
--_____ BURNS AND ROE ENTERPRISES, INC.

Audit Report
KIEV ARTISTIC GLASS FACTORY
KIEV, UKRAINE

FINAL

August 1997

•

•

•

Prepared by:

Under Subcontract to:

Submitted to:

Contract No.:

Resource Management Associates of Madison, Inc.

Burns and Roe Enterprises, Inc.

U.S. Agency for International Development

CCN-0002-Q-OO-3154-00
Energy Efficiency and Market Reform Project
Delivery Order No.6, Task ~
Industrial Energy Efficiency



RESOURCE MANAGEMENT ASSOCIATES
01 MaalSDII, Inc

RMAlUKR-D06-R-06

Delivery Order # 6 • Ukraine: Energy Efficiency and Reliability
Task #3 • Industrial Energy Efficiency
Subtask #6 • Energy Audits

KIEV ARTISTIC GLASS FACTORY
Kiev, Ukraine

•

•

•

•

•

Prepared by:

Prepared for:

Yevgeny Guterman
Doug Presny
Resource Management Associates of Madison, Inc•

Burns and Roe Company
Washington, D.C. (USA)

Contract Number:
CNN-0002-Q-OO-3154-00



•

•

•

•

Preface

The work described In this report IS bemg carned out by Resource Management Associates of
Madison, Inc (RMA), Within the framework of the U S Agency for International Development
(USAID) Emergency Energy Program for the Newly Independent States (NIS), under contract
with Burns and Roe Company, NlS Energy Efficiency and Market Reform Project, Contract
Number 5826-001-005906-03

This IS a working document publIshed Informally by RMA This report has been prepared In a
worktng document format, In the Interest of timeliness, to present the results of the project WIth
light review
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1. 0 EXECUTIVE SUMMARY

As part of Delivery Order #6 of the NIS Energy Efficiency and Market Reform Project, the
Umted States Agency for International Development (USAID) sponsored a total of five industrial
energy audits at large energy consummg mdustries in Ukrame Two ofthe audits were
completed by Resource Management ASSOCIates (RMA) ofMadIson, Inc. located m Madison,
Wisconsm USA One plant was audIted by Bums and Roe Company, and two plants were
audIted by Foster Wheeler Company. This report details the findmgs ofRMA's energy audit
performed at the KIev ArtIstic Glass Factory located m Kiev, Ukrame.

The five industnal audIt ~Ites were selected under prevIOUS actIvities withm thIS DelIvery Order
Ukramian agenCIes and the Ukraiman IDEA staff worked With the audItors to identIfy potential
SItes UkraIman mdustnal energy data was obtained from Arena-ECO and the Mimstry of
ElectnficatIOn ThIS data was proVIded on a sector-by-sector baSIS and on a fuel-type baSIS In
addItion, typIcal plants Within the top sectors were Identlfied as pOSSIble audIt SItes SIte VIsits to
each plant were coordinated by the IDEA staff, team leaders from RMA and Foster Wheeler
revIewed these facIhtles in order to select the five most appropnate SItes Each faCIlIty was
evaluated based on several cntena, mcludmg energy intensity, total annual consumptIOn of
energy, total annual consumptIOn of electnc energy, importance of the product to the Ukrame
economy, and plant VIabIhty. In addItion to the KIev ArtIstic Glass Plant in Kiev, the following
four plants were selected Zaporozhye Coke and ChemIcal Plant (also audIted by RMA),
StroJmdustnal Bmldmg Matenals m Kiev, Komunar Car Plant in Zaporozhye, and Donetsk
MetallurgIcal Plant in Donetsk Followmg plant notlfication, audIt schedules were coordmated,
and the audIts were conducted

The ObjectIves of the ene,gy audIt obJectlves were to

• Promote the importance of energy conservatiOn to successful plant operatiOn
• IdentIfy short payback energy conservatiOn projects utllIzmg US eqUIpment
• Identify large energy conservatiOn opportumties reqUIring further mvestigatiOn.
• Transfer hands-on energy auditmg expenence to plant staff and a local engineer

The audit follow-up activities will

Report on energy audit findIngs
• SpeCify USAID funded energy conservatIOn equipment

Implement speCified conservation eqUipment upon USAID approval.
• MOnitor energy savIngs seen by conservatIOn eqUipment ImplementatIOn
• Conduct a workshop In UkraIne to promote results of demonstration conservatIOn

projects

The KIev ArtistiC Glass Factory produces crystal glass pieces, Includmg plates, bowls. glasses, and
decorative figures The glass IS made by meltIng sand With lead OXIde to produce crystal glass

Resource Management ASSOCiates, Inc Page I



The glass is then formed in molds or manually shaped by glass blowmg, during which air pockets
are created m the glass by workers blowing on the glass as they work It wIth hand tools To
remove stresses, each piece IS reheated and allowed to cool slowly Pohshmg and inspection
complete the production process These products are sold withm Ukrame

The glass plant's 1994 average annual energy consumptIOn (based on energy content) mcluded

Purchased Electricity
+ Purchased Natural Gas

Total

31%
69%

100%

The audit covered the following areas of the plant glass production furnaces, glass annealmg
ovens, plant ventilation, heat distributIOn system, air compressors, a flue gas exhaust system, and
eXIsting energy management practices

Upon completion of the plant audit, the auditors identified SiX short-term "energy conservation
opportUnIties" (ECOs) which met the audit objectives They are as follows (see Table 1.1 for a
summary of these recommendations)

ECO #1
ECO#2
ECO#3
ECO #4
ECO#5
ECO#6

Glass Furnace Combustion Air Control
VentilatIOn Fan Energy EfficIent Motor Replacement
Glass Reheating Stove Heat Recovery
Glass Annealing Oven Infiltration ReductIOn
Molten Glass Holding Furnace Burner EfficIency
Energy Management Program Enhancement

These measures were dIscussed with plant management who agreed to make these energy
efficiency Improvements if they were provIded With the matenals and technical assistance not
available at theIr facility

The conservation opportunities identified have a cumulative first-year energy cost savings of
$40,586 at local energy prices and $220,156 at world energy values This represents an 82%
reduction m consumptIOn compared to consumption during 1994 These savings can be
accomplished with a total investment of$101,500 FmancIaI payback of this investment is 2 49
years, usmg current local energy costs, and 0 46 years at world energy values Methods to
quantIfy energy savmgs from the above recommendatIOns are found m SectIOn 8 of this report

OpportunItIes for energy conservatIOn not covered under the scope of this demonstration project
are identIfied In Section 5 titled "Long Range OpportunIties"
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Table 1.1 Summary of Identified Energy Conservation Opportunities (ECOs)

ANNUAL $ COST PROJECT SIMPLE PAYBACK
ECO DESCRIPTION ANNUAL ANNUAL SAVING COST
# FUELSAYEO ENERGY SAYEO

World Local ($ US) World Local
Energy Energy Energy Energy
Prices Prices Pnces Prices

1 Glass Furnaces # 1 & #3 255,148 m3 of 2,0435 Gcal 32,444 5,613 14,000 043 years 249 years
Combustion Air Control natural gas (8,108 3 MMBtu)

2 VentilatIon Fan 30,400 kWh of 78 Geal 973 213 2,320 119 years 545 years
Energy-EfficIent eleetnclly (311 MMBtu)
Motor Replacement

3 Glass Reheatmg Stove 173,685 m3 of 1,3910 Gcal 21,937 3,790 22,400 102 years 591 years
Stack Heat Recovery natural gas (5,5195 MMBtu)

4 Glass AnnealIng Oven 53,460 m3 of 428 2 Gcal 6,800 1,176 No Outside Immediate ImmedIate
InfiltratIon ReductIOn natural gas (1,6989 MMBtu) Cost

5 Molten Glass Holdmg 137,532 m3 of 1,191 5 Gcal 17,496 3,026 20,000 1 14 years 661 years
Furnace natural gas (4,3706 MMBtu)
Combuslton Air Preheatmg

6 Energy Management 845,000 kWh of 2180 Gcal 140,506 26,768 35,000 024 years 126 years
Program Enhancement electriCity plus (864 9 MMBtu) plus

679,450 m3 of 5,4417 Gcal
natural gas (21,5922 MMBtu)

TOTALS 873,162 kWh of 10,631 7 Gcal 220,156 40,586 101,500
electncity and (42,1855 MMBtu)
1,299,275 m3 of
natural gas



2.0 INTRoDUCTION

Fifteen newly independent states (NIS) emerged from the dissolution of the Former Soviet Umon
(FSU) m 1991 The United States Agency for International Development (USAID) is addressing
and managing assistance to these countnes Imtial assistance efforts have revealed considerable
opportumties to reduce energy consumptIOn and enVironmental degradation

Presently, mdustries m the NIS are unable to compete m the world market place due to mefficient
plants To modernize these plants, the states need to have the hard, stable currency that exports
would generate Energy effiCiency improvements would contnbute production cost reductions

The Ukraiman Government has embarked on a plan to reform the energy sector by eliminatmg
mstitutlOnal diSincentives to energy conservation The objective of this USAID project is to
prepare the groundwork for these coming reforms by (1) demonstrating the savings that can be
achieved in selected industries and (2) introducmg modern energy management prinCiples to the
orgamzations and local engineers Efforts to meet thiS objective mcluded a program which
selected target plants according to pre-established cntena, conductedenergy audits, installed
selected mstrumentatlOn and energy savings equipment, identified low-costlno-cost actions,
identified necessary larger investments, and tramed plant personnel in sound energy management

Dunng February of 1995, an energy audit was performed at the Kiev Artistic Glass Plant RMA
performed tills audit along with plant techmcal staff and a local engineer from the Kiev Electrical
Utility (Peter Garkoun) The RMA audit team conSisted of Yevgeny Guterman and Doug Presny

ThiS report detalls the findings and analySIS of the RMA audit team at the Glass Plant Included
are low-cost, short payback energy conservatIOn opportumtles, equipment specifications to
facilitate implementation opportunities, and long-range energy conservation opportunities which
Justify further investigation In additIOn, results of trammg conducted during the audit are
mcluded

A kickoff meeting was held With plant management, representatives ofUSAID and IDEA­
PADCO I

, and the audit team A diSCUSSIOn mtroduced the project and its objectives The plant
staff appeared supportive of the concept A plant tour was conducted to identify the plant's
energy-consuming areas (see Appendix B, photos #1 & #2)

Following the plant tour, plant staff and the auditors agreed upon an audit schedule Areas of
mvestlgatlOn included

• Natural gas fired glass makmg furnaces

I IDEA-PADeo IS a subcontractor workmg ill support ofUSAID
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• Electncally heated glass making furnaces
Heated ventilation system

• Glass annealing ovens
• Glass re-heating ovens

Upon completlOn of the plant audit, a prevIew of the recommendatlOns was discussed
wIth the plant management, including the energy manager and the department responsible for new
technologies Agreement was reached for each of the recommendatlOn concepts The plant
management indicated agreement to host the USAID-funded demonstration of the technologies
Upon USAID funding approval for the eqUIpment to be installed, a written proposal should be
made to the plant This will verify theIr agreement to Install and monitor the specific equipment to
be purchased
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3.0 FACILITY BACKGROUND

3.1 Description of Facility

The Kiev Artistic Glass Factory has about 2,000 employees and is currently state owned It IS in
transition to a private stock-owned company (see advertisement in Appendix C) In operatiOn for
110 years, this factory produces both molded and hand-blown crystal glass pieces (see AppendiX
C for sample of product catalog) Crystal glassware, vases, sculptures, platters, and
commemorative art IS produced at trns faclhty Technology within the plant ranges from workers
manually shaping glass to automated machmery wrnch mold glass Approximately 100 different
glass products are produced at this facility The plant maintains a museum display representmg its
past works including pieces completed for the Former Soviet Union's government leaders

Crystal glass pieces are made by heatmg a mIxture ofwhite sand and lead oxide to a glowing
orange molten state The molten glass IS then shaped either by pressing it into molds, or shaping
it manually by air and metal hand tools Fmal fimshing of the crystal glass pieces is done With a
combination of abrasive and acid

Kiev ArtistiC glass factory is one of oldest plants m Kiev The facility has been modified many
times during its 110 year history Until about 1950, the plant produced very basic items, such as
bottles

The plant is diVided into two mam shops With a total of eight glass melting furnaces Two natural
gas and two electric ovens are presently m operation Ovens are kept in contmuous operation due
to damage which occurs when they are cooled It takes two months to repair an oven followmg
stress damage which occurs from coolIng Ovens are kept hot even if production is halted due to
lack ofmaterials This happened for a penod of two weeks in 1994

The plant uses natural gas in three other production locations Burners are used to reheat glass
while bemg hand molded, to keep molten glass-holding reservoirs warm, and to anneal finished
pieces ofglassware

The plant has a diVision of responsiblhty known as the thermal and power shop This shop
provides production of compressed air, space heatmg water, process steam, and process water

3.1.1 Management Structure

Presently a State-owned company, the plant is planning to pnvatize (see advertisement m
AppendiX C) Shares m the company are available for purchase, but it was not clear what
percentage of the shares will be sold and how many will be held by the State
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SInce the plant is not presently subsidized or regulated by the State, it appears that pnvatizatIOn
will not change the plant In the short term Transition to a private organization IS consistent with
current pohcy, but not likely to affect major change

This facility is directed by a general manager The plant's chief engIneer makes all operatIOnal
decisions Energy-consuming Issues are the responsibility of the chief power manager Because
ofthissimple management structure, It appears that energy decisions could be made and
Implemented with relative ease (See Appendix E for a lIst of contacts made at thiS facIlIty)

3.1.2 Hours ofOperation

All process areas audited are in contmuous operationy Typically, the main glass furnaces shut
down once every three years for preventive maIntenance Although a lack of raw materials has
stopped production previously, the ovens stili remaIn heated for mamtenance reasons AUXiliary
burners and equipment are shut down when not in use

3.1.3 Viability ofFacility

The management reports a steady demand for their unique goods This is the only facilIty of its
kind in Ukraine SInce there is not much of a middle class in Ukraine, products are tatlored to the
practical needs of the poorer consumers or to the artistic desires of the wealthy

Facility output is expressed In annual revenue rather than numbers of pieces of productIOn ThiS
is because each piece may require varyIng amounts of effort To normahze thts, gross sales IS
used as an Indicator of production After accounting for currency fluctuations, 1994 productIOn
was equal to that in 1991 At present, the plant produces greater numbers of lowe- pnced goods
for domestic sales and fewer htgh-pnced goods for the international market Plant management
reported that international competitiveness was blocked by high state export taxation and htgh
railroad transportation costs Countnes such as the Czech Repubhc, Germany, FInland, and Italy
produce similar exported products at more competitive prices

Plant production Indicators show similar plant utilization over the past four years Although
product types have changed, sales and energy consumption have remained constant (see Appendix
B) The energy portIOn of production costs (IncludIng payment for utilized water) has nsen from
10 8 % in 1990 to 27 9 % In 1994

Production revenue is not expected to slgmficantly change The plant has the flexibility to modify
productIOn to meet consumer demand As the Ukraiman quahty of life increases, more artistic
goods will be salable domestically

The majority ofgoods sold by the plant today are very practical in nature (glasses, plates, bowls)
Thts is because the majonty of the domestic market can only afford to purchase "necessities", not
artistic pieces If the cost of energy Increases to the point where even practical Items cannot be
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afforded, this market wl1l be lost The plant is very aware of this, and IS enthusiastic about energy
conservatlOn

3.2 Energy Conservation History

The chief power manager is the person responsible for energy conservatIon HIS responsibilities
also Include the operatlOn and maintenance of process support equipment In the past, hiS duties
have largely been focused on keeping equipment operational rather than maximizing energy
effiCiency Because the plant does not make a large profit, investment is based on keeping the
plant operational

The biggest obstacle to Investments in this area is the lack ofinformatlOn regarding energy
conservation savings Currently, there IS no metering available to quantify the energy which could
be saved if Improvements were made If there were a clear understanding ofhow energy
conservatlOn directly leads to profit increases, conservation implementatlOn would be more
aggressive

The plant is presently missing the opportunity to reduce small energy losses, which add up to
significant ones Uninsulated small-diameter piping, high oven wall temperatures, and open doors
on ovens while heating are examples of missed opportunities

One conservatlOn measure Implemented in the past was installatlOn of heat recovery boilers on
glass furnaces #1 and #3 The capacity of each of these boilers is I Gcal per hour They produce
steam used for the glassware firushlng phases The boilers were tested after mstallatlon, but have
not been used since There was no interest in using them again, but the audit team was not able to
learn why this might be There was Interest in providmg heat recovery In other areas, so the
reason for not utilizing these bOIlers was unclear

This faCIlIty did not have a speCific payback requirement for making investments m the facility
General discussion indicated that a payback ofone year or less would be attractive for In-plant
funding

3.3 Facility Energy Use

3.3.1 Consumption

WIth all sources of energy converted to heat value, Kiev ArtiStIC Glass Plant uses a combinatIOn
oftwo-thirds natural gas and one-third electriCIty The plant uses both electnclty and natural gas
to make glass (see Table 3 2 - 3.4) The energy cost to produce one Gcal of heat is significantly
cheaper wtth natural gas Usmg natural gas with 70% efficiency stIll costs only one-third the cost
ofusing electnclty with 100% effiCiency Given present pricing, the plant should look toward
maximIzing use of natural gas as a heat source to make glass Since the two newest stoves are
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electncally heated, there may be productIOn factors which influence this If feasIble, maximizmg
gas would reduce plant energy costs and potentially help Kiev's over-burdened electncal suppli

Table 3.2 Energy Purchased by the Kiev Artistic Glass Plant

ENERGY TYPE CONSUMPTION SOURCE
UNIT 1994

ElectricIty kWh 16,900,000/ year Kievenergo

Natural Gas Cubic Meters 13,589,000/ year Kievgas

Table 3.3 Energy Consumed at the Kiev Artistic Glass Plant Based on Heating Value

ENERGY TYPE UNIT CONSUMPTION PERCENTAGE
1994

ElectricIty Gcal @ 30% dehvery 48,454/ year 31%
efficIency

Natural Gas Gcal 108,832 / year 69%

The natural gas used to heat ovens would displace the natural gas used to generate electricity The benefit
would depend on the dehvery efficiency of the electriCity
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Table 3.4 Cost of Energy Consumed at the Kiev Articstic Glass Plant

ENERGY TYPE UNIT COST IN US $ COST PER PERCENT OF

(World Prices) UNIT- US $ BUDGET

(World Prices)

Electnclty kWh $237,310 I year $0014 44%

($1,081,600/vear) ($0064)

Natural Gas Cubic $298,705 / year $00220 56%
Meters

($1,727,418/year) ($4/MMBtu)

3.3.2 Energy-Using Systems

The plant's largest energy-consuming process IS making molten glass Tills IS accomphshed by
addmg heat to sand The heat IS supplied by natural gas in two furnaces and by electriCIty in two
other furnaces Once the molten glass IS made, natural gas IS used to keep the glass hot and to
reheat glass whtle being processed Increased combustion efficiency and the recovery ofheat lost
in flue gasses offer large energy saving potential

Electncal furnace heaters use the most electricity in the plant Motors for worker ventilation fans
are the second largest electncity user Lighting is an inSignificant portion of the plant's electrical
load High-efficiency motors offer great potential for easily mstalled energy savings in this area

A break-down of energy uses by type follows

ELECTRICITY

1
2
3
4

Electric glass making furnaces
Plant exhaust ventilation fans
Compressed air production
Llghtmg and miscellaneous

TOTAL

45%
40%
10%
5 %
100%

NATURAL GAS

1
2
3
4

Natural gas glass making furnaces
Natural gas glass annealing furnaces
Space heatmg boilers
Hand-blown glass molding flames

TOTAL

50%
30%
15 %
5%
100%
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3.3.3 Fuel Costs

TypIcally, the percentage of production costs compnsed of energy determines how beneficial
energy conservatlOn IS Since the break up of the Former Soviet Urnon m 1991, energy pnces
have been increasmg toward world prices As seen m Table 3 5, energy costs have become a
large part of production costs In 1994, the costs were still only 30% of world energy prices
Given that the prices for energy will continue to chmb toward world values, energy conservation
will playa major role in the cost of production

Table 3.5 Energy Costs as a Percentage of Total Production Costs

TYPE OF ENERGY 1991 1992 1993 1994
NATURAL GAS 40 49 105 96

ELECTRICITY 20 46 65 55

ITOTALS I 601 951 17 0 I 15 1 I
Electncity costs during 1994 averaged $0 014 per kWh Btlhngs are based on both demand and
kWh costs For each month demand is nominated by the plant energy manager The plant pays a
demand charge, but since it was perceived as insignificant, none of the plant staffwere able to
quantIfy it Typically, demand charges are about 10% of the average cost per kWh m the FSU
Although Ukrame's electrical generation IS currently in surplus, the fuel to operate the generation
statlOns IS hmited There IS speculation that demand charges will be ehmmated m the near future

Natural gas is supplied by the local gas company Klevgas Gas IS sold by the cubic meter and has
90% of the typIcal heat value found in U S natural gas The cost was $ 0 022 per m3 or $0 69
per MMBtu m 1994 Thts is about 17% ofthe world value for natural gas3

See world energy pnces m appendIx "D"
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Figure 3.1 Energy Costs as a % of Production Cost - 1991 - 1994
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4.0 SYSTEMS AUDITED - SHORT-TERM RECOMMENDATIONS

4.1 ECO #1 - Glass Furnace Combustion Air Control

To produce molten crystal glass, white sand and lead oXide are heated to 1600 degrees Celsius
The supply of this heat comes from either electnclty or natural gas The plant has two natural gas
fueled glass furnaces, Stove #1 and Stove #3 Plant staff worked with the audit team to monitor
the combustion process of these two furnaces (see Appendix B, photograph #3) They found
significant amounts ofexcess air present m the exhaust stack gases This means more air than
necessary is being added to the combustion process, resulting in reduced fuel utilization Excess
air dIlutes the temperature of the combustIOn process, which reduces the amount ofheat
transferred into the glass The net result IS that more fuel is necessary to complete the job

The solution to this situation is simple reduce the amount of air introduced into the furnaces
Determining how much air can be removed reqUires monitonng the exhaust stack gases To do
this, furnace operators must have a combustIOn analyzer Usmg the auditors' combustIOn
analyzer, furnace operators were able to Improve the furnace efficiency about 4% by closing
dampers (see Appendix B, photograph #4) After closmg mlet-air dampers, there was still excess
air Future improvement to the damper system wlll allow additional savings

It is recommended to provide a combustIOn analyzer for each gas stove to routinely monitor and
adjust the excess air supplied ImplementatIOn of this measure Will save 255,148 m3 of natural gas
per year and will pay off the investment m 0 43 years at world energy prices, and 2 49 years at
present local natural gas prices (See Appendix A, EeO # I for details of this measure)

4.2 ECO #2 - Ventilation Fan Energy Efficient Motors Replacement

Ten fans are installed at Shop #1 to supply fresh air and coohng for the glass workers Seven of
the fans are presently in operation (see Appendix B, photograph #5) The fan motors are the
second largest consumer ofelectricity at the plant site The standard efficiency motors used for
this application were almost double the size necessary for the apphcation Oversized motors
operate less efficiently than motors properly Sized

It is recommended to install two high-efficiency motors of proper size Efficiency gains of9% are
expected for the higher efficiency motors, m addition to savmgs that will be seen due to
appropriate sizing

Savmgs of30,400 kWh per year are estlmated for this project The investment of$2,320 will
reach payback in 1 2 years based on world pnces and in 5 45 years at local energy prices (See
Appendix A, EeG #2 for details of thiS measure)
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4.3 ECO #3 - Glass Reheating Stove Stack Heat Recovery

The glass-making process requires high temperatures which result m a large amount ofheat bemg
released into exhaust stacks It is deSIrable to recover a portion of this heat for other use in the
plant Utilizing this waste heat wl1l reduce natural gas consumption in other areas Heat recovery
has a very large potential for reducmg the plant's monthly energy costs

To perform heat recovery, there must be a source to use the heat The plant uses heated water to
heat ventilation air and offices during seven wmter months, the recovered heat will be used to
supply a portion of this water heatmg

Installation of the heat recovery umt on the header of the glass reheating stoves would save
173,685 m3 ofnatural gas per year The mvestment reqUired to implement thIs recommendation
would achieve payback in I 02 years at world energy prices and in 5 91 years at local energy
prices (See Appendix A, ECO #3 for detaIls of thIS measure)

4.4 ECO #4 - Glass Annealing Oven Infiltration Reduction

Glass annealing ovens are used to reheat molded glass pieces that have cooled quickly, causmg
residual stresses within the piece If not annealed, the object is at great nsk of breaking, even
under normal handling The glass pIeces are placed m a sand filled oven whIch IS heated to Just
below the melting point of the glass The oven IS then shut down and allowed to cool slowly over
a penod ofeight hours This elImmates mternal stress m the glassware

The ovens are simultaneously heated and loaded over a period of eight hours Because the
loading doors are kept, energy is lost (see AppendIX B, photograph #7) Large amounts ofcool
air are pulled from the room into the heated oven and up the exhaust stack The result of this IS
that even more natural gas is reqUired to perform the required amount ofheating

It is recommended to modIfy operational procedures by allowing the loading door to close when
not loading the oven This will elimmate the mtake of excess air Combustion analyzers, like
those recommended in ECO #1, can be used to ensure a sufficient air supply for the burning
process

This recommendation requires only a procedural change for implementation. It is estimated it wIll
save 53,460 m3 ofnatural gas per year Since no eqUipment is necessary for implementation, the
project payback will be Immediate (See AppendiX A, ECO #4 for details ofthis measure)

4.5 ECO #5 - Molten Glass-Holding Furnace Combustion Efficiency

After molten glass is made, it must be kept warm untIl shaped A venturi-style burner is used to
bum natural gas and maintain molten glass temperature (see Appendix B, photograph #6) Smce
the molten glass temperature is about 1500 0 CelSIUS, a significant portion of the combustIon
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gases' heat value IS not transferred to the glass This results m high stack gas losses Captunng
and using this lost heat to preheat combustion air wIll lOcrease combustion efficiency by about
3%

In addition, the burners do not presently control the amount of air which is fed lOto the process
(see AppendiX B, photograph #6) Excess air will cool the flame temperature and further reduce
heat transfer to the glass The recommended measure also controls the air-fuel mIX to optimize
efficiency and flame temperature

Because eXisting burners operate contmuously, thts measure will save 137,532 m3 of natural gas
per year The investment for new burners Will achieve payback in 1 14 years using world energy
costs and in 661 years, usmg local energy pnces (See Appendix A, ECD #5 for details of this
measure)

4.6 ECO #6 - Energy Management Program Enhancement

Plant management is aware of the benefits associated with energy efficiency, but there IS no
eqUIpment to quantify the finanCial Impacts of energy-saving measures In most cases, the ECDs
require little investment, but Will have great reward For measures which require an lOvestment,
prioritization against plant operattonal improvements will be based on the finanCial Impacts of
each opportunity Presently, productIOn IS always considered to be a much better use of finanCial
resources because there IS no way to quantify energy savings If plant management had
equipment to Identify and quantify energy opportumttes, it would be possible to enhance the
energy management program

EqUIpment whtch would be benefiCial lo thiS facility include

• 1 non-contact ultraSOnic flow meter
• 1 non-contact temperature measuring device
• 1 three-phase electrical meter With loggmg and down-loading capabihty
• 1 hot wire anemometer
• 1 laptop computer
• 1 laser printer
• Energy management reference books

Using this equipment to quantify energy consumption and potential savings, the plant Will be able
to reduce energy consumptIOn and track the savmgs Successful energy management typically
requires programs to create energy awareness and systematic plant evaluations to Identify no­
costilow-cost energy saving opportunities

Given the size of the plant, It IS estimated that an annual savings of 5% can be achieved by usmg
this equipment This would pay back the mvestments costs in 1 26 years at local energy pnces
and m three months at world energy pnces (See Appendix A, ECD # 6 for detalis ofthls
measure)
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FacIlity energy management IS tradltlOnally felt to be the responsibility of those holdIng the title
ofEnergy Manager In large plants, this task is similar to that of the Safety Manager The
Energy Manager must promote energy conservation awareness to aU end-users of energy The
end-users must be responsible for findIng the most efficient way to utilize energy In their work
areas

The responsibility of the Energy Management Department IS to work with plant personnel to

• Educate all plant personnel on energy use awareness
• Motivate all plant personnel to find energy conservation opportunities In their

work areas
• Reward aU plant personnel for identifying potential energy conservation

opportunities
• Quantify each conservation opportunity potential savings and Investment

payback
• Plan and update a rolling 5-year energy management strategy to Implement

conservatlOn
• Solicit fundIng for energy conservation projects
• Implement conservatlOn opportunities where funded or no cost
• Follow-up after Implementation and quantify actual saVIngs
• Advertise successful energy conservation projects and lessons learned
• Replicate successful conservation projects to all parts of the plant
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5.0 SYSTEMS AUDITED - LONG-TERM RECOMMENDATIONS

The largest potential for energy saving in tlus facility is in the area of fuel combustIOn (e g , glass
furnaces, annealing ovens, gas burners) Lackmg instrumentation to adjust the aIr-fuel mIxture,
fuel IS burned m an mefficlent manner The amount ofair passing through all burners slgrnficantly
exceeds that requIred for optImum combustion Air which is not used for combustion only cools
the flame temperature WIth a lower flame temperature, less of the fuel's heat IS transferred into
the process and more IS wasted up the exhaust stack

In addition, the plant produces large amounts ofhigh-grade waste heat which could be used
Within the plant, as well as m nelghbonng facilities Flue dIscharge temperatures are 660°F and
more Flue gas temperatures of 1,920°F were measured in exhaust stacks Tlus occurs due to
the high temperature required before heat begins transferring into molten glass Below are several
long range EeOs that deserve further investigation

5.1 Improved Thermal Insulation

Improving stove and oven thermal msulation will reduce energy consumptIOn and mcrease safety
m the plant Temperatures of all oven and furnace walls should be measured using non-contact
infrared temperature measurement Where the temperature exceeds 600 e (140° F), addItional
insulation should be applIed Such measures will not only reduce the energy consumed by the
ovens and stoves, but wIll also decrease the power consumed by coolmg fan motors

5.2 Reduce Furnace and Stove Air

Reducing aIr mfiltratlOn mto the mam gas glass furnaces #1 and #2, annealmg stoves, and satellIte
stoves will reduce the amount of fuel needed to heat these areas ThIs measure WIll not only
reduce gas consumptIOn for heatmg unused air, but will also decrease power consumptIOn ofthe
ventIlation system motors

5.3 Increase Plant Heat Recovery

Heat recovery from flue gas dIscharge has great potential in this plant The temperatures of flue
gas dIscharge from gas furnaces and stoves ranges from 350 0 e to 1050 0 e (660° F to 1920° F)
The best way to utilize such high potential heat is to install a small cogeneration urnt UnlIke
space heating, cogeneration can be utilized during both the heating and non-heatmg seasons The
plant has unused floor space wluch could house a cogeneration installation

5.4 Reduce Heat Transferred to Work Areas

Almost one-half of the electncity used in the plant is used for coolmg and ventIlation Insulating
pipmg and stove walls near work areas wIll reduce the amount ofcoolIng reqUIred, and electrical
use could be significantly reduced
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5.5 Combine Ventilation Supply Ducts

Combmmg the cool air ventilation ducts will reduce the number of motors m operatIOn and
increase the loads on the motors that are presently used The eXlstmg fan motors are presently
under-loaded, reducmg their efficiency By combining ducts, motors will be fully loaded, and
unnecessary fan motors could be shut down Future insulatIOn ofducts and heatmg walls around
work areas will lower coohng air reqUirements, which will further reduce the number of motors
necessary

5.6 Insulate Cooling Air Ducts

Umnsl,llted coohng air ducts run through the very warm ceilings of the plant Insulatmg these
ducts Will reduce the volume of air necessary to cool the workers Measurements were taken on
the movement of coohng air to work areas The auditors found that system of air dehvery is not
properly adjusted the area closest to the fan received the highest volume of the coolest air As
the air traveled through the plant, the volume decreased while the temperature mcreased
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6.0 TRAINING ACCOMPLISHED

An objective of this project was to transfer mformation and hands-on trainmg ofenergy auditing
techniques to local technical personnel This was to allow them to continue auditing and energy
efficiency activities after the foreign consultants completed their bnefvisit

6.1 Local Engineer

The local engIneer, Peter Garkoun, is an expenenced staff person from the local electncal utility
His academic background is in electrical engineenng HIS prevIous expenence Includes work with
the energy inspection agency Energonadzor He is familIar with energy conservation techruques
and metenng and was able to benefit from interactions with the auditors during the audit His
activities during this audit included

• Discussion with plant energy management staff of the purposes of the audit
and the anticipated results

• PartIcipation in settIng up the audit plan and itmerary
• Participation in obtaining plant energy consumptIOn history
• One-on-one training with audit equipment operatIOn and potential uses (see

audit equtpment list in Appendix G)
• ParticipatIOn in conducting the audit to Identify potential conservatIOn

measures
• Hands-on utilizatIOn of audit eqUipment to quantify potential energy

saVIngs
• DiscussIOns with plant staff to determme feaSibility of conservatIOn

measures
• Participation in final "report out" meetmg with plant ChtefEngineer and

Shop Managers
• A review of the format and functIon of final report content
• Discussion of sirntlanties and differences of audits based on plant Size, type,

attitude, and funding avatlabtlity

6.2 Plant Staff

Energy management personnel and staff from the technology department participated in the
energy audit of the facilIty As part of the plant audit, plant personnel took part in

• Discussion ofaudit purpose and antiCipated results
• Setting up the audit plan and itmerary
• One-on-one training with audit eqUIpment operation and potential uses (see

audit eqUIpment list m AppendiX G)
• Conducting the audIt to identify potentIal conservation measures,
• Hands-on utilization of audit eqUipment to quantify potential energy

savmgs
• Discussions of typical energy management practices IS the U S
• Fmal "report out" meetmg with plant Chief Engmeer and Shop Managers
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7.0 IMPACT OF ENERGY CONSERVATION OPPORTUNITIES (ECOs)

Energy Savings
In 1994, this factory consumed 169 million kWh ofelectnclty and 13,589,000 m3 ofnatural gas
If the recommended measures are implemented, an estimated 873,162 kWh of electncity and
1,299,275 m3 of natural gas will be saved each year ThIS would account for an 82 % energy
reduction for the plant

Financial Benefits
The plant is reported to be self-sufficient and not subsidized by the State Energy costs were 15%
of production costs in 1994, despite the cost of energy bemg only 30% ofworld prices As
energy pnces increase to world levels, energy costs as a percentage of production costs will
greatly increase The only way to keep production pnces competitive is through energy
conservatlOn If implemented, this reports recommendatlOns are estimated to reduce the annual
cost of energy (in world prices) by $221,104 or by 7 9% usmg 1994 consumption figures

Effect on Production Capacity
None of the recommendatlOns in tills report WIll illnder productlOn capacity In times ofrationed
energy resources, the measures cited In tills report will Increase the amount of production per umt
of fuel available

Effect on Product Quality
A first requirement of energy conservatIOn IS that the actlOns taken Will not negatively effect
product quahty It is hoped that a side benefit of the metenng equipment specified will be better
process control whIch could lead to Improved product quality

Effect on Working Conditions
A large amount ofheat is given off in the plant envIronment during the glass making process
InsulatlOn and capture ofexcess process heat WIll Improve workmg conditions during hot summer
months
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8.0 MONITORING

It is Important to follow-up with the ImplementatIons to determine actual savmg achieved from
the mvestments To accomphsh this, the local engmeer who worked with the audit team could be
used to track ImplementatIOn saving The energy consumption before and after Implementation
should be compared In addition, productIOn output should be hoked with thts consumption The
metering eqUipment specified for the energy management program can be used to quantify
savmgs Figures 8 1 - 8. 6 are forms used to collect necessary data and to quantify the energy
saving achieved

ECO-01 GLASS FURNACES #1 & #3 - COMBUSTION AIR CONTROL
Combustion efficiency tests can be taken with the specified combustion analyzer, before and after
tuning, at daily intervals during imtlal implementatIOn A high-temperatures probe can be inserted
into the stack during adjustment Measurements for one or two weeks before and after
implementation will be enough to make a Judgment on energy savings Total gas consumption
dunng the each of these periods should be obtamed and the amount of produced glass also
quantified The amount of energy spent per umt of output (m3 ofgas per metric ton ofglass) IS
the best index ofachieved energy savmgs

ECO-02 VENTILATION FANS ENERGY EFFICIENT MOTORS REPLACEMENT
Two energy-efficient motors will replace two eXlstmg motors whtch dnve ventilation fans Power
consumptIon can be measured dmly for one week before Implementation and one week after

ECO-03 STACK HEAT RECOVERY FROM GLASS REHEATING STOVE
The following parameters can be measured dally for two weeks after ECO implementatIOn

1 Flow rate ofheatmg water passmg through economizer
2 Temperatures ofwater before and after economizer

Heat recoveredfrom the discharge of flue gas dunng this penod can be calculated The gas saving
can be evaluated, due to the fact that generatIOn of this heat IS avoided at the local boiler house

ECO-04 GLASS ANNEALING OVEN INFILTRATION REDUCTION
Combustion efficiency tests can be taken wIth the speCIfied combustIon analyzer, before and after
tumng, at daily intervals during mitial ImplementatIOn A high-temperature probe can be inserted
into the stack while adjusting to the combustion process Measurements for two weeks before
and after implementatIOn will be enough to make a Judgment on energy savings Total gas
consumption during each of these measurement penods has to be obtained to verify energy
saVIngs

ECO-05 MOLTEN GLASS HOLDING FURNACE EFFICIENCY IMPROVEMENT
Combustion effiCIency tests can be taken With the specified combustIOn analyzer, before and after
tuning, at daily intervals during mittal ImplementatIOn A hIgh-temperature probe can be inserted
mto the stack during the adjustment of combustion aIr Measurements for two weeks before and
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after Implementation wIll be enough to make a Judgment on energy savings Total gas
consumption dunng the each of these measurement periods should be obtained to venfy obtamed
savings

ECO-06 ENERGY MANAGEMENT PROGRAM ENHANCEMENT
Each measure Implemented as a result of thiS equipment wIll be recorded and monitored by plant
staff A continuous energy savings total can be kept by plant energy management staff

After projects are implemented m tills faclhty, it IS Important to follow-up with the
Implementations to determine actual saVIngs achieved from the mvestments To accomplIsh thiS,
the local engineer who worked with the audit team could be used to track implementation savmgs
Using metering on the equipment specified, the savings can be quantified
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9. 0 Results of Follow-up Visit

9.1 Objectives of Visit

The objectIves ofthe July 1997 eqUIpment follow-up VISit were to

- Venfy arrIval of demonstratIOn energy efficIency eqUIpment
- Inspect delIvered energy efficIency eqUIpment for damage and completeness
- ProvIde hands-on trammg on eqUIpment use to facIlIty staff where needed
- Determme facIlIty operational changes smce 1995 energy audIt
- IdentIfy follow-up necessary to resolve equipment dIfficultIes
- Assess energy conservatIOn achIevements in response to the 1995 audIt

The original program design allowed time for the plant to implement recommended energy
efficiency measures and begm momtoring the results pnor to the eqUIpment follow-up ViSIt The
actual follow-up VISIt occurred after the plant receIved ItS first group of eqUIpment, but pnor to
some eqUIpment being cleared from customs '

9.2 Main Energy Conservation Opportunities Identified in 1995

Of the Energy ConservatIOn Opportunities (ECOs) IdentIfied durmg the 1995 plant energy audit,
the following ECOs were accepted for ImplementatIOn by the plant

ECO #1.
ECO#2
ECO#4
ECO#5
ECO#6

Gas fired, glass furnace combustIOn aIr control
VentIlation fan energy effiCIent motor replacements
Glass annealmg oven mfiltratIOn reductIOn
Molten glass holdmg furnace burner effiCIency Improvement
Energy management program enhancement

9.3 Status of Plant During July 1997 Visit

In the two-year penod between VISItS, the glass plant had sIgmficantly changed ItS operatIOn
level Durmg the Imtial plant energy audIt, four glass-makmg furnaces were m operatIOn These
conSIsted of two electnc and two natural gas-fired furnaces

Durmg the VISIt m July of 1997, the plant had completed the pnvatizatIOn process With the bulk
of stock owned by plant employees The plant manufactures products for the Ukrame
marketplace As the Ukrame economy has declmed, so has the market for the plant's goods
Plant staff CIted hIgh export duties as the reason for mabilIty to compete m the markets outSIde
Ukrame The plant has conSIdered targetmg ItS products to the KIev tounst mdustry, although
ImplementatIOn has not yet occurred. As a result of the reduced market, plant productIOn has
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been confined to one glass-makmg furnace

9.4 Accomplishments During Visit

ECO #1 GLASS FURNACE COMBUSTION AIR CONTROL (Gas-fired)
The plant has reduced the number of operatmg glass-makmg furnaces from four to one The one
furnace m operatIOn generates heat usmg electncity as opposed to natural gas. The plant chose
an electnc furnace because of productIOn factors and a greater abIlIty to control furnace output

The two combustIOn analyzers supplied by the project are mtended to Improve combustIOn
efficiency of the gas-fired, glass-makmg furnaces Smce the gas furnaces are currently not m
operatIon, the combustion analyzers were demonstrated on two bOIlers which were m operatIOn

Plant process technIcal staff, boiler house staff, and the plant mstrumentatIOn specIalIst
participated m classroom mstructIOn and field operation of the combustIOn analyzers on two
separate bOIlers in the boiler house (see photo KGP - 2) Plant staff made air supply adjustments
to the boilers whIle usmg the combustion analyzer to monitor exhaust products. The personnel
who received traming gamed confidence m the operatIOn, baSIC functIOns, and benefits of the
combustion analyzer

ECO #2 VENTILATION FAN ENERGY EFFICIENCY MOTOR REPLACEMENT
The two high-efficIency motors reqUIred for Implementation of thIS ECO had not cleared
customs at the tIme of the plant VIsit Plant staff were quite confident m their abIlIty to change
over the fan motors once they clear customs Energy consumptIOn before and after motor
changeover wIll be quantIfied usmg the power meter provIded in the eqUIpment package. The
hot wire anemometer supplied in the eqUIpment package can also be used to determme fan flow
rates before and after the motor changeover VentilatIOn fans make up 40% ofthe plant's
electncalload See Fzgure 8 3 "ECO - 2 Momtormg Data Sheet" to quantify results of
ImplementatIOn

ECO #4 GLASS ANNEALING OVEN INFILTRATION REDUCTION
Plant staff reported that they had Implemented the practIce of keepmg the annealIng oven doors
closed whenever pOSSIble IndIVIdual natural gas metermg IS not avaIlable to verify project
savmgs Smce no capItal investment was reqUIred to Implement thIS measure, the payback IS
Immediate

The plant can quantIfy the savmgs for thIS ECO by measurmg the combustIOn efficiency m the
stack With the doors closed and repeat the measurement again WIth the doors open A tIme study
can produce the amount of closed-door tIme pOSSIble durmg a typicalloadmg penod Together,
the amount of gas savmgs can be determmed See Fzgure 8 5 "ECO - 4 Momtonng Data Sheet"
to quantify savmgs achIeved by ImplementatIOn.
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ECO #5. MOLTEN GLASS HOLDING FURNACE BURNER EFFICIENCY
IMPROVEMENT

The new burners were m customs at the tIme of the plant VISIt When they are received, the plant
should work wIth the local combustIOn specialIst that aSSIsts them WIth then eXIstmg burner
needs. This IS reqUIred to assure proper mstallatIon and startup of the burners Burner
manufacturer contact mformatIOn to reach techmcal support IS proVIded along WIth the burners
The manufacturer's technical support person should be contacted to venfy correct installatIOn
pnor to start-up See Fzgure 8 6 "ECO - 5 Monitormg Data Sheet" to quantify savmgs for this
measure when mstallatIOn IS completed The combustIOn analyzers supplIed to the plant WIll
provide measurements for thIS momtonng

MmimIzmg air mfiltratlOn into the holding furnace WIll maxImIze efficiency Plant process staff
should work to implement methods to close off access ports when not in use. This WIll both
minimize energy consumption and increase worker comfort by reducmg the amount of heat
whIch IS radiated mto the working area.

ECO#6 ENERGY MANAGEMENT PROGRAM ENHANCEMENT

Rustrak Ranger - Recording ElectrIC Power Meter
Tills meter wIll be very valuable to the plant for quantIfymg eXIstmg electncalloads m order to
compare the results of modIficatIOns mtended to save energy The reVIew team worked with
speCIalIsts from the plant electncal shop to instruct them regardmg setup and mstallatlOn
procedures for the meter. Power monitonng was completed on a motor which had Just been
repaIred m the plant electrical shop (see photo KGP -3). In addItIOn, the meter was set up on the
electncally heated glass furnace m operatIOn

A software program is prOVIded WIth the meter to faCIlItate both Imtial setup, and long-term
momtonng analySIS The vendor program IS wrItten m EnglIsh only ThIS WIll reqUIre plant staff
to work WIth translators to Identify the procedure for usmg the software. ThIS meter WIll be used
to momtor the energy efficiency savmgs of the hIgh-effiCIency motors to be retrofitted on the
existmg plant ventIlation system

Peek Model ISTT-P Ultrasomc (TranSIt TIme) Flow Meter
ThIS meter wIll be used to quantIfy plant heating water consumption The hot water is produced
m the plant boiler house and IS used for space heating, domestIC washmg, process cleamng It IS
also sold to a neIghboring busmess

GIven the large amount of waste heat aVaIlable m the glass plant, thIS meter can help the plant
IdentIfy areas m whIch plant water heatmg supply can be generated through waste heat recovery
The meter can also quantify the volume of heated water supplIed to the neighbormg plant ThIS
supply may also be generated using plant waste heat
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Detailed instruction on meter applIcatIOn and InstallatIOn was covered dunng the plant VISIt A
field InstallatIOn of the meter was applIed at the plant's maIn water serVIce entrance ThIS spot
was chosen because of the abIlity to compare readIngs of the portable meter With the permanently
Installed plant water meter. Unfortunately, the ultrasonic meter consIstently reported that a
sIgnal was not receIved After SIgnificant trouble shootIng, includIng contact wIth the
manufacturer, It was determIned that the meter should be returned to the manufacturer for
dIagnosis of the problem

Air Speed Meter (Anemometer) Kurz Model 444-M-HT
The meter was used after some baSIC InstructIOn Plant technIcal staff used the meter to momtor
air flows from a Window au condItIOner and from plant ventilatIOn supply gnlle (see photo KGP­
5). Plant cooling / ventIlatIOn au is a major electncity consumer m the plant This meter WIll
allow the plant to proVIde suffiCIent air flow in work areas of the plant WIthout oversupplymg an
area In the Winter, the ventIlation air is tempered with hot water ThIs IS an addItional energy
investment into the air. With the au speed meter, the plant technical staff can balance the
coolIng / ventIlation au supplies throughout the plant

Through reductIOn of glass furnace heat radiatIOn into the workers' spaces, the plant can reduce
coolIng/ventIlation au reqUirements ThIs would call for heat shIelds to be installed In work
areas. MechanIsms would be necessary to automatically move the heat shIeld when access to the
molten glass supply IS needed.

Infrared Thermometer (MId-range) Mikron M90B
ThIs meter is intended to identIfy heat loss In pipe and refractory Insulation. The meter reqUires
only basic instructIOn to be mastered by a first-time user After baSIC instruction as to the meter's
features, varIOUS surfaces In the productIOn area were measured untIl confidence was gained In
use of the meter.

Dunng the plant VISIt in 1995, plant technIcal staff utilIzed the audItIng team's Infrared
thermometer to make assessments of furnace refractory condItIOn throughout the plant
DiscussIOns durIng the follow-up VISIt revealed that refractory upgrade had taken place In several
areas of the plant as a result of the temperature survey. Before and after records were not
available

Desktop Computer (HP Vectra) and Laser Prmter (HP Lasedet IV+)
Computers have become a necessary part of energy management They prOVIde a means to set
up and retrIeve data from momtonng eqUipment m addItion to provIdmg the capability to
perform complex estimatIOn and track calculatIOns WhICh would otherwIse be Ignored In
additIOn, they have the capabIlity of creatIng attentIOn-gettIng reports whIch lend credIbIlity
when promotmg energy saVIngs projects
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The computer and prmter had been set up and tested by plant staff pnor to our ViSIt The
computer was onginally receIved with the EnglIsh verSIOn ofWmdows 95. The plant had hired a
local computer specialIst to install the RUSSIan verSIOn of Windows 95 along wIth the word
processmg software "WORD" (see photo KGP - 4) The plant also has plans to mstall a
spreadsheet program, such as "EXCEL" Prior to our visit, the plant had created and pnnted
several documents.

ThIS computer WIll also be necessary to mstall software WhICh IS used to faCIlItate setup and
allow output of several pIeces of the equipment provided to the plant The software provided
WIth the monitoring eqUIpment is only aVaIlable m English. This IS currently a barrier because of
the lImited English skIlls of plant techmcal staff. DespIte thIS, plant technical staff was confident
that they could follow the software manuals whIch had been translated from EnglIsh to RUSSIan

The pIeces of equipment WIth computer-assIsted setup and downloadmg capabIlIty mcluded the
combustIOn analyzer, electncal power meter, and ultrasomc flow meter

The plant's energy management program should be led by one person, and speCIalized plant staff
aSSIgned to the program should be responsible for carrymg out energy-saving mitIatives.
Currently, the plant has a person on staff deSIgnated as the plant energy manager. TraditIOnally,
this pOSItIon had been involved pnmarily WIth the procurement of energy supplIes It IS
recommended that thIS person be deSIgnated to lead programs to mcrease plant energy effiCIency

Dunng dIfficult economIC tImes, energy effiCIency becomes even more Important at the plant
because when cost of operatIOn must be cut, It IS more deSIrable to cut energy costs as opposed to
reducmg labor costs through force reductIOns

The ChIef Engineer is encouraged to develop an mitIative to mmImIze all wasted energy. ThIS
can be carrIed out through the plant energy manager The faCIlIty now has the eqUIpment to
quantIfy the amount of energy used in the plant in addItIon to measunng the energy consumptIOn
change when modIfications are made to eqUIpment and plant operatmg procedures

The precedmg report proVIdes ample energy cost reductIOn recommendatIOns to enhance the
eXIstmg energy management program. In addItIon, energy management books were proVIded to
the plant along WIth the energy momtonng tools. UtilIzmg the eqUIpment and resources
prOVIded WIll reduce energy expenditures in the plant WIth mImmal capItal investments
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9.5 Equipment Provided to Plant to Accomplish Identified ECOs

Below is a lIst of eqUIpment supplIed to the KIev Glass Factory to Implement ECOs supported by
plant management· (see photo KGP - 1)

ECO#1
ECO#2
ECO#4
ECO#5
ECO#6

Quantity
(2) Two
(2) Two
(0) None
(2) Two
(1) One
(1) One
(1) One
(1) One
Set
(1) One

Equipment
Enerac 2000 combustIOn analyzers
Magnetek 25 Hp hIgh-efficIency motors
No eqUIpment needed
Natural gas burners, boIler room specialties LNIC-G-30
UltrasonIc, transIt tIme flow meter by Peek Meas., ISTT-P
Electnc power meter, Rustrak RR-1233A-2-0-0
Anemometer - Kurz 444-M-HT (alf speed, temperature)
Desktop computer, HP Vectra
Books (energy management, $250 total cost)
Infrared thermometer mId-range, Mikron M90B

9.6 Work Required to Complete Implementation

Peek Model ISTT-P Ultrasonic (TransIt Time) Flow Meter OperatIOn
As dIscussed above, the UltraSOnIC flow meter dId not operate properly dunng the plant viSIt It
is necessary to ship the meter and all support eqUIpment to the manufacturer for dIagnosis of the
problem If the meter IS determmed to be operatIOnal upon receIpt by the manufacturer, a
determmatIOn must be made by the manufacturer of the probable cause of malfunction under
field condItIOns. In additIOn, a calIbratIOn block was not present m the support eqUIpment
delIvered WIth the ultraSOnIc meter ThIS pIece of eqUIpment must be obtamed and delIvered to
the plant Presence of the calIbratIOn block may have assisted the trouble-shootmg process m the
field, although manufacturer techmcal support reported that thIS would not be the cause of the
meter's reportmg of "no SIgnal detected" The Peek / PolysonICS contact person IS Mr Santos
Martmez at (281) 879-3700

Rustrak Ranger. Model 1233 - Recordmg Electnc Power Meter Equipment CorrectIOn
ProVIde three pairs, or a total of SIX (6) current transformer cord adapters for 0 to 1000 Amp (1
amp = 1 mV) current transformers mcluded m the set The connectIOn from the meter Itself IS a
male, and the connectIOns on each current transformer cord are also male The Rustrak contact
person IS Mr Fred Gmeki at (401) 884-6800 ext 215
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9.7 Lessons Learned

Several lessons learned are dIscussed m thIS sectIOn to benefit future projects of SImIlar nature.

When available, all software supplIed should be m a local language ThIS could most easIly be
done With local procurement of software

All momtormg equipment should be field tested in the U.S by someone other than the
manufacturer. ThIS would include testmg ofthe eqUipment in additIOn to verification that all
support equipment is present.

All momtormg eqUipment should be provided wIth a descnption of the techmque and support
equipment necessary to calibrate the mstrument

For combustion retrofit eqmpment, fundmg should be provided to hIre a local combustion
specialIst for equipment compatibilIty venficatIOn, mstallation, start-up, and to perform local
certification. CombustIOn eqmpment should be purchased on a sole source basIs to ensure the
equipment is compatible with the mtended mstallatIOn
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9.8 Photographs Taken During July 1997 Visit

PHOTO KGP-l Energy Efficiency Monitoring Equipment Received

PHOTO KGP-2 Plant Technical Staffand Project Representatives During Combustion Testing



PHOTO KGP-3: Motor Testing with Rustrak Ranger Power Meter

PHOTO KGP-4: Computer Software Training with Plant Staff



PHOTO KGP-5: Ventilation Air Supply Measurement with Kurz Anemometer



9.9 Plant Contacts Made During July 1997 Follow-up Visit

Plant Address
Ukrame, 252039 KIev
Krasnozvezdny Prospect 119
KIev ArtIStiC Glass Factory

Telephone:
Fax

(380-44) 264-6111 or 267-7370
(380-44) 264-7046

Mr VIctor T. Tchemetsky
ChIef Engineer

Ms Lanssa Ya Matveyhchuk:
ChIef Process Engineer

Mr Oleg Vecehovich Rusvnik
Deputy Director of Plant

Mr Nickoh AndreyvlCh Bashtovoy
Deputy Chief of Power Plant (boIler house)

Mr Yaruslav Nikolayevich Burgardt
ChIef of Power Plant (boiler house)

Mr Stephan Ivanovich Yazupol
Plant Controls Techrucian

Mr. Stanisiav AppoharIevlCh Sikurskig
Plant ChIef Electncian

Mr Leomd T. Prokopov
Deputy Chief of Electrical Shop
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GLASS FURNACE # 1 COMBUSTION - EXCESS AIR CONTROL

Figure 8.1 ECO - 1 Monitoring Data Sheet

\N
-~

BEFORE IMPLEMENTATION AFTER IMPLEMENTATION

Data Temperature Excess Stack Combustion Data Temperature Excess Stack Combustion Changes
of Ambient of Temperature Efficiency, of Ambient of Temperature Efficiency, In

Air, °C Air, °C % Air,oC Air, °C % Efficiency
% % %

Gas consumption per penod, m3
_ Gas consumption per period, m3

_ Changes in
Consumption
m3
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Figure 8.2 ECO - 1 Monitoring Data Sheet

GLASS FURNACE # 3 COMBUSTION - EXCESS AIR CONTROL

BEFORE IMPLEMENTATION AFTER IMPLEMENTATION

Data Temperature Excess Stack Combustion Data Temperature Excess Stack Combustion Changes
of AmbIent of Temperature Efficiency, of AmbIent of Temperature Efficiency, 10

Air, ·C Air, ·C % Air, ·C Air, ·C % Efficiency
% % %

Gas consumption per period, m3
_ Gas consumption per penod, m3 _ Changes 10

ConsumptIOn
m3



~

Figure 8.3 ECO - 2 Monitoring Data Sheet

VENTILATION FAN ENERGY-EFFICIENT MOTOR REPLACEMENT (FAN # )

BEFORE IMPLEMENTATION AFTER IMPLEMENTATION

Data Average Dally Data Average Dally Changes In

Dally Consumption, Daily Consumption, ConsumptiOn
Load, kW kWh Load, kW kWh kWh

Total power consumption per period, kWh- Total power consumption oer oenod, kWh-



Figure 8.4 ECO - 3 Monitoring Data Sheet

STACK HEAT RECOVERY FROM GLASS REHEATING STOVE

Flow Rate Temperature of Water

DATA ofHeating Before After Recovered
Water, m3/hr Economizer, ·C Economizer, Heat, Gcallday

°C

IRecovered Heat Total, Gcallweek
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Figure 8.5 ECO - 4 Monitoring Data Sheet

GLASS ANNEALING FURNACE INFILTRATION REDUCTION

BEFORE IMPLEMENTATION AFTER IMPLEMENTATION

Data Temperature Excess Stack CombustIOn Data Temperature Excess Stack Combustion Changes
of Ambient of Temperature EffiCiency, ofAmbient of Temperature EffiCiency, in
Air, ·C Air, ·C % Air, ·C Air, ·C % EffiCiency

% % %

Gas consumption per penod, m3
- Gas consumption per penod, m3

_ Changes 10

ConsumptIOn
m3
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Figure 8.6 ECO - 5 Monitoring Data Sheet

MOLTING GLASS HOLDING FURNACE EFFICIENCY IMPROVEMENT

BEFORE IMPLEMENTATION IAFTER IMPLEMENTATION

Data Temperature Excess Stack Combustion Data Temperature Excess Stack Combustion Changes
ofAmbient of Temperature Efficiency, ofAmbient of Temperature Efficiency, In

Air, °C Air, °C % Air,oC Air, °C % Efficiency
% % %

Gas consumptiOn per penod, m3
_ Gas consumptiOn per penod, m3

_ Changes in
Consumption
m3



ApPENDIX A

Energy Conservation Opportunities (ECOs)
Calculation of Fuel and Fuel Cost Savings

Calculation of Implementation Costs
Specifications of Equipment to be Installed



A.I ECO-l COMBUSTION AIR CONTROL ON GLASS FURNACES

Description of ECO

Adjust the combustIOn system air-fuel ratio on numbers 1 and 3 glass furnaces to reduce the
amount of excess air passing through the furnace Tills wlll improve the combustIOn efficiency
The furnaces are used for converting crystal glass raw material to molten glass at 2,912° F

Currently excess air required for combustion ranges from 51 % at furnace # 1 to 202 % at furnace
# 3 In order to adjust the air-fuel ratio for maximum efficiency, it is suggested that a combustion
analyzer be purchased. This will be used for momtoring combustion in furnaces and several small
annealing ovens The air-fuel ratio can be checked every other week and balanced to obtain
maximum combustion efficiency ThiS IS a very sImple procedure, requiring about 30 minutes
The furnaces should be inspected for extenor cracks or holes where excess air may be entenng the
system It was found that these pathways are leakIng excessIvely These leaks reduce the abIlIty
to optimize excess air In the combustIon process Once these leaky pathways are Identified and
sealed, the air and fuel flow rates to the combustIon chamber can be adjusted to obtain the
optimum air-fuel ratio This ensures effiCient combustIOn

Plant Information

The average gas usage by these furnaces is approxImately 240 m3/hr for furnace #1 and 270 m3/hr
for furnace #3. These values were obtamed from plant staff They are based on the design and
the records ofconsumption The furnaces are used 24 hours a day, all year, resulting in
approximately 8,000 hours ofannual operatIOn (including routine mamtenance downtime) The
flue gas analysis results from the furnaces are attached Several observations can be made by
observing this table

1) Excess air for furnace #3 significantly exceeds that of furnace #1 133% of the air
was heated and discharged from this furnace even after complete shut down of the
air damper An uncontrolled large opemng for air entry must exist at this furnace
Plant staff promised to explore where thIS air comes from during the next
preventive maintenance shutdown ThIS excess air explains why the temperature
of the flue gas for this furnace is slgmficantly lower than for furnace #1 large
amounts ofintroduced cold air dIlutes flue gas temperatures

2) Every 20 minutes the ducts for flue gas and combustiOn air sWitch Tills means
that, at the beginning of this cycle, the temperature of flue gas is normally lower
(and efficiency is hIgher) than at the end of the cycle This is due to greater
amounts of heat recovered from the exhaust gas
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It is possible that thetemperature of flue gas dIscharge could be even lower after
adjustment of air-fuel ratio ThIs IS because the hotter flame temperature will
transfer more heat by radiatIOn

TABLEA.l

Furnace # 1 Furnace # 2

Existing After Existing After
Condition Adiustment Condition Adiustment

Oxygen (%) 75 50 144 124

Carbon Dioxide (%) 75 89 36 48

Stack Temp (F) 1286 1267 599 653

Combustion Air 100 100 68 68
Temperature (F)

Excess Air (%) 51 28 202 133

Combustion EffiCiency (%) 624 669 678 72

Analysis

After adjusting the excess air quantIty down, the optimum point ofoperatIOn achieved was found
to be 28% excess air and combustIOn efficIency of66 9% for Furnace #1 and 133% and 72%
respectively for Furnace #3 The annual energy savings, ES, can be calculated as follows

ES = A * B * ( 1 - 11CX1St l11new ) * C,
where
ES = Energy savings, m3 Iyr or MMBtu
A =Gas consumption rate of furnace, m3/hr
B = Annual hours ofoperation of furnace, hr/yr
C = Conversion factor, 900 Btu! ft3 * 35 31 ft3 1 m3 11000000 = 0 0318 MMBtu 1m3

11 = Combustion efficiencies of furnace, %

ESFURNACE 1 = 240 m3/hr * 8000 hr /yr * (1-624/669) = 129,148 m3/yr or
129,148 * 00318 = 4104 MMBtu/yr

ESFURNACE3 = 270 m3/hr * 8000 hr /yr * (1-67 8/72) = 126,000 m3/yr or
126,000 * 00318 = 4007 MMBtu/yr
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Annual Fuel Cost Savings

FURNACE #1

Local Prices
CSL = 129,148 m31 liT * $0022 I m3 = $ 2,841/yr

World Prices
CSw = 4104 MMBtu/yr * $ 4/MMBtu = $ 16,416 Iyr

FURNACE #3

Local Prices
CSL = 126,000 m3/yr * $0022/ = $ 2,772

World Pnces
CSw = 4007 MMBtulyr * $ 4/MMBtu = $ 16,028/yr

Implementation Cost

Provide two Bacharach model CA300NSX combustion analyzer at a cost of$ 7,000 US each
including shipping and handhng

Simple Payback

At Local Prices = $14,000/($2,841 + $2,772) =2 49 year

At World Prices = $14,000/($16,416 + $16,028) = 0 43 year
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A.2 ECO-2 VENTILATION FAN ENERGY EFFICIENT MOTOR REPLACEMENT

Description of ECO

There are ten ventilatIon fans m the plant of whIch seven were operating at the tIme of the audIt
These fans supply make-up air to work statIons The motors were found to be sIgruficantly under
loaded In this partIally loaded condItion both the efficiency and the power factor drop
substantially Smce the motors are operated at a constant speed in thIs apphcation, they can be
replaced with a smaller high efficiency motor By domg this, the new motor wIll be more fully
loaded and thus operate more efficIently The analysis IS based on motors avaIlable m the US in
terms of efficiencIes, sizes and mounting arrangements It is recommended that the new high
effiCiency motor and an old eXIstmg motor be monitored using a dranetz analyzer

Plant Information

Two motors recommended to be replaced are 380V 13 phases 150 Hz motors rated full load
capacity of30kW, and rpm 1470 Per the plant personnel, this ventilation fan operates
contmuously, 24 hours a day, 365 days a year This comes to approximately 8000 hours per year
when factoring m downtime

Analysis

The motor field data and energy consumption are summarized in the calculatIOn Table A 2 The
existing motors were measured to be only 55 % loaded (16 73 kW), and so not only the motors
can be replaced wIth an effiCient one but also downSized We recommend mstallatIOn of a 25 hp
motors ( 1865 kW ) which wIll be 90% loaded

The existing motors efficIency was taken to be that of a standard 1800 RPM American made
motor which is 89 4% Since the existing motors are approximately 15 years old, the efficiency is
conservatively derated to an additional 4% lower so that the existing motor effiCIency IS taken as
854% m the energy use calculations below The new high efficiency motors Will have an
efficiency of 94 1% The new motors will also improve the overall plant power factor and
provide addItional energy savmgs whIch are not readily calculable and so have not been included
in the energy savmgs

The total annual demand savmgs, DS, and energy savings, ES, which can be realIzed by mstalling
one high efficiency motor, are calculated as follows

Existmg motor input kW = 1673 ( see Table A-2)

New motor mput kW = l1s1/11HEM * Existing Motor Input kW =
= 0 834/0 941 * 16 73 = 14 83 kW
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DS = 1673 - 1483 = 1 9 kW

ES = 1 9 kW x 8000 hr /yr = 15,200 kWhlyr

Annual Cost Savings

Local Prices
CSL = 15,200 kWh/yr * $0 o14/kWh = $ 213/yr

World Pnces
CSw = 15,200 kWh/yr * $0 064/kWh = $ 973/yr

Implementation Cost

Cost, mcludmg shIpping and handlmg -- $ US 1,160 InstallatIon will be carried out m house

Simple Payback

At Local Pnces = 1160/213 = 5 45 yr

At World Prices = 1160/973 = 1 19 yr

For two motors implementation cost will be $ 2,320 US, and power savmg WIll be
30,400 kWh/year
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Table A-2

IDGH EFFICIENCY MOTOR REPLACEMENT

Measurements:

Voltage Phase A, V 232

Voltage Phase B, V 232

Voltage Phase C, V 231

Current Phase A, A 40

Current Phase B, A 42

Current Phase C, A 39

Power Factor Phase A, % 55

Power Factor Phase B, % 62

Power Factor Phase C, % 62

Operatmg Speed, RPM 1477

Voltage Frequency, Hz 493

Nameplate Data:

Rated Full Load Power, kW 30

Full Load Speed, RPM 1470

Synchronous Speed, RPM 1500

Calculations:

Power Phase A, W 5,10400

Power Phase B, W 6,041 28

Power Phase C, W 5,585 58

Input, kW 1673
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Table A.3

WHAT IS mGHHR HFFIOENCY WORTH?

H¥JtlCIENCYHP ANNUAL
@ BALDOR AVERAGE SAVINGS

1800 SUPHR·H STANDARD BALDOR
RPM (TEFC) . MaroRS* SUPER-E**

15 92.4% 86.5% $ 507

20 93.0 87.5 618
25 94.1 ~~ 88.5 769

"

30 94.1 88.1 993
40 94.5 89.4 1, 104

50 95.0 90.4 1,225

60 95.0 90.3 1,504

75 95.0 90.8 1,671
100 95.0 91.6 1,788

125 95.0 91.8 2,099
.-

150 95.0 92.3 2.112,

200 95.0 93.3 1.754
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A.3 ECO-3 STACK HEAT RECOVERY FROM GLASS REHEATING STOVE

Description of ECO

Install an economizer in the oven stack vent m order to recover energy from the flue gas and
transfer It to the heatmg water return main This will reduce the load on existmg boilers located 10
the boiler house (see schematic ofheat recovery economizer system) Since the recovered heat
can only be used during the heating season, the economizer will be 10stalled in a bypass vent With
diverting dampers In the winter, the flue gases can be diverted through the economizer when
heatmg IS needed and vented directly the rest of the year

Plant Information

The following data was obtained from a combmatlOn of mformatlon provided by the plant
personnel and measurements in the field

•
•
•
•
•
•

Analysis

Temperature of the flue gas
Input ratmg ofthe Oven
Annual hours of operation (duratlOn ofa heating season)
Heat content of fuel
Average temperature of return heatmg water at a heatmg season
Average temperature of supply heatmg water at a heatmg season

1043 0 F
45 m3/hr
4000 hr /yr
900 Btulfi?
42°C (l08° F)
72°C (162 0 F)

The potentIal annual energy savmgs (ES) were determmed by running a computer selection for an
economizer The 1Oformation from the field was used to select an economizer The recovered
heat IS given by the temperature rise and flow reqUIrements on the tube side

Return water in the amount of25, 5861b/hr (51 1 gal/mm) should be passed through economizer
The temperature of flue gases will be lowered to 318 0 F Thermal msulation should be put on the
stack after the economizer to avoid condensation Within flue gas The temperature of the heating
water after economizer is assumed 1620 F to match the heatmg requirements

Heat Transferred from flue gases by lowering of temperature from 1043 0 F to 318 0 F =
1,381,650 Btulhr

ES = 1,381,650 Btulhr * 4000 hr /yr = 5,520 MMBtu/yr or
5,520 * 1,000,000 Btu per MMBtu * 0 252 kcal per Btu / 8009 kcal per m3

= 173,685 m3 /yr

Some pumpmg energy has to be expended m the heat recovery process to override the pressure
drop wlthm economizer and pipmg system ReqUIred head to be mamtamed by pump is assumed
30 ft ofwater A 3/4 hp motor Will dnve thiS pump ThiS Will reduce our total energy savings as
follows
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Pumping energy reqUired:::: 0 75 hp * 0 746 kWlhp * 4000 hr /yr :::: 2,238 kWh/yr

Annual Fuel Cost Savings

Local Prices
CSL :::: 173,685 m3/yr * $ 0 022/m3

- 2238 kWh/yr * $0 014/kWh = $ 3,790/yr

World Prices
CSw:::: 5,520 MMBtu/yr * $ 4/MMBtu - 2238 kWh/yr * $0 064/kWh = $ 21,937/yr

Implementation Cost

Cost, including shipping and handling -- $ 22,400 US The Installation of the economizer will be
done by in-house techrucal staff

Simple Payback

At Local Prices:::: $ 22,400/$3,790:::: 5 91 yr

At World Prices:::: $ 22,400/$ 21,937:::: 1 02 yr
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A.4 ECO-4 GLASS ANNEALING OVEN INFILTRATION REDUCTION

Description of ECO

The oven doors on all three of the eXIstIng glass annealing ovens are kept open during loadIng
The ovens draw in excess air through these open doors by convectlOn Tills air being relatively
cooler results in add1tIonal heating reqUlred by the furnace to maintaIn the annealmg chamber
temperature One way to conserve tills heat 1S to shut the doors when items are not being placed
in the oven The cracks between the oven and oven doors are probably enough to provide the
reqUlred combustion air If needed, a door stop may be proVlded that will keep the doors from
shutting completely, thereby ensunng avatlability of combustion air

Plant Information

The average gas usage by the three ovens IS approXImately 135m3/hr Tills value was obtained
from plant records The ovens use gas for heatmg for only eight hours in a day all year around,
resulting in approximately 2,640 hours of annual operat1on including maintenance downtime
Although a port was available for takIng combustIOn analyzer readings, it is clearly the case that
the excess combustion air is uncontrolled and entenng through such a large door opening that it
far exceeds the required amount

Analysis

A conservative energy saVlngs estimate of 5% was used to calculate the total energy savings for
the three oven resultIng from a reductIOn In InfiltratIOn

ES = A * B * N * 11 * C, where

ES = Energy savings, MMBtu!yr or m3/yr
A = Gas consumption rate of furnace, m3/hr
B ::::: Annual hours ofoperation of furnace, hr/yr
N ::::: Number of ovens, no units
C = Conversion factor, 900 Btu! ft3 * 35 31 ft3 / m3

/ 1000000 = 0 0318 MMBtu / m3

11 ::::: Percent saVIngs, %

ES = 135 m3/hr * 2,640 hr /yr * 3 * 0 05 = 53,460 m3/yr or
53,460 * 00318 MMBtu / m3 = 1,700 MMBtu/yr

Annual Fuel Cost Savings

Local Prices
CSL = 53,460 m3/yr * $0022/ m3 = $ 1,176/yr

World Prices
CSw = 1,700 MMBtu/yr * $ 4/MMBtu = $ 6,800
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Implementation Cost

Tlus measure has no costs associated with except the need for the users of the annealmg ovens to
keep the oven doors closed whenever they are not removing or placing anything m the ovens
This way the amount of savmgs that are eventually realIzed will depend on how these ovens get
used

All



A.5 ECO #5 MOLTEN GLASS HOLDING FURNACE EFFICIENCY
IMPROVEMENT

Description of ECO

The duty of this furnace IS to keep molten (lIquid) glass warm until It is formed In the plant Since
molten glass is approXimately 1500 degrees Celsius (2,732 0 F), it requires a flame of hIgher
temperature before the heat will be absorbed into the glass Because of this, the temperature of
the stack gases is very high The high temperature stack gases are a large source of energy loss

The burners presently used are ventun-type and are placed through large openings In the sIde of
the furnace (see Appendix B, pIcture #6) ThIs creates exceSSIve aIr entenng the combustIOn
process One method to elIminate thIS excessive air is to replace the existing burner type WIth a
power burner whIch controls the fuel and aIr nuxture The temperatures in the stack exceeded the
combustIOn analyzers capabilIty It IS belIeved that at least 80% excess air will be seen In tills
burning process With a power burner, the excess aIr could be reduced to 20% To be
conservative, a 30% reduction of excess aIr will be used With the high stack temperatures in thIS
process, for each 10% of excess air that IS reduced, a 0 1% efficiency will be achIeved (see Figure
A-I) RedUCing excess aIr by 30% Will Improve the combustIon efficiency by 3%

The natural gas fuel IS presently burned WIth air from mside the plant willch is approximately 27
degrees CelsIUs (80 0 F) If the air IS preheated using the heat from the exhaust stack, a portion of
thIs heat can be recovered Typical savings for stack heat recovery are one percent efficiency for
every 22 degrees CelsIUS (40 0 F) that the stack temperature is reduced

Since combustIOn air WIll be heated 67 0 CelSIUS (120 0 F), the stack temperature will reduce by
90% of this amount ThIs IS because air for combustion makes up a minimum of 90% of the stack
gases To be conservative, a 2% efficiency improvement is estimated The burner size is
estimated to be 157 m3

/ hr (5 MMBtu / hr)

Analysis

A conservative energy savings estImate of 5% was used to calculate the total energy savings

ES = A * B * N * 11, where

ES = Energy savings, m3 of natural gas/yr
A = Gas consumption rate of furnace, m3/hr
B = Annual hours of operation of furnace, hr/yr
N = Number ofburners to be installed, (no units)
11 = Percent savings, %

ES = 157 m3/hr * 8,760 hr /yr * 2 * 005 = 137,532 m3
/ yr or

137,532 * 00318 MMBtu/m3 = 4,374 MMBtu/yr
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Figure A.l

EFFICIENCY IMPROVEMENT WITH
EACH 1% EXCESS AIR REDUCTION
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Annual Fuel Cost Savings

Local Pnces
CSL == 137,532 m3/yr * $00221 m3 = $ 3,026/yr

World Pnces
CSw = 4,374 MMBtulyr * $4001 MMBtu = $17,4961 yr

Implementation Costs

These burners are packaged units that were originally intended to reuse stack gases to reduce
Nox ennssions (see attached) Two five million Btu per hour burner packages wIth electncal
components to accommodate local voltage and frequency is estImated at $20,000 mcludmg
shIpping

Investment Payback (PB)

PBUXAL = $20,0001 $3,026 per year = 6 61 year

PBWORLD = $20,0001 $17,496 per year = 1 14 year
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A.6 ECO # 6 ENERGY MANAGEMENT PROGRAM ENHANCEMENT

ThIs recommendation IS to provide the plant necessary metenng tools to Identify and quantify
energy conservatIOn opportunities By metering, the plant can quantify energy savings so they can
priontlze conservation technology expenditures among competmg productIOn enhancing
mvestments

Included IS typical energy management campaigns to achIeve a successful basIc energy
conservation program These will provide example of the types of simple programs that are
proven to be profitable mvestments of manpower

Energy awareness and conservation partiCipation of all plant staff IS cruCial to a successful
demand side energy management program

Savings

By using the above recommended metering tools, along with programs slffillar to those described
in Section 4 6, a plant can effectively minimize their consumptIon of energy WIthin one year, five
percent of the plant's energy will be reduced by the awareness created with the above
recommended metenng alone This savings will be seen m no cost / low cost management
measures

SavmgsENERGY = Total plant energy consumption x 5 %

Natural gas 13,589,000 m3/yr * 005 = 679,450 m3/yr

Electnclty 16,900,000 kWhlyr * 005 = 845,000 kWh/yr

SavmgsSLOCAL = Total plant energy costs x 5%
= 679,450 m3/yr * $00221 m3 + 845,000 kWhlyr * $ 0 o14lkWh = $26,768/yr

SavmgsSWORLD = 679,450m3/yr * 0 0318M1\1Btulm3 * $4lM1\1Btu + 845,000kWhlyr * $0064IkWh
= $140,506

PaybackLOCAL = $33,6501 $26,768 = 1 26 year

PaybackWORLD = $33,6501 $140,506 =024 year

The followmg charts may be used to quantify energy saVlngs opporturutles
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STEAM LOSS IN DOLLARS PER YEAR AT A FUEL PRICE OF:
$4.00 Per mIllion BTU's

STEAM PRESSURE 1/16 INCH HOLE 1/8 INCH HOLE 1/4 INCH HOLE 1/2 INCH HOLE
IN PSI

15 172 687 2,746 10,985
50 370 1,480 5,915 23,659

100 661 2,643 10,562 42,248
150 945 3,780 15,104 60,415
200 1,236 4,943 19,751 - 79,004
300 1,810 7,242 28,941 115,760
600 3,535 14,141 56,508 226,028

STEAM PRESSURE
IN ATMOSPHERES 1/16 INCH HOLE 1/8 INCH HOLE 1/4 INCH HOLE 1/2 INCH HOLE

1.0 172 687 2.746 10,985
34 370 1,480 5,915 23,659
68 661 2,643 10,562 42,248

102 945 3,780 15,104 60,415
136 1,236 4,943 19,751 79,004
20.4 1,810 7,242 28.941 115.760
408 3,535 14,141 56.508 226,028

STEAM PRESSURE
IN KG/SO.eM 1/16 INCH HOLE 1/8 INCH HOLE 1/4 INCH HOLE 1/2 INCH HOLE

1 1 172 687 2,746 10.985
35 370 1,480 5,915 23,659
70 661 2,643 10,562 42,248

105 945 3,780 15,104 60,415
14.1 1,236 4,943 19,751 79,004
21.1 1,810 7,242 28,941 115,760
42.2 3,535 14,141 56,508 226,028

STEAM PRESSURE
IN KILOPASCALS 1/16 INCH HOLE 1/8 INCH HOLE 1/4 INCH HOLE 1/2 INCH HOLE

1034 172 687 2,746 10,985
3447 370 1,480 5,915 23,659
689.5 661 2,643 10,562 42,248

1,034.2 945 3,780 15,104 60,415
1,3790 1,236 4,943 19,751 79,004
2,0684 1,810 7,242 28,941 115,760
4,1369 3,535 14,141 56,508 226,028
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Steam Loss From Different Size Leaks At Various Pressures

STEAM LOSS IN POUNDS PER YEAR

STEAM PRESSURE 1/16 INCH HOLE 1/8 INCH HOLE 1/4 INCH HOLE 1/2 INCH HOLE
IN PSI

15 30,064 120,262 480,583 1,922,292
50 64,753 259,025 1,035,103 4,140,322

100 115,630 462,545 1,848,398 7,393,432
150 165,351 661,439 2,643,209 10,572,608
200 216,228 864,959 3,456,504 13,825,718
300 316,826 1,267,373 5,064,611 20,258,004
600 618,621 2,474,616 9,888,929 39,554,861

STEAM LOSS IN KILOGRAMS PER YEAR

STEAM PRESSURE
IN ATMOSPHERES 1/16 INCH HOLE 1/8 INCH HOLE 1/4 INCH HOLE 1/2 INCH HOLE

1 0 13,665 54,664 218,447 873,769
34 29,433 117,739 470,501 1,881,965
68 52,559 210,248 840,181 3,360,651

102 75,159 300,654 1,201,459 4,805,731
136 98,286 393,163 1,571,138 6,284,417
204 144,012 576,079 2,302,096 9,208,183
408 281,191 1,124,825 4,494,968 17,979,482

STEAM LOSS IN KILOGRAMS PER YEAR

STEAM PRESSURE
IN KG/sa CM 1/16 INCH HOLE 1/8 INCH HOLE 1/4 INCH HOLE 1/2 INCH HOLE

1 1 13,665 54,664 218,447 873,769
35 29,433 117,739 470,501 1,881,965
70 52,559 210,248 840,181 3,360,651

105 75,159 300,654 1,201,459 4,805,731
141 98,286 393,163 1,571,138 6,284,417
21.1 144,012 576,079 2,302,096 9,208,183
422 281,191 1,124,825 4,494,968 17,979,482

STEAM LOSS IN KILOGRAMS PER YEAR

STEAM PRESSURE
IN KILOPASCALS 1/16 INCH HOLE 1/8 INCH HOLE 1/4 INCH HOLE 1/2 INCH HOLE

1034 13,665 54,664 218,447 873,769
344 7 29,433 117,739 470,501 1,881,965
6895 52,559 210,248 840,181 3,360,651

1,0342 75,159 300,654 1,201,459 4,805,731
1,3790 98,286 393,163 1,571,138 6,284,417
2,0684 144,012 576.079 2.302,096 9,208,183
4,1369 281,191 1.124,825 4,494,968 17,979,482
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LIGHTING ENERGY COST· TOTAL FIXTURE CONSUMPTION WITH BALLAST
(based on, medium or megal base, dear, general service, Philips Brand lamps)

OPERATION COST BASED ON KWH PRICE OF $0.064 PER KWH

INITIAL INITIAL 1000 2000 3000 4000 5000 6000 7000 8000 8760
TOTAL LUMENS LUMENS SERVICE HOURS HOURS HOURS HOURS HOURS HOURS HOURS HOURS HOURS

INCANDESCENT WAnS OUTPUT PER WAn LIFE COST PER YEAR PER YEAR PER YEAR PER YEAR PER YEAR PER YEAR PER YEAR PER YEAR PER YEAR
15 watt 15 126 84 2500 $211 $1 $2 $3 $4 $5 $6 $7 $8 $8
25 watt 25 260 104 1000 $131 $2 $3 $5 $6 $8 $10 $11 $13 $14
40 watt 40 480 120 1500 $131 $3 $5 $8 $10 $13 $15 $18 $20 $22
60 watt 60 890 148 1000 $1 14 $4 $8 $12 $15 $19 $23 $27 $31 $34
75 watt 75 1220 163 750 $1.31 $5 $10 $14 $19 $24 $29 $34 $38 $42
100 watt 100 1750 175 750 $131 $8 $13 $19 $26 $32 $38 $45 $51 $56
150 watt 150 2850 190 750 $187 $10 $19 $29 $38 $48 $58 $67 $77 $84
200 watt 200 3900 195 750 $225 $13 $26 $38 $51 $64 $77 $90 $102 $112
300 watt 300 6300 210 750 $320 $19 $38 $58 $77 $96 $115 $134 $154 $168
500 watt 500 10750 21 5 1000 $761 $32 $64 $96 $128 $160 $192 $224 $256 $280
750 watt 750 16700 223 1000 $2385 $48 $96 $144 $192 $240 $288 $336 $384 $420
1000 watt 1000 23100 231 1000 $1814 $64 $128 $192 $256 $320 $384 $448 $512 $561
1500 watt 1S00 33300 222 1000 $2960 $96 $192 $288 $384 $480 $576 $672 $768 $841

FLUORESCENT
2 x 40 watt lamps 95 6100 642 20000 $6 $12 $18 $24 $30 $36 $43 $49 $53

~ standard C&C ballast
cool white lamps

2 x 32 watt lamps 58 6100 1052 20000 $4500 $4 $7 $11 $15 $19 $22 $26 $30 $33

electroniC ballast 2 lamps &
F032 In phos lamps electroniC

ballast

yp



LIGHTING ENERGY USE· TOTAL FIXTURE KILOWATT-HOURS WITH BALLAST
(based on, medium or mogal base, clear, general sefVIce, Philips Brand lamps)

INITIAL INITIAL 1000 2000 3000 4000 5000 6000 7000 8000 6760
TOTAL LUMENS LUMENS SERVICE HOURS HOURS HOURS HOURS HOURS HOURS HOURS HOURS HOURS

INCANDESCENT WATTS OUTPUT PER WATT LIFE COST PER YEAR PER YEAR PER YEAR PER YEAR PER YEAR PER YEAR PER YEAR PER YEAR PER YEAR
15 watt 15 126 8.4 2500 $211 15 30 45 60 75 90 105 120 131
25 watt 25 260 104 1000 $131 25 50 75 100 125 150 175 200 219
40 watt 40 480 120 1500 $131 40 80 120 160 200 240 280 320 350
60 watt 60 890 148 1000 $114 60 120 180 240 300 360 420 480 526
75 watt 75 1220 163 750 $131 75 150 225 300 375 450 525 600 657
100 watt 100 1750 175 750 $131 100 200 300 400 500 600 700 600 676
150 watt 150 2850 190 750 $187 150 300 450 600 750 900 1,050 1.200 1,314
200 watt 200 3900 195 750 $225 200 400 600 800 1,000 1,200 1,400 1,600 1,752
300 watt 300 6300 210 750 $3 20 300 600 900 1,200 1,500 1,800 2,100 2,400 2.628
500 watt 500 10750 215 1000 $761 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,380
750 watt 750 16700 223 1000 $2385 750 1,500 2,250 3,000 3,750 4,500 5,250 6,000 6,570
1000 wall 1000 23100 231 1000 $1814 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 8,760
1500 watt 1500 33300 222 1000 $2960 1,500 3,000 4,500 6,000 7,500 9,000 10,500 12,000 13,140

FLUORESCENT
2 x 40 watt lamps 95 6100 642 20000 95 190 285 380 475 570 665 760 832

P- Istandard C&C ballast

-- cool white lamps
\0

2 x 32 watt lamps 58 6100 1052 20000 $4500 58 116 174 232 290 346 406 464 508
electrOniC ballast 2 lamps &
F032 tTl phos lamps electronic

ballast

J'~



APPENDIXB

Photographs of Facility and Equipment



Photograph #3 - Glass making furndce. Combustion monitoring.

Photograph #4 - Combustion air inlet



Photograph #1 - Audit team, local engineer, and interpreter

Photograph #2 - Plant energy management staff



Photograph #5 - Ventilation fan and 30 kW motor

Photograph #6
Molten glass holding,Furnace burner,

and Exhaust stack



Photograph #7 - Annealing oven, heating and loading

Photograph #8 - Monitoring electrically heated glass furnace



APPENDIXC

Kiev Glass Plant Product Catalog Sample
Glass Plant Advertisement for Privatization
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BUSINESSES FOR SALE

~_; P_R_IV_~_T_I_Z_X_T_IO_N -...J

. I---- ---J

For Subscnphon Information
Please Contact Adnan Pldlusky, Tel/Fax (044) 228-7440

BELARUS

CONSTRUCfION

Korostensk DorZahzoBeton
Remforced concrele kilS consumer goods
Sales KBY I 50 bn (for the first four months
of 1994) Profits KBVI 76 bn (for the first
four months of 1994) 174 employees Assets
KBYI 8 bn. shares KBV 854 mn avmlable for
pnv3ltzaltOn certificates Submu bid before
Feb 26 Located In Zhytomlr oblaSI
Korostensk dlstnct Cholovka Village

Zaporizhla Reinforced
Construction Plant

Remforced constructIon kits concrete pro<!­
uCIS Sales KBV4 I bn (10 1993 pnces) Profils
KBV898 mn (1993) 186 employees Assets
KBVI 57 bn shares KBV841 mn avaIlable for
pnvallzallon celtlficates Submit bId before
March I Located m Zaponzhla

KhmelnitskTsukorBud
Construclton-erectton works Sales KBV4 65
(1993 m 1992 pnces) Profits KB V2 I bn
(1993) 740 employees Assets KBV2 42 bn
shares KBY936 mn available for pnVatlZallOn
certificates Submit bid before March I
Located m Khmelnttsk Prybuzska str • 54

INTELNEWS TellFax (044)229 64 85

RUSSIA

IntelNews GraphIcs

FOOD & DRINK

Nyva
Milk meat gram sunnower seeds Sales
KBV3 bn (1993) Prolits 666 bn (1994) 308
employees Assets KB V II 44 bn shares
KBV5 II bn avwlable for pnvaltzatton certifi­
cates Submn bid before March 1 Located m
Zaponzhl3 obI. Velyka BJlozerka VIllage

KlrovohradMoloko
Bulter cheese daJry pro<lucls Sales KBV96 19
bn (1993) Profits KBV4 07 bn (1993) 1.226
employees Assets KBV31 24 bn shares
KBV6 28 bn avmlable for pnvatlZlltlon certlfi­
cales Subnut bId before March I Located 10

Kuovohrad Dzerzhmskoho str • 84/37

Klrovohrad MasloSyrBaza
Dairy products Sales KBV3 34 bn (1993)
Profits KBYI 3 bn (1993) 142 employees
Assets KBY5 5 bn shares KBYI 62 bn avail­
able for pnvallzallon certificates SubmIt bId
before March I Located In Klrovohrad.
TereshkovOI str 217

Adams
Vegetable and meat can~ Sale~ KBY 14 7~ bn
(for lhe first nme monlhs of 1994) Profir~

KBV67 bn (for the first mne months of 1994)
1344 employees Assets KBV 1948 bn sh'lres
KBV9 51 bn avatlable for pnva1l7arlon certIfi­
cates Submll bId before MarLh I Located m
Kaml3nels-PodllsklY city (Khll1e1mtsk obi)
Matrosova str I

WHOLESALE AND RETAIL

Energetic
Consumer goods retml Sales KBVI9 52 bn
(I993) Profits KBV 107 mn (for the first
month of 1994) 605 employees Assets
KBV3 04 bn shares KB V 207 bn avaIlable
for pnvallzallon certificates Subrntt bId before
March I Located m Ukraymka (Kylv obi)
Sosnova str 1

Aventin
Consumer goods wholesale and retml foreIgn
tradeacltvlly Sales KBV1) 31 bn(1991)
Profits KBY I 26 bn (1994) 390 employees
Assets KBY5 58 bn shares KBY) 07 bn
aVailable for pnvatlzatlOn certIficates Submit
bId before March I Located m Kylv
Kalachevskoho str 11

r~'f~-""'»"''''-''''''''''- ...... (... ...

GENERAL

Hotel "Teatralnyt"
Hotel services Sales KBV' 04 bn (for the first
four months of 1994) Profits KBV71. IIIn (for
the first four monlh~ of 1994) 85 employees
Assets KBYI 47 bn shares KBV441 IlIn
aVailable for pnvalll..'lIIOn certllicates Sublllll
bid before March I Located an KylV
Holosllvska str • 7

Kylv Art Glass Factory
Crystal products Sales KBY240 bn (1994)
Profits KB V14 81 bn ( 1994) I 880 employ- 411
ees AsselS KBV II 57 bn shares KBVS 64 bn
aVailable for pnvatlzatlon celttficates Subnnl
bId before March I Located an Kylv.
Chervonozonanyl a,enue 119

Source Slate PlOpell) Fund
Prepared by lntelNews wltll matenal
from bill/elm Vidolllostl Pllvat)zats/I

INTELNEWS
Parliament Week In Review

Every Saturday

Comprehensive Coverage
of News In Ukrame



APPENDIXD
World Energy Prices

Plant Energy Consumption History
Glass Furnace Demand Profile



Table D.I World Energy Prices; OEeD Europe

OCndustrial Fuel US$/toe US$/mm US$ per
Sector Btu

Light Fuel 290 7 383 tonne
011

Heavy Fuel 151 4 158 tonne
Oil

Electricity 742 19 0064 kWh

Natural 151 4 141 km3

Gas

Steam Coal 128 3 90 tonne

Coking 92 2 58 tonne
Coal

Thermal 298 8 30 Gcal

Dl



Plant Energy ConsumptionHistory

TABLE D.2 INDUSTRIAL OUTPUT
(Brought to the prices at 01 01 93)

Rate of exchange at 01 01 93 was $ 1 US = 650 8 krb

Year Industnal output per same prices Dynamic of Changes,

MlllIons Ukramian krb MillIons $ US Present year to
PrevIous One(%)

1991 143,708 2208

1992 162,587 2498 113 1

1993 171,968 264 2 1058

1994 143,074 2198 832

TABLE D.3 CONSUMPTION OF DIFFERENT TYPES OF ENERGY

Type of Unit Year 1991 Year 1992 Year 1993 Year 1994
Energy

Natural Gas 000 cub m 18236 17264 14748 13589

Electnclty 000 kWh 12393 11259 11227 12518 4

Water 000 cub m 1398 1 7420 7662 7075

4 There are d1screpanc1es between data on eleclnc1ty conswnptlon obtamed from fac1lity staffand
presented m Tables d 2-d 6 Table D 6 presents offic1al stallst1cs, so 1t 1S accepted m tlus report

D2
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TABLE D.4 EXPENSES FOR PURCHASE OF DIFFERENT TYPE OF ENERGY

Type of Year 1991 Year 1992 Year 1993 Year 1994
Energy ($ 1 US =41 Rub) ($ 1 US = krb) ($ 1 US =6300 ($ 1 US =65000

krb) krb)

000 Rub 000 000 Krb 000 Million 000 Million 000 $ US
$US $US krb $US Krb

Natural Gas 12123 2957 23514 20013 317667 194158 298705

Electricitv 6457 1575 221044 12328 195682 11238 3 172897

Water 1391 8 3395 47805 5 22837 362492 25950 399231

Total 32508 7929 934239 55178 875 841 56604 1 870832



TABLE D.S SHARE OF EXPENSES ON ENERGY IN THE COST OF PRODUCTION
(%)

Type of Energy Year 1991 Year 1992 Year 1993 Year 1994

Natural Gas 40 49 105 96

Electricity 20 46 65 5.5

Water 4.8 100 12 1 128

Total 108 196 29 1 279

TABLE D.6 ELECTRICITY CONSUMPTION AT THE YEAR 1994 (000 kW.h)

Total by facility
Out of it
For process needs
By motors
Lighting
Losses in lines and
transformers

16,900

8,100
8,110
600
90

04



ELECTRIC GLASS FURNACE # 5 &# 6

(Feb 8-9, #6) (Feb 9-10, #5)
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Demand Report Fr~, Feb 10, 1995 02:58:38 PM Page 2

Un~t #1 Power Analyzer #4

Fri, Feb 10, 1995

H Highest L Lowest # >= 1000K

Time KW PF Time KW PF Time KW PF

00:08 L 365.20 0.89 08:08 379.60 0.89
00:23 365.60 0.89 08:23 377.10 0.89
00:38 367.00 0.89 08:38 375.90 0.89
00:53 368.30 0.89 08:53 375.20 0.89
01:08 367.40 0.89 09:08 373.00 0.89
01:23 368.40 0.89 09:23 374.10 0.89
01:38 371.50 0.89 09:38 373.10 0.89
01:53 378.00 0.89 09:53 371. 20 0.89
02:08 383.50 0.89 10:08 368.60 0.89
02:23 382.60 0.89 10:23 367.90 0.89
02:38 375.50 0.89 10:38 386.80 0.90
02:53 376.50 0.89 10:53 386.20 0.90
03:08 375.30 0.89 11:08 379.00 0.90
03:23 378.70 0.89 11:23 385.30 0.90
03:38 383.00 0.89 11:38 387.80 0.91
03:53 382.20 0.89 11:53 387.90 0.91
04:08 382.30 0.89 12:08 390.90 0.91
04:23 381.50 0.89 12:23 391.80 0.91
04:38 381.80 0.89 12:38 392.60 0.91
04:53 380.30 0.89 12:53 391.00 0.91
05:08 380.30 0.90 13:08 388.90 0.91
05:23 377.00 0.90 13:23 401.90 0.91
05:38 375.90 0.89 13:38 H 416.10 0.92
05:53 375.40 0.89
06:08 372.60 0.89
06:23 368.40 0.90
06:38 385.40 0.91
06:53 391.90 0.91
07:08 393.90 0.91
07:23 402.40 0.91
07:38 403.00 0.91
07:53 381.40 0.89

Usage 5195.5KWH O.90PF Average



Demand Report Frl, Feb 10, 1995 02:58:38 PM Page 1

unit #1 Power Analyzer #4

Thu, Feb 9, 1995

H Highest L Lowest # >= 1000K

Tlme KW PF Tlme KW PF Time KW PF

12:08 0.00 0.95 20:08 385.50 0.89
12:23 0.00 0.99 20:23 383.60 0.89
12:38 L -54.07 0.39 20:38 384.10 0.89
12:53 249.50 0.96 20:53 386.20 0.90
13:08 4.91 0.99 21:08 385.70 0.90
13:23 H 982.70 0.99 21:23 386.70 0.90
13:38 359.90 0.90 21:38 387.70 0.90
13:53 358.50 0.90 21:53 388.50 0.90
14:08 357.00 0.90 22:08 389.90 0.90
14:23 356.60 0.90 22:23 390.70 0.90
14:38 374.20 0.91 22:38 391.10 0.90
14:53 373.50 0.91 22:53 392.40 0.90
15:08 373.80 0.91 23:08 385.50 0.90
15:23 374.50 0.91 23:23 364.20 0.89
15:38 375.50 0.91 23:38 364.50 0.89
15:53 377.10 0.91 23:53 365.80 0.89
16:08 379.90 0.91
16:23 396.00 0.91
16~38 409.20 0.92
16:53 413.20 0.92
17:08 413.70 0.92
17:23 387.40 0.90
17:38 389.80 0.90
17:53 390.40 0.90
18:08 391.30 0.90
18:23 393.20 0.90
18:38 392.30 0.90
18:53 395.10 0.90
19:08 382.30 0.89
19:23 382.40 0.89
19:38 383.80 0.89
19:53 385.00 0.89

Usage 4360.7KWH 0.90PF Average



APPENDIXE

List of Contacts Made During Site Audit



LIST OF CONTACTS
KIEV TELEPHONE COUNTRY AND CITY CODE (7 044)

PLANT ADDRESS
Ukrame, 252039 Kiev,
Krasnozvezdny Prospect 119
KIev ArtiStIC Glass Factory
PLANT FAX
(7044) 264-7046

Victor T Tchemetsky
Cruefof Engmeenng
Work Phone 267-7622

Lanssa Ya Matveyhchuk
Cruef Process Engmeer
Phone 264-611 I or 267-7370

Fehks F Chekhomn
CruefEnergy Manager
Phone 264-0905

Aleksy F Khnpun
Cruef of Thermal and Power
Shop
Phone 264-3575

Local Services

USAID RegIOnal MIssIOn - Ukrame,
Belarus, Moldova
AnOOy Pannov
Energy and Natural Resources Program
AdVisor
Phone (7 044) 220-9013 or 5097 or
8395 or 5589
Fax (7044) 220-7079
Address USAID MIssion m
Ukrame

19th Floor
81l 0 Esplanadna Street
252023 KIev, Ukrame

Yun A Povoroznyuk
Cruef Mechamcal Engmeer
Work Phone 264-5053

Vasleley M Kryzhanovsky
Deputy Cruefof Engmeenng m
Charge ofEconOffilC
Phone contact via Chief Engmeer

Leomd T Prokopov
Deputy CruefofElectncal Shop

Valentma V Artemenko
Director ofDepartment of

Planmng and Wages

Local Engineer from Klevenergo
Peter Garkoun, Drrector of Department of
Means of Supemsory and Process Control
Telephone 442-0338 (off), 264-7709
(home)

E 1



ApPENDIX F
USAID Letter of Audit Intent - Ukrainian Translation
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24 ~OBrHH 1994 pOKy

Koro ue Mo~e CTOCyOdTHCH

ArCHTCTOO CrnA 3 Ml~HdpOOHOrO P03BHTKY (USAID), IUD E oql1U H1HOIO
YdCH1HOlO nOCOnbCTOa CUJA B KHC01, YKpd 1 Hl 3aCOlOYYE BaM CBOIO nOBary
I MaE 3d yeCTb HandTH HacTynHy lH<popMaUllO.

AreHTCTBO CrnA 3 Ml~HapOOHoro P030HTKY E ypHnoBHM opraHOM, IUD
3U1L1CHIOE TeXH1YHY Ta ryMaH1TapHy nonoMory YKpalHl B TaKHX ranY3HX
HK oxopOHa 3nOpOB'H, npHoaTH3dU1H, oxopOHa HaBKonHWHboro
ccpeOOBHlUa, eHepreTHKd Ta npL1ponH 1 PCcypCL1. CTOCOBHO nporpaM 3
eHepreTH Kl.1, OAHHM 3 Ba~nHBL1X npoc KT 1 0 C n I UBHlUeHHH eepeKTHBHOC T 1
BHKopHCTaHHH eHeprll B npOML1CnOBHX nlAnpL1EMCTBax. 3AlL1CHIOIOTb ueL1
npoeKT Tpl.1 aMepl.1KaHCbKl ~lPML1 Burns and Roe Enterpr~ses, Foster
Wheeler, Resource Management AS6oc~ates

3aBoaHHRM 3a3HayeHHX BHlUe <plPM E npOBeneHHH aYAHTopCbKOl POOOTL1 B
neKlnbKOX nIAnpl.1EMCTBax, lUO lHTCHCL1BHO cnO~HBalOTb eneKTpOeHeprllO,
BL13HaYHTl.1 3aXOAl.1 lUOnO 3MeHweHHH P10HH cnO~HBaHHR eHeprll, Ta
0L-13Ha YL1Tl.1 THnH OOnaJlHaHHH nnH npoocncwm neMoHcTpau i LitHoro npOeK T y
ArcHTCTBO CrnA 3 MIXHapOAHoro P03BL1TKY Mac HaMlp HaAaTl.1 AO 100 TL1C
nonaplB CrnA Ha oonanHaHHH nnH UCMOHCTpaUl\.1HOrO npoeKTy KO~HOMY 3
0L13HayeHl.1X ninnpl.1EMCTB. CnOJllOaCMOCH, lUO KeplBHL1UTBO niAnpL1EMCTB
nOrOJlL1TbCR npOBeCTl.1 MOHTa~ Uboro oonanHaHHH Ta neplOnl.1YHO npOBOOHTL1
BL1M1PL1 lUana cnOXHBaHHH CHcprll B yMooax POOOTl.1 HOBoro
CHepr030eplralO~oro oonanHaHHH.

8 AreHTcTB i CrnA 3 Ml ~HapOJlHOrO Po 3BHT Ky ML1 cnon i BaEMOCH, lUO 3a
oonOMorolO Bl.1COKoe4JeKTl.1BHOrO eHepro 30CP 1 r alOyoro oonanHaHHH MO~Ha

3HaYHO eepeKTl.1BHiwe Bl.1KOpl.1CToByoaTH eHeprllO 1 p03nOBC~Al.1Tl.1 ueLit
QOCBlJl B YKpalHi.

,
CnOU1BaEMOCR Ha Sawe P03YMlHHH Od~nHooCTl U1El P060TL1 B TL1X
CKnaUHL1X yMoBax 3 eHepronoc Ta yaHHHM 0 YKpa 1Hl. Bawa ni ATpL1MKa
HanaCTb MOXnL1BicTb oe3KowToBHO nnH nlunpl.1EMCTB BCTaHOBHTL1
oonaUHaHHR, 3a nonOMorolO RKoro 3'HBHTbCR MOXnL1BICTb 30eplraTL1
eHeprllO.

3 n~D. 29-
k ~ )
!\HIlP 1 L-1 nap 1HOB ----
PanHIIIK KeplBHHKa npOrpaM 1 (,1I('pr('T\.-1K~1
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ApPENDIX G
Audit Equipment List



RESOURCE MANAGEMENT ASSOCIATES
of Macll5on, Inc

202 Slate Slreel
Sulle 303
MadISon, WI 53103 USA

Telephone 608/283 2880
FOCSlmlle 608/283 2881

EQUIPMENT TURNED OVER TO THE KIEV OFFICE OF THE UNITED
STATES AGENCY FOR INTERNATIONAL DEVELOPMENT (USAID) c,b IDEA \PA 0U)

ITEM EQUIPMENT DESCRIPTION QUANTITY RECENED

1

2

Platinum RTD thermometer wI probes

Wahl Heat Spy infrared thermometer

1

1

3
4

5
6

7

8

9

10

11

12

13

14

15

16

Rechargeable battery pack for Heat Spv

TIF 2000A c1amp-on dlQltal wattmeter

Fluke 85 diQital multJmeter

Fluke 801410 current probe for multJmeter

TIF 2300 power factor meter

Sperry SLM-110 dlQital IIQht meter

Kurz 444 hot wire anemometer

24" probe for Kurz anemometer

Battery recharoer

Voltage converter

Foreion pluo adaptor

Recharaeable 9 volt battenes

Dranetz I PowerStar manuals

Dranetz 808A power analyzer Including

- 3 current probes cables paper

1

1

1
1

1

1

1

1

2
2
12

1

1

17
18

19

20

21

Canon INNOVA laptop computer

HP DeskJet printer

Nova Strobe DB stroboscopIC tachometer

Bacharach 300NSX combustion analyzer

Bacharach 48" probe for combustion analyzer

1

1

1
1
1

The eqUIpment listed above has been turned over to the KJev office of the United States
Agency for International Development (USAID) By signing this form the receIVer accepts
full respOnSIbility for the care and custody of all Items and must be able to provide
accountability reports If requested ThIs equipment was originaly procured by Bums & Roe
Company and is being turned over on their behalf

Trtle-

Date

Name

1::::.-1 E:.V

Received by:

Signatur(-~~~~av,
DAR/AN J)IACH-oK.­

CI/JE.f--0r-fA~ I O~,-PA DCO-

ffB.2:l. 199?
I

;

Name:

Turned over by:

Title ~c--.)' E~:" r06~ ~

Date Tsn 'd,;;} ; IJ~

Gl



APPENDIXH
Standard Abbreviations and Conversions Used In Report



Glossary

AC Alternatmg Current
amps amperes
atm atmosphere(s) - 14696 pounds per square mch
bar 100,000 pascals - 14 504 pounds per squared inch
BTU or Btu Bntlsh thermal umt
cfin
cm
cm2

CO
CO2

°C
OF
oR
DC
DSM
E
EAF
ECO
eff
EEM
ex air
ft?
ft3
Gcal
GJ
gph
gpm
GWh
H2

H20
H2S04

hectare
hectolIter
Hg
hp
hps
hr
Hz
J
kca1
kg

cubic feet per mmute
centimeter = 03927 Inches
square centimeter - 0 155 square Inches
carbon monoxide
carbon dioXide
degree(s) CelslUsT = 5/9 [r F - 32]
degree(s) FahrenheltT
degree(s) RankmeT = TO F + 460
Direct Current
Demand-SIde Management
East
Electnc Arc Furnace
Energy Conservation Opportumty
effiCiency
Energy EffiCiency Measure
excess aIr
square feet
CUbIC feet
Gigacalone(s) = 1 billIon calones = 3968 mIllIon BTU
GIgaJoule(s) = 1 bIllIon Joules
US gallons per hour
US gallons per mmute
GIgaWatt hour(s) = (106 kWh) = 1 billIon watt hours
hydrogen
water
sulfunc aCId
10,000 square meters = 2471 acres
100 lIters = 2642 US gallons
mercury
horsepower
high-pressure sodIUm lighting
hour
hertz = cycles per second
Joule(s)
kllocalones = 1 thousand calories = 3 968 BTU
kilogram

HI



Kgcc

kJ
km
leN
kp
kPa
kV
kVA
kVAr
kW
kWh
lb(s)
liter
m
m2

m3

rnA
MBTUor
MMBTU
MCal
metric ton
mg
mm
MCF
MJ
MM or min
MPa
mv
MW
MWh
NGorng
nm
Nm3

NOx

02
P
PC
ppm
pSlg
R
RMA

7,000 kcal = 27,776 BTU

klloJoules = I thousand Joules = 0947813 BTU
kilometer = 0 621 miles
kilonewton = 1 thousand newtons
kopeck = 01 ruble
kilopascal(s) = 1 thousand pascals = - 14504 pounds per square mch
kilovolts = I thousand volts
kllovolt-amperes
kllovars = 1 thousand volt=amperes (reactive)
kiloWatt(s)
kiloWatt hour(s)
pound(s)
o2642 US gallons = 003531 cubic feet
meter(s)
square meter(s)
cubiC meter
milliampere = 0 001 amperes

mega BTU = 1 milhon BTU
megacalorie = 1 million calories
1 thousand kIlograms = 1 1023 US tons
mllhgram(s)
mmute
one thousand cubic feet
megajoules
million
1 millIon pascals = 14504 pounds per square mch
mercury vapor hghtmg
megawatts
megawatt hours = 1 million watt hours
natural gas
nanometer
cubiC meters at standard conditIons of temperature and pressure (200 C and 1
atmosphere)
nItrogen OXide
oxygen
pressure
personal computer
parts per rnllhon
pounds per square mch (gauge)
ruble
Resource Management Associates ofMadison, Inc

H2



RPM or
rpm

s
S02
sq ft
T
Teal
therm
TPS
TWh
US orUS
V
VA
VArs
VSD
$US
yr

RevolutIOns Per Minute

second
sulfur dIOxIde
square feet
temperature
teracalone = 1 trillion calones = 3 968 btlhon BTU
volume of natural gas 100 cubic feet, 100,000 BTU
Thermal Power Station
TeraWatt hour(s) (109 kWh)
United States
volt(s)
volt-amps
volt-amps (reactIve)
vanable speed drive
United States Dollars
year

H3



APPENDIX I

Specifications of Equipment to be Installed



Combustion Analyzer Specification

Two - Bacharach Model CA300NSX combustion analyzer on power supply of 220 V,
with accessories

Fuels capability
Natural Gas (Russian composItion)
#5 fuel 011
Coal
Blast furnace gas
Coke gas
Mixes of above gasses

Measurement Capability
k 0z, CO, NOz, SOz, Temperature

CalculatIOn Capability
Combustion efficiency
CO2 concentration
Excess air ratIo

Accuracy
N02

S02
+/- 5% of reading
+/- 5% ofreadmg

Probes 12-mch and 48-inch, capable to handle temperature up to 1000°C
Samplmg hose 20 feet minimum
Output Thermal printer in unit
Power supply Rechargeable battery

Manufacturer Bacharach
Model CA 300 NSXE N 24-8032

I 1



PROJECT IMPLEMENTATION COST ESTIMATE

ITEM UNIT QUANTITY COSTIUNIT TOTAL
$ COST $

EconomIZer each 1 12,500 12,500

Dlvertmg each I 3,000 3,000
Damper Tee
Section 16"

Booster each I 800 800
Pump

2" sch 40 linear 100 8 800
steel pipe wi feet
1" fiber-
glass
msulatlon

2" Check each 1 330 330
Valve

2" Gate each 3 200 600
Valve

1/2" Gate each 2 100 200
Dram

2" CIrCUIt each I 150 150
Setter

DIfferential each I 560 560
pressure
meter

Draft each 1 3,000 3000
mducer

2" pipe each 10 50 500
fittmgs

Total 22,400

It IS assumed that some local materials, such as ducts, wmng, thennal insulation will be
provided by facility The labor for all Installation will be provided by facihty also

12
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Heat Exchanger Specifications

Suppliers
Combustion Systems
Tel (414) 548-3950
Fax (414) 548-0146
Contact Person Moe Morin

Cain Industries Heat Recovery Systems
Tel 1-800-558-8690
Fax (414) 251-0118

See Following Diagram

Maximum temperature of exposure = 1,500 F
Gas Temperature in = 1043 F
Gas Temperature out = 318 F

Heat extracted from flue gas = 1 44 rvtMBtu / Hour

Furnace input fuel ratmg = 45 CUbIC meters of natural gas per hour
Heat content oflocal natural gas = 900 Btu I cubIC meter

Exhaust stack diameter = 14 inches

I 3
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SPECIFICATION OF
FLUE GAS RECIRCULATION (FGR) HEAT RECOVERY BURNERS

QUANTITY 2 (two) complete umts

Units are to be packaged so that the plants only responsibility is to proVide mstallatiOn
ofelectrical supply, gas supply, burner, and tap into flue gas stack All other
equipment and mstructions necessary for startup are to be included by the vendor

As part of this project, al1 mstallatiOn and mamtenance manuals are to be translated into
the Russian Language by a techmcal translator

Manufacturer of this equipment
Industrial Combustion
Division ofAqua-Chern, Inc
351 - 21st Street
Monroe, WI 53566-2798 (USA)
Phone (608) 325-3141
Fax (608) 325-4379
Technical Contact KIm Black

Distributor of thiS eqUipment
R Muel1er Service and Equipment Co
1412 13th Street
Monroe, WI 53566 (USA)
Phone (608) 328-8362
Fax (608) 328-8369
Techrucal Contact Bill Bruce

Charactenstics of Each Burner ConSist of

FUEL
FIRING RATE

Natural Gas @ 900 Btu / cubic foot
5 MMBtu / hour

A) CONTROLS
1 240 volt, smgle phase, 50 hertz
2 Burner mounted control cabmet
3 Motor starters
4 Signal lights
5 Full modulatiOn With charactenzed (Cam) Trim
6 Flame safeguard to be compatible With molten glass in combustiOn chamber
7 Combustion air provmg switch

15



B) MAIN GAS SYSTEM
1 Butterfly rate control valve
2 Motonzed valve wIth closure interlock
3 Lubricated plug valves
4 High and low gas pressure sWItches
5 Pressure regulator

C) FLUE GAS RECIRCULATION (FGR) CONTROL SYSTEM
1 FGR high temperature control valve
2. FGR purge assemble
3 Blast tube mgh temperature switch

D) GAS PILOT SYSTEM
1 Gas-electric mterrupted pilot
2 Shutoff cock
3 Separate pilot regulator and valve

E) OTHER
1 Hinged, swmg-away aIr housing
2 Burner blower motor
3 Cast aluminum Impeller
4 Rotary type air damper wIth silencer and FGR flanged connection
5 Burner mountmg flange
6 High temperature finng head assembly
7 Refractory combustIOn cone
8 FGR pipmg to wIthstand 2000 F for a stack connection 20 feet from burner
locatIOn

The supplier is to furnish burners which are completely assembled, wired and factory
tested The complete system shall be listed by Underwriter' Laboratones and have
individual U L Labels on the major components, i e purge system, flue gas
recirculation metenng valve, panel, proving the total system to be certified

The burner manufacturer shall have installed at least 300 system with at least 200 of
them in service for two years or more

The burner shall be a high radiant multi-port type for gas, capable ofburnmg 5,540
cubic feet (157 cubiC meters) of natural gas per hour at 900 Btu per cubiC foot (local
heat content) at a pressure ofnot greater than 1 psia the inlet of the gas control train,
with a mmlmum turndown ratio of 10 to 1

The burner shall be capable of firing agamst a furnace pressure from a negatIve 05
inches to a positive 4 0 Inches ofwater column without a reduction m capaCity or

16



efficiency The blower motor IS to be ofsufficient size, smgle phase, 50 Hz, 240 volts,
directly dnvmg a self c1earung impeller to supply all air for combustlOn The impeller
shall be warranted m writmg by the burner manufacture for a mirumum of five years
CombustlOn air volume shall be controlled by a multiple-blade mlet damper Each
damper blade shall be separately moveable in relation to other blades Neither fuel hnes
or electrical wmng shall reqUire disconnection when opening the hinged assemble
Removal of the burner diffuser does not require removing the burner from the bOller

Means shall be provided to purge the Flue Gas RecirculatlOn (FGR) hne With at least
10 air changes from the FGR connection at the burner assembly towards and mto the
boller stack, prior to pilot and main flame igrutlOn ThiS FGR purge cycle shall be
proven With a pressure switch installed in the FGR line as well as With an electncal
interlock on the purge blower motor starter to insure that combustible gases
accumulated in the FGR hne are exhausted safely This purge system shall shut down
upon main flame estabhshment

EqUipment that does not utlltze either an FGR purge system or an FGR 100% safety
shutoffvalve to isolate any possibllity of recirculating combustible gases through the
boiler Via the FGR system during prepurge shall require documentation from the
equipment manufacturer, Signed by and office ofthat company, proving and
guaranteeing that under no circumstances will there be any pOSSibility of there being
combustible gases m the explosive range present m the boiler or FGR system at the
time of Ignition

Systems wmch use a separate FGR fan assembly to force FGR mto the burner and/or
comcustion chamber dunng normal burner "run" shall not be acceptable

All FGR components, specifically the electrical control cabmet, FGR purge assemble,
and FGR control valve shall be U L Listed and bear the U > Listing Mark A U L
Approved flue gas control valve shall be provided to insure proper FGR flow mto the
burner finng head Listed blast tube temperature sWitch shall be provided to msure that
the temperature limits of all mternally mounted component are not exceeded

FUEL PIPING TRAINS
As a mmimum, all fuel trains shall meet the reqUirement ofUL-795 and 296 for the
respective burner firing range (Option, can specify 1 R 1 , NFPA-85, FM, and CSD-I,
or any local codes)

Main Gas Tram
2 manual lubncated plug cocks
1 malO gas pressure regulator
2 motonzed automatic valves (1 with proofofclosure)
1 butterfly valve With 14 point cam trim

17



1 high gas pressure switch
1 low gas pressure sWitch
1 normally open vent valve solenOId type
1 pressure gauge 0 to 30 kg/cm2

PIlot Train
2 manual shut off cocks
1 pilot pressure regulator
2 automatic shot offvalves solenOId type
1 pressure gauge 0 to 15 kg/cm2

1 normally open vent valve solenoid type

BURNER CONTROL CABThffiT
The NEMA 1 control panel shall bear the Underwriters' Laboratory hstmg mark and
include an electronic combustIOn flame safeguard which IS compatible with molten
glass being m the combustion area, motor starters with overload eaters and 3-leg
protection for all 3-phase motors, 6,000 volt gas Ignition transformer, operatmg
SWItches, and color-coded wiring The Maine entrance buss, smgle drop and fuses shall
be available for all 3-phase motors The control circuit shall be 240 volts, 50 hertz,
smgle phase The control cabinet shall incorporate the followmg SIX (6) Indicating
light Power ON, Call for Heat, Igmtion, Main Fuel, Flame Failure, and one (1) 4"
Alarm Bell with automatic reset silencing switch

The combustIOn control system shall incorporate smgle pomt pOSitioning electrornc
modulatIOn With a manual/auto switch and 135 ohm potentiometer From a directly
dnven common Jackshaft, each fuel metering device shall be cam operated With 14
point adjustment, to insure precise metenng of fuel to air throughout the modulation
range The cam tnm assemblies shall be hsted by Underwnters' Laboratones

18
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Capacities and Spe~~fications
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Notes Ap, _rfl;~:

1/ FIring rates based on altitudes to 200Q.ft.>__
Gas Input based on 1000 Btu/cu ft and ,65

21 BOiler overall efficiency of 80% estlmated!Un
3/ Furnace pressure, furnace dimensions ancfr

consult factory -

Factory Authorized Sales and ServIce

.­..

t finng rates at higher altitudes, consult factory
Input based on 140,000 Btu/gal '
'n does not guarantee overall bOIler efflclen:~_~' \: _: ':,".:
,Ions may allow higher flnng rates than sh0y!n"aoo.\Ie; :
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lNMM LIQUID FUEL -

LNMMG GAS/LIQUID FUEL --
LNME LIQUID FUEL

LNMEG GAS/LIQUID FUEL

LNDG GAS

lNDL LIQUID FUEL

LNDLG GAS/LIQUID FUEL

LNDM LIQUID FUEL

LNDMG GAS/LIQUID FUEL

LNDE LIQUID FUEL

LNDEG GAS/LIQUID FUEL

351 21st Street - Monroe, Wisconsin 5J566-2798
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SPECIFICAnON OF EQUIPMENT FOR ENERGY MANAGEMENT
PROGRAM

Items mcluded
a One non-contact ultrasonIc flow meters - $8,000 total
b One Non-contact temperature measuring deVIce - $3,500
c One 3- phase electrical meter With loggmg and downloadmg capability -

$13,250 total
d One hot wire anemometer - $1400
e Laptop computer With plant energy management software - $4,000
f Laser pnnter - $3,000
K. Energy management reference books :. $500
Total = $33,650

COMPLETENESS OF EQUIPMENT SUPPORT MATERIAL AND
MAINTENANCE

The equipment is to be packaged and delivered to the end user with all available
support equipment including but not lImited to, cables, computer download and upload
mterfaces, software, maintenance contracts, and calibration eqUIpment such that It IS

self sustaining for a period of two years Without any additional investment for these
Items Local suppliers or service faCIlities are not expected to be available during this
time penod In addition, the end user Will not have budget to purchase additIonal
goods or services

I 11



ALL EQUIPMENT MUST INCLUDE AS A MINIMUM:

I Internal design or appropriate adaptatIon equipment to recharge and operate
equipment on 220 volt, 50 hertz power source, usmg Former Soviet Union standard 4
millimeter round prongs Ground pm to be supplied if necessary for safe operatIOn

II All recharging eqUipment necessary to support battery operation of the equipment
Recharging equipment must meet cntena (I ) electrical requirements

III Sufficient rechargeable batteries to support 2,400 hours of intermittent audit usage
over a two year period, wIth a rmrumum of two units

IV All available cables, connectIOns, software, and adapters to interface with personal
computer data storage and avaIlable uploadmg features

V Consumable parts and data output media for the equipment to be used 2,400 hours
interrmttently over a two year penod

VI All costs associated With two years of recommended cahbration and preventative
maintenance Express shippmg and full replacement loss insurance must be included
from Ukraine to the nearest authonzed service faclhty

VII Written translatIOn of all manuals and safety mformation to the Ukrmnian/Russmn
language

VIII All equipment must meet applicable Untted States standards

IX All portable equipment Will be fitted With ngid reusable carrymg cases to protect
the equipment from frequent travel condItIons Each unit ofeqUipment is to be
packaged in a single case unless weight exceeds 50 pounds, or a probe greater than 24
mches exists

I 12



a) ULTRASONIC FLOW METER AND TOTALIZER

(One complete umt IS specified)

RepeatabIlity
Lmearity
System accuracy
Rate readout
Volume readout
Flow rate range
Pipe diameters
Totalizer
Transducer
Transducer cable
Capabl1lty

Power source

Manufacturer
Model

+/- 0 1% of full scale
+/- 0 1% of full scale
+/- 5%
Metnc umts
Metnc umts
Metnc equal to 0 5 to 20 feet per second

15 to 2,000 mm (0 6 to 79 inches)
Metnc umts
High temperature to 400 F (204 C)
20 feet mimmum
Must measure clear and suspended
particle media
Rechargeable battery

Dynasomcs, Inc
M3-902 OR EQUAL

b) INFRARED NON-CaNTACT THERMOMETER
(MIDRANGE TEMPERATURES)

Wahl Brand Infrared thermometer, model DHS-26XL1 or Equal

Range
Accuracy
Aimmg
Emissivity
Scale
Resolution
Warranty
Power

Options

Pricing

°to 2,000 degrees Fahrenheit or -20 to 1,000 degrees CelSIUS
+ or - 0 3% of readmg
LCD laser Sight
adjustable
Fahrenheit and CelSIUS sWltchable
1 degree
3 years

battery for portability

220 volt rechargeable battery pack

$3,000 base umt
$ 400 rechargeable battery pack
$ 100 shlppmg

$3,500 Total

113



c) THREE PHASE ENERGY ANALYZER

(One complete umt IS specIfied)

QuantitIes Momtored
KIlowatt Hours
Kilowatts
RkVAH
kVA
Power Factor
Volts
Amps
Harmonic AnalysIs

Data Storage
Memory
Software
Display
Power supply

All quantItIes momtored
7 day recordmg of all parameters
To display and pnnt results m graphical format from PC
LCD and Paper Tape Pnnter
Rechargeable, field replaceable

Current Transformers
range #1 0 to 10 amps
range #2 0 to 150 amps
range #3 15 to 300 amps
range #4 50 to 1,000 amps
range #5 100 to 3,000 amps

Manufacturer
Model

Dranetz
8,000 OR EQUAL

d) HOT WIRE ANEMOMETER

(One complete umt IS specified)

VelocIty range, fpm
Temperature range
Static pressure range
Probe operating temperature
"HT" model
Accuracy of velOCIty measurement
Accuracy of pressure measurement
Accuracy of temperature measurement

o-- 300, 0 -- 6000
0-- 250F
0-- 5 In H20
from -55°C (-67F) to +250 °C (+482F)

+ or - 2 - 4%
+ or- 2%
+ or- 2%
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Power
eight hours
Manufacturer
Model
Pricmg

Nickel-cadmium battery with 230 V AC, 50 HZ charger, operates up to

Kurz and Davis-Instruments
444 OR EQUAL
$929 base umt
$305 HIgh temperature probe
$166 shlppmg

$1,400 Total

Manufacturer
Model

e) Laptop (Notebook) Computer

Bus archItecture 486
Processor speed 33 Megahertz
Ram 4 Megabyte
Hard dnve 200 Megabyte mmimum
Floppy dnve 3 5 mch, 1 44 .MB
Keyboard 85 key full size
Display 9 5 inch dual matrix color
Battery Rechargeable
Battery hfe 3 hours continuous use mmimum
CommumcatIOn Fax/modem mstalled internal 960012400 with V 42blS
PCMCIA slots Two of type II
Pomtmg devIce BUIlt m trackball
Pre-mstalled software Wmdows verSIOn 3 1

Lotus 1-2-3 for wmdows
Wmfax Pro for windows

Pre-formatted disks 100 each, 3 5 inch, 1 44 .MB
Miscellaneous Inverted "T" cursor control

Ports for external VGA monitor, keyboard, and mouse
connectIOn
AC adapter (240 volt, 50 hertz) with
Former USSR 4mm round plug
IBM
Thmkpad 750C

f) LASER PRINTER

ResolutIOn
Speed
Memory
Paper format
EmulatIOn

600 dpi
8 pages per minute minimum
4 Megabytes
A4
HP PCL5

I 15



•

•
Interface
Manufacturer
Model

Centromcs
Hewlett - Packard
HP40REQUAL

g) ENERGY MANAGEMENT REFERENCE BOOKS
(One of each book - translation not required)

• I Title Energy Conservation Techniques for Engineers
Author Harry B Zackrison, Jr

•
11 Title Energy ConservatIOn Through Control

Author F G Shmskey, Foxboro Company

ll1 Title Energy Efficient Electric Motors and ApphcatlOn
Author Howard E Jordan, Reliance Electric Company

•
IV Title The Energy Savmg Guide

Author G Helcke

V Title Energy for Industry
Author P W O'Callaghan

•

•

•

•

•

•

Suppher OMEGA Vol 1 SCientific and Technical Books
Pages CE-33, MS-42, EE-44, MS-34, MS-34 OR EQUAL
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