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PREFACE

The work descnbed m thIS report ha sbeen carned out by Bums and Roe Enterpnses, Inc withm the
framework of the US Agency for InternatIOnal Development (USAID) Contract No CCN-0002-Q
00-3154-00, DelIvery Order No 30, Industnal Energy EfficIency - Ukrame

The Ukrame Industnal Energy EfficIency program aims at achIevmg rapId energy savmgs from
deployment of low-cost energy efficIency eqUIpment and Improved energy management at selected
mdustnes It also aims at creatmg the condItIons for sustamable energy effiCIency practIces
throughout Ukrame's mdustnal sector, servIced by pnvate sector engmeenng servIces ThIS WIll be
met by establIshmg local technIcal capabIlIty as well as exposmg Ukrallans to U S practIces and
energy effiCIency technologIes

11l
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1 EXECUTIVE SUMMARY

1 1 IntroductIon

ThIS energy audIt has been conducted under a program sponsored by the US Agency for IntematlOnal
Development ThIs proJect, also referred to as Dehvery Order #30, consIsted of performmg twenty
four audIts throughout Ukrame The purpose of the project IS to develop Ukralman energy servIce
company (ESCO) capabIlItIes To accomplIsh thIS task, Bums and Roe Enterpnses, Inc (the pnmary
contractor) hIred Ukramlan engmeers These engmeers were tramed m U S technIques of conductmg
energy audIts and m ESCO concepts The mdustnal energy audIts were conducted to facIhtate the
ESCO trammg

Smce these enterpnses are very large, a one week VISIt IS not suffiCIent to adequately audIt the entIre
facIhty The SIte VISIt was restncted to one week due to project consIderatlOns 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 audItmg efforts on one system or only on a portlOn
of the plant Therefore, thIS audIt IS based on what could be accomplIshed dunng one week WhIle
thIS audIt contams numerous recommendatlOns for the plant management, the plant management IS
encouraged to perform a complete audIt of the entIre facIhty Hopefully, the plant management WIll
conSIder engagmg the engmeers tramed under thIS project to contmue thIS work ThIS WIll result m a
complete understandIng of energy usage WIthIn the plant, as well as a complete lIstIng of all
potentIal energy Improvement projects

The current report descnbes the findmgs ofthe energy effiCIency audIt performed by Bums and
Roe at the JSC FANPLIT The FANPLIT plant specIalIzes m productlOn of plywood and wood
fiber boards and consumer goods The plant IS eqUIpped WIth Fmmsh productIOn lInes for peelmg,
chIppmg and stackmg ofveneer and a German "BIzon" automatIC lme

The plant output IS m demand locally and m CIS and foreIgn countnes It meets the hIghest qualIty
standards The productlOn output at 1997 pnces amounted to US$5,270,000 The share of energy
m the productlOn cost was 18%

The purposes of the energy audIt were as follows

• to conduct mformal tramIng m the energy management practIces
• to create an mstItutlOnal awareness of energy management
• to recommend speCIfic steps to Improve energy effiCIency
• to recommend medIUm-cost capItal mvestments and actlOns reflectmg large-scale energy

conservatIOn opportumtIes

The energy audIt team consIstmg of three Ukratman speCIalIsts performed the energy audIt from
Apnl20 through Apn125, 1998 In accordance WIth the Project ObjectIves, the energy audIt team
prepared the followmg prelImmary report

1 2 ConclUSIOns

The FANPLIT IS an energy-mtensIve enterpnse ConsumptIon of energy m 1997 was as follo\\ s
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• Electnc power - 7,530,000 kWh
• Natural gas - 2,530,000 m3

• Purchased fuel- 12,740 Gcal
The energy audIt team has dIscovered many attractIve opportumtIes of Improvmg energy effiCIency
at the current energy and fuel pnces Today energy efficIency Improvements make sense but are
dIfficult to accomplIsh due to exorbItant mterest rates and general economIC dIfficultIes

The FANPLIT plant IS reasonably successful by Ukramlan standards and IS capable of
Implementmg energy savmgs measures

The eXIstmg energy metenng system does not analyze energy use effiCIency

The project enVIsages further ImplementatIOn oflong-term measures by the plants themselves m
consort WIth pnvate UkrainIan One of tasks of ESCO development IS the capabIhty of acqumng
long-term (for 2-3 years) financmg for ImplementatIOn of energy conservatIOn measures at the
ente:qmses

The energy audIt team saw a realIstIC OpportunIty to render consIderable aSSIstance m energy use
reductIOn by mtroductIon of energy management servIce and other ECOs at the plant under an
mdIvIdual contract after completIOn of the USAID project

ImplementatIOn of the measures proposed In thIS project WIll reduce energy consumptIOn and
respectIve costs by 20%

Schedule of thIS project WIll make the momtonng phase ImpOSSIble for ECOs that reqUIre heatmg
season for theIr ImplementatIOn

1 3 RecommendatIOns
Below IS the lIst of energy conservatIOn opportumtIes at the plant These measures are
recommended to be Implemented m the shortest penod The plant management IS recommended to
conSIder ImplementatIOn of other ECOs as soon as finanCIally pOSSIble

In order to encourage the faCIlIty to Implement energy effiCIency and energy conservatIOn, USAID IS
contnbutmg energy audItIng eqUIpment to the plant ThIS eqUIpment conSIsts of standard energy
audItmg InstrumentatIon and meters that WIll Implement an energy savmg actIVIty
For example, ECO #1 "InstItutIOn of energy management" WIll set up systematIC energy conservatIOn
actIVItIes by establIshmg an energy management sectIon responSIble for the control and analySIS of
the energy consumptIOn at the plant and development of recommendatIOns for renovatIon and
Improvement of any energy savmg systems

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

The best part ofthe proposed measures have dIrect applIcatIOns WIth mmor adjustments at other
mdustnal plants I e they can serve as a standardIzed SolutIon for a standard problem

1-2
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If Implemented the measures proposed by the audItors wIll reduce energy consumption annually
• of electnc power by 753,000 kWh (43%)
• of natural gas by 554,000 m3 (21 %)
• of thermal energy by 2,027 Gcal (16%),
and WIll result addItionally m reductIOn of pollutant emISSIOns
1 SolId particles by 144 tons/year
2 Sulfur dIoxIde 32 4 tons/year
3 Carbon oXIde by 6 4 tons/year
4 NItrogen oXIde by 8 8 tons/year

Plant energy efficIency can be Improved, costs reduced and enhance competitiveness of the
enterpnse preserved based on recommendatIOns lIsted m the followmg Table No I The Table lIsts
several energy conservatIOn opportumtIes wIth short payback penods

CapItal mvestments of$728,510 mto the Improvement of energy efficIency (ECO#l through
ECO#8) WIll result m annual savmgs 0[$415,000 later

1-3
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EnerJLy_conservahon opportuDl.tY (ECO) lIst

Electnclty, Natural gas, Thermal Annual Project Payback,
ECO#

DescnptlOn 1,000 kWh- 1,000 m3 energy, savmgs, cost, years
Gcal $ $

1 InstitutIOn of energy management
ThIS ECO WIll ensure energy use 753 253 1'274 89'400 44'700 05

management and reduce energy costs
by 10%

2 Comprehensive energy meterIng
376 126 28'000 35'000 1 3

system
ThIS ECO WIll momtor on-Ime
energy consumptIon, prevent
exceSSIve energy use and Improve
energy efficIency at the enterpnse

3 OptimIzatIOn of thermal and
ecologIcal parameters
of gas firlllg eqUIpment 50 4'200 6'000 14
ThIS ECO WIll Improve the gas-finng
eqUIpment efficIency

4 ThermallllsulatIOn of surfaces wIth
temperatures of over 60°C 185 4'900 1'010 02

ThIS ECO WIll reduce heat losses at
non-msulated surfaces and cut down
thermal energy costs

5 Energy efficIent IIghtlllg
Implementation of thIs project WIll

112 5'100 7'800 1 5
reduce hghtmg costs resultmg from
replacement of mercury lamps wIth
hIgh-pressure sodIUm lamps

6 OptimIzation of the refiner maIO I

drIve operatIOn of the BIZON 1'800 82'000 190'000 23

1-4
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---------------------
eqUipment of fiber board umt
ThIS ECO wIll reduce electncIty costs
by mtroductIOn of vanable speed
dnve and electnc motor effiCIenCY

7 Plywood nmt dryer oven
upgradmg 238 125 21'400 24'000 1 1

ThIS recommends dIsmantlIng of the
entIre gas generatmg plant and ItS
replacement wIth 3 MW VGS-type
gas-to-aIr heaters For supply and
reCIrculatIon of the drymg agent one
mduced-draught fan should be used
Instead of two

8 DecentralIzatIOn of thermal energy
supply 600 180'000 420'000 23

ThIS recommends two modular
automatIc boiler UnIts near the
plywood workshop and BIZON
workshop ill order to reduce thermal
energy costs

TOTAL 3'279 554 2'059 415'000 728'510 1 8

1-5
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2 GENERAL BACKGROUND

Chamnan of the board of dIrectors
ChIef power manager
Phone (044) 559-13-58
Fax (044) 559-00-95
1, Fanemaya str KIev UKRAINE 252160

2 1 EnterprIse hIstOry

The closed-type Jomt-stock company "Plywood and boards" (former plywood plant) was establIshed
1P 1908 by tl}e Goebel brothefs-of German descent The plant was a part of a sugar refinmg company
and was founded for plywood productIOn for packmg Dunng the CIVIl and Second world wars the
plant was twIce destroyed and rebUIlt m 1950 The plant employed around 500 at that tIme and
plywood output was 15,000 m2 annually

In 1960s the plywood productIOn lIne was renovated and scaleboard plywood productIOn expanded
The maXImum output of27,000 m2 was reached m 1988

Dunng the SOVIet UnIon era m 1986 the plant for the first tIme started productIOn of wood fiber
boards by dry pressmg Calendar technology at the automatIc lme and eqUIpment of the German
Blzon company manufacture WIth capaCIty of 10,5 mIn m2 annually

The plant compnses three mam productIOn UnIts, several aUXIlIary servIce workshops

The mam productIOn UnIts are as follows
• plywood workshop for productIOn ofplywood boards, scaled components for chairs, chIldren

chairs, peeled veneer, consumer goods from m-plant matenals and waste,
• wood fiber board workshop for VarIOUS thIcknesses and SIzes,
• plywood and board laser processmg UnIt for art wares,
• raw matenal warehouse where plywood raw matenals are accepted, sorted by SIzes and delIvered

for processmg and lumber wastes are processed for fiber board productIOn

The aUXIlIary umts are as follows
• mechamcal and energy,
• mechanIcal repair,
• motor transport,
• technIcal matenals warehouse

Currently all workshops and UnIts operate, there are four raIlroad tracks and paved motor roads

The pnmary energy consumers are as follows
• wood fiber board workshop uses 65% of steam, 87% of electnc po\'. er and 74 7% of gas out of

total annual consumptIOn,
• plywood workshop consumes 31 3% of steam, 10% of electnc power and 25 3% of gas

The wear of the eqUIpment IS 86%
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The FANPLIT products are WIdely used m construction, ral1road car manufactunng, automobIle
mdustry, packagmg and furnIture productIOn and for repaIrs

23 Number of employees

2 2 Plant products

The FANPLIT complex has been a 100% pnvate company smce 1998
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25,500 m3

4,546 m3 (17 8%),
12,750,000 reference m2

5,775,800 reference m2 (453%)

In 1997 Ukrame produced

• plywood
mcludmg FANPLIT

• wood fiber boards
mcludmg FANPLIT

25 Slgmficance of the sector for the economy of the country

24 Number of simIlar enterprIses m Ukrame

The closed-type Jomt stock company presently employs 470 mcludmg
productIOn personnel - 456,
mcludmg workers - 375

Among the plant speciahsts there are representatives of two schools - the Moscow and LVlV
mstitutes Thls fact charactenzes hlgh creative potential of the engmeenng staff

ProductIOn output m 1997 was
• scaleboard plywood - 4,546 m3

,

• wood fiber board - 5,775 8 thousand reference m2

Total productIOn output at current pnces was 9,748 thousand hnvnas

Currently there are SIX plants manufactunng sImIlar products m Ukrame
1 Vygoda wood product complex (wet fiber board productIOn)
2 Cherkassy wood processmg complex (plywood, veneer)
3 LVIV plywood works (plywood, peeled veneer)
4 KrasnOllsk wood processmg complex (plywood)
5 Uzhgorod plywood and furnIture complex (plywood)
6 Orzhev wood processmg complex (plywood)

The products are ofhlgh quahty, meet state standards and techmcal reqUlrements
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3 CURRENT STATUS OF PRODUCTION

3 1 Gross output

Productlon output over the last three years was as follows

1995 -7,403Hr
1996 - 8,601 Hr
1997 - 9,748 Hr

ProductIOn output m 1997 as compared to 1995 grew by 32%

3 2 ProductIVIty of labor 1997 vs 1996

ProdUCtlVIty of labor m 1997 was 21,199 Hr per employee and grew by 27 4% as compared to
1996

3 3 Development prospects

The JSC FANPLIT operated usmg raw matenals from RussIa Smce the demIse of USSR raw
matenal supplIes from RussIa has ceased that resulted m a sharp drop ofproductIOn output plywood
- sevenfold, fiber boards by 1 9 tlmes Over the last 5 years the plant managed to go mto raw matenal
markets of Ukrame and over the preVIOUS three years the plywood and fiber board productIOn
decrease stopped Currently all productIOn UnIts of the complex operate

The complex has a stable operatIOn and financIal status though the lack of turnover funds Impedes
solutIOn of the Issues of renovatIOn, mtroductIOn of new hnes and technologIes

The lack of turnover funds for the purchases of raw and auxIlIary matenals forces the plant to process
outSIde-owned matenals and set product sellmg pnces for domestlc market lower than those of for
the products of competmg plants

The FANPLIT company IS cooperatmg WIth the Bntlsh woodworkmg federatIOn that IS proven by
the appropnate certIficate The company works consIstently at the sales Issues, WIdely advertIses It
VIa the UkrainIan mass medIa and Internet resultmg m new customers both at home and abroad

3 4 Exports vs DomestIc sales

Dunng the PerestroIka penod exports have dropped sharply smce m the SOVIet UnIon exportatIOn
was carned out by the USSR Exportles Under those condItIOns the plant had no access to foreIgn
markets

Over the last SIX years the plant has exerted maXImum effort to study foreIgn markets, plywood and
fiber board pnces and quahty reqUIrements abroad ThIS resulted m the followmg export figures over
the prevIOus three years

3-1
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The products are sold at the EurasIan and Amencan markets The mam partners are Bntam,
Germany, USA, Poland and other countnes In 1998 contracts were made wIth Egypt and Turkey

are 0 exports m tota sa es
#

DescnptlOn
Umtof

1995 1996 1997measure

1 Scaleboard plywood % 99 262 61

2 Wood fiber boards % 216 122 98

•
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4 FINANCIAL STATUS OF ENTERPRISE

4 1 Currency vs Barter ratIO

Lmks wIth supplIers are stable though It IS not always possIble to pay wIth money and the company
IS compelled to barter for matenal supphes

Due to turnover fund lImItatIOns the receIvables are partIally covered by barter operations In 1997
barter constituted 30% (2,884 thousand hnvnas) out of total sales (9,623 thousand hnvnas)

The barter operatIOns IS a forced measure for enterpnse survIVal under the eXIstmg tax and credIt
condItIOns Improvement or detenoratIOn ofthe sItuatIOn depend on the current legIslation of
Ukrame

4 2 ViabilIty of the enterprise

The financIal sItuatIOn ofthe plant can be Called stable There are no wage or budget arrears The
company IS paymg dIVIdends on the shares on a regular basIs

Due to the lack of turnover funds theIr replemshment by acceleratIOn of turnover the enterpnse has a
low profitabIlIty The profitabIlIty m 1997 was
• ofproductIOn output - 12 7%
• ofproductIOn sales - 14%

The share of energy m the productIOn cost IS 18%
ReceIvables m 1997 were 613 thousand hnvnas
Payables were 1,480 thousand hnvnas

4-1

I~



I
I

5 ANNUAL ENERGY CONSUMPTION AND COSTS

I 5 1 Annual energy consumptIOn lD 1997

I ElectricIty consumptIOn In 1995-97

I 1,000 kWh
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I Natural gas consumptIOn In 1995-97
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The analyses of the energy consumptIOn charts of the FANPLIT plant over 1995-97 show that In

1996 there was a drop m productIOn as compared to 1995

Increase ofnatural gas consumptIOn ill 1996 and 1997 was condItIoned by obsolescence of gas finng
eqUIpment of the plywood workshop and absence of the m-plant energy management
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1997

1997d

1996

f

ConsumptIOn o/purchased thermal energy In 1995-97
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Gcal
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16000

15000

14000

13000

12000

11000

10000

1995

rea own 0 energy consumptIOn an costs ill

# Type of energy Villt of measure ConsumptIOn Cost,
thousand US$

1 ElectrIcity MWh 7,530 350
2 Thermal energy (purchased) Gca1 12740 348
3 Natural gas 1,000 m3 2,630 210

TOTAL 908

•
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ConsumptIOn ofpurchased thermal energy In 1997

Thermal energy
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The complex purchases steam heatmg and productIOn purposes from \ la mam pIpelIne from thermal
energy power plant N04
The cost of 1 Gcalls $26 5

5 2 Current energy and fuel prIces

E1ectnclty

Average for I kWh by the plant data IS $0 046
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Gas consumptIOn m general matches the workload but due to the obsolescence of gas finng
eqUIpment of the plywood workshop there was an eVIdent overuse of natural gas m September after
the vacation season m August when the plant was completely Idle

Fuel

The sole type of fuel used by the enterpnse IS natural gas
The cost of 1000 m3 IS $83

One can amve at the conclusIOn from analyzmg the 1997 energy consumptIOn charts that thermal
energy use corresponds to the seasons and workloads

Electnclty consumptIOn depends on the workload cycles, however, III October there was an eVIdent
overuse of electnclty



5 3 Energy use profile

Average dally electrzclty balance ofthe FANPLITplant on Aprzl
3,1998
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2300 kW

BIZON equtpment
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43%

Ftber board w/shop
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1100kW

2100 kW

5-5

70kW

Other consumers
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130kW

Total electnc power
demand
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A verage hourly gas consumptIon
ofthe FANPLITplant

Total
gas consumptIon

1020 m3

r
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-

Dryer umts
of plywood w/shop

570 m3

5-6

Fiber board wIshop

BOller
wIth hIghly orgamc

heatmedlUrn

60m3

Dryerumt
for raw matenals

390 m3
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Thermal energy use balance
ofthe FANPLITplant

1,58 Gcal
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Total use

ofthermal energy

\.. 4.6 Gcal .....

BIZON equIpment 2,52 GcaI
I-----t'---

0,5 GcaI

Heating needs

of the plant
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6 PREVIOUS IMPROVEMENTS IN ENERGY EFFICIENCY

The followmg are energy conservatIOn measures Implemented m 1998 by the FANPLIT plant
1 OptImizatlOn of SRG-25 roller drymg oven desIgn (replacement of gas burners)
2 Development of a new gas burner wIth lower gas consumptlOn m the dryer duct of No2 workshop
3 Development of converSIOn desIgn for Improvement of gas meter accuracy from 1 5 to 1
4 IntroductIOn of automatIc control of reactive power compensatIOn at the plant
5 Introduction of automatic control of reactive component of the 10kY asynchronous electnc motor

of 1,600 kW capacIty
6 Purchase and mstallatIOn of steam bOIlers of 6 tonslhr capacIty

The chIefpower manager sectlOn each year drafts energy conservatlOn measures Low capital
mtensive measures are Implemented by both chIefpower manager sectIon and plant mventors
However, capital-mtensive measures remam ummplemented

6-1
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7 ENERGY AUDIT

As the result of the energy audIt at the DJSC FANPLIT the audIt team recommended several
proposals for Improvement of energy effiCIency at the plant The maJonty of the problems are typIcal
for UkrainIan enterpnses so the solutIOns of these problems can be replIcated for enterpnses WIth
SImIlar systems of energy use

IntroductIOn of the recommended measures wIll reduce annual energy consumptIOn
1 Electnclty by 3,279,000 kWh (43%)
2 Natural gas by 554,000 m3 (21%)
3 Thermal energy by 2,059 Gcal (16%)

The results oftechmcal and economIC calculatIOns of energy conservation opportUnItIes are gIVen
below

ECD # 1 - InstitutIOn of energy management

Energy management IS the mam avenue by whIch energy usage reductIOn and mcrease In
consumptIOn effiCIency can be achIeved Energy management IS a management system based on
standard measurements and checks provIdIng for such operatIOn of the plant that ensures only
absolutely necessary consumptIOn of energy for productIOn purposes

In order to Implement contmuous supervISlon and analysIs of energy use we recommend to mstItute
energy management system and provIde necessary measunng eqUIpment

ImplementatIOn of thIS project wIll reduce fuel and energy costs by 89,400 $/year Payback penod
WIll be 0 5 year
See details OfthiS proposal m AppendIx AI, ECD #1

ECG #2 -ComprehensIve energy metenng system

In order to Implement energy management and mtroductIOn of cost-accountIng WIthIn the works
productIOn umts It IS necessary to upgrade the eXIstmg energy metenng system As one of
upgradmg optIOns we recommend the ITEK technIcal mstrument set \\ hich possesses metrologIcal
charactenstIcs and IS deSIgned for contmuous and penodical (express analysIs)
measurement/regIstratIOn ofphySIcal values

IntroductIOn of the ITEK-XIX allows consumers to pay theIr electnc power bIlls by the one-rate
tanff dIfferentIated accordmg to the daytime zone WhICh m conjunction WIth the measures of
reductIOn of the maxImum hour consumptIOn provIdes a consIderable cost effect that has been
proven by more than annual operatIOn at numerous Ukralman faCIlIties

ITEK-220 and ITEK-320 are deSIgned for automatIc commercIal metenng and telemetnc control of
supply and consumptIOn of lIqUIds, gases, steam and thermal energy m combmatIOn WIth any
pnmary measurement converters of consumptIOn, temperature, pressure and pressure drop wIth
standardIzed output parameters at supplIer's (thennal power plant, dIstnct heat, bOIler houses) and
consumer's SItes (mdustnal enterpnses, publIc utilIty faCIlIties)

ImplementatIon OfthiS project WIll reduce fuel and energy costs by 28,000 $/year Payback penod
WIll be 1 3 years
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See detaIls of thIS proposal m AppendIx A2, ECO #2

ECO #3 " OptImIzatIOn of thermal and ecologIcal parameters of gas finng eqUIpment

Currently the plant uses two dryer umts and a boIler wIth hIghly orgamc heat medmm The energy
audItors took measurements of combustIOn gas compOSItIon WIth the ENERAC-2000 combustIOn
analyzer Only at the BIZON dryer the gas analySIS was satIsfactory At the boIler WIth hIghly
orgamc heat medmm the burner umt operated WIth large air excess At the veneer dryers the lower
burners were fired WIth resultmg mcomplete burnmg

The energy audItors thmk It necessary to optImIze the operatIOn of gas finng eqUIpment m terms of
both EcologICal and thermal parameters and catty out conSIstent supervISIon over gas combustIOn
modes For thIS purpose It IS suggested to utIhze the ENERAC-2000 combustIOn analyzer

ImplementatIOn of thIS project WIll reduce fuel and energy costs by 4,200 $/year Payback penod WIll
be 1 4 years
See detaIls of thIs proposal m AppendIX A3, ECO #3

ECO #4 Thermal msuiation of surfaces WIth temperatures ofover 60°C

The results ofthe steam dlstnbutIon system analySIS showed that some steam pIpelInes do not have
thermal msulatIOn Energy losses due to the lack ofmsulatIon are enormous Temperature mSIde
work rooms reaches 40°C at the ambIent temperature of 5°C that Imparrs workmg condItIOns

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

ImplementatIOn of thIS project WIll reduce fuel and energy costs by 4,900 $/year Payback penod WIll
be 0 2 year
See detaIls of thIs proposal m AppendIX A4, ECO #4

ECO #5 Energy effiCIent lIghtmg

The external lIghtmg system of the plant area conSIsts of lIghtmg fixtures WIth 45 DRL - 250 mgh
pressure mercury lamps The productIOn bUIldmgs are lIghted by 75 DRL - 400 mgh pressure
mercury lamps The lIght flow of the DRL"400 lamp IS equal to 23,000 lumen and servIce lIfe IS
6,000 hours, DRL-250 " 10,000 lumen and 2,400 hours, respectIvely

It IS suggested to conSIder the proposal of replacement ofDRL -250 hIgh pressure mercury lamps for
external lIghtmg of the plant area and mternal lIghtmg WIth the DNaT-IOO-3 hIgh pressure sodmm
lamps usmg eXIstmg fixtures and replacmg sWItchmg applIances We recommend to replace the DRL
-250 hIgh pressure mercury lamps for mternal lIghtmg WIth the DNaT-IOO-3 hIgh pressure SOdIum
lamps usmg eXIstmg fixtures and replacmg sWItchmg applIances

ImplementatIOn of thIS project WIll reduce fuel and energy costs by 5,100 $/year Payback penod WIll
be 1 5 year
See detaIls of thIS proposal m AppendIX AS, ECO #5

ECO #6 OptImIZatIOn of the refiner mam dnve operatIon of the BIZON eqUIpment of fiber board
umt
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In the overall electnclty use balance the electnc motor of the refiner mam dnve compnses 40% of
active power load and 85% of reactive power load Currently the mam dnve operatIOn mode IS
contmuous

By the meter readmgs m March 1998 average motor load was around 700 kW at average cos~ = 074

In order to reduce power consumption we recommend to mtroduce vanable speed control UtIlIzmg
vanable speed dnve smooth start and stop of the motor WIll be ensured

ImplementatIOn of thIS project WIll reduce fuel and energy costs by 82,000 $/year Payback penod
WIll be 2 3 year
See detaIls of thIS proposal m AppendIx A6, ECO #6

ECO #7 Plywood umt dryer oven upgradmg

For veneer drymg m the plywood workshop a roller drymg umt IS used Exhaust gases are used as the
drymg agent Currently a pnmitIve plant made up of a combustIOn chamber wIth two bottom burners,
a chamber for mIxmg combustIon products wIth aIr and reCirculated drymg agent IS used for
generatIOn ofthe pnmary drymg agent Supply of the drymg agent from the mIxmg chamber and
recirculatIOn of the drymg agent are performed by two DN 12,5 fans Each fan IS eqUIpped With a 75
kW electnc motor WhIle measunng the electnc loads It turned out that their loads were 45 kW each

The combustIOn gas analySIS showed the presence of carbon monOXIde - 0 03% CO - mdIcatmg that
WIth tenfold dIlutIOn ofcombustIOn products there are conSIderable losses of energy connected WIth
mcomplete combustIOn

The energy audItors see It expedIent to dismantle the entire gas generatIOn umt and replace It With a
gas and aIr heater of the VGS type With 3 mw capacity For supply and reCIrculatIOn of the drymg
agent one draught fan should be used, not two

ImplementatIOn of thIS project WIll reduce fuel and energy costs by 21,400 $/year Payback penod
Will be I I year
See details ofthls proposal m AppendIX A7, ECO #7

ECO #8 DecentralIzatIOn of thermal energy supply

Currently the plant purchases thermal energy from the DarnItsa power plant The steam IS used both
for productIOn purposes and space heatmg The condensate IS not returned to the Darnltsa power
plant and IS used for wood treatment m the plywood workshop

Given the hIgh purchasmg pnce and the prospects of further mcrease the energy audItors see It
expedIent to decentralIze the thermal energy supply The proposal IS to mstall to modular automatic
boIlers near the plywood workshop and the BIZON productIOn lme respectively of2 5 and 5 ton
capacity In order to ensure fleXibilIty, relIabIlIty and cost-effiCiency of thermal energy supply the
boIler umts should mcorporate two boIlers each

ImplementatIOn of this project Will reduce fuel and energy costs by 180000 $/year Payback penod
Will be 2 3 years
See details of thiS proposal In AppendiX A8, EeG #8
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where

where

8 ENVIRONMENTAL IMPACT OF RECOMMENDATIONS

Amounts ofpollutants formed dunng generatIOn of6,720,000 kWh

3,279,000 kWh
554,000 m3

hI = 9 9 X3,279,000= 32,400,000 (g/year)
h2 = 0 5 X3,279,000 = 1,600,000 (g/year)
h3 = 22 X3,279,000 = 7,200,000 (g/year)
h4 =44 X3,279,000 = 14,400,000 (g/year)

B - consumption of oIl-well gas, m3/yr
Keo = 0 25 kg/GJ - the quantIty of carbon OXIde that IS produced per heat umt released after

combustIOn ofOIl-well gas
Qr =35 MJ/m3

- the lowest Calonfic value ofnatural fuel
q = 0 5 % - heat losses resultIng from an mcomplete gas combustIOn

CalculatIOn ofthe carbon OXIde that forms after combustIon of oIl-well gas IS made by the formula
Meo = 0001 B Keo Qr (1 -q/lOO),

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

4) solId partIcles

~ - the speCIfic content ofemISSIons, g/kW h
Eps - electnc power savmg, kW h

Reducmg electnc consumptIOn results m decreasmg the amount of the emItted harmful substances
that can be detennmed by the fonnula

h=~ Eps'

Annual energy resource savmgs due to ImplementatIon of energy management WIll be as shown III

the Table1
I Electncity savmg 
2 Natural gas savmg -

Accordmg to the data from the Mmistry ofEnergy, m 1996 1 kW h ofthe electnc power meant
emIttmg mto the atmosphere of 17 g ofcontammatmg substances, mcludmg the followmg
sulfur dIoxIde S02 9 9 g
carbon OXIde CO 0 5 g
nItrogen OXIdes NOx 2 2 g
solId particles 4 4 g

The most efficIent way of reductIOn ofhazardous emISSIons mto the atmosphere IS decrease offuel
and electnc power use Energy conservation and efficIency are extremely urgent from the EcologIcal
standpomt

The proposed project contams energy conservatIOn measures aImed at savmg fuel and electnc power
The mam fuel used at the JSC FANPLIT IS natural gas The harmful substance that fonns m
sIgmficant quantIty dunng combustion of thIS fuel IS mtrogen OXIde (N0J The mtrogen OXIdes are
harmful to the human health and can cause severe respIratory problems
Smce combustIOn ofnatural gas results m the least emISSIOns ofthe carbon dIoxIde CO2 (that IS the
mam gas responSIble for settmg "the green house effect"), savIng natural gas WIll contnbute to
weakenmg of"the green house effect" Carbon monOXIde (CO) IS emItted after an Incomplete
combustIOn of fuel, It reacts WIth other substances and has vanous detnmentalimpacts Sulfur
dIoxIde resultmg from combustion destroys matenals

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Meo = 0 001 554,000 025 35 (1 - 0 5/100) = 4,800 (kg/yr),
or

Meo =4 8 tons/yr
CalculatIon of the rntrogen oXIdes per tIme urnt (t/yr) shall be done by the formula

MNox = 0 001 B KNOX Qr (1- b),
where

KNOx = 01 kg/GJ - a parameter charactenzmg the amount of the rntrogen oXIdes formmg per
1 GJ ofheat, kg/GJ,

b = 0 15 - a coeffiCIent for takmg mto account the degree ofdecreasmg the level of emISSIons
ofrntrogen oXIdes resultmg from ImplementatIOn of technologIcal measures

MNox = 0001 554,000 0 1 35 (1 - 015) = 1,600 (kg/yr),
or

MNOx = 1 6 t/yr

ImplementatIOn at the FANPLIT of energy conservatIon measures WIll decrease the energy resource
C011SlL.111pt lOn, and In Its tU..111 lower the-quantlty ofharmful emISSIOns mto the atmosphere

TABLE OF POLLUTANT EMISSION REDUCTION
ReductIOn m emISSIOns as result of the energy savrngs, t/yr

EmISSions Electric power Natural2as TOTAL
Hard partIcles 144 - 144
Sulfur dIoxIde 324 - 324
Carbon oXIde 16 48 64
NItrOgen oXIdes 72 16 88
Total emISSIon 2206
reductIon
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APPENDIX A. ENERGY CONSERVATION OPPORTUNITIES
(ECO)
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ECO description

A 1 ECO - 1 Institution of energy management

Collectmg energy
consumptIOn data

AnalySIS

Preparmg energy
consumptIOn chart

Implementmg

planned Improvements

Planmng

Energy management cycle

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 ofenergy saVIng projects that are consIdered by the faCIlIty

Implementmg an energy management actIvIty typIcally would Involve establIshIng a separate
seeton of employees to deal only WIth energy effiCIency At a mImmum an energy management
sectIOn should conSIst of three people techmcal supervIse, an electnc engIneer and a thermal
engIneer

Energy management IS the mam avenue by WhICh energy usage reductIOn and Increase m
consumptIOn efficIency can be achIeved ThIs management strategy IS based on conventIOnal
measurements and documentatIon and provIdes operatmg condItIons that facIlItate mImmal energy
consumptIon needed for the technology ThIS IS also a management tool whIch compnses a
contmuous research allowIng precIse knowledge on facIlIty's energy dIstnbutIon and consumptIon,
as well as on best energy utIlIzatIon for productIOn, dIstnct heat and other non-productIve purposes

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

The mam dutIes ofan energy management sectIOn mclude
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• Preparmg facIhty's energy consumptIOn chart (probably m collaboratIOn With an outsIde
consultant, energy audItor),

• Collectmg fuel and energy consumptIOn data usmg measurmg and testmg eqUIpment,
• Preparmg a plan for Implementmg addItional measunng and testmg eqUIpment,
• Collectmg data on raw matenals and energy consumptIOn and on productIOn output,
• Makmg key CalculatIOns on Improvmg energy effiCIency - for overall facIhty as well as speCIfic

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

of operation,
• Encouragmg the personnel to mdicate potential energy conservatIOn opportunIties
• Keepmg mformed on current energy pohcy trends and neighbonng Issues, (e g , such as new tax

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

In order to Implement permanent energy consumptIOn mOnItonng and analySIS we recommend to
mstitute energy management system at the plant and to prOVIde reqUIred measunng eqUIpment The
set of eqUIpment that Will be useful for the plant should mclude
• three phase energy analyzer,
• tachometer,
• hot-WIre anemometer,
• combustion analyzer,
• non-contact thermometer,
• ultraSOnIC leak detector,
• dIgItal contact thermometer,
• hght meter,
• power factor meter,
• portable temperature/humidity/ dew pomt meter,
• computer WIth pnnter

Annual energy savmgs

Currently the works use annually on average 7,530,000 kWh of electnc power, 2,530,000 m3 of
natural gas and 12,740 Gcal of thermal energy

TypIcally, combustIOn effiCIency Improves by 25% from utihzmg the combustion analyzer
Electnc power use effiCIency can be lmked to a Wide range of factors I g power factor correctIon,
Improvement of eqUIpment load control (shuttmg off Idhng eqUIpment), optimtzation of motor
loads, optimIzatIOn of pump operatIOn, Improvement of compressor load control, etc On average
Improvement of electnc power use can ensure from 3 to 10% savmgs of total electnc power
consumptIOn

The global expenence and practice show that m case of InstItution of full-time energy management
ensures 10% of fuel and energy consumption savmgs Energy savmgs WIll amount to
1) Electnc power - 7,530,000 x 01 =753,000 (kWh)
2) Thermal energy - 12,740 x 01 = 1,274 (Gcal)
3) Natural gas - 2,530,000 x °1 = 253,000 (m3

)

Annual cost savmg estImate
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1 At the pnce of $0 046 per 1 kWh of electnc power the cost saVIngs wIll be
753,000 x 0 046 - $34,640

2 At the pnce of $26 5 per 1 Gcal of thennal energy the cost saVIngs wIll be
1,274 x 265 =33,760

3 At the pnce of$83 per 1,000 m3 ofnatural gas the cost savmgs wIll be
253 x 83 - $21,000

Total energy cost saVIngs WIll be
34,640 + 33,760 - $89,400

Implementation Costs

Accordmg to the world practIce, expenses on ImplementIng energy management constitute 50% of
estImated energy savmgs, 1 e

89,400 x 0 05 - $44,700

SImple payback

ImplementatIOn costs - $44,700
Annual cost savmgs - $89,400
SImple payback penod WIll be
44,700/89,400 - 0 5 (year)
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A2 ECO- 2 Comprehensive energy metermg system

ECO descrIptIon

Energy and fuel consumptIOn morutonng and preCIse breakdown of tills consumptIon by
productIOn hnes and uruts IS one of the baSIC tools of energy management Tills WIll provIde a
realIstIc depIctIOn of the energy balance of the enterpnse, OPPOrtunIty of energy use assessment
and VIable pOSSIbIlIty of fuel consumptIOn dependent on the eqUIpment charactenstlcs and
workloads

Though the eXIstmg system of electnc power metenng permIts to acqUIre a pIcture of electncIty
consumptIon and dIstnbutIOn among productIon lInes, however, It IS cumbersome m processmg
and evaluatIOn of obtamed results Thermal energy metenng system of the works combInes
utlhzatIOn of mstrument metenng and Calculatmg WIthout the use of measunng deVIces whIch
precludes proVISIon ofrealIstIc thermal energy consumption regIstratIOn

In order to Implement energy management and mtroductIOn of cost-accountmg withm the works
productIOn unIts It IS necessary to upgrade the eXlstmg energy metenng system As one of
upgradmg optIOns we recommend the ITEK technIcal mstrument set which possesses metrolOgical
charactenstIcs and is deSigned for contmuous and penodical (express analySiS)
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 willch m cOnjunctIOn WIth the measures of
reductIOn of the maXImum hour consumptIOn proVIdes a conSiderable cost effect that has been
proven by more than annual operation at numerous Ukralman faCilIties

ITEK-21G-and ITEK-31G-are mtellded for cOITLmercIal and technIcal metenIlg of electnc power
(differentiated by tIme) and bUild-up of automatic metenng and control systems of electnc power
use (AMCSEPU) m combmation WIth electnc meters of three-phase InductIon type eqUipped WIth
pulse generation deVIces (E440, E870, UP-I, UP-2, UP-3, SU-500) or electroruc (SIemens, Lands
and Gyre, Alpha-ABB, etc) WIth pulse output They support 64 (for ITEK-2IO) or 12 (for ITEK
310) metenng channels, 4 tanff zones, day schedule for all metenng channels IS a 5 days'
mImmum, 2 mdependent data mterfaces

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

The ITEK-410 IS deSigned for 4 metenng channels and IS Similar to the above deVIces
Additionally it supports tanffs differentiated by peak consumptIOn and demand, and prOVIdes
momtonng and control over consumption process Daily schedules from 4 channels are stored for
not less than 1 month

Introduction of ITEK-X2X allows consumers to meter resources With high accuracy and pay the
bills for actual consumptIOn but m proportIOn to the area

ITEK-220 and ITEK-320 are deSIgned for automatIc commerCIal metenng and telemetnc control
of supply and consumptIOn of hqUlds, gases, steam and thermal energy m cOmbInatIOn WIth any
pnmary measurement converters of consumption, temperature, pressure and pressure drop WIth
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standardIzed output parameters at supplIer's (thennal power plant, dIStnCt heat, boIler h-ouses) and
consumer's sItes (mdustnal enterpnses, publIc utIlIty faCIlItIes) The ITEK-X20 deVIces are
developed m confonnity WIth reqUIrements of RD-50-213-80, PR-34-70-010-85, State standard
6651-84 and P75 recommendetIOn of the Mmistry ofHealth

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

PRD IS a WIde range pressure dIfference converter The PRD measurement deVIce IS deSIgned for
operatIon m automatIc momtonng and control systems of technologIcal processes and prOVIdes
contmuous converSIOn of the measured parameter mto a umfonn electnc output SIgnal It IS a fast
operatmg converter and can be utIhzed for converSIOn of pulsatmg pressure dIfferences mto a
umfied electnc SIgnal WIth tIme constant of up to 2 msec (maxImum pennissible operatIOnal
excess pressure IS 1 6 MPa and 40 MPa)

Annual energy savIngs

In 1997 the plant used approXImately 7,530,000 kWh of electnc power, 2,530,000 m3 of natural
gas
The global expenence and practIce confinn that qualIty momtonng of energy ensure 5% of fuel
and energy consumptIOn savmgs Energy savmgs at the works WIll amount to
1) Electnc power - 7,530,000 x 0 05 = 376 thousand kWh
2) Natural gas - 2,530,000 x 0 05 = 126 thousand m3

Annual cost savIng estimate

1 At the pnce of$0 046 per 1 kWh ofelectnc power the cost savmgs WIll be
376,000 x 0 046 ~ $17,000

2 At the pnce of$83 per 1,000 m3 ofnatural gas the cost savmgs WIll be
126 x 83 ~ $11,000

Total fuel cost savmgs wIll be
17,000 + 11,000 ~ $28,000

ImplementatIon Costs

ApprOXImate cost of the ITEK automatIc metenng system IS $35,000

SImple payback

ImplementatIOn costs - $35,000
Annual cost savmgs - $28,000
SImple payback penod WIll be
35,000/28,000 ~ 1 3 (years)
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ECO descrIption

Annual cost savIngs estimate

Annual energy savIngs estImate

A 3 ECO #3 OptImIZatIon of thermal and ecological parameters of gas firIng eqUipment
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- $6,000
- $4,200

- $5,000
- $1,000
- $6,000

Currently the plant uses two dryer umts and a bOIler WIth hIghly orgamc heat medIUm The energy
audItors took measurements of combustIOn gas compOSItIon WIth the ENERAC-2000 combustIOn
analyzer Only at the BIZON dryer the gas analysIs was satIsfactory At the boIler WIth hIghly
orgamc heat medmm the burner umt operated WIth large aIr excess At the veneer dryers the lower
burners were fired WIth resultmg mcomplete burnmg

ImplementatIOn cost

At the gas pnce of0 083 per 1 m3 cost savmgs WIll be
50,000 x 0 083 - 4,200 ($)

The energy audItors thmk It necessary to optimIze the operatIOn of gas finng eqUIpment m terms of
both ecologIcal and thermal parameters and catty out consIstent supervlSlon over gas combustIOn
modes For thIS purpose It IS suggested to utIlIze the ENERAC-2000 combustIOn analyzer The
global practice shows that the use of thIS mstrument WIll reduce fuel consumptIOn by 2-5%

Simple payback

Gas consumptIOn at the plant m 1997 was 2,500 thousand m3

Two per cent gas savmgs WIll be
2,500,000 x 0 02 = 50,000 (m3

)

ENERAC-2000 combustion analyzer
Overheads
TOTAL cost

ImplementatIOn cost
Annual cost savmgs
SImple payback WIll be
6,000/4,200 - 1 4 (years)
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A 4 ECO # 4 Thermal insulatIon of surfaces wIth temperatures of over 60°C

ECO descrIptIOn

The FANPLIT complex receIves steam from the 4th KIev power plant at the pnce of $26 5 per 1
Gcal The steam IS transported Vla trunk plpelme of500 mm dIameter to the central steam
dlstnbutlOn umt of the plant From the central dIstnbution umt steam IS supplIed to the users

The analysIs of the steam dlstnbutton system resulted m the findmg that some of the plpelmes and
eqUIpment umts are not thennally Insulated The energy losses are due to the lack of InsulatlOn at
pIpelInes and were measured by the Infra-red remote thennometer

Particulars ofnon-Insulated pIpIng are gIven In the table below

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

1 Steam Workshop Nol 1 102 2 140

2 Steam Workshop Nol 1 50 1 113

3 Steam Workshop No 1 1 219 - 90

4 Steam Workshop Nol 12 100 1 130

5 Steam Workshop Nol 05 219 - 130

6 Steam Workshop N02 1 241 2 97

7 Steam Workshop N02 25 108 - 80

8 Steam Workshop No2 2 241 3 160

9 Steam Workshop N02 3 100 1 145

10 Steam Workshop N02 1 100 3 110

11 Steam Workshop N02 1 5 197 1 120

12 Steam Workshop N02 2 219 1 97

The gives the results ofmeasurement ofexternal surface temperatures

Annually the steam IS consumed 7,200 hours on average

We recommend that the steam pIpIng should be fully Insulated The thIckness of InsulatIon should be
selected dependent on the plpmg dIameter and ItS purpose

Purpose Diameter, mm InsulatlOn thIckness,
mm

1 Steam 102 - 241 100

2 Steam 50 - 89 80

Anmlal energy savmgs esnmate

8



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

Thenna1 energy waste m non-msulated pIpelmes (Kcallhour) IS detennmed
by the followmg fonnula

where gmn - speCIfic losses ofnon-msulated pIpmg (Kcal/meter x hour),

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

Lo - gIVen length ofpIpmg, m

Lo =L + (1m x n) = 1 + (1m x 2) =3 (m)

n - number of valves wIthm the sectIOn

For the pIpelIne #1 from the Table we have

Qnml = 670 x 3 x 0 95 = 1,900 (Kcal/hour)

Further CalculatIons were carned out sImIlarly and are summanzed m the Table below

Thermal energy waste ofmsulated (Kcal/hour) pIpelmes IS Calculated by the formula

where gm - speCIfic loss over 1 meter ofpIpmg WIth the dIfference (t1 - tJ = Joe dependmg on the
thIckness of msulatIOn, Kcal/m x hour,

t1 - temperature ofpIpe walls assumed as equal to temperature ofheat carner, °C,

t2 - temperature of aIr, °C,

a - correctIOn factor dependmg on the thIckness of msulatIOn, thermal conductIVIty If msuiatlon
matenal and temperature dIfference between heat carner and arr WIth msulatIOn thIckness up to 100
mm and temperature dIfference up to 200 °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 msuiatton matenals WIth thermal conductIVIty of0 03 - 0 05 Kcal/ (m x hr x 0 C) We
assume the use of these pIpmg msuiatton matenals

For pIpelme #1 from the Table

9
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Qml = 0 231 x (143 - 10) x 1 x 1 04 x 3 = 96 Kcal/hr

SImIlar CalculatIOns were earned out for all pipelmes and are shown m the Table The savmgs are
receIved takmg mto account the length of a pipehne

Pipelme No GIYen length Thermal Thermal Savmgs
waste WIthout waste wIth
msulatIOn msulatlOn

Lo,m Qnln, Kcal/hr Qtn' Kcal/hr SN' Keal/hr

1 3 1,900 96 1,804

2 2 190 40 150

3 1 399 26 373

4 22 1,050 57 993

5 05 380 21 359

6 3 2,280 102 2,180

7 25 710 35 675

8 5 7,120 310 6,810

9 4 3,800 184 3,616

10 4 1,440 80 1,360

11 25 1,660 85 1,575

12 3 1,420 75 1,345

TOTAL 21,240

In the plywood workshop Nol at the drymg lme there are heat losses from non-msulated surfaces (T
= 190°C) Total non-msulated area IS F=4 m2 The losses mto the atmosphere are Calculated by the
formula
Q2 = K x F x ~t (kcaIlhour)
where
K = 65 kcallm2 x hour x CO IS coeffiCIent ofheat conductIVIty of structures
F = 4 m2

- surface ofheat exchange
dt = (tsur - talf) IS temperature dIfference
tsur IS the surface temperature
talf IS the surroundmg aIr temperature
n = 7,200 hours

Heat losses at tsur = 190°C, talf =20°C are Calculated mdependently
Q2 = K x F x (tsur - talf) =
Q2 = 6 5 x 4 x (190-20) 4,420 keaIlhour
Annual savmgs WIll be
Q =7,200 X(QI + Q2) = 7,200 (21,240 + 4,420) = 185,000,000 (keallyear)
or
Q= 185 Gcallyear

10



ImplementatIOn cost

Annual cost savmgs estimate

Cost savIngs for natural gas at the pnce of US$26 5 per 1 Gcal wIll be

185 x 265 =4,900 ($/year)
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US$l,OlO

US$4,900Annual saVIngs

ImplementatIOn costs

Total estImated costs of InSUlatIOn to be Installed at the enterpnse wIll be US$780
Overheads 20% US$230
TOTAL US$I,010

SImple payback
1,010/4,900 = 02 (year)

InsulatIon costs for 4 m2 of surface at the pnce of $30 per 1 m2team pIpmg IS Calculated by the
formula
30 x 4 =120 ($)
Cost of steam pIpIng InsulatIon IS equal to
L xC = 20 x 33 =660 ($)

where
L IS total gIVen length of steam pIpIng, m,
C equals US$20/m - cost of 1 m ofpIpIng InSUlatIOn,

SImple payback estImate
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A 5 ECO #5 Energy effiCIent plant hghtmg

ECO deSCriptIOn

The external lIghtmg system of the plant area consIsts of hghtmg fixtures wIth 45 DRL - 250 hIgh
pressure mercury lamps The production bUIldmgs are lIghted by 79 DRL - 400 high pressure
mercury lamps The hght flow of the DRL-400 lamp IS equal to 23,000 lumen and servIce hfe IS
6,000 hours, DRL-250 - 10,000 lumen and 2,400 hours, respectIvely

It IS suggested to consider the proposal ofreplacement ofDRL -250 hIgh pressure mercury lamps for
external hghtmg ofthe plant area and mternal IIghtmg with the DNaT-100-3 lngh pressure sodmm
lamps usmg eXIstmg fixtures and replacmg sWItchmg applIances We recommend to replace the DRL
-250 high pressure mercury lamps for Internal lIghtIng with the DNaT-100-3 hIgh pressure sodIum
lamps USIng eXistIng fixtures and replacIng SWItchIng applIances

The proposed hIgh pressure SOdIum lamps have the follOWIng Techrncal parameters
• DNaT-100-3 servIce hfe of6,000 hours, lIght flow of 9,000 lumen,
• DNaT -250-3 servIce lIfe of 12,000 hours, lIght flow of25,000 lumen

CalculatIOn of annual electriC power savmgs

The current electnc power use for plant lIghtIng
ElectrIc power use by a smgle external lIghtIng fixture With DRL - 250 mercury lamp IS

where PL 1= 250 W IS equal to the capaCIty of the lamp,
Psw I = 54 I W IS capaCIty of SWItchIng applIances,
cos$ = 098

PPI = (250+54 1) x °98 = 298 Wh =0298 kW
Amount of the power used by 45 mternal hghtmg fixtures over 1 year at average 10-hour use IS

PI= 0298 x 45 x 3,650 = 48,950 kWh

where 3,650 = 365 x 10 - annual tIme ofhghtmg operatIOn
Amount of the power used by 79 mternal hghtIng fixtures over 1 year at average 10-hour use IS

P2= 0 298 x 79 x 2,500 =58,900 kWh

where 2,500 =250 x 10 - annual time ofhghtIng operation
The electrIc power use by one lIghtIng fixture WIth DRL-400 mercury lamp

where PL2 = 400 W IS the capaCIty of lamp,
pSW 2 = 100 W IS capaCIty of SWItchIng applIances,
cos$ = 0 98

PF2 = (400+100) x 0 98 = 490 Wh =0 49 kWh

12



Power used by 79 lIghtmg fixtures over 1 year at average 10-hour use IS

P3= 0 49 x 79 x2,500 = 96,700 kWh

where 2,500 = 250 x 10 - annual time of lIghtmg operatIOn

Total use of electnc power by the external and mternal lIghtmg systems IS

pcur = PI + P2 + P3= 48,950 + 58,900 + 96,700 - 204,550 (kWh)

The electnc power use for plant lIghtmg after Implementation of the BeG
Electnc power use by a smgle external lIghtmg fixture WIth DNaT - 100 - 3 sodIUm lamp IS

where PL-3 = 100 W IS equal to the capacIty of the lamp,
Psw 3= lOW IS capacIty of sWltchmg applIances,
cos~ = 0 98

PF3 = (100+10) x 0 98 = 108 Wh =0108 kW

Amount of the power used by 45 mternal lIghtmg fixtures over 1 year at average 10-hour use IS

P4= 0108 x 45 x 3,650 = 17,700 kWh

where 3,650 = 365 x 10 - annual time oflIghtmg operatIOn

Amount of the power used by 79 mternal lIghtmg fixtures over 1 year at average 10-hour use IS

Ps= 0108 x 79 x 2,500 = 21,300 kWh

where 2,500 = 250 x 10 - annual time of lIghtmg operatIOn

The electnc power use by one lIghtmg fixture wIth DNaT-250-6 sodIUm lamp

where PL-4= 250 W IS the capaCIty of lamp,
PSW-4 =25 W IS capaCIty of sWItchmg apphances,
cos~ = 0 98

PF2 = (250+25) x 0 98 = 270 Wh =0 27 kWh

Power used by 79 hghtmg fixtures over 1 year at average 10-hour use IS

P3= 0 27 x 79 x2,500 = 53,300 kWh

where 2,500 =250 x 10 - annual time of lIghtmg operatIOn
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Total use of electnc power by the external and Internal lIghtIng systems IS

Pest =P4 + Ps + P6 = 17,700 + 21,300 + 53,300 - 92,300 (kWh)

Annual energy savIngs WIll be

Pcur - Pest = 204,550 - 92,300 = 112,000 kWh

Annual cost savmgs estImate

Cost saVIngs at the pnce of electnc power ofUS$O 048 per lkW

112,000 x 0 048 =US$5,100

ImplementatIOn costs

Cost ofDNaT -100-3 lamps WIth applIances - US$4,300
(124 at $35 each)
Cost ofone DNaT -250-3 lamp WIth applIances - US$3,500
(79 at $44 each)
TOTAL cost - $7,800
ConstructIon and InstallatIon costs not Included SInce the work WIll be carned out by the plant
personnel

SImple payback estImate

ImplementatIOn costs =US$7,800
Annual cost saVIngs =US$5,100
SImple payback

7,800/5,100 = 1 5 years

14
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Hourly electrzc loads measured
by actIve and reactIve power meters on AprIL 23,1998

In order to reduce power consumptIOn we recommend to mtroduce vanable speed control UtIlIzmg
vanable speed dnve smooth start and stop of the motor WIll be ensured Smooth control WIthIn the

Average motor load was 1,100 kW at cos~ =084
By the meter readmgs m March 1998 average motor load was around 700 kW at average cos~ =074

ECO descrIptIOn

A 6 ECO #6 OptImIZation of thr refiner mam drIve of the DIZON eqUIpment of fiber board
DOlt

In the overall electncity use balance the electnc motor of the refiner mam dnve compnses 40% of
actIve power load and 85% of reactIve power load
Currently the mam dnve operatIOn mode IS contmuous To dnve the refiner an asynchronous hIgh
voltage electnc motor IS used wIth phase rotor of the followmg parameters
• nommal voltage 10 kV
• nommal current 108 A
• nommal capacIty 1,600 kW
• power factor at the nommalload 0 87

15



To user

T2T1

eXlstmg DP cell
step-down transformer 10/0 7 kV - 1,600 kVA
step-up transformer 07/10 kV - 1,600 kVA
cells ofdlstnbutton umt for connectmg and dlsconnectmg vanable speed
dnve

IOkV

Implementation cost

prescnbed load range will permIt to automate (Ifnecessary) the Techmcal parameters oflhe refiner
operatIOn Ifthe dnve load IS zero or IS droppmg the power demand at the frequency converter output
wIll cover the losses ofthe Idle dnve, 1 e 10-20% of the nommal capacity ofthe electnc motor
However, cos~ will remam stable throughout the entIre load range ofthe motor

Annual cost savmgs estimate

At the electncIty pnce of$ 0 46 per 1 kWh cost savmgs wIll be
1,800,000 x 0 046 - 82,000 ($)

All eqUIpment IS manufactured m Ukrame

Cl
TI
T2
C2,C3

Annual energy savmgs estImate

In order to Implement the vanable speed dnve capablhty for the mam dnve motor of the refiner we
recommend to utlltze a 1,600 kW frequency converter of the PChTE-2000 senes manufactured by
the Kharktv research and development enterpnse EOS ltd Given that the nonunal PChTE voltage IS
07 kV the followmg electnc CirCUIt IS proposed ensunng utlhzatton of the eXlstmg dlstnbutlon panel
cell (DP) as a by-pass for mamtenance penods

InstallatIon ofthe vanable speed dnve for the asynchronous htgh voltage electnc motor of the refiner
mam dnve wIll ensure 20% of electnClty savmgs of the nommal capacIty, I e not less than 300 kW
WIth the round-the-clock operatIOn dunng 250 days the savmgs wIll be
300 x 24 x 250 - 1,800,000 (kWh)
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PChTE-2000 vanable speed dnve
SP ABB transformer (2 UnItS)

$115,000
$60,000
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KPIF-1O-630-20 cells (2 umts)
InstallatIOn and comrmssIOmng
TOTAL cost

SImple payback

ImplementatIOn cost
Cost saVIngs
SImple payback
190,000/82,000 - 23 (years)

$9,000
$6,000
$190,000

$190,000
$82,000
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Annual cost savmgs estimate

ECO descriptIOn

Annual energy savmgs estimate

A,7 ECO #7 Plywood UBIt dryer oven upgradmg

18

- $2,000
- $10,000
- $2,000

DeSIgn
EqUIpment
AIr ducts and matenals

ImplementatIOn cost

TOTAL cost saVIngs wIll be
10,400 + 11,000 - 21,400 ($)

The energy audttors see It expedient to dismantle the entIre gas generation UnIt and replace It With a
gas and aIr heater of the VGS type WIth 3 MW capacIty For supply and recirculatIOn of the dryIng
agent one draught fan should be used, not two

WIth the round-the-clock operatIon 220 days a year electnclty saVIngs Will be
45 x 24 x 220 - 238,000 (kWh)

1 WIth the pnce ofgas at $0 083 per 1 m3 fuel cost savIngs Will be
125,000 X0,083 - 10,400 ($)
2 With the pnce of electnclty at $0 046 per 1 kWh electnclty cost saVIngs Will be
238,000 X0,046 - 11,000 ($)

By the experts' estimate ImplementatIOn of thIS proposal Will reduce gas consumptIOn for veneer
dryIng by 10 to 15% and electncity demand by 45kW

In 1997 natural gas consumption was approximately 2,500,000 m3 Out of tills volume over 50% by
the meter readmgs and by the experts' estImate were used for veneer dryIng m the plywood
workshop JudgIng from the above data fuel (gas) savmgs Will be
2,500,000 x 0 5 X0 1 - 125,000 (m3

)

The combustIOn gas analysIs showed the presence ofcarbon monoxide - 0 03% CO - mdicatIng that
With tenfold dilutIOn of combustIOn products there are considerable losses of energy connected WIth
Incomplete combustIOn All attempts to elImmate mcomplete combustIOn Without reductIOn ofheat
generatIOn fatled to produce a positive result ThIs ImplIes the madvisabllIty of further operatIon of
the present scheme ofdryIng agent generatIon both from Techmcal and EcologICal as well as from
the economic POInt ofview

For veneer dryIng In the plywood workshop a roller dryIng umt IS used Exhaust gases are used as the
dryIng agent Currently a pnmltIve plant made up ofa combustIOn chamber with two bottom burners,
a chamber for miXIng combustIOn products With air and reCirculated dryIng agent IS used for
generatIon of the pnmary dryIng agent Supply ofthe dryIng agent from the mIXIng chamber and
recirculatIOn of the dryIng agent are performed by two DN 12,5 fans Each fan IS eqUIpped With a 75
kW electnc motor WhIle measunng the electnc loads It turned out that theIr loads were 45 kWeach
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InstallatIon and turnkey adjustment - $8,000
Overheads and contmgencles - $2,000
TOTAL cost - $24,000

Simple payback

ImplementatIOn cost
)u]nual cost savIngs
SImple payback WIll be
24,000/21,400 = 1 1 (years)

- $24,000
- $21,400
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Annual energy savmgs estImate

Annual cost savmgs estImate

A 8 ECO #8 DecentralIzatIon of thermal energy supply

ECO deSCrIptIOn

20

$330,000
$80,000
$10,000
$420,000

EqUIpment
DeSIgn, turnkey mstallatIOn
Overheads and contmgencles
TOTAL cost

ImplementatIon cost

By the experts' estImate operatIOnal cost Will constItute 20% of the fuel cost 1 e takIng Into account
operatIOnal cost the cost of the m-plant energy Will be
141,000 + 141,000 X0,2 - 170,000
Cost savmgs due to the m-plant supply Will be
350,000 - 170,000 - 180,000 ($)

WIth the pnce of gas at $0 083 per 1 m3 the cost of fuel for own thermal energy generation Will be
1,700,000 x °083 - 141,000 ($)

GIven the hIgh purchaSIng pnce and the prospects of further mcrease the energy audItors see It
expedIent to decentralIze the thennal energy supply The proposal IS to mstall to modular automatIc
bOIlers near the plywood workshop and the BIZON productIOn lme respectIvely of2 5 and 5 ton
capacIty In order to ensure fleXIbIlIty, relIabIlIty and cost-effiCIency of thennal energy supply the
bOiler unIts should mcorporate two bOilers each GOIng over to the m-plant thennal energy supply
WIll reduce thennal energy cost and penaltIes for non-recovery of condensate, cut down losses m the
communIcatIOn hnes

By the experts' estImate tranSItIon to decentrahzed energy supply wIll reduce thennal energy
consumptIOn by 5 to 10% At the annual consumptIon of 12,700 Gcal the savIngs WIll be
12,700 x°05 - 600 (Gcal)
I e to Implement the same productIon program 12,100 Gcal would be reqUIred

In 1997 the energy bIll amounted to -$350,000 WIth the m-plant thermal energy supply
consumptIon offuel (natural gas) for generatIon of 12,100 Gcal of thermal energy at the speCIfic use
of 140 m3/Gcal WIll be
12,100 x 140 - 1,700,000 (m3/per year)

Currentlythe-plaIlt pw-chases thermal energy from the Darnltsa power plant The plant steam
dIstnbutIon umt receIves saturated steam WIth the pressure of 8 kg/cm2 and temperature of 178 - 180
°c The plant uses from 2 to 6 tons of steam per hour The steam IS used both for productIOn purposes
and space heatIng The pnmary steam consumers are the plywood workshop (2-2 5 tons per hour)
and the BIZON productIOn hne (4 tons per hour) For the space heatIng ofmanagement office and
aUXIlIary umts around°5 tons of steam per hour are needed The condensate IS not returned to the
Darmtsa power plant and IS used for wood treatment In the plywood workshop
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$420,000
$180,000

Simple payback

ImplementatIOn cost
Annual cost savmgs
SImple payback wIll be
420,0001180,000 =23 (years)
Consldenng that the thermal energy cost can go up to the 1995 level, I e constItute 740,000 $/year
the payback penod may not exceed 1 year
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APPENDIX B. PLANT PHOTOGRAPHS
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TeIIJIOo6MeHHHKH u;eHpaJII:,Horo TerrJIOBoro IIyHKTa

Heat exchangers at the central steam mstnbutlOn umt
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Condensate eqUIpment ofplywood production lme
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l(ex rrpOH3Bo.n;CTBa IPaHepbI

Plywood productlOn lIne

IlpoH3Bo.n;CTBo ,l(BIl Ha JIHHHH "EM30H"

FIber board productlOn at "BIZON" lme
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3aKpI>IToe paCne,ll;emiTeJII>HOe yCTpOHCTBO 3aBO,ll;a "<I>AHIIJIHT"

Closed-cIrcUIt dIstrIbutIOn urnt ofFANPLIT plant

CKJIa,rJ;HpOBaHHe roTOBOH npo.n;yKIJ;HH

Storage of fimshed products
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KOHTpOJThHLIe H3MepeHIDI 3JIeKTpHtIeCKlIX HarpY30K JIHHHH rrpOH3BO,ll;CTBa ,[(BTI "EH30H"

Electnc load measurement at "BIZON" lme offiber board lllllt
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APPENDIX C. ABBREVIATIONS AND UNITS OF
MEASUREMENT
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Currency rates of exchange

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

ConverSIon factors

1 CaI=4187 J
1 kcal = 4 187 kJ = 3 968 BTU
1 GcaI=4187x 103 =4187GJ
1 BTU = 1055 J = 1 055 kJ = 1 055 x 10 3 MJ
1 tce (tonne ofcoal eqUIvalent) = 7,000 kcaI3 968 BTU = 27,78 x 106 BTU = 27,78 MBTU

Power

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

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

Pressure

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

Len2th

1 mm =003937 In = 0 00328 ft
1 cm = 0 3937 In = 0 0328 ft
1 m = 3937 In = 3281 ft

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

1 cm2 = 0155 square In = 1 076 x 10 3 square ft
1 m2 = 1 55 X 103 square In = 1076 square ft

24



Volume

1 m3 = 3531 ell ft = 1000 I
11 = 3531 x 103 ell ft
11 =0 264 US gal

Heat content

1 kJ/kg =0 43 BTU/lb
1 kJ/m3 =26 84 x 10 3 BTU/ell ft
1 MJ/m3 =26 84 BTU/ell ft
1keallm3 = 4,187 kJ/m3 = 0112 BTU/eu ft

Temperature

°c = 056 (llp-32)
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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 - techmcal AssIstance to CIS countnes
tel - telephone
thou - thousand
US - Uruted States
USAID - Uruted States Agency of InternatIOnal Development
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UNITS OF MEASUREMENT

BTU - BntIsh thermal umt
°c - degrees CelsIUs
cm2

- square centimeters
Cal- Calone
OF - degrees FahrenheIt
g - gram
Ocal - gigacalone
OJ - glgajoule
hr - hour
kcal - kilocalone
kg - kilogram
kgf - kilogram-force
kV - kIlovolt
kV-A - kIlovolt-ampere
kW - kIlowatt
kW h - kIlowatt hour
Lm -lumen
m - meter
m2

- meter squared
m3

- meter cubed
mm - mmute
MJ - megajoule
rnm H20 - mIllImeters of the water column
MW - megawatt
t - tonne
tonne of coal eqUivalent
t/h - tonnes per hour
W - watt
yr - year
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