctor SVIStunOV and VladImIr Prokopenko ­
carned out an energy audIt from March 23 through 27 1998 m accordance WIth the
tasks of the pro]ect and prepared the report

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 audItIng 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 wlthm the
plant, as well as a complete IIstmg of all potentIal, energy Improvement projects

1 2 BrIef survey

• The CJSe VOZKO by Ukralman standards IS a stably functIOnmg enterpnse
• Out of total cost for energy resources heat makes up approXImately 73% Over

75% of electnc power consumptIOn goes for mam productIOn hnes (hmmg, tannIng,
staInIng, fimshIng) and at the bOIler house and compressor umt These consumptIOn
facIlItIes define pnmary sources of energy conservatIOn In the total productIOn costs
energy expenses amount to 7 5%
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• As expected the energy audIt team has dIscovered many attractive
opportumties of Improvmg energy efficIency at the current energy and fuel pnces
When energy pnces were 20 to 30 tImes lower the energy Improvement measures
were not cost efficIent Presently the energy effiCIency Improvement IS cost effectIve
though dIfficult to Implement due to hIgh mterest rate of the bank credIt and general
economIC challenges due to the bartenng settlement system and mutual non­
payments

• Lack of techmcal submetenng demes orgamzatIOn of an objectIve base for
energy conservatIOn and mstItute a full-scale energy management system

• An Important area for energy cOnservation 1S the-Improvement of steam use
effiCIency by mtroductIon of steam traps, enhancement of thermal msulatIOn of
steam- and condensate pIpmg, and mcrease of condensate recovery

• ReductIOn of electnc power use can be achIeved by Improvmg the effiCiency
of refrIgeratIOn and compressed aIr generatIOn and consumptIOn systems, and by
mtroductIOn of energy efficIent IIghtmg sources

1 3 RecommendatIons

The followmg table 1 1 IS a summary of energy conservatIOn opportunItIes IdentIfied
for the faCIlIty, the estImated savmgs as well as the cost savmgs and the paybacks for
each opportumty For example, ECG #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

To encourage the faCIlIty to Implement energy effiCIency and energy conservatIOn,
USAID IS contnbutmg energy audltmg eqUIpment to the plant Trus eqUIpment conSIsts
of energy audltmg mstrumentatIOn and meters that WIll enable them to Implement an
energy savmg actIVIty

ECG #3 "InstallatIOn of steam trap umts" WIll reduce steam use WIthout detenoratIOn of
thermal charactenstlcs of the eqUIpment WIth SImultaneous Improvement of ItS effiCIent
use at the local waste water treatment faCIlItIes, m the space heatmg and ventIlatIOn
systems, and the rude shreds bOIlIng umt

ECG #4 "Thermal msulatIOn of steam- and hot-water plpmg" WIll cut down dIrect
losses of thermal energy

ECD #5 WIll optImIze combustIOn of natural gas m bOIlers utIlIzmg portable
combustIOn analyzer, Improve combustIOn effiCIency and, consequently, reduce
consumptIOn

ECD #6 due to mstallatIOn of 82 effiCIent lIghtmg sources mstead of DRL-250 lamps
and conventIOnal lamps for the external lIghtmg WIll mcrease relIabIlIty and reduce
total use of electnclty,
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ECG #7 wIll change the pressure reductIOn mode at the boIler house mstead of a
reductIOn umt It IS proposed to mstall two steam electrIc generators that WIll utIlIze
wasted steam reductIOn energy for electnClty generatIOn

ECD #8 WIll change the space heatmg system of the entIre buIldmg to workplace
heatmg wIth efficIent dIrect gas combustIOn mfra-red heaters that WIll reduce gas
consumptIOn by 50%
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The lIst of energy conservation opportumtIes
Table 11

# Descnptlon Electnclty, Natural gas Annual savmgs, ECO cost, Payback,
1,000 kWh savmgs, US$ (1997 US$ (1997 years

1,000m3 pnces) pnces)

1 Orgamzatlon of energy 1,220 4053 92,200 85,000 092
management system

2 Reactlve power 1,000 30,020 100,000 33
compensatlon m the
enterpnse electnclty
supply system

3 InstallatIon of steam 1970 41,905 9,336 024
traps m steam consummg
systems

4 Steam and hot water- 2243 23,858 4,869 02
Plpmg msulatlon

5 Improvement of 477 8 39,660 6,500 016
combustIOn efficlency m
DKVR4-13 botiers

6 Energy efficIent hghttng 578 2,773 2,460 09

7 Utlhzatlon of steam 2,500 120,000 125,000
1°reductlon energy for

electrIC power generatlon

8 Infrared heatmg wlth 1,650 205,730 190,200 092
dlIect combustlon of
natural gas

9 AutomatIc energy 1000 405 85,000 150,000 1 8
metenng

10 Introductlon ofalI 1509 502 60,647 5,000 008
curtam blockmg whl1e
openmg gates of the
mambmldmg

11 Replacement of smgle- 154 1,643 6,500 40
pane wmdows Wlth
double-pane

12 Momtormg ofboller 419 4,560 1,000 022
eqmpment operatlon and
temperature modes of
heat-consummg
eqmpment

13 Momtonng ofelectnc 319 15,312 6,500 043
motor capacltles and
electrlc power use

Total 6,2477 3,9187 638,308 542,965

ECO #10 will exclude operatIOn of alr curtam systems while the gates are closed
resultmg m energy savmgs
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ECO #12, 13 by IntroductIOn of Instrumental metenng of InSUlatIOn state, temperature
of energy carner and optImal use of electnc eqUIpment capaCItIes WIll exclude non­
ratIOnal modes of ItS operatIOn and reduce energy consumptIOn

CapItal Investment to the amount of US286,465 mto energy effiCiency Improvement
WIth short-term payback WIll lead to annual savmgs of US$520,650, and reductIOn of
electnc power use by 4,247 1 thousand kWh and natural gas use by 3,4983 thousand
CUbIC meters Investment ofUS$256,500 Into energy effiCIency WIth payback penods of
more than 1 year WIll lead to annual savmgs of US$116,643 and WIll cut down electnc
power use by 2,000 thousand kWh and natural gas use by 420 4 thousand CUbIC meters
These are the followmg ECa #2 "Improvement of reactIve power compensatIon" WIll
change tg~l = 08149 to tg~2 = 023 and save 1,000,000 kWh per year, ECa #9
"AutomatIC energy metenng" WIll lead to an objectlve pICture of energy use, WIll
encourage energy conservatIOn actIvItIes, specIfy energy use by productIOn umts for m­
plant settlements, ECO #11 WIll replace 600 m2 of smgle WIndow panes WIth double
ones and reduce energy use for space heatIng Payback penods ofECO # 2,9, II IS less
than the servICe hfe of Implemented proposals

Total reductIOn m electnc power use wIll be at 6,2477 thousand kWh (254 % of the
1997 use), m natural gas at 3,9187 thousand CUbIC meters (48 3%)

Total reductIOn of pollutant emISSIOn resultmg from recomme_uded EeOs wIll be
10875 tons, mcludmg 275 tons of solId partIcles, 3 56 tons of carbon monOXIde, 1583
tons ofmtrogen OXIdes, 61 86 tons of sulphur OXIdes

The ECOs above can be Implemented at vanous mdustnal enterpnses I e servmg as
standard solutIOns ofcommon problems

1 4 OperatIOn and Ener2Y mana2ement

It IS typIcal for mdustnal plant management to mamly thmk m terms ofproductIOn, and
to want to mcrease output Therefore It IS sometImes dIfficult to thmk of the Importance
of energy and energy costs on the operatIOn ofthe plant

For the CJSC VOZKO as WIth most mdustnes m Ukrame preVIOusly energy costs made
up an mSIgmficant share of total productIOn costs, hence the energy was not a major
conSIderatIOn m plant operatIOns

WIth the nsmg energy costs over the past few years, energy costs have now become
very sIgmficant For, the ClSC VOZKO energy costs are now about 7 5 percent of the
cost of productIOn III 1997

WhIle energy and energy costs are now well understood by the staff, there IS the
tendency at the CJSC VOZKO to thmk mamly of havmg to Implement large projects
WIth the mtent of savmg large amounts of energy ThIS IS unfortunate smce many small
energy savmg projects eXIst that have very good payback penods

But It IS common to Ignore these smce the savmgs per umt mIght be low For Instance,
the mstallatIOn of steam traps mIght not seem as attractIve as mstallIng a large project

8



such as ammoma compressor room modIfication But these small projects are very
Important, and when the total number of steam traps IS consIdered, the total savmgs
resultmg from thIS Item IS very SIgnIficant

Most mdustnes m Ukrame have a person or persons who are referred to as energy
engmeers These specIahsts are responSIble for unmterrupted energy supply of
necessary quahty and amounts to productIOn lmes, and ensunng energy savmgs
However, due to cuts m productIOn costs typIcally the speciahsts of aUXIlIary servIces
are the first to be laid off, energy supply servIce mcluded Tills results m remammg
speciahsts mostly tacklmg not the energy effiCIency Issues at theIr plants but ensunng
that there IS adequate supply of energy But WIth the nse m energy pnces and the
uncertamty of avaIlabIlIty of all fuels, an energy manager to conserve energy becomes
Important Each plant should senously consIder establIshmg an energy manager
pOSItIOn as a mmimum, and for large mdustnes, pOSSIbly even an energy management
sectIOn

These people should routmely be momtonng all operatIOns, and espeCially revIewmg
monthly energy consumptIOn ThIS monthly data should be graphed and compared to
preVIOUS months and years to determme any vanatIOns m consumptIOn, Identify causes
of them and make deCISIons on the necessary energy consumptIOn remedIal measures
to prevent unreasonable energy use For Instance, If monthly consumptIOn mcreases,
the reasons why should be determmed and If appropnate, steps taken to correct any
problem

In addItion, the energy management staff should also reVIew each process, and look for
energy savmg opportunIties, certIficatIOn of technologIes and eqUIpment for energy
efficIency They should see that all cost effectIve energy Improvements are
Implemented, begmnmg wIth Items Identified m thIS energy audIt They should then
also have responSIbIlIty to reVIew all proposed changes to the facIlIty to ensure that
each process IS as energy efficIent as possIble It would be good to have a thermal
specIahst (someone who IS knowledgeable about steam, refrIgeratIOn, hot water, and
natural goes systems) and an electncal speCIalIst

In many facIhtles the energy management sectIOn IS aSSIgned an energy goal, such as
"reducmg the overall energy usage by five percent per year" WhIle the percentage goal
can vary, thIS type of challenge gIves a benchmark by willch the sectIon can be
evaluated And m mdustnes m Ukrame, where energy efficIency IS Just at Its mfancy,
the percentage goal could even be hIgher Some mdustnes also have an Incentive
program, m WhICh employees are encouraged to submIt energy effiCIency Improvement
Ideas These Ideas, If accepted and Implemented, would result m a small reward bemg
gIVen to the employee

1 5 ImplementatIOn

ImplementatIOn of EeDs hsted m Table IllS planned followmg completIOn of the
project
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Table 2 1

2 1 The enterprIse hIstOry

Phone No (05134) - 43-4-98

OwnershIp ofcapItal and dIstnbutIon of stock

Name ofstockholder %
Statutory capItal, mcludm2 10000
• Property of the labor collectIve 520
• Property ofUS comDanv Tnsta.l"--- 480

GENERAL BACKGROUND

• hmmg workshop,

• tannmg workshop,

• stammg workshop,

• fimshmg workshop,

• mechanIcal workshop,

• electnc workshop,

• chemIcal workshop,

• aIr compressor room,

• bOIler house,

ChIef engmeer - Valentm YevseyevIch Bunmstr

Managmg dIrector - Sergey MOlseyevIch Kerner

There are the followmg bUIldmgs and constructIons wIthm the temtory ofthe
enterpnse
- office bUlldmg,
- maIn processmg bUlldmg compnsmg the followmg

Name - Closed-type Jomt-stock company VOZKO

Fax No (05134) - 50-00-43

Mall address UKRAINE 329600 NIkolayev regIOn, Voznesensk, Oktober revolutIOn
street, 287

20

The CJSC VOZKO was COnllTIlSSIOned m 1978 The pnmary actIvIty IS manufactunng
of chrome leather for footwear top CapaCIty of enterpnse IS 380 mIn square deCImeters
of chrome leather and 96 mIn square deCImeters of spht leather per year The tannery
processes raw cattle hIdes weIghmg 20-30 kg DaIly nommal soakmg capaCIty IS 4 5
thousand hIdes In 1990 - 1992 the tannery renovated Its productIOn eqUIpment
replacmg obsolete eqUIpment In 1993 the enterpnse was converted mto a Jomt-stock
company The stock capItal dIstnbutIon IS shown m the Table 2 1

I
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• water pumpmg station,
• wastewater treatment facIlIties,
• local wastewater treatment umts,
• motor transport umt

OutsIde the mam production sIte there are

• techmcal water scoop wIth first-stage pumps at the Yuzhny Bug nver,
• treatment facIhtIes wIth three sewer pumps at the 13-km sewer lIne

The company also mcludes
• hIde preparatIOn plant,
• shoe factory

2 2 Recent productIOn

The VOZKO produces chrome leather for footwear top, leather for general wear,
funuture leather, lmmg leather, Crust semlfimshed leather, tanned semlfimshed leather

The sequence of leather processmg by productIOn umts IS as follows

Hide preparatIOn plant

• HIde tnmmmg - removal of unneeded parts of hIdes at the penmeter whIch may
cause dIfficulties dunng machIne processmg and lead to waste

• SeparatIOn of hIde shoulders from medlum- and heavy-weIght cattle hIdes to
faclhtate further processmg

L1mlD2 and soaklD2 workshop

• Soakmg and hmmg processes are hqilld chemIcal treatment processes to soak the
hIdes to the maxImum and soften the skm structure m order to prepare the hIdes for
tannmg Alkalme treatment ofhIdes results m removal ofhaIr, necessary plumpness,
and swollen hIdes are transferred for mechanIcal processmg m the same workshop

• MechanIcal operatIOns m the hmmg and soakmg workshop
- scrapmg to remove shreds from hIdes,
- sphttmg ofhIde shoulders, small-Size whole hIdes to cut the hIdes m two layers for

further economIcal processmg

Cost of processmg m the hmmg and soakmg workshop IS 8 5% of the total productIOn
cost

11
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TannIng workshop

• Preparatory and tanrung processes are lIqUid chemIcal treatment processes to prepare
swollen hIdes for the pnmary process oftanmng and achIeve semI-fimshed leather of
Wet-Blue type

• MechanIcal operatIons m the tannmg workshop
- wnngmg to remove exceSSIve mOIsture from tanned semI-fimshed product to 55­

65% content,
- splIttmg of unshouldered hIdes to cut the hIdes m two layers for further economIcal

processmg
- slIckmg to plane even whole hIdes and to achIeve reqUired thIckness

Cost ofprocessmg m the tannmg workshop IS 154% of the total productlOn cost

The grade of the semI-fimshed product IS determmed by the qualIty ofraw matenal

StaInIng and dryIng workshop

• Scraped semI-fimshed product IS chemIcally treated 1 e IS stamed and fat-hquored as
follows
- neutralIzed by alkalIne treatment to prepare the semI-fimshed product for further

stammg and fat-lIquonng,
- stamed by orgamc dyes,
- lIquored by fat emulslOns to get soft elastIc leather,
- superficIally tanned and stuffed conslstmg of treatment of the semI-fimshed

product WIth vanous superfiCIal tannmg and stuffing substances m order to achIeve
reqUired propertIes ofleather elastIcIty, softness, stuffing, etc

• MechanIcal operatlOns m the stammg workshop
- wnngmg and flattenmg to smooth leather and remove exceSSIve mOIsture,
- drymg and mOIstunzmg, stakmg are operatlOns for achlevmg standard mOIsture

content m skms of12-16%, for softenmg and elastIcIty
- drum-breakmg for several types of leather to enhance softness

Cost ofprocessmg m the tanmng workshop IS 523% ofthe total productlOn cost

FmIShIng workshop

In the fimshmg workshop each type ofleather IS processed by ItS own technology

Leather WIth Improved surface IS buffed Naturallookmg leather IS not buffed

Then skms are coated WIth acrylIc-based polymers or WIth mIxture of polymers and
polyurethane As a rule skms are coated twIce WIth mtenm pressmg by smooth plate
and engraved plate Coatmg IS fixed by mtrovarmsh or water varnIsh

Leather WIth double color coatmg of the AmIgO or Sofpltta reqUire addItlOnal
processmg at the Colorama

12



Leather WIth fat coatmg of Crazy-Horse or Pull-Up type after buffing are fat-coated and
polIshed

Cost ofprocessmg m the fimshmg workshop IS 22 9% of the total productIOn cost
Fimshed skms are sorted, measured and packed

The CJSC VOZKO accordmg to 1997 data supplIes to the mternal UkraIman market
63% of output, the rest goes for exportatIon (see subsectIon 3 4 )

The company has 2 speCialIzed stores, shoe factory, dress makmg workshop
Average number ofthe tannery staff IS 1,000

2 3 SI~mficance of thIs sector for the natIOnal economy

The plants WIth SImIlar operatIOns eXIst m Ukrame Total number of them IS around 12

The enterpnse produces 50% of leather products m Ukrame and has great Importance
as the source of leather for shoe and apparel mdustnes
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30 CURRENT STATUS OF PRODUCTION

3 1 Total capacity of plant

The desIgn capacIty of the enterpnse ensures output of 386,600 thousand square
deCImeters ofchrome leather per year

3 2 Recent productIOn 1997 vs 1995 and 1996

In 1995-1997 the enterpnse operated at reduced capacIty due to the reonentatIOn ofraw
matenal supphers to exports For example m 1995 the capacIty was used at 574%, m
1996 at 47%, m 1997 at 32 3% The productIOn volumes are gIven m Table 3 1

ProductIOn output
Table 3 1

Name of Umtof Output % 1997
product measure 1995 1996 1997 to 1996

1 Chrome leather products thousand 221,722 181,238 124,572 687
dm2

2 Wet-Blue semi-fimshed thousand 35,390 62,960 61,100 97
product dm2

3 SplIt leather thousand 36,810 21,980 7,600 346
dm2

4 Total output thousand 83,693 84,509 50930 603
hnvnas

AnalySIS of the data from Table 3 1 shows that absolute volumes of output m 1996 as
compared to 1995 amounted to 81 7% for chrome leather, 178% for Wet-Blue seml­
fimshed product, 59 7% for splIt leather, productIOn output m comparable pnces to
101%
Accordmgly, absolute volumes of output m 1997 compared to 1996 were 68 7, 97 and
34 6% respectIvely, total output 603%

3 3 Prospects of development

The marketmg, productIOn and technologIcal servIces of the enterpnse carry out work
toward the perspective development of the tannery

Plans are proceedmg to change from a seller of semi-fimshed products mto the supplIer
of fimshed goods WIth thIs purpose Jomt Ukramlan-Itahan venture - Ehsa shoe factory
and Tulpan dress makmg shop - was set up PreparatIon IS underway for expanSIOn of
the product range, m partIcular, for productIOn ofautomobIle and furruture leather

14



3 4 Exports vs DomestIc sales

The tannery amalgamatIOn exports leather Dehvenes to UkraIman enterpnses and for
export are shown m Table 3 2

Exports vs Domestic sales
Table 3 2

Descnphon - U"t 1995 1996 1997
1 Exports thousand 24,2783 25,0475 16,5483

hnvnas
2 DomestIc dehvenes thousand 29,673 20,1385 28,6377

hnvnas
3 Exports vs Domesnc sales % 8182 12438 5778

Table 3 2 shows that the company has stable lInks at the foreIgn market though exports
m 1997 dropped by 34% as compared to 1996
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40 FINANCIAL STATUS

4 1 Currency vs Barter

Barter operatIOns at the ClSC VOZKO are sIgnIficant

In 1995 they compnsed 40 4%, m 1996433%, m 1997333% WhICh IS explamed by
the financIal cnSIS m Ukrame

42 ViabilIty of the plant

The pnmary financial results of the company operatIOn are represented m Table 4 1
The analysIs shows that the balance profit of the enterpnse m 1997 was 3 tImes hIgher
than m 1996, but gross mcome fell 1 66 tImes

Pnmary financIal results
Table 41

IndIcator Values by years, thousand
hnvnas

1995 1996 1997
1 Gross Income 83,693 84,509 50,930
2 VAT 5,616 5,593 5,700
3 ProductIOn costs 41,355 52,116 42,436
4 Balance profit 14,106 5,579 1,791
5 Net profit 10,220 4,034 1,248

The data from Table 4 1 show that m 1997 as compared to 1996 gross mcome fell by
40%, productIOn costs by 18 6%, whIch resulted m 69% profit reduction A decrease m
raw matenal supply caused a large fall m profit

VIabIlIty mdicators shown m Table 4 2 have satIsfactory values charactenzmg stable
financial status of the tannery dunng the revIewed penod

IndIcators of financIal stabIlIty

Table 4 2
IndIcator 1995 1996 1997
ProfitabIlIty, % 341 146 33

The plant has no wage or energy payment debts
All Incommg and outgomg bIlls are collected each year and kept m the books
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50 ANNUAL ENERGY CONSUMPTION AND COSTS

51 Annual consumptIOn 1995. 1996 & 1997

The ClSC VOZKO uses pnmary types of energy purchased from local utIlItIes as
electnc power, natural gas, potable and techmcal water Thermal energy as saturated
steam WIth pressure of 5 kg/cm2 IS generated by the m-plant boIler house eqUIpped WIth
five bOIlers of DKVR - 20-13 type Annual energy consumptIOn and costs are shown m
Table 5 I Electnc power and natural gas make up accordmgly 26 65% and 7335% of
the total consumptIOn However, the costs relatIOn IS dIfferent electnc power IS
57 76%, natural gas- 38 01%, potable water IS 3 08%, technIcal water - 1 15%

Total Energy Use by Energy Source and Cost (Based on 1997 Data)

Table 5 1

Fuel
Annual Use Annual Usem Share ofEnergy Annual Share of Annual

Gcal Use, % Cost, US$ Cost, %

ElectncIty 24,386 thousand 20,968 2665 1,010,658 5776
kWh

Nat Gas 8,107 thousand m3 57,731 7335 665,082 3801

Potable 96,618 m3 - - 53,892 308
water

Techmcal 1,027,370 - - 20,122 1 15
water

Total - 78,700 100,0 1,749,754 100,0

FIg 5 I, 5 2 show dIstnbutIOn ofenergy use and costs by the types of energy m 1997
Monthly energy use IS shown m Table 5 2 and on FIg 5 3 and 5 4
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FIg 5 1 Breakdown of energy consumptIOn
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5 2 Breakdown of energy costs III 1997
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Energy use at CJSC VOZKO III 1997
Table 5 2

Month of ElectrIcIty use, Natural gas use, Water use,
1997 ',000 kWh 1000 m3 m3

January 2,329 1,265 10,543
February 2,388 920 10,890
March 2,277 842 7,559
Apnl 2,182 669 6,142
May 1,833 392 6,847
June 1,743 313 7,043
July 833 36 3,671
August 1,940 313 6,604
September 2,098 450 11,592
October 2,092 750 7,475
November 2,306 922 9,174
December 2,365 1,235 9,078

Total 24,386 8,107 96,618
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FIg 5 3 ElectncIty consumptIon
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FIg 54 Natural gas consumptIOn I
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FIg 5 5 Water consumptIOn

The total consumptIOn of electncity In 1997 was 24,386 thousand kWh, whIle natural
gas consumptIOn was 8,107 thousand CUbIC meters and water - 966 thousand CUbIC
meters The peak: productIOn penod IS In the 1st and 4th quarters of the year The
maXImum natural gas use both In 1996 and 1997 occurred In the peak: productIOn WInter
months and In January 1997 It was 1,265 thousand CUbIC meters The peak electnClty,
natural gas and water consumptIon has an ObVIOUS tendency to decrease and vanes
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each year dependmg on the delIvery of hIdes, 1 e the plant operates "off-the wheels"
(as they are delIvered)

52 Current tariffs for fuel and ener2Y

The plant pays approxImately US$I,700 thousand annually for Its energy consumptIOn
Energy costs run approxImately 7 5 percent of the total productIOn cost Therefore,
energy effiCIency measures can make a sIgmficant Impact on the plant's profit

The electnc rate structure IS what IS known as the two-part tanff wIth payment for
consumed reactIve power Once a year the plant negotIates a contract WIth the utIlIty
company on the rate for electnc power In accordance wIth thIS contract the advance
payment should be made for the negotIated amount of electnc power consumptIOn The
momtonng over the consumptIOn of contracted amount of power IS camed out monthly
by actIve and reactIve power meters mstalled at the mput feeders

The current contracted electncal rate IS $3 8 per 1 kWh of negotIated demand, $0035
perl consumed kWh, $0 0028 per lkVAr of consumed reactIve power Average rate IS
US$O 048 per kWh

The natural gas comes to the plant from the CIty pIpelIne and IS used mamly for
generatIOn ofsteam at the bOIler room There are gas meters at the gas dIstnbutIOn umt
The monthly rate for natural gas IS US$83 per 1,000 CUbIC meters

Potable water IS supplIed to the plant VIa flow meter from the CIty pIpelme The cost of
water IS US$O 897 per CUbIC meter

Techmcal water IS supplIed from the Yuzhny Bug at the rate of $00198 per CUbIC
metre

For the m-plant settlements WIth sub-users the energy costs are calculated at the plant
WhICh constItute
electnc power - $0 059 per kWh,
technIcal water - $0 075 per m3

,

thermal energy - $15 8 per Gcal

5 3 Ener2Y use profile

The productIOn umts of the plant use the followmg types ofenergy

• electnc power IS supplIed from the NIkolayevoblenergo utIlIty
* mam productIOn SIte IS supplIed from two 110/1 OkV dIstnbutIOn deVIces and further
from ten 10/04 kV stepdown transformers Voltage for productIOn consumers IS 380V,
50 Hz, for lIghtmg 220V, 50Hz Rated capaCIty of electnc eqUIpment IS 17,205 kW
* off-SIte faCIlItIes mclude water scoop at the YuzhnIy Bug nver and bIologIcal
treatment faCIlItIes WIth 4 sewer pumps located along the l5-km sewer lIne and are
supplIed from 6 stepdown transformers WIth total rated capaCIty of 8,580 kVA
• natural gas IS used for steam generatIOn and hot water supply
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• at the mam productIon SIte there IS the bOIler house wIth 5 DKVR-20-13 bOIlers wIth
total capacIty of 100 tons of steam per hour The bOIler house supplIes productIOn
lInes WIth the followmg heat carners - 13 kg/cm2 steam whIch IS reduced to 5 kg/cm2

at the reduction and coolmg umt and further on goes to
- the mam productIOn bUIldmg where at the heat supply umt No 2 130-115°C water IS
prepared at steam-to-water heaters utilIzed m drymg, fimshmg and stammg workshops,
- hIde preparatIOn plant,
- hIde dlSlnfectant chamber,
- local water treatment faCIlIties to solIdIfy sludge
- steam-to-water heat exchangers (8) m the bOIler house for preparatIOn of hot water for
the ventilatiOn and aIr heatmg system WIth water parameters of ISO-70°C

Space heatmg of the mam productIon bUIldmg IS by aIr (steam COlIs and fans)

In the bOIler house water IS prepared for hot water supply WIth the temperature of 800e
In order to buIld up constant static pressure thIS water IS pumped to the water tower (h =
34 m, volume of 260 m3

) at mght and utilIzed m daytime

Seventy per cent of condensate utIhzmg excess pressure after the steam trap IS returned
to the condensate pumpmg statIon The 65°C water for domestic purposes IS prepared at
the condensate pumpmg statIon utIlIzmg condensate flash heat

In soakmg and lImmg workshop, and tannmg workshop water WIth temperatures of 40,
30, 20°C IS used that IS prepared m the mam productIOn bUIldmg at automatIC mIxers

.j: at bIOlogIcal treatment faCIlItieS there IS the bOIler room eqUIpped WIth two NIISTU-5
bOIlers supplymg space heatmg, ventilatIOn and domestic hot water systems

• potable water IS supplIed from the CIty plpelme to the storage reservOIr and then IS
pumped to the m-slte potable water network wmch IS of nng-CIrCUIt type The
pumpmg statIOn IS eqUIpped WIth two 4K-12 pumps of 65 m3/hour capaCIty, 40 m
head, 17 kW electnc motor,

• techmcal water IS supplIed from the Yuzhmy Bug from the first stage pumpmg
statIOn to the 1000 m3 reservOIr and then IS pumped Via the second stage pumpmg
statIon to the m-slte techmcal water network of dead-end type The pumpmg statIOn
IS eqUIpped WIth three 8K-12 pumps of 220-340 m3/hour capaCIty, 25-32 m head,

• compressed aIr IS used at the plant WIth pressures of 7 kg/cm2 and 0 S kg/cm2 The 7
kg/cm2 IS dned and used m automatIC pneumatic systems, the non-dned aIr IS used at
the chemIcal statIOn, m fimsmng workshop (at leather stammg umt), at wastewater
treatment faCIlItIes, boIler house, etc Compressed aIr IS produced by the 305VP-30/S
compressors (3 umts) WIth 200-kW dnves and VD-27/9 (3 umts) WIth 160kW
dnves The controlled parameter at the compressor room IS pressure m the receIver­
s 2-7 0 kg/cm2

The 0 8 kg/cm2 compressed aIr IS used m the fimshmg workshop and leather polIshmg
umt The aIr IS supplIed by TV-SO blowers (2 umts) WIth 160 kW dnves and RTV-80 (3
umts) WIth 30 kW dnves The capaCIties ofblowers are not regulated

ProductIOn output m 1995 - 1997 IS shown m Table 3 1, energy consumptIOn by types
ofproducts IS gIVen on FIg 5 6, 5 7, 5 S
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Table 53
Electnclty use by types ofproducts

Accordmg to the statIstIcs of the plant (Table 5 3, FIg 5 6) 54 8% ofoverall electnclty
use IS consumptIon for chrome leather productIOn

01997

.1996

lid 1995

1,000 kWh
3000015000 20000 25000100005000o

Wet-blUl

Sp ht leather

Chrome leather

Other producmon use

Producmon use ••••

The plant does not submeter natural gas, thermal energy or electnc consumptIOn at
productIOn umts, plants or by types of products so It IS dIfficult to account accurately
for the changes m the plants overall specIfic energy use Currently thIS accountmg IS
carned out by the economIC office of the enterpnse by calculatIOn on the basIs of the
desIgn specIfic use per unIt and productIOn output The results If the energy and fuel use
are reflected m the state statIstIcal reportmg form No 11 mtp "Report on the use of fuel,
thermal energy and electnc power" (AppendIx D)

Years ProductIon use, Chrome leather Wet-Blue SplIt leather Other productIon use,
1,000 kWh productIon, productIon, productIon,

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

1995 27,071 27,071 - - -

1996 27,876 17,549 - - 10,327

1997 21,278 11,651 3,132 409 6,089

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

FIg 5 6 Electnclty use by types of products

The natural gas consumptIOn IS dnven by the demand of productIOn umts for steam and
hot water Annual thermal energy consumptIon m 1996 was 16,878 Gcal and In 1997
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Table 5 4

9,237 Gcal The analySIS of data from Tables 54 and 5 5, FIg 57 and 5 8 shows that
speCIfic fuel use was m 1995-1997 160 tce per 1 Gcal WhICh IS explamed by the
absence ofheat generatIOn metenng

Natural gas use by types ofproducts

Years ProductIOn Heat Other producTIon
consumpTIon, tce generatIOn, tce consumpTIon, tee

1995 16,367 16,228 139

1996 17,023 16,828 143

1997 9,387 9,237 150

Other producmon use

Therrnmal energy use

Producmon use

o 2000 4000 6000 8000 10000 12000 14000 16000 18000

FIg 57 Natural gas use by types ofproducts
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Years ProductlOn use, Chrome leather Wet-Blue SplIt leather Other productlOn use,
1,000 Gcal productlOn, productlOn, productIon,

1,000 Gcal-

1,000 Gcal 1,000 Gcal 1,000 Gcal

1995 893 893 - - -

1996 10083 667 - - 341

1997 5877 4246 103 10 5 1

Thermal energy use by types of products

Fig 5 8 Thermal energy use by types ofproducts

01997
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Table 55

1,000 Gcal
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Balances of energy consumptIOn at the JSC VOZKO are shown on FIg 5 9 - 5 10

I ElectrICIty I
100% Fmlshmg w/shop

953%
Mam facIlIty Tannmg w/shop

47%
Otherumts Compressor umt

18%
HIde preparatIOn plant Stammg w/shop

072%
Shoe factory Lunmg w/shop

Boller house

Local wastewater
treatment

Water supply and
sewer

Chemlcal statiOn

Other users

Transport umt

Repair w/shop

Experlffientalw/shop

FIg 5 9 Balance of electncity use at the CJSC VOZKO
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Thermal energy

100% Fmlshmg w/shop

9369%
MamfacIhty Stammg w/shop

54%
HIde preparatIOn plant Tannmg w/shop

091% I Otherumts I Lunmg w/shop

ChemIcal statIOn

Expenmental w/shop

Local wastewater
treatment

Transport umt

Other users

RepaIr w/shop

FIg 5 10 Balance of thermal energy use at the CJSC VOZKO
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Flnlshmg wlshop
I

4220%

I
•c

Compressor UnIt

1426%

Other consumers

5,51% ChemIcal station

.-__4.;.30%

Tannmg w/shop

12,90%

StamIng w/shop

12,81%

FIg 5 11 Breakdown ofelectnClty use by company umts

Expenmental w/shop

3,90%

Other consumers Chemical statIon

Water supply and 978% 4 12%

sewer

5,08%

Boller house

660%

Stammg w/shop

1634%

Lunmg w/shop

10,16%

5 12 Breakdown of thermal energy use by company unIts
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60 PREVIOUS ENERGY IMPROVEMENTS

Certam work on ImplementatIOn of energy conservation measures IS bemg carned
out at the tannery

• ComprehensIve energy conservatIOn program at the CJSC VOZKO for 1997-2010
has been developed

• SpecIfic energy consumptIOn standards per urnt of productIOn m 1998-1999 have
been worked out

• Unused transformers are cut off from the power supply system

• Thermal msulatIOn of mam steam-, hot water- and condensate pIpmg have been
repaIred ThIs work IS carned out on regular baSIS

• At sewer pumpmg statIOns sewer pumps are replaced WIth lower capaCIty pumps
for operatIOn dunng days-off and m nIghttime

• Exhaust ventIlatIOn has been renovated by replacement of exhaust fans WIth
deflectors, etc

The company develops the "Energy consumptIOn" automatic control system based on
computenzed technologIes

TannIng technologIes are bemg Improved WIth the VIew of reductIOn of energy
consumptIOn
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70 ENERGY AUDIT

The analysIs of the fuel and energy use by the tannery descnbed In sectIOn 5 of thIS
report and the study of the actual use of the energy resources resulted In development
of the energy conservatIOn opportunItIes (ECO) vIewed below whIch wIll reduce
electncity consumptIOn by 6,247,700 kWh (25 4% of 1997 consumption) and natural
gas consumptIOn by 3,198,700 m3 (48 3%)

These ECDs can be applIed at other Industnal enterpnses wIth sImIlar condItIons

ECO - 1 InstitutIOn of energy management

Energy management IS the maIn avenue by WhICh energy usage reductIOn and Increase
In consumptIOn efficIency can be achIeved ThIS management strategy IS based on
conventIOnal measurements and documentatIon and provIdes operatIng condItIOns that
facIlItate mInImal energy consumptIon needed for the technology

ImplementatIOn of energy management program wIll result In havIng more detailed
energy consumptIOn records Such system wIll allow companson of the energy usage to
that of other enterpnses for preCIse evaluatIOn of energy saVIng projects that are
consIdered by the faCIlIty

We recommend to Introduce at the plant the energy management program to full extent
The ImplementatIOn of thIS ECD wIll result In reducIng energy consumptIOn by 5%

Currently the plant uses annually on average 24,386,000 kWh of electrIc power and
8,107,000 m3 of natural gas The global expenence and practIce show that In case of
InstItutIOn of full-tIme energy management ensures 5% of fuel and energy
consumptIOn saVIngs Energy savIngs WIll amount to
1) Electnc power - 2,438,000 x 0 05 = 1,222,000 (kWh)
2) Natural gas - 8,107,000 x 0 05 = 405,350 (m3

)

Total cost ofmstItutIng energy management WIll be $85,100
SImple payback penod WIll be 0 92 year (11 months)
See detaIls m AppendIX AI, BCD # 1

ECO #2 Increase of reactIve power compensation lD the plant power supply
system

The plant uses phYSICally worn-out means of reactIve power compensatIOn In the
power supply system resultIng In the power factor bemg sIgmficantly lower than the
deSIgn value Low power factor results In electncity losses

We recommend to Install automatIcally controlled means of reactIve power
compensatIOn

ImplementatIOn of the ECD wIll result In reductIOn of power losses In the gnds by
1,000 thousand KWh, beSIdes, reactIve power costs WIll drop by $30,020
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In order to ensure reactIve power compensatIOn at the desIgn value of the power
factor gIven the real workload of the enterpnse It IS necessary to mstall power factor
capacItors of total capacIty of2,000 kVAr wIth automatIc control Cost of eqUIpment
and constructIOn WIll be approxImately $100,000

SImple payback = 3 3 years
See detaIls m AppendIx A 2, ECD # 2

EeO #3 InstallatIOn of steam trap unrts-at the steam consummg systems

At the plant the 5 kg/cm2 steam IS used for heatmg water to 130-11SoC at the No 2
heatmg umt of the mam productIOn bUIldmg, at local wastewater treatment faCIlItIes,
at hIde shreds bOllmg umt, for space heatmg and ventIlatIon usmg 8 network heat
exchangers water IS heated to 150-70oC

As the energy audIt results showed that 3 steam traps are mstalled at the N02 heatmg
umt (three of them), m the bOIler house out of8 heat exchangers only one IS eqUIpped
WIth a steam trap, steam utilIzmg eqUIpment at the local wastewater treatment
faCIlItIes and m the soakIng and lImmg workshop at the hIde shreds bOllmg umt (4
bOllmg pans) IS not eqUIpped WIth steam traps resultmg m the unused steam WIth the
condensate at 114°C gomg to the condensate pumpmg statIon IS lost mto the
atmosphere as flash steam, at wastewater treatment faCIlItIes and mde shreds bOllmg
umt It IS dramed mto sewer

We recommend to mstall steam trap umts at the above mentIOned eqUIpment to
reduce the steam and condensate waste

Annual energy savmgs WIll be 1,3257 Gcal (197,000 m3 ofnatural gas), cost savmgs
WIll be Sc = $41,905

Total ImplementatIOn cost WIll be $ 9,936

SImple payback = 0 24 years

See details m AppendIX A 3, ECD # 3

ECO # 4 Insulation of steam and hot water plpmg

As the result ofthe study ofthe steam dIstnbutIOn system It was establIshed that despIte
thermal msulatIon of mam steam pIpelmes, branch pIpes and condensate pipelmes do
not have proper msulatIOn

It IS recommended that the steam and hot water pIpmg should be fully msulated

The annual thermal energy savmgs should amount to 1,510 Gcalfyear (224 thousand m3

ofnatural gas)

Annual cost savmgs due to reductIOn of thermal energy consumptIOn WIll be
US$23,858
ImplementatIon cost WIll be US$4,869
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SImple payback =02 year
See details m AppendIX A 4, ECD # 4

ECO #5 Improvement of combustIOn effiCiency m DKVR-2 5-13 boiler by
excesSive air control

For thennal energy supply 5 DKVR-20-13 bOilers are used (one or two are m operation,
the rest are standby) To run these bOilers the operation charts have been worked out but
automatic control of fuel-to-aIr ratio m confonnity 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 Control of optImal combustIOn IS earned out by sUbjectIve
perceptIOn of the flame color by the boller operator

We recommend to eqUIp the operation personnel of the bOIler umt WIth the ENERAC­
2000 or BACHARACH combustIOn analyzer and to mclude m the operatIOnal
responsIbIlIties of the operator penodical check of combustIOn processes WhICh would
ensure the mcrease ofbOIler combustIOn effiCiency and savmgs m natural gas

IntroductIOn of thIS measure WIll reduce the speCIfic use by ~6% and It WIll reach
162 34 kg per 1 Gcal, average bOIler effiCIency wIll nse to 88%

Savmgs of gas WIll be 4778 thousand cubiC meters, cost savmgs WIll be US$39,660,
ImplementatIOn cost WIll be US$6,SOO

SImple payback WIll be 0 16 year

See detaIls m AppendIX A 5, ECG # 5

ECO #6 Energy effiCIent plant hghtmg

The external lIghtmg system of the plant area conSIsts of 82 SKZPR-250 IIghtmg
fixtures WIth DRL - 250 hIgh pressure mercury lamps mstalled on 9-meter hIgh
ferroconcrete lampposts Part of the area adjacent to the productIOn bUIldmgs IS lIghted
by conventIOnal200-watt and 500-watt mcandescent lamps The lIght flow of the DRL­
250 lamp IS equal to 10,000 lumen and the nommal servIce lIfe IS 2,400 hours

It IS suggested to conSIder the proposal of replacement of DRL -250 high pressure
mercury lamps for external hghtmg of the plant area WIth the DNaT-100-3 hIgh
pressure sodIUm lamps usmg eXIstmg fixtures and replacmg sWItchmg applIances WIth
appropnate capaCIty The sodIUm lamps of the DNaT -100-3 type manufactured m the
CIty of PoItava have a longer operatIOn hfe - 6,000 hours WIth the hght flow of 9,000
lumen

Annual energy savmgs by usmg DNaT-IOO-3 lamps WIll be 57,764 kWh

Cost savmgs at the pnce of electnc power ofUS$O 048 per IkW WIll be US$2,772 7
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ImplementatIOn costs wIll be US$2,460

SImple payback wIll be 0 9 year

See detaIls III AppendIx A 6, ECO # 6

ECO # 7 UtilIzatIOn of steam reduction energy for electnc power
co-generatIOn

The heat supply layout of the bOIler house IS deSIgned for generatIOn of thermal
energy as steam by the DKVR-20-13 bOIlers WIth succeSSIve reductIOn of steam
pressure at the pressure reductIOn plant (PRP) to 5 atm whIch IS rated for handlIng
60 tons of steam per hour There are two such PRPs at the bOIler house

GIVen the actual load of the bOIler house dunng the audIt we recommend to mstall
two electnc generators of PVM-250-EG type parallel to one of the PRP to utll1ze
preVIously lost steam pressure energy

In case of round-the-clock operatIOn of the bOIler house the generatIOn plant WIll
work 24 hours a day and 5,000 hours a year

Total amount of generated e1ectnClty WIll be 2,500000 kWh

Cost saVIngs due to reductIon of electnc power consumptIOn from the regIOnal utIlIty
WIll be $120,000 per year

SImple payback WIll be 1 04 years
See detaIls In AppendIX A 7, ECG # 7

ECO # 8 Infrared heatmg with direct combustIOn of natural gas

The plant uses air space heatIng of the mam productIOn buIldmg WIth mduced
ventIlatIOn The maxImum deSIgn heat use IS 0272 Gcal/hour By the data of the
plant for thIS purpose 20 2 thousand Gcal of heat IS used SInce the plant IS not
operatIng to full capacIty some of the heat IS not used ratIOnally as the entIre bUIldmg
IS heated not Just workplaces

We recommend to Install mfrared systems WIth dIrect combustIOn of natural gas
above workplaces m the lImIng, tanmng, stammg, dryIng water treatment workshops
The recommended systems have certam benefits over conventIonal systems

We recommend to utilIze hIgh- and low-rate Schwank heaters USIng low-pressure
natural gas

EqUIpment cost IS $70,200

Natural gas savIngs WIll be 1,650,000 m3

Cost savIngs WIll be $205,730

SImple payback WIll be 092 year 1 e the ECG WIll payback In 2 heatIng seasons
See detaIls In AppendIX A 8, ECG # 8
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ECO # 9 Automatic energy metermg system

The enterpnse uses several types of energy and fuel electnc power, gas, steam,
compressed aIr and techmcal water

The detaIled study showed that calculatIOns of steam, electnc power, gas,
compressed aIr, hot and cold water consumptIOn by separate productIOn umts of the
tannery are made by standard mdIcators and actual productIOn output figures
Instrument metenng IS non-eXIstent

We recommend to automate commercIal and technIcal metenng usmg the ITEK
technIcal mstruments manufactured by the EnergIya R&D mstItute m KIev These
mstruments are certIfied m UkraIne and are desIgned for contmuous and penodIcal
measurement/regIstratIOn ofphySIcal values

In order to Implement the ECO It IS planned to set up commerCIal metenng of power
consumptIOn at 8 pomts, commerCIal gas metenng at 1 pomt and oftechmcal water at
2 pomts

TechnologIcal metenng of electnc power WIll be Implemented at 60 pomts, hot
technIcal water at 6 pomts, technIcal water at 8 pomts, steam at 11 pomts, compressed
aIr at 3 pomts, gas at 5 pomts, condensate at 1 pomt

Judgmg from the expenence WIth other plants expected savmgs from mtroductIOn of
own automatIc metenng at the plant and energy use plannmg and control system WIll be
not less than 5% Therefore, based on the 1997 9at~ arumal savmgs of natural gas wl!!
be 405 thousand m3

, of electnc power - 1,000 thousand kWh, cost savmgs - $8,500,
ImplementatIOn cost - $1150,000
ConstructIOn and mstallatIOn costs - = 30,000

SImple payback WIll be 18years
See detaIls m AppendIX A 9, ECO # 9

ECO # 10 IntroductIOn of air curtam blockmg whIle opemng gates of the mam
bUlldmg

The gates of the mam bUIldmg are eqUIpped WIth a system of hot aIr curtams to prevent
mfiltratIOn of cold aIr mSIde whIle the gates are open However, the audIt resulted m
findmg that the above mentIOned systems work round the clock dunng the heatmg
season

We recommend to add to the system of aIr curtams an automatIC blockmg feature to be
used to tum on aIr curtams when the doors are opened and turn off fans and thermal
supply to aIr heaters whl1e the gates are closed

Total heat savmgs wIll be 3,380 Gcal (502,000 CUbIC meters of gas), fuel cost savmgs
wIll be 60,647 $ per year, ImplementatIOn cost 5,000 $

SImple payback wIll be 0 08 year
See detaIls m AppendIX A 10, ECO #10
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ECO # 11 Replacement of smgle-pane wmdows m the mam buIldmg with double­
pane

In conformIty wIth the State construction standards the wmdows of mdustnal bmldmgs
should be double As the audIt showed double-pane wmdows are not mstalled overall m
the mam productIOn bmldmg 1,500 m3 of wmdows have been replaced wIth double­
pane ones wIth alummum frammg that reduced sIgmficantly the heat waste by mcrease
of the thermal resIstance and by lowenng of the mfiltratIOn However, the tannery has
600 m2 of smgle-pane wmdows and the recommended work should contmue
AddItIOnally, we recommend to conSIder replacement of smgle-pane ceIlmg wmdows

over certam premIses at X-Y aXIS m the bmldmg layout plan, partIcularly, m the sortmg

and measurement umts

Annual heat savmgs - 104 Gcal (15 4 thousand m3 of gas)

Annual cost savmgs at the pnce of 1 Gcal of heat wIll be 15 8$ wIll be 1,643 $ per
year Cost ofmatenals and glass ~ 6,500$

SImple payback WIll be 4 0 years

See detaIls m AppendIx All, ECO #11

ECO # 12 MomtorIng of boIler eqUIpment operatIOn and temperature modes

of heat-consummg eqUIpment

The tannery has an extenSIve steam and condensate heatmg system, however, m-bmlt
control pressure gauges and thermometers are practically absent It IS ImpOSSIble to
perform an analySIS of the effiCIency of heat-usmg eqmpment, to calculate speCIfic
consumptIOn and to promptly dIscover eqmpment defiCienCies

We recommend to mtroduce at the plant a portable mfra-red thermometer of "Reynger
ST6" type that WIll enable momtonng of the heat consummg eqmpment and to
supervIse It regularly (1 - 2 times a week) the effiCiency of ItS operatIOn and to react
promptly to the thermal energy wastes Expected effiCiency Improvement of the heat
use IS 03-0 6%

EstImated thermal energy savmgs WIll be 2886 Gcal that makes 41 9 thousand m3 of
natural gas, cost savmgs WIll be $4,560, ImplementatIOn cost $1,000

SImple payback WIll be 0 22 year
See detaIls m AppendIX A 12, ECO #12

ECO # 13 Momtormg of electric motor capacIties and electric power use

ApprOXImately 87% of total electncity use of the tannery are used for productIOn
purposes accordmg to the 1997 data whIch amounts to 21,278 thousand kWh to the sum
of 1,022,000$
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Some of the pnmary consumers of electnc power are electnc motor dnves of
productIOn, pumpIng and ventilation eqUIpment

PrevIously In case of motor faIlures they were replaced wIth dIsregard to the
nomInally reqUIred capaCIty As the measurements at the tannIng workshop, compressor
room, water pumpmg statIOns and at ventIlatIOn fans showed the rated capaCIty of
electnc motors IS used at 30-40% Even SImIlar eqUIpment uses vanous capaCIty
motors often exceedmg the needs The total rated capaCIty of 210 motors at the
productIOn lInes IS 1,805 kW

We recommend motor operatIOn be momtored (first and foremost, motors of
compressors, pumps and fans) WIth the help of portable Instrument set of Clamp-on
DIgItal Wattmeter and Power Factor Meter The recommended measure WIll allow
momtonng of the actual motor loads, analyze the effiCIency and orgamze replacement
WIth more effiCIent motors ImplementatIOn of thIs project WIll save not less than 1,5%
ofelectnc power used for productIOn purposes annually

Energy savIngs estimate IS 319,000 kWh, cost saVIngs estimate IS $ 15,312,
ImplementatIOn cost IS $6,500

SImple payback IS 0 43 year

See detaIls In AppendIx A 13, EeG #13
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80 ENVIRONMENTAL IMPACTS OF RECOMMENDATIONS

The most effiCIent way of reductIOn of hazardous emISSIOn m the atmosphere IS the
decrease of fuel and electnc power use In sectIOn 7 calculatIOns have been made
supportIng opportunItIes ofthermal energy, natural gas and electnc power savmgs

Smce the tannery meets the reqUIrements for thermal energy usmg the m-plant boIler
house the saVIngs are shown as natural gas savmgs

Thermal energy savmgs from ImplementatIOn of the proposed measures for the entIre
plant WIll amount to

ECO #1 - SIg = 4053 thousand m3 per year
ECO #3 - S3g = 197 thousand m3 per year
ECO #4 - S4g = 2243 thousand m3 per year
ECO #5 - SSg = 4778 thousand m3 per year
ECO #8 - SSg = 1,650 thousand m3 per year
ECO #9 - S9g = 405 thousand m3 per year
ECO #10 - Slog:::: 502 thousand m3 per year
ECO #11 - SIlg :::: 15 4 thousand m3 per year
ECO #12 - S12g :::: 41 9 thousand m3 per year

Total natural gas savmgs WIll be Ssum = SIg + S3g + S4g +SSg + SSg + S9g + SlOg + SIlg + SI2g
= 4053 + 197 + 2243 + 4778 + 1,650 + 405 + 502 + 154 + 41 9:::: 39187 thousand
m3 per year

Natural gas combustIon leads to emISSIon mto the atmosphere of carbon OXIde CO and
rutrogen OXIdes NOx

The amount of prevented emISSIOn we determIne usmg combustIOn effiCIency study
(AppendIx D) ofNo1 boIler that shows the follOWIng emISSIOns

• carbon OXIde emISSIOn - M eo = heo x Ssum gas + (h eo - hIco) X (Ng - Ssum gas):::: 0 08 X
3,9187 + (008 -0 05) X(8,113 - 3,9187):::: 440 kg,

• rutrogen OXIde emISSIOn - M Nox = hNOxX Ssum + (hNox - h I
NOx) X (Ng - Ssum gas)= 0 377 X

3,918,7 + (0 377 - 0 233) X(8,113 - 3,9187)= 2,080 kg,

where heO' hNox ' hIe, hINOx are speCIfic emISSIOns of carbon OXIde and rutrogen OXIdes
before and after ImplementatIOn ofECO #5, kg/1,000 m3

Electnc power savmgs from ImplementatIOn of the proposed measures for the entIre
plant WIll amount to
ECO #1 - WI = 1,220 thousand kWh,
ECO #2 - W2 = 1,000 thousand kWh,
ECO #6 - W6 = 57 8 thousand kWh,
ECO #7 - W1 =2,500 thousand kWh,
ECO #9 - W9 = 1,000 thousand kWh,
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ECO #10 - WIO = 1509 thousand kWh,
ECO #13 - WIJ = 319 thousand kWh,

Total electnc power savmgs Will be ~um = WI + W2 + W6 + W7 + W9 + WIO + WIJ =
1,220 + 1,390 + 578 + 2,500 + 1,000 + 1509 + 319 + = 6,2477 thousand kWh per
year

Accordmg to the data of the Mmistry of energy of Ukrame m 1996 average emISSIOns
from generatIOn of 1 thousand kWh were as follows

emiSSions of solId particles - 4 4 kg,

carbon OXide CO - 0 5 kg,

mtrogen OXides NOx - 2 2 kg,

sulfur OXides S02 - 9 9 kg

The results ofprevented pollutant emiSSion mto the atmosphere through electnc power
and natural gas savmgs are shown m Table 8 1

Summanzed mdlcators of prevented pollutant emiSSion mto the atmosphere as the
result ofproposed ECO Implementation

Table 81
Type of emiSSion ReductIOn through ReductIOn through Total reduction per

thermal energy electnc power year
savmgs savmgs

Sohd particles, tons 275 275

Carbon monoxIde, 044 3 12 356
tons
Nitrogen OXIdes, tons 208 13 75 1583

Sulfur OXIdes, tons 61 86 61 86

Thus ImplementatIOn of proposed measures Will cut down pollutant emiSSion mto the
atmosphere by 108 75 tons That Will Improve ecological sItuatIOn m the town of
Voznesensk
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ECO descrIptIOn

A 1 ECO - 1 InstItutIOn of energy management

Collectmg energy
consumptIOn data

AnalySIS

Preparmg energy
consumptIOn chart

Implementmg

plannedlmprovemen~

Planmng

Energy management cycle

• PartICIpatIon III prepanng faCIlIty's energy consumptIOn chart (probably m collaboratIOn WIth an
outSIde consultant, energy audItor),

• TraIling the plant personnel m energy management practIces,

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

Energy management program starts WIth appomtmg an energy manager, the person responsIble for
ImplementatIOn of the program and appomted by the plant's admInIstratIOn The mam dutIes of an
energy manager mclude

Energy management IS the mam avenue by WhICh energy usage reductIOn and mcrease m
consumptIOn effiCIency can be achIeved ThIS management strategy IS based on conventIOnal
measurements and documentatIOn and provIdes operatmg condItIons that facIlItate mmImal energy
consumptIon needed for the technology 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
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• 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 facIhty as well as specIfic

productIOn hnes,
• Development and ImplementatIOn of energy conservatIOn measures requmng no or mmimum

mvestment and pnontIzmg capital-mtensIVe measures,
• PartICIpatIOn m the enterpnse productIOn and strategIcal planmng,
• Implementmg new technologIes on eXIstIng and new energy systems to Improve energy

efficIency of operatlOn,
• Keepmg mformed on current energy pollcy trends and neighbonng Issues, (e g , such as new tax

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

We recommend to mtroduce at the facillty the energy management program to full extent The
ImplementatIOn of thIS ECO WIll result m reducmg energy consumptIOn by 5%

In order to enhance objectIvIty of energy management IS necessary to develop and Implement
energy consumptIOn record keepmg system WIth transcnptIOn of electnc meters mdicatIOns on all
transformer substatIOns accordmg speCIfic timetable Current system only records plant overall
electnc consumptIOn accordmg the timetable, for mtemal users only occaSIOnal data IS avaIlable

It IS necessary to develop a system of energy metenng utIllzmg modem computenzed technology
that WIll permIt to evaluate the dynamICS of energy consumptIOn for productIOn purposes and work
out energy conservatIOn recommendations

Annual energy savmgs

Accordmg to 1997 data the plant uses annually on average 24,386,000 kWh of electnc power and
8,107,000 m3 of natural gas The global expenence and practice show that m case ofmstItutIOn of
full-time energy management ensures 5% of fuel and energy consumptIOn savmgs Energy savmgs
WIll amount to
1) Electnc power - 24,386,000 X0 05 = 1,222,000 (kWh)
2) Natural gas - 8,107,000 X0 05 = 405,350 (m3

)

Annual cost savmg estimate

1 At the pnce of $0 048 per 1 kWh of electnc power the cost savmgs WIll be
1,220,000 x 0048 = $58,600

2 At the pnce of $0 083 per 1 m3 ofnatural gas the cost savmgs WIll be
405,350 x 0,083 = $33,600

Total fuel cost savmgs WIll be
58,600 + 33,600 = $92,200

ImplementatIOn Costs

Accordmg to the world practice, expenses on Implementmg energy management are planned m
advance and constitute 5% of energy costs These expenses mclude costs of Improvmg energy
consumptIOn record system, management costs, costs of consultmg company servIces, whIch WIll
produce

• faC1llty's energy flow survey,
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• energy consumptIOn charts,

• energy consumptIOn balance,

and WIll also

• develop energy efficIency recommendatIOns,

• Implement energy management program,

• proVIde assIstance m purchasmg energy effiCIent eqmpment

At average annual energy costs (at 1997 pnces) of $1,701,423 total ImplementatIOn costs of energy
management program w111 be

1,701,423 x 0 05 ~ $85,100

SImple payback

ImplementatIOn costs - $85,100
Annual cost savmgs - $92,200
SImple payback penod WIll be
85,100/92,200 = 092 year (11 months)
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A 2 ECO #2 Increase of reactive power compensation In the plant power supply system

ECO descnptIon

The plant uses physIcally worn-out means of reactIve power compensatlon m the power supply
system resultmg m the power factor bemg sIgmficantly lower than the desIgn value (cos~ = 0 975
at the 04 kV sIde wIth compensatIOn and 094 at the 10 kV sIde) constltutmg m accordance wIth
the plant load measurements (AppendIx D) m the summer cos~s = 0 723, m the wmter = cos~w =
o62 The load chart of measurements at the supply hne to the drum umt of the tanmng workshop
on 25-26 march 1998 (AppendIx D) shows that that the natural cos~ vanes wIthIn cos~ = 022 ­
o92 Low power factor results In electncity losses

We recommend to mstall automatlcally controlled means ofreactIve power compensatlon

Annual energy savmgs estimate

ReductIOn of power losses In the supply gnds by mcreaSIng the power factor wIll amount to

S = k X (Wr1 - Wr2) = 0 08 X (17,395 - 4,928) =1,000 thousand kWh

where Wr1 IS consumptIOn of reactIve power before the mtroductIOn of the ECO at average tg~ =

08149 thousand kVAr,
Wr2 IS consumptIOn of reactlve power after the IntroductIOn of the ECO at average tg~ = 0 23
thousand kVAr,
k IS the economIc eqUIvalent ofreactlVe power, k = 008 kW/kVAr

The electnc power consumptIOn mdicators at the CJSC VOZKO m 1997 are shown m Table A 2 1
based on the plant data

Table A 2 I

IndIcator Umt Value ofmdicator

1997 actual after mtroductIOn

1 ConsumptIOn of actlve power min kWh 21346 21 346

2 ConsumptIOn of actlve power mIn 17395 493
kVArh

3 Power factor, tg~ - 08149 02309

4 Payment for reactlve power $US 41,890 11,870

ImplementatIOn of the ECO wIll result In reductlon ofpower losses m the gnds by 1,000 thousand
kWh, beSIdes, reactlve power costs WIll drop by $30,020 (see Table A 2 1)
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ImplementatIOn costs

In order to ensure reactIve power compensation at the desIgn value of the power factor of tg~ =

023 It IS necessary to mstall power factor capacItors of total capacIty of 2,000 kVAr wIth
automatIc control Cost of eqUIpment and constructIOn WIll be approxImately $100,000

SImple payback

Annual cost savmgs - Sc = $30,020 per year

ImplementatIOn costs - C1 - $100,000

SImple payback
SP = C,/Sc =100,000/30,020 =33 years
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A 3 ECO #3 InstallatIOn of steam trap umts at the steam consummg systems

ECO descriptIOn
At the plant the 5 kg/cm2 steam IS used for heatmg water to 130-11SOC at the N02 heatmg umt of
the mam productIOn bmldmg, at local wastewater treatment faCIlItIes, at hIde shreds bOIlIng umt,
for space heatmg and ventIlatIOn usmg 8 network heat exchangers water IS heated to 150-7ffC

As the energy audIt results showed that 3 steam traps are mstalled at the N02 heatmg umt, m the
bOIler house out of 8 heat exchangers only one IS eqmpped WIth a steam trap, steam utIlIzmg
eqmpment at the local wastewater treatment facIlItIes and m the soakmg and lImmg workshop at
the hIde shreds bOIlmg umt (4 bOIlmg pans) IS not eqmpped WIth steam traps resultmg m the
unused steam wIth the condensate at 114°C gomg to the condensate pumpmg statIOn IS lost mto
the atmosphere as flash steam, at wastewater treatment faCIlItIes and hIde shreds bOIlmg unIt It IS
dramed mto sewer
We recommend to mstall steam trap umts at the above mentIOned eqUIpment WhICh wIll reduce
steam and condensate waste by 10-15%

Annual energy savmgs estimate

We estimate that the steam saved wIll be 10% annually
The results of calculatIOns are presented m Table A 1 1

Table All

Locates of steam traps Annual steam Energy savmgs, Cost of 1 Energy savmgs,
consumptIOn, Gcal Gcal, $

$
Gcal

1 Local wastewater treatment 257 25,7 3161

2 Network HX m the bOIler room of space 12,600 1,260 3161
heatmg and ventllatIOn system (consldermg
use of mfrared heatmg)

3 HIde shJf'ds bOllmg 400 40 31 61
-

Total 1,3257 3161 41,905

Annual energy savmgs WIll be 1,3257 Gcal (197,000 m3 of natural gas), cost savmgs WIll be Sc =

$41,905
ImplementatIOn cost

We recommend to mstall 7 steam trap umts eqUIpped wIth the followmg Splrax Sarco products

LocatIOn of Pcs Complete steam trap umt

steam trap umts Float-type steam trap Trap stramer Check valve

1 Local wastewater treatment 2 DN 20 FT 20-32 DN 20Flq 33
cost 360 $ cost 90 $

-

2 Network HX m the boller room of 3 DN 20FT 14 DN 25 Flq 33 DN25DCV
space heahng and ventllahon system cost 1200 $ cost 110 $ cost 160 $

3 Hlde shreds bOllmg 2 DN 20 FT 20-32 DN 20 Flq 33
cost 360 $ cost 90 $

-

Total cost 7 5040 $ 690 $ 480 $
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Total eqmpment cost, shIppmg mc1uded

$6,120 x 1 3 =$8,073

InstallatIOn costs (assumed 30% of eqmpment cost)

$6,210 x 0 3 = $1,863

Total ImplementatIOn costs

C\ = 8,073 + 1,863 = $9,936

Simple payback

Annual cost savmgs - Sc = $41,905 per year

ImplementatIOn costs - C. - $9,936

Simple payback
SP =C,/Sc =9936/41,905 =024 years
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A 4 ECO # 4 InsulatIOn of steam and hot water pIpIng

ECO deSCriptIOn

As the result of the study of the steam dlstnbutIOn system It was establIshed that despIte thermal
msulatIOn of mam steam plpelmes several branch pIpes and condensate plpelmes do not have proper
msulatIOn

PartIculars of broken msulatIOn and non-msulated plpmg after takmg measurement are gIven m
Table A 41

Table A 41
Purpose of plpmg Length, DIameter, Number of t,OC

Lm Dmm valves
1 Steam 42 89 4 130
2 Steam 6 50 - 130
3 Steam 40 219 2 95
4 Hot water 60 150 2 95
5 Hotwater 80 89 2 95

The effiCIency of the steam boIler IS 89% and effiCIency of the steam dlstnbutIOn system IS 78%
accordmg to the operatIOn chart ConsumptIOn of steam at the pressure of 10 kg/cm2 IS 5 tons/hour
consldenng that the bOIler operates 140 hours a week, 52 weeks a year

It IS recommended that the steam and hot water plpmg should be fully msulated

The thIckness of msulatIOn should be selected dependmg on the pIpmg dIameter and ItS purpose The
data are furnIshed m Table A 4 2

TableA42

Purpose Diameter, mm InsulatIOn thIckness, mm
1 Steam 50 - 89 80
2 Hot water 219 92
3 Hotwater 89 - 150 42

Annual energy savmgs estImate

We define the thermal energy waste for msulated and non-msulated pIpes m accordance WIth the
methodology [MethodologIcal mstructIOns for determmatIOn of losses of fuel and energy resources
RD5 EDIV 015-008094 Mmmashprom, KIev, 1994]

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

where gnm - speCIfic losses ofnon-msulated plpmg (kcal/meter x hour),

k - correctIOn factor whIch depends on the aIr temperature and the dIfference between pIpe wall
temperature and aIr temperature,
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L o - gIven length ofpIpmg, m

L o =L + (lm x n),

n - number of valves withm the sectIOn

For the pipeime #1 from Table A 4 1 we have

Qnm] =450 x (42+4) x 0 95 =19,665 kcal/hour

Further calculatIOns were carned out sImIlarly and are summanzed m Table A 4 3

Thermal energy waste ofmsulated (kcal/hour) pipeimes are calculated by the formula

where gm IS specIfic loss over 1 meter ofpIpmg wIth dIfference (t] - t;) =1°C dependmg on the
thIckness ofmsulatIOn,

t] - temperature of pIpe walls assumed as equal to temperature ofheat carner, °C,

t2 - temperature ofthe air, °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
rom and temperature dIfference up to 300 0 C a = 1,

b - wmd correction factor (WIth wmd velocIty of 5 m/sec)

Presently It IS realIstIC to cut down waste m the thermal networks by usmg modem effiCIent types of
thermal msulatIOn matenals such as cellular plastics, Styrofoam and other WIth thermal conductivIty
of 0 03 - 0 05 kcal/ (m x hr x °C) We assume the use of the matenals above

For pIpelIne #1 from Table A 4 I

Qm]= 0163 x (130 -15) x 1 x 103 x 46 =888 kcal/hr

SImIlar calculatIOns were carned out for all pipeimes and are shown m Table A 4 3

Net savmgs are receIved takmg mto account the length of a pipeime and full savmgs - considenng
the steam dIstnbutIOn system and bOIler effiCIency
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TableA43

PlpelmeNo GIven length Thermal waste Thermal waste Netsavmgs Full savmgs
WIthout WIth msulatlon
msulatlon

L., m Qnln, kcallhr Qln, kcallhr S", kcallhr S1" kcallhr

1 46 19,665 888 18,777 29,357

2 6 1,653 127 1,526 2,386

3 42 43,890 1,260 42,630 66,652

4 62 41,230 2,769 38,461 60,133

5 82 32,718 1,394 31,324 48,974

Total 132,718 207,502

Thus annual savmgs should amount to

Sa= 207,502 kca1lhr x 140 hrsx 52 weeks x 1(16 =1,510 Gcal/year
whIch IS equal to 224 thousand m3

Annual cost savmgs estimate

Cost of 1 Gcal- CGC = US$15 8

Annualsavmgs

SM =Sax CGC =1,510 x 15 8 = US$23,858

ImplementatIOn cost

Total cost ofmsulatIOn to be mstalled-

C]= LCONx C/NSC +LSTx C/NSS = 52 x 8 + 186xI05 = US$2,369

where L CON= total gIVen length ofwater pipeimes 3-5 from Table A 4 1, m meters,

LST = total gIven length of steam pipeimes 1 and 2 from Table A 4 1, m meters,

C/NSC> C/NSS = cost of 1 meter ofmsulatIOn of hot water pipeimes respectively, US$ per meter

Cost ofmstallatIOn - Cz=US$2,500

Total estimated cost CCOM =C] + C2= 2,369 +2,500 = US$4,869

Simple payback estimate

Annual savmgs m costs - SM = US$23,858

ImplementatIOn cost - CcoM=US$4,869

SImple payback = SM /CCOM = 4,869/23,858 =02 year (25 months)
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A 5 ECO #5 Improvement of combustIon efficiency In DKVR-20-13 boIler by excess air control

For thermal energy supply 5 DKVR-20-13 bOIlers are used (one or two are m operatIOn, the rest are
standby) To run these bOIlers the operatIon charts have been worked out but automatIc control of
fuel-to-alr ratIO m conformIty WIth the load IS nonexIstent The aIr consumptIon value IS controlled
penodlcally by the supply aIr pressure and gas consumptIOn by the pressure before the burners
whIch under the condItIons ofuncontrolled aIr InfiltratIOn does not allow one to substantIate the Idea
of optImal combustIOn processes Control of optImal combustIOn IS carned out by sUbjectIve
perceptIOn of the flame color by the bOIler operator

The above mentIoned IS confinned by the No 1 and 3 boIler combustIOn efficIency measurements
taken WIth the BACHARACH combustIOn analyzer (AppendIX D) As the measurements showed
oxygen content In the exhaust pathway of No1 bOIler was 7 8-9 6%, N03 - 13 2%, excess aIr for Nol
- 1 54-1 77%, N03 - 1 76-2 56%, exhaust gas temperature after the boIler for No1 bOIler - 311°C, at
the lowest pomt of economIzer - 152°C, before the exhaust fan - 144°C, for boIler N03 - 236°C, Nol
bOIler combustIon efficIency - 82 9%, N03 - 80 5% (not consldenng the temperature of Input aIr)
Adjustment of supply aIr pressure at N03 bOIler Increased combustIon efficIency to 84%
(measurements 2 and 3, AppendIX D) and overall combustIOn effiCIency after economIzer to 937%
(measurement 4, AppendIX D)

We recommend to eqUIp the operatIOn personnel of the bOIler unIt WIth the ENERAC-2000 or
BACHARACH combustIOn analyzer and to mclude m the operatIOnal responSIbIlItIes of the operator
penodlCal check of combustIOn processes whIch would ensure the mcrease of bOIler combustIOn
effiCIency and savmgs m natural gas

Energy savmgs estImate

Accordmg to the plant data gIven m the form Noll MTP "Report on the results of the use of fuel,
thermal and electnc energy" In 1997 the plantgenerated 57,731 Gcal of energy whIle actual fuel use
was G=9,237 tce or 7,963,000 CUbIC meters ofnatural gas Accordmg to the manufacturers certIficate
the DKVR-20-13 boIler eqUIpped WIth economIzer should have effiCIency of 11 =92% and coal
eqUIvalent fuel use of 155 12 kg per 1 Gcal

The measurement results showed that average boIler effiCIency was 11ef =82% at actual speCIfic
consumptIOn of 174,22 kg ofcoal eqUIvalent per Gcal

IntroductIOn of thIS measure WIll reduce the speCIfic use by ~6% and It WIll reach 162 34 kg per 1
Gcal, average bOIler effiCIency WIll nse to 88%

Savmgs of gas m the phySIcal terms WIll be

SG = G x b.b = 7963 x 0 06 = 477 8 thousand CUbIC meters

Annual cost savmgs estImate

Money saVIngs at the pnce ofUS$ 83 per 1000 CUbIC meters WIll be

SM=SGX 83=4778 x 83=US$39,660
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ImplementatIOn cost

Cost ofENERAC - 2000 combustion analyzer - C/=US$5,000

Cost oftransportatIOn - C2=US$1,500

Total CCOM =C]+ C2= 5000+1500 = US$6,500

SImple payback estImate

Annual savmgs m costs - SM = US$39,660

COmmISSIOnIng costs - CCOM = US$6,500

SImple payback

SP= CCO~SM=6,500/39,660= o16 year

51

I
I
I

I



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

I

A 6 ECO #6 Energy efficient plant hghtmg

ECO description

The externallIghtmg system of the plant area consIsts of 82 SKZPR-250 lIghtmg fixtures wIth DRL ­
250 hIgh pressure mercury lamps mstalled at 9-meter hIgh ferroconcrete lampposts Part of the area
adjacent to the productIOn bUIldmgs IS lIghted by conventIOnal 200-watt and 500-watt mcandescent
lamps The lIght flow of the DRL-250 lamp IS equal to 10,000 lumen and the nommal servIce lIfe IS
2,400 hours

ThIS recommends replacement ofDRL -250 hIgh pressure mercury lamps for external lIghtmg of the
plant area WIth the DNaT-100-3 hIgh pressure sodIUm lamps usmg eXIstmg fixtures and replacmg
sWItchmg applIances WIth appropnate capacIty The sodIUm lamps of the DNaT -100-3 type
manufactured m the CIty ofPoltava have a longer operatIOn lIfe - 6,000 hours WIth the lIght flow of
9,000 lumen

CalculatIOn of annual electriC power savmgs

The electnc power use of the SKZPR-250 lIghtmg fixtures WIth DRL - 250 mercury lamps IS

where PL lIS the capacIty ofDRL - 250 mercury lamp, W,
Psw I = 54 1 W IS capacIty of sWItchmg applIances,
cos~ = 0 98

PF/ = (250+541) x 0 98 =298 Wh =0298 kW

Amount ofpower used by 72 lIghtmg fixtures over 1 year at average 10-hour use IS

where n=82 IS the number of lIghtmg fixtures,

F=10 x 365 = 3,650 hours - annual tIme oflIghtmg operatIon
PI= 0298 x 82 x 3,650 =89,191 kWh

The electnc power use of the SKZPR-250 lIghtmg fixtures WIth DNaT -100-3 lamp

where Pu = 100WIS the capacIty ofDNaT - 100-3 lamp,
Psw 2 = 7 W IS capacIty of sWItchmg applIances,
cos~ = 0 98

PF/ = (100+7) x 098 = 105 W =0 105 kW

Power used by 82 lIghtmg fixtures over 1 year at average 10-hour use IS

PI=PF/ X n x F= 0105 x 82 x3,650 =31,426 5 kWh
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Annual energy savmgs by usmg DNaT-IOO-3Iamps

SE_E =PJ - P2 = 89,191 - 31,426 =57,764 kWh

Annual cost savmgs estImate

Cost savmgs at the pnce of electnc power ofUS$O 048 per IkW

SM =SE EX 0 048 =57,764 X 0 048 =US$2,772 7

ImplementatIon costs

Cost ofone DNa~-IOO-13 lamp wIth apphances - C2 =US$30

ConstructIOn and mstallatIOn costs not mcluded smce the work wIll be carned out by the plant
personnel

Implementation cost - C, =30 x 82 =$2,460

SImple payback estImate

Annual cost savmgs - SM = US$2,772 7

ImplementatIOn costs = C, =US$2,460

SImple payback

SP =C/SM=2,460/2,772 7=09 year
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A 7 ECO # 7 UtilIzatIOn of steam reductIOn energy for electric power
co-generatIOn

ECO description

The heat supply layout of the boIler house IS desIgned for generatIon of thennal energy as 13
kg/cm2 steam by the DKVR-20-13 bOIlers wIth succeSSIve reductIOn of steam pressure at the
pressure reductIOn plant (PRP) to 5 atm whIch IS rated for handlmg 60 tons of steam per hour
There are two such PRP at the boIler house

ConsIdenng the actual boIler house load at the tIme of the audIt we recommend to mstall parallel
to one of the PRP two steam electnc generatIOn plants of the PVM-250-EG type to uttltze wasted
steam pressure energy

The e1ectnc generatIOn plants WIll ensure steam pressure reductIon from 7 - 14 atm to 5 atm wIth
followmg techmcal and economIC mdIcators

• maxImum electnc power transmItted to the supply gnds of the enterpnse IS 2 X 250 kW,
• voltage IS 380 V,
• frequency IS 50 Hz,
• maxImum steam use IS 2 X 6 3 tons per hour,
• servIce hfe before overhaul IS 40,000 hours,
• speCIfic steam consumptIOn IS 25 2 kg per kWh

Annual electriC power savmgs estImate

In case of the round-the-clock operatIOn of the boIler house the generatIOn plant WIll work 24
hours a day and 7,140 hours a year

Total amount of generated electncIty WIll be

Wg =2Pg + Tg =2 x 175 x 7,140 =2,500,000 kWh

where Pg Is power output of a generator, kW,
Tg IS annual operatIOn tIme, hours

Annual cost savmgs estimate

Cost savmgs due to reductIOn of electnc power consumptIOn from the regIOnal utIhty WIll be
Sc = Wg X Ce =2,500,000 x 0 048 =$120,000 per year

where Ce IS the rate for 1 kWh, $/kWh

BesIdes, the enterpnse can reduce the electncIty rate by lowenng the negotIated maxImum
demand
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ImplementatIOn cost

Accordmg to the manufacturer's data specIfic productIon and mstallatIOn cost of a smgle power
plant IS $250/kW Therefore. total ImplementatlOn cost wIll be

c. =2 x 250$lkWx 250 =$125,000

Simple payback

Annual cost savmgs - Sc =$120,000

ImplementatIOn cost - Ct =$125,000

SImple payback

SP = CII/Sc=125,000/120,000 = 104 years
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A 8 ECO # 8 Infrared heatmg wIth dIrect combustIOn of natural gas

ECO descrIptIOn

The plant uses space heatmg of aIr type for the mam productiOn buIldmg WIth exceSSIve
ventIlatiOn The maxImum desIgn heat use IS 0 272 Gcal/hour By the data of the plant for thIS
purpose 20 2 thousand Gcal of heat IS used Smce the plant IS not operatmg to full capaCIty some
of the heat IS not used ratiOnally as the entIre bUIldmg IS heated not Just workplaces

We recommend to mstall mfrared systems WIth dlfect combustiOn of natural gas above workplaces
m the hmmg, tannmg, staInmg, drymg water treatment workshops The recommended systems
have certam benefits over conventiOnal systems

• 30-50% natural gas savmgs,
• aIr flow mIxmg IS not reqUIred, draughts are reduced, creatiOn of comfortable condItiOns wIth

constant temperatures lower by 5-1 oDe,
• fast acqUIsItiOn of reqUIred temperatures by mitIal heatmg of eqUIpment, floor and clothmg and

subsequent heatmg of aIr by convectiOn,
• spot heatmg as reqUIred by productiOn needs,
• automatIc temperature control mcludmg standby heatmg dunng days-off and IdletIme,
• easy to mamtam

Durmg the deSIgn phase It IS necessary to take mto account lImItatIOns of utIlIzatIOn of
recommended heaters at the productIOn lInes and m the rooms of the A and B categorIes and
bmldmgs WIth fire resIstance levels IV and V

Annual energy savmgs estimate

By the plant data (AppendIx D) for ventIlatiOn and heatmg purposes m the hmmg, tannmg,
stammg, drymg water treatment workshops m 1997 consIderIng network losses and excludmg aIr and
heat curtams Qnp = 15,800 Gcal of heat and B1 = 2,180 thousand CUbIC meters of natural gas were
used (Table A 8 1)

Table A 8 I

Workshop Total use, Gcal Use WIthout heat curtams, Gcal

1 Lumng 2,872 1,842

2 Tmmmg 4,011 3,688

3 Stammg 5,116 5,116

4 FmIshmg 5,202 5,124

Total 17,200 15,800

We recommend to mstall WIth consIderatiOn ofdesIgn parameters ofthe bUIldmg

• m the hmmg workshop - 30 hIgh-rate heaters m three rows WIth thermal capacIty of 1 308
Mcal/hour (450 kW),

• m the tannmg, planmg and stammg workshops- 30 hIgh-rate heaters m three rows WIth thermal
capacIty of 1 308 Mcal/hour (450 kW),
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• m the drymg workshop - 30 hIgh-rate heaters m three rows wIth thermal capacIty of I 308
Mcal/hour (450 kW),

• m the water treatment workshop - 20 hIgh-rate heaters m three rows With thermal capacIty of
1 156 Mcal/hour (908 kW)

Total capacIty of heaters Will be

Nn = 5080 Mcal/hour (2258 kW)

MaxImum hourly consumptIOn ofnatural gas WIll be

Bg2 = 1 be + m bm= 90 142 + 20 545 = 2368 m3/hour

where I, m IS the number of hIgh- and low-rate heaters, unItS,

be' bm IS hourly consumptIOn of natural gas by hlgh- and low-rate heaters, m3/hour

Considermg standby mode when 30% of regular mode gas IS used consumptIOn of natural gas durmg
the heatmg season wIll be

Bg=Bg] (t1 119+ks t] +ks 24 46)=236,8 (16 119+03 8+03 24 46)=
=2368 2237=5298637=530thousandm3

where t1, t» 24 IS operatIOn tIme of the heatmg system m regular and standby modes on workdays
and days-off, hours,

119, 46 IS the number of workdays and days-off dunng the heatmg season m the Nikolayev
regIOn,

ksiS a coefficIent of thermal capacIty use of the heaters m standby mode

Natural gas savmgs Will be

Sg= B1 - Bg = 2,180 - 530 =1650 thousand m3

Annual energy cost estImate

Cost of thermal energy used for air heatmg of the above workshops IS

Pte = Qh CTE = 15,800 31 61 = 499,438 Hr = $249,720

where CTEIS productIOn cost of1 Gcal ofheat, Hr

Cost ofnatural gas used for mfrared heatmg

Pgh = Bg C] = 530 x 83 = $43,990

where C2 IS the cost of1,000 m3 of gas, $

Annual cost savmgs Sh = PTE - P gh =249,720 - 43,990 =$205,730

Implementation cost

We recommend to utIlIze hlgh- and low-rate Schwank heaters usmg low-pressure natural gas

EqUIpment cost
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Ce = I H lr + m H hr =90 516 + 20 1188 =$70,200

where H/r1 Hhr are the costs of hIgh- and low-rate heaters wIth VAT mcluded, $

COlmmssIOnmg cost (cost ofdeslgmng, gas supply, mstallatIOn) are assumed at Cc =$120,000

Total costs
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Simple payback

Annual energy savmgs

ImplementatIOn cost

SImple payback

C = Ce + Cc = 70,200 + 120,000 =$190,200

- Se = $205,730

- C =$190,200

SP = CISe = 190,2001205,730 = 092 year
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A9 ECO # 9 Automatic energy metermg system

ECO description

The enterpnse uses several types of energy and fuel electnc power, gas, steam, compressed aIr
and technical water

Electnc power IS supplIed VIa the 10 kV cable to two dIstnbutlOn umts DUI and DU2 each wIth
two 10 kV mputs At the plant sIte power dIstnbutlOn IS perfonned Via 15 substatIOns wIth two
nOlo 4 kV transfonners each oftotal capacIty of27 960 kVA (6 x 1,600 kVA, 10 x 1,000 kVA, 12
x 630 kVA, 2 x 400 kVA) CommerCial metenng IS perfonned at the DUI and DU2 mputs The
readmgs are taken down manually There IS no technIcal metenng

The detaIled study showed that calculatIOns of steam, e1ectnc power, gas, compressed aIr, hot and
cold water consumption by separate production umts of the tannery are made by standard
mdicators and actual productIOn output figures Instrument metenng IS non-eXIstent

We recommend to automate commercIal and technIcal metenng usmg the ITEK technIcal
mstruments manufactured by the Energlya R&D mstitute m Kiev These mstruments are
metrologICally certIfied m Ukrame and are deSIgned for contmuous and penodical
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 a smgle annual operatIOn at numerous Ukralman faCIlItIes

ITEK-210 and ITEK-310 are mtended for commerCIal and technIcal metenng of e1ectnc power
(dIfferentiated by time) and buIld-up of automatIC metenng and control systems of electnc power
use (AMCSEPU) m combmation WIth electnc meters of three-phase mductIon type eqUIpped WIth
pulse generatIOn deVIces (E440, E870, UP-I, UP-2, UP-3, SU-500) or electromc (SIemens, Landys
and Gyr, Alpha-ABB, etc) WIth pulse output They support 64 (for ITEK-210) or 12 (for ITEK­
310) metenng channels, 4 tanff zones, day schedule for all metenng channels IS a 5 days'
mmimum, 2 mdependent data mterfaces

ITEK-21O can be used m combmatlOn WIth or mstead of the mstalled TsT-5000 systems by
connectIOn to the eXIstmg matnx ofpnmary measurement converters The ITEK-210 IS mcluded m
the State regIster ofmeasurement deVIces ofUkrame

The ITEK-41O IS deSIgned for 4 metenng channels and IS SImIlar to the above deVIces
AddItionally It supports tanffs dIfferentiated by peak consumptIOn and demand, and proVIdes
momtonng and control over consumptIOn process Dally schedules from 4 channels are stored for
not less than 1 month

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

ITEK-220 and ITEK-320 are deSIgned for automatic commercIal metenng and telemetnc control
of supply and consumptIOn of lIqUIds, gases, steam and thennal energy m combmatlOn WIth any
pnmary measurement converters of consumptIon, temperature, pressure and pressure drop WIth
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standardIzed output parameters at supplIer's (thermal power plant, dIstnct heat, bOIler houses) and
consumer's SItes (mdustnal enterpnses, publIc utIlIty faCIlIties) The ITEK-X20 deVIces are
desIgned m conformIty WIth reqUIrements of RD-50-213-80, PR34-70-01O-85, State standard
6651-84 and recommendatIons R75 ofthe Mimstry ofhealth

ITEK-220 and ITEK-320 mtended for the facIhties of the first metenng group (up to 4 faCIlIties)
WIth a complex configuration of supply and recovery pIpmg (ITEK-220), and for the facIhtles of
the first or second metenng groups (one facIhty) (ITEK-320)

In order to Implement the ECO It IS planned to set up commerCIal metenng ofpower consumptIOn
at 8 pomts, commercIal gas metenng at I pomt and oftechmcal water at 2 pomts

TechnologIcal metenng of electnc power WIll be Implemented at 60 pomts, hot technIcal water at 6
pomts, technIcal water at 8 pomts, steam at 11 pomts, compressed aIr at 3 pomts, gas at 5 pomts,
condensate at 1 pomt

Annual energy savmgs estImate

Judgmg from the expenence expected savmgs from mtroductIOn of own automatIC metenng at the
plant and energy use plannmg and control system WIll be not less than 5%

Therefore, based on the 1997 data annual savmgs of natural gas WIll be 405 thousand m3
, of electnc

power - 1,000 thousand kWh

Annual costs savmg estImate

Currently the plant pays for the energy US$l 7 mIn Thus the energy savmgs m money terms WIll
amount to

SE =1,700,000 x 0 05 = US$85,000

ImplementatIOn costs

Cost of eqUIpment and constructIOn m US$
CommerCial metenng of e1ectncIty, gas, techmcal water, steam = 40,000
TechnIcal metenng of electncIty, steam, hot and cold water, compressed aIr, gas, condensate - =

80,000
ConstructIOn and mstallatIOn costs - =30,000

Total estImated costs

Cest == US$150,000

SImple payback estImate

Annual savmgs m costs - SM =US$85,000
ComrlllssIOmng costs - CCOM = US$150,000
SImple payback

SP =Ces/SM =150,000/85,000= 1 8 years
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A 10 ECO # 10 IntroductIOn of aIr curtam blockmg whIle openmg gates of the mam buIldmg

ECO descrIptIon

The gates of the mam bUIldmg are eqUIpped wIth a system of hot air curtams to prevent mfiltratIOn of
cold air mSIde whIle the gates are open However, the audIt resulted m findmg that the above
mentIOned systems work round the clock dunng the heatmg season

We recommend to add to the system of air curtams an automatic blockmg feature to be used to tum
off ventIlation and thermal supply to aIr heaters whIle the gates are closed

Annual energy savmgs estimate

Thermal energy savmgs wIll be calculated by the followmg formula

Qtc = TLQtcl (tIl - t 21 )

where T IS duratIOn of the heatmg season, days,

t11 ,t21 IS the tIme of operatIOn of an I-curtam WithOut and wIth automatIOn, hours,

Q,cI IS heat use per hour for creatIOn of an air curtain, Gcal per hour

SImultaneously, electncity savmgs WIll be ensured defined by the followmg formula

Wtc =TLPtCI (tIl - t 21 )

where Pte. IS electnc motor capaCIty of an I-curtam, kW

DuratIon of the heatmg season (days-off excluded) T =120 days

The results ofheat and electncity savmgs are shown m Table A 10 1
Table A 10 1

LocatIOn ofaIr curtain # of aIr Heat use per Fan motor capacIty TIme TIme Heat ElectriCity
curtain hour ~, hours tl2 hours savings savings

Gcallday kWh/day

I L1mmg workshop VTZ 14 632,600 300 24 4 1266 600

2 Ready product warehouse VTZ 3 201 000 75 8 2 12 45
VTZ 4 201 000 30 8 2 12 18
VTZ5 144 120 30 8 2 086 18

3 Tanmng workshop VTZ 16 193960 100 24 2 427 220

4 RepaIr workshop VTZ 7 140280 75 24 2 308 165
VTZ 8 144120 75 24 2 317 165

5 Auxlhary matenals VTZ I 139440 22 8 2 084 132
workshop VTZ 2 147370 22 8 2 088 132

Total 2816 12574

Total heat savmgs WIll be Qtc =120 2816 =3380 Gcal (502,000 CUbIC meters of gas)

Total electncity savmgs WIll be ~c = 120 12574= 150 9 thousand kWh
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Annual cost savings estimate

Cost savmgs wIth pnce of1 Gcal ofheat wIll be $158 and 1 kWh ofelectncIty of$O 048 wIll be

Sq = Qtc 158+ w'c 48 =3,380 158 + 150 9 48 =60,647 $ per year

ImplementatIOn cost

Cost ofmatenals and electromagnetIc valves - Cp=5000 $

Cost of mstallatIOn IS mSlgmficant as It w111 be earned out by the plant staff

Simple payback

Annual cost savmgs - Sa = 60,647 $

ImplementatIOn cost - C,= 5,000 $

SImple payback

SP =C,ISa = 5000160647 = 0 08 year
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A 11 ECO # 11 Replacement of smgle-pane wmdows III the mam bUlldmg wIth double-pane

•
In conformIty WIth the State constructIOn standards the wmdows of mdustnal bmldmgs should be
double As the audIt showed double-pane WIndows are not completed overall m the mam productIOn
bmldmg In partIcular, 1,500 m3 of WIndows are replaced WIth double-pane ones WIth alummum
frammg that reduced sIgmficantly the heat waste by the mcrease of the thermal reSIstance of the •
shIeldmg and by lowenng of the external mfiltratIOn However, the tannery has 600 m2 of smgle-pane
wmdows and the recommended work should contmue AddItIOnally, we recommend to conSIder
replacement of smgle-pane ceIlmg wmdows over certam premIses at X-Y aXIs, partIcularly, m the
sortmg and measurement umts

Annual cost savmgs estimate

Annual heat savmgs due to the replacement of the one-pane wmdows IS defined by the followmg
formulas

Qo = F (ko - kd) (ta - thJ N 24

where F IS the area of the glassmg, m2
,

k(», kdp IS a coeffiCIent of thermal conductIVIty wIth smgle and double-pane wmdowsOC),
t 6 IS the ambIent temperature dunng the heatmg season, DC,

N - duratIOn of the heatmg season, days

For the CIty of Voznesensk N = 168 days, however It should be taken mto account that out of
them only N w = 120 are workdays (holIdays excluded), Ndo = 48 days-off, ambIent temperature
dunng the heatmg season ths = + 0 4°C, thermal conductlvlty coeffiCIent for large-block bU1ldmgs IS
ko = 5 5 kcal/(m2 hr DC), km = 2 7 kcaV(m2 hr DC), mSlde temperature dunng worktlme (tw) m the
lImmg tanmng and stammg workshops IS- 17°C, m drymg workshop IS- 23°C, m other workshops
- 18°C, the temperature outSIde worktlme IS toff = 5 °c

In general, for the I-sectlons of the workshops the calculated formula WIll be as follows

Qo = (ko -km) 24 LF: ~t~1 -tOffY N w + (tOff -ths ) Ndo]
I

Results of calculatIons are given m Table A 11 I
Table AlII

Workshop Wmdow area, F" InSIde temperature, Heat use reductIon, Gcal
M

2 tmt,OC

FmIshmg 600 18 924

Sorttng and measurement 60 23 116

Total 660 - 104

Annual heat savmgs - 104 Gcal (15 4 thousand m3 of gas)
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Annual cost savmgs estimate

ImplementatIOn costs

Cost ofmatenals and glass - Cpur ~ 6,500$

Annual cost savmgs at the pnce of 1 Gcal ofheat wIll be 15 8$

Sc =Qo 158 =104 158 =1,643 $ per year

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

Simple payback

Annual cost savmgs

ImplementatIOn costs

SImple payback

Sc =1,643$

Cl =6,500$

SP = CpulSc=6,500/1,643 =4 0 years
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-05%

- 57,731 Gcal

A 12 ECO # 12 MODltormg of boiler eqUIpment operation and temperature modes of

heat-consummg eqUIpment

ECO deSCriptIOn

The tannery has an extensIve steam and condensate heatmg system, however, m-bmlt control
pressure gauges and thermometers are practically absent It IS ImpOSSIble to perform an analySIS of
the efficIency of heat-usmg eqmpment, to calculate speCIfic consumptIOn and to promptly dIscover
eqmpment defiCIencIes

We recommend to mtroduce at the plant a portable mfra-red thermometer of "Reynger ST6" type
that wIll enable momtonng ofthe heat consummg eqmpment and to supervIse It regularly (1 - 2 tImes
a week) the efficIency of Its operatIOn and to react promptly to the thermal energy wastes Expected

effiCIency Improvement ofthe heat use IS 03-06%

Annual thermal energy savmgs estImate

Annual savmgs

Annual steam consumptIOn

Estimated thermal energy savmgs

57,731 Gcal 0005 = 288 6 Gcal,
that makes 41 9 thousand m3 ofnatural gas

Cost of 1 Gcal of steam - 15 8$

Cost savmgs

2886 Gcal $158 = $4,560

Recommended eqUIpment and Its cost

The cost ofthe portable mfra-red thermometer of "Reynger ST6" type - $1,000

Simple payback

$1,000/$4,560 = 0 22 year ~ 3 months
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5 Cost savmgs

$6,500/$15,312 = 0,43 year R! 5 months

Simple payback

ECO description

-15%

- 21,278,000 kWh

-$48

1 Annual electnclty use by 1997 data

2 Cost of1,000 kWh

3 EstImated reductIOn of e1ectnclty use

4 Savmgs estImate

319,000 kWh $48 =$15,312

21,278,000 kWh 0015 =319,000 kWh

A 13 ECO oN!! 13 Momtormg of electric motor capacIties and electric power use

Recommended eqUIpment and Its cost

Cost of a smgle set of portable mstruments of "2000 A Wattprobe" and "Power Factor Meter,
TIF 2300" type considenng overheads and contmgencies - $1,000

Cost ofmomtonng and effiCIency analySIS of eqUIpment use - $5,500

Total costs - $6,500

ApproxImately 87% of total electnclty use of the tannery are used for productIOn purposes
accordmg to the 1997 data whIch amounts to 21,278 thousand kWh to the sum of 1,022,000$

Some of the pnmary consumers of electnc power are e1ectnc motor dnves of productIOn,
pumpmg and ventilatIOn eqUIpment

PrevIOusly m case of motor faIlures they were replaced wIth dIsregard to the nommally reqUIred
capaCIty As the measurements at the tannmg workshop, compressor room, water pumpmg statIOns
and at ventIlatIOn fans showed the rated capaCIty of electnc motors IS used at 30-40% Even SImIlar
eqUIpment uses VariOUS capaCIty motors often exceedmg the needs The total rated capaCIty of 210
motors at the productIOn hnes IS 1,805 kW

Total capaCIty of 57 electnc motors m the steam power unIt and compressor room IS 2,818 kW
Therefore the rated capaCIty of the electnc motors at the tannery IS 4,623 kW BeSIdes, consldenng
that 15 transformer substatIOns have two transformers each but not all of them are used operatIOn
supervISIOn of the power factor IS dlfficu1t

We recommend to mstItute operatIOn control over the actually used motor capaCItIes (first and
foremost, motors of pumps and fans) WIth the help of portable mstrument set of Clamp-on DIgItal
Wattmeter and Power Factor Meter The recommended measure WIll allow momtonng of the actual
motor loads, analyze the effiCIency and orgamze replacement WIth more effiCIent motors
ImplementatIOn of thIS project WIll save not less than 1,5% of electnc power used for productIOn
purposes annually

Annual savmgs estimate
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APPENDIX B SPECIFICATIONS FOR THE REQUIRED EQUIPMENT
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-----------------------
SpecIficatIOns of eqUIpment to be delIvered to the VOZKO JSC

NoofECO DesignatIOn Type, Manufacturer, BasIc ReqUirements Price Cost of Note

model country parameters shipment

by sectIOn 7 Umt Qty Hr $US Hr $US

1 2 3 4 5 6 7 8 9 10 11 12

ECONol Non-contact mfrared Model PM3L3SZ "Raytek" , USA t ==-20 + pcs I - 1600 - 1600
thennometer + 1000 °C

Lmeasure == 10m

ElectrIc power/demand Model "Dranetz Technologies, pcs 1 - 5000 5000
analyzer DRANETZ Inc", USA

Portable anemometer Mode1444HT "Kurz Instruments, Inc", pcs 1 - 1300 - 1300
USA

MultImeter Model 87 FInn "Fluke Mig Co, Inc", pcs 1 - 500 - 500
CIIIA

Power factor meter Model 382060 DavIS Instruments 4701 pcs 1 599 690
Mount Hope Dnve

BaltImore, MD 21215

Wattmeter Model TIF2000A "TIF Instruments, Inc", pcs 1 - 600 - 600
9101 N W 7mAvenue Post
Office Box 1338 MiamI,

Flonda 33238-9990, CIIIA

B3CX!!2 CapacItor units UKM 62-0,4-144 U== 0,4 kV pcs 8 4560 2580 36480 18240 rated capacity to be
Q==14 kVAR specIfied

Cosmus capacItor K32-0,38-36 U== 0,4 kV pcs 24 240 120 5760 2880 preplanned
O=14kVAR
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ContmuatIOn ofTable B 1 1

1 2 3 4 5 6 7 8 9 10 11 12

ECONo3 Float-type steam trap ModelFT-14 "Splrax Sparco Inc" P 0 Py= 16 kglcm2
, pcs 3 455 1365

BOX 119 ALLENTOWN,
DN=20

PA

Steam trap FT43-10TV "Splrax Sparco Inc" P 0 Py =16 kglcm2
, pcs 4 455 1820

BOX 119 ALLENTOWN,
DN=20

PA

Condensate stramer FIG33 "Splrax Sarco Inc" P 0 P =16kglcm2 pcs 7 110 770y ,

BOX 119 ALLENTOWN,
DN=20

PA

Check valve DCV2 Fmn "Splrax Sarco Inc" P Py = 16 kglcm2
, pcs 7 110 770

o BOX 119
DN=20

ALLENTOWN, PA I

ECONo4 Steam pIpmg msuiation FIberglass WIth USA t= 150°C
I

m
alummum coatmg dy =50rnm 6 19,5 10,5 117 63

dy =89rnm 42 19,5 10,5 819 441

Hot water pIpmg msulatIOn Foam JSC"Vastlkov refngeratIOn t= 100°C m
polyurethane works" dy =40rnm 219 15,9 8 3482 1752

Vasilkov, KIev regIOn,
dy =60rnm 150 15,9 8 2385 1200

Sobornaya str 72, Ukrame
dy =80rnm 89 15,9 8 1415 712

ECONo5 CombustIon analyzer ENERAC -2000 "Energy Efficiency Systems, Analysed pcs 1 - 5000 - 6500
Inc", 1300 Shames DrIve, gases O2, CO,

Westbury, NX 11590, ClllA S02>NOx

ECONo6 HIgh pressure SOdIum lamp DNaT-250-3 JSC Poltava gas dIscharge U=220V pcs 82 60 30 4920 2460
WIth sWItchmg and control lamp works P=100W
eqUIpment CIty of PoItava, Zavodskaya

str 3, Ukrame

11 60 - - - --



---------------------
ContmuatIOn ofTable B 1 1

1 2 3 4 5 6 7 8 9 10 11 12

ECONo7 Stearn electrICIty generator PVM-250EG RussIa P=250kW pcs 2 - 62500 - 12500

U=380V

f=50Hz

Psteam = 7-14

kglcm2

ECONo8 Infrared gas heaters

hlgh-mtenslty

low-mtensIty JR-50 P=15kW pCS 90 516 46440

STS155-60 P=454kW pcs 20 1188 23760

ECONo9 Energy metermg and control ITEK (US-made R&D "EnergIya+", 252056 CommerCIal
set components) CIty ofKIev, Pobedy blvd meterIng pCS 1 40000 40000

37, bldg 22, Ukrame
Techmcal
metermg pcs I 80000 80000
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APPENDIX C COLLECTED AND MEASURED DATA
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Measurement results of combustIOn efficIency of natural gas lD the Nol DKVR - 20 -13 boIler
of the VOZKO bOIler room on 03 24 1998

11easurenaent~ol 11easurenaent ~o2 11easurenaent~o 3 Measurenaent ~o 4
(after boIler) (after bOIler) (at the lower pomt of (before fan)

econonalzer)

BACHARACH BACHARACH BACHARACH BACHARACH
MODEL CA300NSX MODEL CA300NSX MODEL CA300NSX MODEL CA300NSX

************************** ************************** ************************** **************************
COMBUSTION ANALYZER COMBUSTION ANALYZER COMBUSTION ANALYZER COMBUSTION ANALYZER

ID ID ID ID

SER NO VCO 512 SER NO VCO 512 SER NO VCO 512 SERNO VC0512

TIME 1009 TIME 1010 TIME 1019 TIME 1038

DATE 24, 03, 98 DATE 24, 03, 98 DATE 24, 03, 98 DATE 24,03,98

FUEL NATURAL GAS FUEL NATURAL GAS FUEL NATURAL GAS FUEL NATURAL GAS

PRIMRY TEMP <C> 30 PRIMRY TEMP <C> 30 PRIMRY TEMP <C> 14 PRIMRY TEMP <C> 3

STACK TEMP <C> 311 STACK TEMP <C> 308 STACK TEMP <C> 152 STACK TEMP <C> 144

'IoOXiGH'l n-. 70 OXYGEN 8,3 -- %OXyGEN % OXYGEN0,-' I IS 96

% EXCESS AIR 60 % EXCESS AIR 60 % EXCESS AIR 54 % EXCESS AIR 77

% CARBON- % CARBON - % CARBON- % CARBON-
DIOXIDE 7,1 DIOXIDE 7,1 DIOXIDE 7,3 DIOXIDE 6,3

PPM CARBON - PPM CARBON - PPM CARBON- PPM CARBON -
MONOXIDE 2 MONOXIDE 2 MONOXIDE 3 MONOXIDE 3

PPMMOX 75 PPMMOX 75 PPMMOX 77 PPMMOX 67

PPM SULFUR- PPM SULFUR- PPM SULFUR- PPM SULFUR-
DIOXIDE 0 DIOXIDE ° DIOXIDE ° DIOXIDE °

% EFFICIENCY % EFFICIENCY % EFFICIENCY % EFFICIENCY
82, 83, 92, 90,

9- 0' 0' 6-

% STACK LOSS % STACK LOSS % STACK LOSS 8,0- % STACK LOSS 9,4'
17, 17,

TEST PERFORMED BY TEST PERFORMED BYl' O·

TEST PERFORMED BY TEST PERFORMED BY

*- WIthout takmg account the tenaperature of mput alr
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Measurement results of combustIOn efficiency of natural gas 18 the N03 DKVR - 20 - 13
boIler of the VOZKO boIler room on 03 24 1998 I

Measurement No I MeasurementNo2 Measurement No 3 Measurement No 4
(after bOIler) (after bOIler) (at the lower (before fan)

economIzer pomt)

BACHARACH BACHARACH BACHARACH BACHARACH
MODEL CA300NSX MODEL CA300NSX MODEL CA300NSX MODEL CA300NSX

************************** ************************** ************************** **************************
COMBUSTION ANALYZER COMBUSTION ANALYZER COMBUSTION ANALYZER COMBUSTION ANALYZER

ID ID ID ID

SER NO veo 512 SER NO veo 512 SER NO veo 512 SER NO veo 512

TIME 10 57 TIME 1107 TIME 1119 TIME 1129

DATE 24,03,98 DATE 24, 03, 98 DATE 24, 03, 98 DATE 24, 03, 98

FUEL NATURAL GAS FUEL NATURAL GAS FUEL NATURAL GAS FUEL NATURAL GAS

PRIMRYTEMP <C> 28 PRIMRYTEMP <C> 29 PRIMRYTEMP <C> 32 PRIMRYTEMP <C> 17

STACK TEMP <C> 236 STACK TEMP <C> 237 STACK TEMP <C> 235 STACK TEMP <C> III

% OXYGEN 13,2 % OXYGEN 11,4 % OXYGEN 11,6 % OXYGEN 9,5

% EXCESS AIR 156 % EXCESS AIR 109 % EXCESS AIR 114 % EXCESS AIR 76

% CARBON- % CARBON- % CARBON - % CARBON-
DIOXIDE 4,3 DIOXIDE 5,3 DIOXIDE 5,2 DIOXIDE 6,4

PPM CARBON - PPM CARBON- PPM CARBON- PPM CARBON-
MONOXIDE 4 MONOXIDE 4 MONOXIDE 2 MONOXIDE 6

PPMMOX 45 PPMMOX 61 PPMMOX 60 PPMMOX 74

PPM SULFUR- PPM SULFUR- PPM SULFUR- PPM SULFUR-
DIOXIDE 0 DIOXIDE 0 DIOXIDE 0 DIOXIDE 0

% EFFICIENCY 80,5· % EFFICIENCY 83,8· % EFFICIENCY 84,0· % EFFICIENCY 93,7*

% STACK LOSS 19,5· % STACK LOSS 16,2· % STACK LOSS 16,0· % STACK LOSS 6,3·

TEST PERFORMED BY TEST PERFORMED BY TEST PERFORMED BY TEST PERFORMED BY

* - WIthout takmg account the temperature ofmput aIr
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Results of electnc load mesurements of the drum umt of the tannmg workshop

ElectnCIty load measurements on June 25 1997

Hours 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
day

P kW 1800 1800 1800 2000 2000 2100 2100 2500 2500 2800 3000 2400 2200 2000 1900 2000 2300 2500 2500 3000 2500 2200 2200 2000

Q,kVAR 480 480 480 480 480 500 500 600 600 650 700 600 530 480 480 480 580 600 600 700 600 530 530 480

30003000

2800

P ,..--

2500 2500 2500 2500 2500

"
2400

" I- "~"".. I- 2200
2300

,..-- 2200 2200
2100

I- 20002000 200 2000 2000

1800 1800 1800
I-- 19JJU.,..-- I--

I-

Q

6~ 650 700 700
600 - 600

530 580 600 600 - 600
530 530480 480 480 480 480 500 500 - 480 480 480 - 480

500

o

2000

1000

2500

1500

P,kV, Q=kVAR
3000

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Tune

The VOZKO load chart on June 25 1997 r (rated capacIty - 19,380 kW, maxImum load at peak
hours - 3,000 kW, Aday = 52 1 kWh, Q = 700 kVAR, coscp = 0 703)
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1100 1100
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ItO 0

8.:70 850 900 -
8""01J 8110" 1r0"0 7"9"0 790
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480 480 480 500 500 500 550 550 550 560 560 500 500

500

Electnclty load measurements on December 17 1997

3500

2000

3000

2500

1500

P, kW, Q, kVAR

4500

4000

1000

Tlmeordoy I 2 3 4 5 6 7 8 9 10 tI 12 13 14 15 16 17 18 19 20 21 22 23 24

P kW 1820 1820 1820 2120 2120 2120 2300 2300 4270 4000 3370 3000 3000 2300 2400 2400 3000 3100 3800 4270 3160 3160 2000 2000

Q kVAR 480 480 480 500 500 500 550 550 1100 1100 870 800 800 550 560 560 800 850 900 1100 790 790 500 500

i
I

I

I

I
I

I

I

I
o

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 TIme

I
The VOZKO load chart on December 17,1997 (rated capacIty -19380 kW, mronmum load at

the peak hour- 4270 kW,Aday =63,53 kWh, Q =1100 kVAR, cos<p =0 62)
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APPENDIX D PHOTOGRAPHS OF THE PLANT
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MMHIDlCTPaTHBHbIH KOprryC

Office bmldmg

,[(HcrreTIIepCKHH:rryHKT 3Heproc.rry)K6bI rrpe,ll;npWITIDI
DIspatcher room of the tannery power supply servIce
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IIpHMhIe nOTepH napa Ha O"tffiCTHhIX coopYiKeHIDIX 3aBo,n;a
Drrectr steam losses at the wastewater treatment facilitIes

H:3MepeHHe rrapaMe1pOB yxO,lVIII(HX ra30B KOTJIa c rrOMOI:IU>IO ra30aHaJIH3aTOpa
Bacharach

Measunng exhaust gas parameters by Bacharach combustIOn analyzer
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COCTomme OKOHHbIX npOeMOB npOH3BO,n:CTBeHHOrO Kopnyca
CondItIon ofwmdow openmg of the mam productIon bmldmg

H3MepeHHe TeMIIepaTYPbI IIoBepXHocTeH HeH30.r.mpOBaHHbIX TPy60rrpOBO,n:OB
Measunng temperatures ofnon-msulated plpmg



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

COCTomm:e TepMoH30JUIIWH
CondItion ofthennal msulation
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Currency rates of exchange

1 hnvma -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 = 4187 X 103 = 4187 GJ
1 BTU = 1055 J = 1 055 kJ = 1 055 x 10 3 MJ

____ Ltce (tonne of coal equn.ralent) = 7 000 kcal x 3 968 BTU= 27,78 x 106 BTU = 27,78 MBTll---

Power

1 W = 36 X 103 J = 36 kJ
1 kW = 3 6 X 103 kJ = 3 6 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= 136HP
1 kW= 134hp

Pressure

1 kg/cm2 = 1 atm
1 atm = 101 325 kPa = 0 1 MPa
1 bar = 105 Pa = 100kPa = 01 MPa

Leneth

1 mm =003937 III = 0 00328 ft
1 cm = 03937 III = 00328 ft
1 m = 3937 III = 3281 ft

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

1 cm2 = 0155 square III = 1 076 x 10 3 square ft
1 m2 = 1 55 x 103 square III = 10 76 square ft
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Volume

1 m3 = 35 31 cu ft = 1000 I
11 = 35 31 x 103 cu ft
11 = 0 264 US gal

Heat content

1 kJ/kg = 0 43 BTU/lb
I kJ/m3 = 26 84 x 10 3 BTU/cu ft
I MJ/m3 =26 84 BTU/eu ft
I keal/m3 = 4,187 kJ/m3 = 0 112 BTU/eu ft

Temperature

ABBREVIATIONS

CIS - Commonwealth of Independent States
ECO - energy conservatIOn OpportunIty
ESCO - energy servIce company
etc - et cetera
Hr -hnvma
I d - Id est
JSC - Jomt-stock company
mIn - mIllIon
TACIS - TechnIcal AssIstance to CIS countnes
tel - telephone
thou - thousand
US - Umted States
USAID - Umted States Agency of InternatIOnal Development
TP - DlstnbutIOn unIt (DU)
PRP - pressure reductIon plant
DU - dlstnbutIOn umt

UNITS OF MEASUREMENT

BTU - BntIsh thermal umt
°c - degrees CelsIUs
cm2

- centImeter squared
of - degrees FahrenheIt
g - gram
Gcal - glgacalory
GJ - glgaJoule
h - hour
kcal - k1localory
kg - kIlogram
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kgf - kIlogram-force
kV - kIlovolt
kVA - kIlovolt-ampere
kW - kIlowatt
kW h - kilowatt hour
Lm-Iumen
m-meter
m2

- meter squared
m3

- meter cubed
mm -mmute
MJ - megaJoule
mm H20 (ofwc) - mIllImeters of the water column
MW - megawatt
t - tonne
tonne ofcoal eqUIvalent
t/h - tonnes per hour
W - watt


