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Preface

The work described m this report IS bemg camed out by Resource Management Associates of
Madison, Inc (RMA), witrun the framework of the US Agency for International Development
(USAID) Emergency Energy Program for the Newly Independent States (NIS), under contract
With Bums and Roe Company, NIS Energy EfficIency and Market Reform Project, Contract
Number CCN-0002-Q-OO-3154-00

This IS a working document pubhshed mformally by RMA This report has been prepared, 10 the
mterest of timeliness, to present the results of the project in a working document format With lIght
reVIew
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1.0 EXECUTIVE SUMMARY

As part ofDehvery Order #6 of the NIS Energy Efficiency and Market Reform Project, the
Umted States Agency for International Development (USAID) sponsored a total of five mdustnal
energy audits at large energy consummg mdustries m Ukraine Two ofthe audits were completed
by Resource Management AssocIates (RMA) ofMadison, Wisconsin (USA), the other three
audits were conducted by Burns & Roe Enterprises and Foster-Wheeler This report details the
findings of the RMA's energy audIt performed at the Zaporozhye Coke and Chermcal Plant
located in Zaporozhye, Ukraine

The five industrial audit sites were selected under previous activities within this Delivery Order
Tills selection process included workmg With Ukrainian agencies and the Ukrainian IDEA Staff to
identifY the largest and most mtensive electncal energy consuming sectors Plants typIcal ofeach
sector were suggested for audIts Site VISItS to each plant were coordinated by the IDEA staff,
team leaders from RMA and Foster Wheeler reVIewed these facilities in order to select the five
most appropriate sites Each faclhty was evaluated using a numerical ranking form, and the five
plants scoring the highest were selected The chosen SItes were then notified that they had been
selected to participate in the energy audits and demonstration activity In addition to the '
Zaporozhye Coke and Chemical Plant, the followmg four plants were selected Kiev Artistic Glass
Plant in Kiev (also audited by RMA), Stro]mdustnal Building Materials in Kiev; Komunar Car
Plant in Zaporozhye, and Donetsk MetallurgIcal Plant in Donetsk Following notification, audit
schedules were coordmated, and the audIts conducted

The energy audit objectives were to
promote the Importance of energy conservation to successful plant operation,
IdentifY short payback energy conservatton projects utilizing US-manufactured eqUipment,
identifY large energy conservation opportunities requiring further investigation, and
transfer hands-on energy audItmg experience to plant staff and a local engineer

This audit report includes speCification of energy conservation equipment. USAID-approved
equipment Will be procured by Burns & Roe Enterprises staff, and shipped to the facility for
installation Once the equipment is installed, It will be monitored to determine the energy savings
realized Finally, a workshop Will be conducted m Ukraine to promote the results of the audIts,
the energy efficiency equipment recommended, and the demonstration conservatiOn projects

The Zaporozhye Coke and Chemical Plant produces blast furnace coke from coal Zaporozhye
Coke Plant supplies coke exclUSively to the adjacent steel making facility, Zaporozhstal
Numerous chemical products, whtch are denved from the by-products ofcoke maklng, are also
sold by the Plant throughout Ukrame and RUSSia

The Zaporozhye Plant 1994 energy consumptIOn, based on energy content, was broken down as
follows

Resource Management AssocIates, Ind. Page I
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Purchased Steam and Hot Water 29%
Purchased ElectncIty 11%
Purchased Blast Furnace Gas 7%

Total 100%

Note: Coal is considered a raw material for their process, not a fuel.

SIX energy conservation opportunities (ECOs) which met the audit objectives were recommended.
These ECOs are as follows:

ECO #1 - Combustion Air Control on the Ovens of Coke Battery #1
ECD #2 - Coke Battery Oven Temperature Monitoring Accuracy
ECD #3 - Combustion Au Control for Enriched Straw Oil Stove
ECD #4 -Variable Speed Drive for Pump #14
ECD #5 - Level Control for the Coke Tar Settling Tank
ECD #6 - Energy Management Program Enhancement

The energy conservation opportunities identified above were discussed with plant management
and techmcal staff. They understood the energy conservation opportumties presented by the
auditors and were open to implementing them. The audit team recommends that the plant be
contacted with specific equipment to be installed prior to purchase. This will ensure that the plant
is prepared to Implement speCific equipment purchases.

The conservation opportumties identified have a cumulative first-year energy cost savings of
$528,417 at local energy prices and $1,361,918 at world energy values. This represents a 4%
reduction m consumption compared to consumption during 1994. These savmgs can be
accomplished with a total mvestment of $101,000. Financial payback of this investment is slightly
more than two months using current local energy costs, and one month at world energy values.
Methods to quantify energy savings from the above recommendations are found in Section 8 of
this report.

any coke gas not used IS sold to the neighboring steel plant

Resource Management AssoCIates. Ind Page 2
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Table 1.1 Summary of Energy Conservation Opportunities (ECOs)

Annual $ Cost Simple Payback
Savlllg

E DESCRIPTION ANNUAL FUEL SAVED ANNUAL World Local Project World Local
C ENERGY SAVED Energy Energy Cost Energy Energy
0 Prices Prices (US $) Prices PrICes
#

1 Combustion air control on 20,638,156 m3 81,190 Gcal $644,324 $256,037 $7,000 4 days 10 days
the ovens of coke battery of coke gas (322,164 MMBtu)
#1

2 Coke Ovens #1&2 2,628,000 m3 of coke gas and 11,017 Gcal $87,434 $35,988 $4,000 17 days 41 days
Temperature Meter 876,000 m3 of blast oven gas (43,717 MMBtu)
Accuracy

3 Straw Oil Stove Excess 3,866,667 m3 15,211 Gcal / yr. $120,718 $47,970 $7,000 21 days 53 days
Air Control of coke ~as

60,359 MMBtu

4 PunfIed Water Pump #14 665,000 kWh 665,000 kWh $25,850 $9,300 $25,000 1 year 27 years
Variable Speed Drive

5 Tar SettlIng Tank Level 780 Gcal of thermal energy 780 Gcal $4,333 $2,233 $3,500 08 year 1 6 year
IndIcatIOn (3095 MMBtu)

6 Energy Mandgement 961,070 kWh of electnclty, 961,070 kWh $479,259 $176,889 $55,000 14 month 37 months
Program EquIpment 6,201,940 m3 0fcokegas, 32,980 Gcal

1,947,200 m3 0fblast furnace gas (130,863 MMBtu)
7,072 Gcal of steam and water

TOTALS 1,626,070 kWh of electrICIty, 1,626,070 kWh
33,334,763 m3 of coke gas, 141,178 Gcal 1,361,918 528,417 101,000
1,947,200 m3 of blast furnace gas (560,198 MMBtu)
7,852 Gcal total thermal energy



2.0 INTRODUCTION

Fifteen newly independent states (NIS) emerged from the Former Soviet Union (FSU) breakup m
1991 The United States Agency for InternatIOnal Development (USAID) is addressing and
managmg economic assIstance to these countnes lrutial assistance has indicated that there are
consIderable opporturuties to reduce energy consumption and environmental degradatIon

Presently, industries are unable to compete In the world market place due to many factors,
including energy inefficIent plants To modernize these plants, they need to have the hard, stable
currency that exports would bring in Energy efficIency improvements are believed to be part of
the cure to this cyclical problem

This report details the findmgs and analySIS of the RMA audit team at the Zaporozhye Coke and
Chemical Plant The plant is located m Zaporozhye, Ukraine Included is a list of the low cost,
short payback energy conservatIon opporturuties which were identified EqUipment specificatIOns
for the recommended equipment, as well as long range energy conservation opporturuties
requiring further investigatIOn are also included in this report

During February 1995, an energy audIt was performed at the Zaporozhye Coke Chemical
PLANT. The audIt team consIsted ofRMA engmeers Yevgeny Guterman and Doug Presny, local
engineer Vladimir Kursa of Dnieprenergo (Zaporozhye's electrical utility company), and
numerous Zaporozhye Plant staff

An initial meeting was held with the CillefEngmeer Valery N Rubchevsky, ChiefEnergy
Manager Yevgeny P Ivashutkm, the audItors, representatives ofUSAID, and IDEA-PADC02 to
discuss objectives of the audIt Tills meetmg was followed by a plant tour

The plant energy management staffwere IrutIally not convinced of the necessity to conserve
energy. Although the plant employs one person specifically assigned to energy conservatIOn, the
position has focused more on determlrung better methods ofensuring an adequate supply of
energy resources, rather than reducmg consumption

Given the large plant size, the audit focused on the areas of largest energy consumptIOn The
plant is divided into "shops", each ofwruch IS a dIvision within the plant Based on the amount
and type of energy consumptIOn, a schedule of shop audits was determined This schedule was
found to be very beneficial In conductmg the audIt Each shop received an advance copy of the
audit schedule and ObjectIves Tlus allowed the plant personnel to be prepared and to partICIpate
in the audit

2 IDEA-PADCO staffprovtde support servtces to USAID-Ukraine
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Following a very aggressive schedule, the audItors were able to work With four of the five major
shops m the plant (The only major shop not mcluded m the audit was the Coal Preparation
Shop) The audIt covered the following plant shops (see Figure #1 for a plant process flow
diagram) Resm DIstillatiOn, Chemical By-Product RetentIOn, Coke Battery, and Hydrogen
Sulfide Removal Shop In addition, the auditors also covered an aUXlltary support energy shop

Upon completion of the plant audit, mltlal recommendations were discussed wIth the plant
management, mcludmg each of the shop chIef managers Agreement was reached regardmg the
potential energy savmgs of each ECO The Chief Engineer indicated agreement to host the
USAID funded demonstratIOn of the technologies Upon USAID approval to fund the equipment
to be installed, a written proposal should be made to the plant This WIll ven(y theIr agreement to
install and morutor specIfic eqUIpment purchased

Resource Management AssOCIates, Ind Page 5



Figure 2.1 Plant Process Flow Diagram
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3.0 FACILITY BACKGROUND

3.1 Description of Facility

The Zaporozhye Plant is located in the city of Zaporozhye, Ukraine It employs 2,100 productIOn
staff and 900 admirustrative and support servIces employees The plant produces coke and
commerCially sold chemical products denved from the byproducts of coke makmg

Coke batteries # 1 and #2 consist of 65 coke ovens grouped together The coke battenes are the
core plant process area These groups of ovens heat coal over a period of 14 to 25 hours to
produce coke All of the coke produced at the Zaporozhye Plant is blast furnace coke3 It is sold
exclusively to the neighboring steel plant "Zaporozhstal" Blast furnace coke has two functions 10
the steel making process The first IS to supply carbon monoXide for chemically changing the iron
ore, and the second is to supply heat to melt the Iron

Chemical by-products produced whtIe makmg coke include, coke gas (a heating fuel with 50% of
the heating content ofnatural gas), tar for roads, pitch for electrodes, fuel for automobiles, and
light otIs which contain chemicals used m 10dustry There is a good market for all of these by
products, and they are sold throughout Ukrame and RUSSia Thirty-five percent of the raw
material costs can be recovered by selhng the by-products of the coking process4, the coke plant
revealed that 20% oftheir total revenue comes from sale ofby-products

The Zaporozhye Plant began productIOn on Apnl 15, 1934 with one coke battery By 1939, four
coke batteries were in operatIOn with a total capaCIty of 1 3 millions metric tons ofcoke per year
The plant was totally destroyed dunng the second World War. Plant reconstruction started 10
October, 1943 Limited production began in November 1947, and full restoration was completed
by the end of 1951 A plant expansion was started 10 1953 and completed in 1957

During the period between 1978 to 1988, the entire facility was upgraded with the objective of
Improving emissions and product quality This stage ofupgrade included the addition of two
coke batteries (#1 and #2) each with capacity of 925,000 metric tons per year and upgrade of
two existing coke batteries (#5 and #6) each with capaCIty of440,000 metric tons per year
Dunng this plant upgrade, the capability to process coke making by-products was installed

3 Other types ofcoke mclude, fotmdIy coke, domestIc coke, water-gas coke, pitch coke, and petrolewn coke

Marks' Standard Handbook for Mecharucal Engmeers, Nmth EdItIon, Eugene A Avallone, Theodore Batmlelster ill,

McGraw-Hill Book Company - New York, page 7-10
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The plant has 5 maIn diVISions known as "shops" WhICh Include

Coal PreparatIOn Shop
This area provides faclhtIes for coal receiving, storage, cleaning, and loadIng battenes

In the future tills shop wIll Include a facihty (presently under construction) for brick
manufactunng The Site, WIth a deSIgn capacity of 30 millions bricks per year, will utIlize waste
aggregate from the coal cleanIng process to produce the bricks Given the large demand for
residentIal housing constructIOn matenals In UkraIne, there is great potential for tills new facIlity

Coke Battery Shop
The coke battery shop produces blast furnace coke from coal. It has a total of six coke batteries,
ofwhich four are currently In operation The four batteries operating consist of two large
batteries built In 1980 and 1982 WIth capacities of925,000 metric tons per year each, and two
smaller batteries built in the 1950s with capacities of440,000 metric tons per year each Present
operation is approXImately one half of the design capacity due to physical problems WIth coal
supply Regardless of problems with coal supply, batteries must remain contInuously heated
because ofgreat stress created during cooling In order to maintaIn continuous productIOn (and
therefore contInUOUS battery heat) with limited coal supplies, the battenes operate at lower
temperatures for longer penods of time A normal coking cycle may last 16 hours, whereas
present cokmg cycles may last as long as 35 hours.

Chemical By-Product RetentIon Shop
As coal is heated, It begInS to decompose, giVIng off vapors and gas The function of the
Chemical By-Product Retention Shop is to condense out and separate chemtcals and fuels from
this gaseous mixture Tills IS done by cooling the gas in several stages, collecting the condensed
lIqUIds, and refirung them through distillation or addition ofstripping chemtcals

Hydrogen Sulfide Removal Shop
The function of this shop is to remove remaining acidic gases remaining In the coke gas after it
leaves the Chemical By-Product Retention Shop This is accomplished by application of
chemicals willch combine with the gases to form sulfur.

Resign Distlllatlon Shop
This area processes the condensed coke-tar and water mixture into chemtcal products that can be
sold or recycled Purified water, which is recycled through the system, provides cooling for hot
coke gas

In additIon to the five main shops, eight auxihary support shops exist Including general repair,
energy, railway transportatIOn, and automobile transportation

Resource Management AssocIates, Ind Page 8



3.1.1 ManagementStructure

The Plant IS beginnmg to privatIze. As of January 1, 1995, the Zaporozhye Plant restructured to
form a Jomt stock company. Currently the state remains the dommant shareholder and the plant
enterpnse owns 12% of the shares. The facility is run by a general manager of the joint stock
company. Issues related to plant technical performance are under authonty of the Vice President
/ ChIef Engmeer. See Appendix I for a list of contacts made at the Plant.

Energy supply and conservatIon is the responsibility of the Power Management Department.
Within thIS department, one person has been dedicated to energy conservation. Any energy
conservatIon opportunities and necessary funding reqUIre the approval of the ChIef Engineer. At
the time of the audit, there were no financial payback criteria set up for Implementation of
conservation opportunities. Discussions on this topic revealed that measures paying themselves
back WIthin one year would be considered. Due to the absence of financIal critena, plant
investment decisions are based on their effect to production only.

3.1.2 Hours ofOperation

All process areas audIted were in continuous operation. Due to damage which would result if
cooled, coke batteries are only shut down for rebuilding, once every 25 years. ThIS makes smaIl
improvements In energy efficiency very beneficial.

AUXIliary equipment is designed with redundancy to insure continuous operation. This provides a
good opportunity for equipment upgrade without interfering WIth proce~s reqUIrements.

3.1.3 Viability ofFacility

The plant IS currently purchaSIng its coal from Russia, Poland, and UkraIne. Although
transportation costs associated with using local coal are low, Ukramian mmIng IS quite costly.
This has resulted in local coking coal prices being higher than the cost of Importmg foreign coal.
RUSSian coal was reported to be the least expensive, although the current price was not provided.
Imported Polish coal was reported to be higher at a cost of $45 to $50 per metric ton delivered.
Current UkraInian coking coal was reported to cost $60 to $70 per metnc ton (world price is $58
per metnc ton).

There is a partial explanation of the high cost of UkraInian cokIng coal. Coal production has been
a major Industry 10 the eastern regIon of Ukraine for many years. There are large coal fields in
thIS regIOn, but the coal quality has gradually decreased. ThIs causes the mlOes to go deeper into
the earth. Many of these mines are presently around 1,000 meters below the earth's surface. The
demand for coal has dropped up to 40 % from previous levels. ThIS IS due to a deterioration of
the country's economy. With less mdustry, less coal is needed This skyrocketed the energy
Intensity of coal extraction, and in combination with increased depth of excavation, made
expenses very hIgh.
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FacIlity management has stated that there is a very good market on all finished products They
also maIntain that the plant makes a reasonable profit This profit could provide a source of
funding for energy conservation projects, in addItIon to plant production improvements

Of total plant mcome, 8% comes from export sale ofcherrucal by-products These chemicals are
sold pnmanly to Russia Taxes on exported goods are assumed to hinder additional export sales
Revenue from sale ofcoke and coke gas to the neighbonng steel plant provides approXImately
80% of the Zaporozhye Plant's income Demand for additional production currently exists The
lirrutmg factor is the physical avaIlabilIty of coal As UkraIne's infrastructure for coal delivery
mcreases, it is anticipated that production of the plant wIll also increase

A faCIlIty for manufacturing ceramic bricks from the waste of coal separation is currently under
construction This product will have good market, especially for the growing Ukrainian sectors of
residential and commercial construction

Present plant capacity utilized is 51 3 % (coke productIon in the year 1994 was 1.4 million metnc
tons versus 2 73 metric ton per year deSIgn capacity) FaCility management indicated an expected
30% increase ofoutput during 1995 as compared with 1994 The increase is based on larger
volumes ofavailable coal expected

3.1.4 Impact ofChanging Energy Prices on Business Viability

Energy cost accounts for about 20% of the Plant's productlon expenses During 1994, the cost of
energy (converted in $ US) grew on average about 30% The exception to this was electncity
which mcreased by 137% (see Table 3 1)

Presently the costs ofproduction are passed on to the end users It is assumed that future viabIlity
of each plant will depend on its cost competitIveness m relation to other domestic suppliers, as
well as to world markets To become competltlve, plants will not be able to automatically pass on
production costs, but rather they will need to mimmlze costs As energy costs increase to world
levels, the existing share ofenergy cost m production will also increase This will make energy
conservation a very crucial factor m busmess viablltty

Resource Management AssocIates, Ind Page 10



Table 3.1 Energy Price Changes During 1994

FUEL UNIT January December PERCENT

1994 1994 INCREASE

Coke Gas karb/OOO cub m 304,000 1,650,0005 333%

$US/Million Btu $ 0.779 $ 1.031

Blast Furnace Gas karb/OOO cub m 75,640 514,000 283 %

$US/Mllhon Btu $ 0.98 $ 1.257

Electncity karb/kWh 190 2400 1368%

$US/kWh $ 00076 $ 0.018

Thermal Energy karb/Gcal 212,500 1,412,000 302%

$US/Ml1hon Btu $ 2.14 $ 279

3.2 Energy Conservation History

The history of energy conservation at the Zaporozhye Plant is very short. Until recently, energy
management meant only acquIring sufficient energy supplies to support production. The
management is now begInnmg to understand the future importance of controlling energy costs.
This is demonstrated by the recent dedIcation of one person in the Energy Management
Department6 to implementing energy conservation.

Following decline m production, due to reduced avaIlability of coal, the plant has reduced the
amount of auxiliary equipment operating In order to reduce energy consumption. Determinmg
which equipment to shut down has historIcally has been based on the amount of equIpment is
necessary to keep the process operating, rather than equipment efficiency. If the plant had access
to electrical and combustion metering, It could choose the most efficient equipment combmations
which met production needs.

The rate of local currency (UkrainIan karbovanets) exchange to $ US mcreased III that time from 25,000 to
133,000

Mr. Genady L Miroshruchenko IS assIgned to energy conselVatlon implementation••
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Heat recovery was beIng Installed in the stack of a straw oil heatIng stove willIe the audIt team
was on sIte The stove's hot stack gases will be used to Increase the temperature of purchased
steam The steam IS currently difficult to use Without additlOnal reheating This heat recovery Will
supply supplemental steam heatIng without energy cost This wIll be a large energy savings for
the plant

BuIlding maIntenance related to energy savings IS typically performed Broken wmdows and
doors are replaced Steam leaks in valves are common, but the lInes themselves are quite new and
in good shape In the 1980s, a major plant upgrade replaced underground pipIng With
aboveground insulated distnbutlOn lines Plant staff reported that underground pipIng had been
extremely difficult to maintaIn Although the plant does a good Job of steam dIstnbutlOn, there is
still potential to elImmate steam distnbution loss

Absence ofgeneral audIting equipment at this plant hampers routine efficiency tests There are
companies in UkraIne willch have performed such services m the past (State Coke and Chemical
Station), but tills service is slow to respond, expensive, and considered unrelIable

Available capItal is priontized as follows

1) Necessary repairs and wages to keep the plant operating

2) Expanding production (construction ceramic brick shop as example)

3) Improvements In production efficiency The concept of redUCIng costs to make more
profit per urnt, or to be competitive is not currently in practice When costs of production
cannot easIly be passed on to the steel plant, energy conservation will become a very
Import means of reducmg production costs The coke plant IS aware of what it may need
to do some day, but currently there is not a large Incentive to save production costs or
energy

3.3 Facility Energy Use

3.3.1 Consumption

Six types ofenergy are consumed at the Zaporozhye Plant (see Table 3.2) electricity, coke gas;
blast furnace gas, superheated steam intermediate pressure, superheated stearn low pressure, and
hot water

Figure 3.1 shows 1994 Plant energy consumption by heat value The breakdown was as follows
53% coke gas
29% stearn and hot water
12% electncity
6% blast furnace gas
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Energy consumptIon does not always relate to energy cost For example, steam and hot water
supphed 29% of the Plant's total energy value, wlule they accounted for 49% of energy
expendItures The cost of internal coke gas consumption equaled one thIrd of the energy budget,
whereas It supphed 53% ofplant energy used The Plant should look at the future opportunities
ofswitchmg energy sources to mirnmize theIr energy expendItures (see Long-Term
RecommendatIOns m SectIOn 5)

Coal IS purchased by the Plant, but not included as a energy source because It IS not consumed as
a fuel The coal is heated to produce coke, during which coke gas IS produced Coke gas is used
as a fuel wIth about one halfthe Btu content ofnatural gas The steel plant and the coke plant
work m a partnership The coke plant provides coke and coke gas to the steel plant In return,
the steel plant provIdes blast furnace gas, steam, and hot water to the coke plant The
Zaporozhcoke sells a greater value of resources to the steel facility, and receives payment for the
dIfference

Steam supplied by the steel plant did not appear to meet contracted parameters at the coke plants
end use pomts The coke plant puts blame on distribution losses, but was interested if the audit
team could venfy temperature and pressure at their plant boundary The Zaporozhcoke Plant
pays for thermal energy based on volume delivered and heat content contract specifications
Because the steam hnes appeared to be in good condition, future mvestigations may lead to
reduced steam costs

The coke plant purchases electricity from the local utility grid CapacIty of electncity supplied is
hmited by a maxImum contracted demand The coke plant mdicated that they would have use for
much more capacIty than what is presently allocated, but they were not able to Identify how they
currently got along wIthout this additional necessary capacity

The Zaporozhye plant never shuts down, but its energy consumption does vary Process fuel
consumed is based on amount ofcoal available to be processed This may change when the plant
adjusts cokmg times to match coal supply Plant auxiliary equipment wIll reduce consumption
when productIon is down, but reduction is not expected to be proportional especially without
efficIency metenng In addition to process variations, space heating steam is needed during seven
winter months
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Figure 3-1 Zaporozhcoke Plant 1994 Gcal of Energy Consumption

Thermal (29.28%)

Blast Furnace Gas (6.25%)
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Table 3.2 Forms of Energy Consumed at Zaporozhye Facility

ENERGY TYPE UNIT CONSUMPTION SOURCE
REPORTED AT
TIME OF AUDIT

ElectricIty kWh 96,107,000/yr Dnieprenergo UtIlity
Company Grid

Coke gas m3 325,891,000/yr By-Product of Coke Making

BlastfiJrnacegas m3 194,720,000/yr Zaporozhstal Steel Plant

Superheated steam 10termedlate kg 24,000/hr Zaporozhstal Steel Plant
pressure712 kg/cm2

, 350°C

Superheated steam low pressure kg 85,000/hr Zaporozhstal Steel Plant
steam8 7 kg/cm2

, 250°C

Hot Water (100oC assumed) kg 300,000/hr Zaporozhstal Steel Plant

3.3.2 Fuel Costs

Ukrainian energy costs contmue to 10crease toward world values Presently they remam at
approximately one thIrd of the world prices9 It is believed that Ukrairuan pnces for energy Will
meet world levels 10 the next several years, although the plant could not confirm this forecast

Cost increases of energy slightly led the pace ofUkraine inflation Electricity costs were the
exception With an increase of 50% during 1994 (see Figure 3. 2) Local prices for thermal energy
Significantly increased as w10ter progressed (see Figure 3.3) The cost for thermal energy dunng
January and February of 1994 were low, which eliminates notions of increased costs during hIgher
demand periods

7 actual dehvery pressure IS 5 to 8 kg/em2 and 190 "C

8 actual dehvery IS at 3 to 3 5 kg/em2 and 180 "C

9 see Appendtx C for world energy pnces
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Coke battery ovens consume both coke gas and blast furnace gas Once again, as the Winter
season progressed, the costs ofboth these fuels Increased (see Figure 3 4) Information was not
aVaIlable on how the costs are established between the two comparues It IS known that a formal
contract eXIsts regarding the exchange of energy sources
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Figure 3.2 Zaporozhye 1994 Electricity Prices

Zaporozhye 1994 Electricity Prices
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Figure 3.3 Zaporozhye 1994 Thermal Energy Prices

Zaporozhye 1994 Thermal Energy Prices
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Figure 3.4 Zaporozhye 1994 Fuel Prices
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4.0 SYSTEMS AUDITED - SHORT-TERM RECOMMENDATIONS

4.1 ECO #1- Combustion Air Control on the Ovens of Coke Battery #1

Together, the auditors, coke battery operators, and plant energy conservatIOn staff performed
combustion measurements of coke battery fuel utilizatIOn (see Photo #1 10 Appendix B) Us10g a
portable combustion analyzer, sigruficant amounts of excess air were found to be present 10 the
exit gases of the coke battery (see actual measurements in Appendix A, ECO # 1)

Presently no adjustment of coke ovens combustion efficiency is made Combustion effiCIency of
any oven depends on the matchlOg deSIgn, current heat content of fuel, condition ofwalls, and
temperature and infiltratIon of ambient air The eXIsting method ofmonitoring combustion
efficiency takes a long time for each measurement, and only gives the result during the lOstant the
gas sample was drawn

In oven number 161, 236% of excess air was present in the exhaust gases To verify potential
savings, plant battery operators partIally closed the manual air inlet slide gate (see Photo #2 10
Appendix B) The excess air amount was reduced to 106% This improved the fuel utihzatlon
efficiency by 9 2% from 68 9% to 78 1% Further testing provided replicability of tills
opportunity.

To maximize fuel utilization effiCiency, adjustment of the manual air 10take gates IS reqUIred on a
routine basis depending on time of year and amount of fuel being utilized To accomplish tills,
this report recommends a portable combustion analyzer to monitor the combustion parameters,
and adjust on a monthly baSIS at all ovens The combustion efficiency measurements made on
similarly designed battery #2, revealed combustion effiCiency that was about 20 % higher To be
conservative this measure assumes increase of fuel utilization efficiency of 9 2 % Additional
exploration ofopportunities to increase efficiency IS recommended With 106 % ofexcess air, the
ovens have great potential for additional savlOgs

The 9 2% average improvement 10 utilizatIOn efficiency will save 20,638,156 m3 of coke gas per
year or 322,164 MMBtu ThiS has a local value of $256,037, and a world value of $644,324 per
year

Implementation ofa portable combustion analyzer would payback Its investment in 10 days at
local energy prices, and 4 days at world energy prices (see Appendix A, ECO #1 for details)
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4.2 ECO #2 - Coke Battery Oven Temperature Monitoring Accuracy

Tins opporturuty mvolves a plant process moddicatlOn Thanks to partlcIpatlOn of plant process
personnel, tins measure was deemed feasIble

Temperature of coke mSIde the oven determines completlOn of a coke batch cycle Present
optical pyrometer technology used reqUIres the user to estImate the temperature by VIsual heated
element comparison The measurements are subject to relatively large error, and are not
replicable between different users To ensure the coking process is complete (all coal has been
converted to coke), larger temperature at the end ofa batch is maintamed This safety factor IS
necessary due to the uncertamty of coke temperature measurement (see Photo #3 m AppendiX B
for location)

Utilization of a infrared non contact thermometer with digital display will provide rephcabIhty of
measurement regardless of user With replicability in the measurement, the plant wIll be able to
determine coking cycle completion With less margin ofoverheating

Supply ofheating fuel to the coke battenes will be reduced due to decreas10g flow rate of coke
gas As reported by plant personnel, thIS recommendatlOn has an additional advantage that less of
the final product wIll be scrap, as reported by plant personnel Attaining suffiCIent cok1Og times to
ensure contmuous process (WIth limIted coal supply) will be obtained by reduction of process
temperature

Although effiCIency improvement potential is believed to be much greater, sav10gs are calculated
based on 1% sav10gs of coke gas input per batch

Investment in a Ingh temperature Infrared non-contact thermometer will reduce annual fuel
consumptlOn by 2,628,000 m3 of coke gas and 876,OOOm3 of blast furnace gas (43,717 MMBtu)
per year Tins mvestment would pay for Itself in 41 days at local prices, and 17 days If the fuel is
valued at world pnces (see AppendiX A, ECO #2 for details)

In addition, the fuel feed rate has potentIal to be reduced Similar ovens in Battery #2' are run on
the mix ofcoke gas and blast furnace gas Blast furnace gas has a much lo~er energy value as
compared to coke gas Dunng combustton testing, WIth utilization ofblast furnace gas It was able
to achieve much higher efficienCIes, although Battery #2 is only two years newer than Battery #1
This occurs while the heat exchange geometry of the two batteries is simIlar Tins mdicates that
the heat avaIlable m the present flow ofcoke gas 10 battery #1 is 10 excess of what can be
transferred into the coke It IS recommended to research the possibIlity of reduc10g burner fuel
volume, thus allow1Og more time for heat transfer Flame temperature will be maxImIzed with
control ofexcess combustion air supply
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4.3 ECO #3 - Combustion Air Control for Enriched Straw Oil Stove

Straw OllIS heated from 30 degrees Celsius to 160 degrees CelsIUs m a large vertical oven fueled
wIth coke gas (see Photo #4 in AppendIx B) The pIpes whtch contam the 011 zigzag mside the
oven to form the heat exchange surface Coke gas IS fired from 18 burners at the base of the
stove (see Photo #5 in AppendIx B) The auditors and plant operators took combustion
measurements of the stoves operation (see Photo #6 m AppendiX B) Excess air of221% was
measured after the last stage of heated piping In addition, the stack temperature at this point was
515 degrees Celsius These factors lead to a fuel utilization efficiency of48 4%

To Improve this efficIency, this report recommends use of a portable combustIOn analyzer to
adjust the amount ofexcess air which is fed to the burners By reducmg the volume ofexcess air,
fuel utiltzatIOn efficiency will be increased for two reasons First the flame temperature will be
hotter, thus mcreasmg radiant and conductive heat transfer Secondly, the time whtch the
combustIOn products remain in contact with the heat exchange surface Will be mcreased, also
mcreasing heat transfer

A conservative improvement in fuel is quantified to demonstrate the great potential for this energy
conservation opporturuty Utilization offuel is assumed to increase from 48 4% to 60% (stack
loss reduced from 51 6% to 40%)

The 11 6% increase will save 3,866,667 m3 ofcoke gas per year (60,359 MMBtu) Energy
savmgs IS valued at $47,970 per year at local prices, and $120,718 at world prices
ImplementatIOn of this recommendation will payback the mvestment in 53 days at local energy
values, and 21 days at world energy values (see Appendix A, ECO #3 for details)

Typically two ovens of this type are continuously m operation At the time ofthe audit, only one
was m operation due to a heat recovery project being mstalled at the second stove Savings are
based on one stove only This recommendation is valId for both stoves, and would add
slgruficantly to other estimated savings if performed on both stoves

4.4 ECO #4 -Variable Speed Drive for Pump #14

Contammated waste water is collected and purified on plant site The cleansed water this then
reused to cool solid coke and coke gas During a typIcal day, the demand for thts water varies
from 100 cubic meters per hour to no load The pump responsIble for moving this water must
pressurize the line all dunng the day so that if one ofthe end users opens a water supply valve, the
product WIll be delIvered
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Because of tills vaned demand on the pump, It does not work m Its most efficient pumping range
In addItIOn, the pump generates pressure above what is necessary when flows are low The end
result IS that a significant portIOn ofpumpmg energy IS wasted

By mstallIng a pressure controlled variable speed dnve on the pump motor, the speed ofthe
motor wIll be reduced when the water demand on the system IS reduced This control will allow
the pumps efficIency to be maxtffilzed while maintammg constant pressure m the water system
regardless of flow

A vanable speed drive for this motor WIll save 665,000 kWh per year Thts mvestment will pay
Itself back in 2 7 years using local energy prices, and I year usmg world energy values

4.5 ECO #5 - Level Control for the Coke Tar Settling Tank

When hot coke tar vapor condenses, water vapor condenses along with It To separate the two
liquids, sImple settling tanks are used Since operators of the tank pumps cannot see mside the
tanks, they wait until the tank becomes full prior to pumping the heated coke tar off the bottom of
the tank Because coke tar is heated after being pumped from the settling tank, it will save energy
if the coke tar is pumped as soon as possible from the tank Trns will mimmize heat lost through
the walls of the metal tank

Dunng the audit, plant personnel found that they could determine the level of the coke tar m the
tank by using the infrared non-contact thermometer Using this they demonstrated that the
operator would be able to pump from the tank willie keepmg watch of the level The operator
could easIly stop the pump prior to the pump beglnnmg to pump water Presently the process is
done m batches by filling up the tank, letting it settle, draWIng off all water, and then pumpmg off
the oil By using the non-contact thermometer, they Will be able to pump the coke tar much
qUicker from the tank, and save at least 20 degrees CelsIUS ofadditional oil temperature according
to the process operator

Smce the coke tar is reheated usmg coke gas, saVIng 20 degrees CelsIUS of temperature will save
the plant 780 GCal per year The value oftrns savmgs IS $2,233 per year at local energy prices,
and $4,333 at world energy prices. This saVIngs WIll recover the equipment investment in 1 6
year WIth local energy prices and 0 8 year with world energy prices (see Appendix A, ECO #5 for
details)

4.6 ECO #6 - Energy Management Program Enhancement

Presently The Zaporozhye Plant has staff dedIcated to energy management As was demonstrated
dunng the audit activity, with proper audit eqUIpment, plant staff can easily identifY opportunities
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for energy efficiency Improvement GIven the enormity of the factlity, a set of energy auditing
tools will enable the energy management staff to contmue the work started dunng the audit

The followmg metenng tools are recommended for this facility

Two non-contact ultrasonic flow meters,

One Non-contact temperature measuring device,

One 3- phase electncal meter WIth logging and downloading capability,

Ultrasoruc leak detection device, and

Laptop computer with plant energy management software

Facility energy management IS traditIOnally felt to be the responsibility of persons WIth the title of
energy manager With large plants, thiS task is similar to that ofthe safety manager The energy
manager must promote energy conservatIOn awareness to all end users ofenergy The end users
must be the ones responSible for findmg the most efficient way to utilize energy m their work area
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 m their work
areas,

REWARD all plant personnel for identifying potential energy conservatIOn opporturutles,

QUANTIFY each conservatIOn opportunity potential savings and investment payback,

PLAN and update a rollIng 5 year energy management strategy to Implement
conservation,

SOLICIT funding for energy conservation projects,

IMPLEMENT conservation opportunities where funded or no cost,

FOLLOW UP after implementation and quantify actual savings,

ADVERTISE successful energy conservation projects and lessons learned, and

REPLICATE successful conservation projects to all parts of the plant

Plant energy management concepts have already been "perfected" throughout the world A plant
desiring to improve their eXIstmg demand side energy management program need only to research
programs that other similar plants have Implemented. The following are programs that have been
utilized and found to be useful m plants of the size and nature ofThe Zaporozhye Plant These
programs will need to be taIlored to each plants "personality", but they are very Simple In concept,
low in cost, and are proven to save energy

The following are low cost / no cost programs to minimize energy waste, and promote energy
conservation
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CONSERVATION OPPORTUNITY "ECO" OF THE MONTH PROMOTION

Each month promote one new way to save energy to the plant staff Tlus may be as sImple as
advertismg the cost of leaving lighting on, or advanced as promotmg methods to control electrical
demand The desIre IS to gIVe personnel areas to look for submissIOns for the ECO of the month
award

ENERGY CONSERVATION OPPORTUNITY OF THE MONTH AWARD

Each month reward one work group from the plant that submits the best energy conservation
opportunity suggestIOn Rewards may be paid time offfrom work, paId dinners out for the
personnel and their famIlies, televiSIOns, plant jackets With energy logo on It, etc

STEAM TEAM

Dedicate a person or group of people to do notlung except locate steam leaks, find a way to
schedule their repair, and phYSically repair the leaks In addItion, these personnel should trace
steam lines to find abandoned sections which are still pressurized and losmg heat

INSULATION TEAM

Dedicate a person or group of people to do nothing except find uninsulated piping or piping with
damaged msulation When poor insulation is found, it IS this group that IS responsible for making
the repair

MOTOR TEAM

Dedicate a person or group of people to do nothing except evaluate each motor 10 the plant to
determine If It is properly sized, or where it may be traded to keep all motors at least 50% loaded
If no optIOns eXist, it should be tagged to be downsized at the end of its useful life

LIGHTING TEAM

Dedicate a person or group of people to do nothing except evaluate the operation ofall lighting
on plant site ThiS group must understand all hghting technologies avaIlable mcluding methods of
sWitching automatically They must develop a plan to upgrade the entire plant With efficient
light109 technologies Proven technology is avatlable to cut the energy consumption of hghting in
a plant by 50% Without reducing lighting levels

NEW CONSTRUCTION ENERGY REVIEW
As part of the design process, include a review of energy saVing opporturutles prior to the
constructIOn
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USE UTILITY BUDGET TO IMPLEMENT QUICK PAYBACK PROJECTS

Projects with quick pay backs but no funding can be Implemented uSing funding set aside to pay
utlhty bIlls. Since the bills will be reduced In the future due to the project implementation, the
project Will pay the energy budget back from the savings.

METER TO MANAGE

History has shown that once energy is metered, the awareness of the amount that IS used each
month leads to automatic energy conservation from the end users.

ASSESS ENERGY USE EACH MONTH

Quantify the energy used in each shop (estimates If necessary) and develop indicators to
determine whether the consumption appears abnormal accounting for production changes.
Typically determining why energy vanes in each shop will lead you to ways to reduce the
consumption.

By uSing the above recommended metering tools, along with programs similar to those descnbed
above, a plant can effectively minimize their consumption of energy. Within one year, one percent
of the plants energy can be reduced by the awareness created with the above recommended
metenng alone. This savings will be seen In no cost flow cost management measures. One
percent of the plant energy saved equals the value of $176,889 at local energy pricing and
$479,259 at world energy prices. Investment In the above equipment would payback within 3.7
months at local energy prices, and 1.4 month at world energy values (see Appendix A, ECO #6
for additional information).
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5.0 SYSTEMS AUDITED - LONG-TERM RECOMMENDATIONS

The scope of this project proVIded a 7 day audit of the facility to identify low-cost / no-cost
opportunities for energy savmgs In addition to the no-cost / low-cost opporturuties identified,
numerous technically feasible, but more complex energy saVIngs opporturutIes eXIst on plant site
whIch Justify future investigatIOn Below are several examples of such long term
recommendations

Two categories of opporturuties eXIst The first IS 10 automated control of air in the combustion
processes The second IS heat recovery on the plant site to generate steam

5.1 Automated Excess Air Supply Controls For Coke Batteries - Batteries #1 and #2

Coke batteries are the largest energy consumers on plant site Automatic control of excess air on
a continuous basis will provide maximum energy savmgs in this area Each battery conSIsts of66
combustion chambers Each chamber should be retrofit with automated excess air control
Utilization of a portable combustion analyzer will determine minimum level ofexcess oxygen
based on the level ofcarbon monOXIde 10 the flue gases The controls will obtain a signal from the
oxygen sensor to maintain this mirumum excess air amount during changmg atmosphenc
conditions A detailed design Will mterlock the fuel and air supply to safely optimize the
efficiency of this combustion process

5.2 Automated Excess Air Supply Control For Straw Oil Heating Stoves

Each of these two stoves currently consumes 2,500 cubic meters ofcoke gas per hour It is
recommended to retrofit the eXIsting manually controlled air dampers with automated air
dampers Atmosphenc conditions vary whIch affects the efficiency of the stoves Automated
dampers wIll continuously minimIze the amount ofexcess air which is used in the combustion
process A detailed design Will interlock the two banks of 9 burners and stack damper for
optimum efficiency

5.3 Automated Excess Air Supply Control For Coal Tar Pitch Heating Ovens

Four pitch ovens exist, although three ovens were in operation at the time of the audit Currently
the total gas consumption of this process was 1,300 cubic meters of coke gas per hour Each
oven consists of 8 heatmg chambers Again, continuously monitoring and controlhng the excess
air supphed will optimize the combustIOn efficiency of this process This recommendatIOn is to
retrofit all heating chambers with automated combustion air controls In total, 32 ovens would
require oxygen sensors and automatic air dampers Final design of this installation Will interlock
aIr and fuel regulation

•
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5.4 Heat Recovery To Generate Plant Steam Needs

Several hIgh temperature stack gases exist on plant site These hot gases can be used to generate
steam for use on plant site Areas of potential heat recovery mcluded

Cokmg oven stack

Straw Oll heatmg ovens

PItch coke oven stack

(300oC)

(500oC)

(400oC)

The plant purchased over 700,000 Gcal of steam and hot water from the neighboring steel plant
during 1994 This energy IS valued at over 7 million dollars based on local pnces in December of
1994 Even If not m its entirety, this steam and hot water can be produced on plant site using
waste heat from the above processes

5.5 Automated Flow Control Of Cooling Water For Coke Gas Cooling

Five large pumps (4,000 m3/hr each @ 95 meters ofwater head) are mstalled to deliver water to
heat exchangers whIch cool the coke gas Each pump has a 630 kW motor During the winter,
only two of the pumps were necessary, but during the summer the water temperature differential
IS less, so more pumps are operated The persons responsible for this process were convinced
that If flow was regulated by temperature measurement that sigmficantly less pumping volume
would be reqUired They felt that the existing condition pumped much larger quantities ofwater
than was necessary to do the job

AdditIOnal energy saving could be reached by closely morutoring heat exchanger fouling, and
• timely mamtenance

•

•

•

•
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6.0 TRAINING ACCOMPLISHED

An objective of thIS project was to transfer as much informatIon and hands on trairung ofenergy
audItmg techruques to local technical personnel as possible so that they may continue tills work
after the foreIgn consultants have completed theIr brief viSIt

6.1 Local Engineer

The local engmeer, Vladmur Kursa, was an experienced staffperson of the local electrical utility,
Drueprenergo HIs academic background was in electncal engmeering Previous experience
mcluded work with the energy inspection agency (Energonadzor)

His expenences during this audit included

dIscussion with plant energy management staffof audit purpose and antIcIpated results,
particIpation in setting up the audit plan and Itinerary,

partIcipatIOn in obtaining plant energy consumptIOn history,
one-on-one training with audIt equipment operatIOn and potential uses (see audit
equIpment list in Appendix G),

partIcIpatIon m conducting the audit to Identify potentIal conservation measures;
hands on utIlization of audit equIpment to quantIfy potentIal energy savings,
dIscussions with plant staff to determine feasibility of conservatIOn measure,
partIcipatIOn in final "report out" meetmg WIth plant Chief Engmeer and Shop Managers,

received copy and reviewed format and function of final report content, and

dIscussion of similarities and differences of audits based on plant size, type, attitude, and
fundmg availability

• 6.2 Plant Staff

•

More than 30 personnel from the plant were involved at various phases of the audit. The energy
management staffwas involved for the entire audit process AppendIX E contains a list ofcontacts
made dunng the audit

The plant energy management staff experience dunng thIS audIt included
dIScussIon of audIt purpose and anticIpated results,
partICIpation in setting up the audIt plan and Itmerary,

• one on one training with audit equipment operation and potentIal uses (see audit
equipment list in Appendix G),
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participatlOn in conductmg the audit to Identify potential conservation measures,

hands on utlhzatlOn of audit equipment to quantify potential energy saVings,

discussions of typical energy management practices IS the US ,

participation 10 final "report out" meeting with plant Chief Engineer and Shop Managers,

reViewed format and functlOn of final report content

•
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7.0 IMPACT OF ENERGY CONSERVATION OPPORTUNITIES (ECOs)

Eneq:y Savings
Implementation of the recommended short term efficiency measures are projected to reduce the
plant energy consumption by 1,626,070 kWh of power and 14,178 Gcal (560,198 MMBtu) of
other types of energy. This provides an energy savings of 1.7% (electricity) and 9.9% (heating
fuels) as compared to the Plant's consumption dunng year 199410

•

Financial Benefits
The viability of this facIlIty IS dependent on how competitive their neIghboring steel plant is.
Passing on additIOnal costs of coke production in the future may Jeopardize the viabilIty of both
plants. Minimlzmg production costs by conservation of energy may be a key component of both
plants' future survival

Effect on Production Capacity
The low cost conservation measures recommended in this report Will not reduce the plants
production capacity. Actually two of the measures will improve production capacity

Effect on Product Quality

Product quality Will be positively effected in the temperature measurement recommendation (ECa
#2) by reducing the amount of scrap produced. This was reported by plant personnel.

Effect on Working Conditions
During the plant audit, It was very apparent that the plant employees were anxIous to provide
suggestions which utilIzed their knowledge of the plant to meet the end goal of savmg energy.

Energy management programs give a sense of pride and ownership to plant personnel III allowing
them to make recommendations which positively change the operation of the plant.

•
10 based on 1994 plant consumption

•
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8.0 MONlTORING

After projects are implemented in this facility, It is Important to follow-up with the
Implementations to determIne actual savmgs achieved from the Investments. To accomplish thIS,
the local engineer that worked with the audit team could be used to track Implementation savIngs.

The metering equipment In ECO #6 can be used to perform follow up mOnitoring as discussed
below. Figw-es 8.1 through 8.5 are forms to collect necessary data and quantify the energy
savIngs achieved.

ECO #1 - Combustion Air Control on the Ovens of Coke Battery #1

Combustion efficiency tests can be taken With the specified combustion analyzer two months
before and two months after tuning on weekly Intervals during initial implementation. After a
four month period, the operators will be able to Judge the efficiency lost Without routine tUning of
the ovens.

ECO #2 - Coke Oven Temperature Monitoring Accuracy

Plant operators are determining completion of the cokIng time utilizing non-precise optical
pyrometer. Plant management daily and monthly collects information on the coal and coking gas
consumption, on coke production, and on the amount of the waste. The similar information will
be collected during one month after ECO ImplementatIOn, applying precise infrared non-contact
thermometer. Then production and consumption Information can be compared. The difference m
the rate of coke gas consumption per Unit of produced coke, as well as rate of waste per unit of
produced coke will indicate the savings.

ECO #3 - Straw Oil Heating Stove, Combustion Air Control

Combustion efficiency tests can be taken With the specified combustion analyzer before and after
tunIng on daily mtervals during initiallmplementatlOn. After a four-week period, the operators
Will be able to judge the efficiency savings.

ECO #4 - VSD for Pump #14 Supplying Water for Coke QuenchIng

MOnitoring pump motor energy consumption before and after installation with the power analyzer
included in the energy management package Will determIne the savmgs.

ECO #5 - Coke Tar SettlIng Tank Level Control

Operators will measure and record the outgOIng temperature of the tar. Discharge flow of tar can
be measured using the ultrasonic non-contact flow meters. Flow, temperature change, and
speCific heat WIll determine the savings.

•
Resource Management AssoCIates, Ind Page 32



•

•

Each measure Implemented as a result of this equipment WIll be recorded and morutored by plant
staff A continuous energy savings total can be kept by plant energy management staff

•
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9.0 RESULTS OF FOLLOW-UP VISIT

9.1 Objectives of Visit

The objectIves of the July 1997 eqmpment follow-up VISIt were to

- Venfy arnval of demonstration energy efficIency eqmpment
- Inspect delIvered energy efficIency eqmpment for damage and completeness
- ProvIde hands-on traimng on eqmpment use to facIlIty staff where needed
- Determme facIlIty operatIOnal changes smce 1995 energy audIt
- IdentIfy follow-up necessary to resolve eqmpment dIfficultIes
- Assess energy conservation achIevements m response to the 1995 audIt

The ongmal program design allowed time for the plant to Implement recommended energy
efficIency measures and begin momtonng the results prior to the eqmpment follow-up VISIt. The
actual follow-up ViSIt occurred after the plant receIved ItS first group of eqmpment, but prior to
some eqmpment bemg cleared from customs.

9.2 Main Energy Conservation Opportunities Identified in 1995

Of the Energy Conservation Opportumties (ECOs) Identified during the 1995 plant energy audit,
the followmg ECOs were accepted for ImplementatIOn by the plant

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

CombustIOn au control on the ovens of Coke Battery #1
Coke battery oven temperature momtonng accuracy
CombustIOn air control for ennched straw oil stove
VarIable-speed dnve for pump #14
Level control for the coke tar settlmg tank
Energy management program enhancement

•

•

9.3 Status of Plant During July 1997 Visit

In the two-year penod between ViSItS, the coke plant had reduced ItS operatIOn level Durmg the
mItral plant energy audIt, almost all of the coke produced by the plant was bemg sold to the
neighbonng steel mIll. Currently, the steel mIll has sIgmficantly reduced Its productIOn,
resultmg m a greatly reduced demand for coke At the tIme of the VISIt, the coke being produced
was bemg stockpIled The plant productIon had also been reduced from five to four days per
week

•
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9.4 Accomplishments During Visit

ECO #1. COMBUSTION AIR CONTROL ON THE OVENS OF COKE BATTERY #1
One of the two combustIOn analyzers supplIed IS mtended to Improve combustIOn efficIency of
the coke ovens ThIS IS espeCIally true for the ovens of Coke Battery #1 The plant personnel
receIved the analyzers about two weeks pnor to the July 1997 VISIt Dunng thIS tIme, they
aSSIgned the analyzers to the Deputy ChIef EnvIronmental Engmeer He studIed the translated
manual thoroughly and field tested the analyzers by testmg the coke battery exhaust stack
SpecIalIsts from the Autozaz Car Plant were mVIted to partIcIpate m the demonstratIOn of the
combustion analyzer Autozaz IS another Zaporozhye plant that partIcIpated m the USAID
mdustnal plant audIt/demonstratIOn program The combustIOn analyzer specIfied for theIr plant
had not cleared customs, and they were mterested m recelvmg mstructIOn on ItS use

ThIS meetmg was a very beneficIal mteractIOn between the two plants The Deputy ChIef
EnvIronmental Engmeer from the coke plant knew the analyzer so well that he performed the
entIre demonstratIOn (see photo ZCP-1) At the close of the meetmg, representatIves from the
two plants exchanged contact mformatIOn for future commUnICatIOn

The Deputy Chief EnvIronmental Engmeer said that his plan was to test the coke batteries
routinely, once a month, m addItIOn to whenever the type of coal was bemg changed. Fzgure 8 1
can be used to quantIfy the savmgs from thIS measure

ECO #2. COKE BATTERY OVEN TEMPERATURE MONITORING ACCURACY
Pnor to our vIsit, the plant had receIved the hIgh-temperature non-contact thermometer The
Deputy Chief of the Coke Shop had tested the meter along wIth the Coke Battery Temperature
TechnIcIan, so they were familiar wIth Its use They had a concern that the measurements could
not be made fast enough wIth the new meter The technIcIan has ten mmutes to make 66
measurements ThIs is about nine seconds per measurement After trymg the measurements
dunng our VISIt, they deCIded that, over time, the Temperature TechnICIan would become agIle
WIth the new mstrument They are plannmg to use the mstrument m conjUnctIOn WIth the
existing pyrometer measurements untIl they gam confidence m the new meter's accuracy and
replicabilIty Durmg the demonstratIOn, temperatures of 1,280 °C was measured (see photo
ZCP-2) A temperature of 1,050 °C IS reported to be the pomt at WhICh the coke can be removed
The addItIOnal temperature nse is a buffer needed because of the lImIted preciSIOn aVaIlable
usmg the eXIsting pyrometer With the Infrared dIgItal thermometer, it IS pOSSIble to reduce thIS
buffer The plant can use FIgure 8 2 to quantIfy the energy saved by thIS measure.

ECO #3 COMBUSTION AIR CONTROL FOR ENRICHED STRAW OIL STOVE
ThIS measure follows along WIth the ECO #1 because It uses the same eqUIpment. Please refer to
the descnptIOn of actIVIty descnbed above m ECO #1 FIgure 8 3 can be used by the plant to
quantIfy the energy saved by thIS measure

•
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ECO #4 VARlABLE-SPEED DRlVE FOR PUMP #14
The variable-speed drive had been receIved Just pnor to our follow-up plant VISIt, and It was stIll
m the shIppmg crate (see photo ZCP-3) The plant electncal staff had revIewed the mstallatIOn
mstructIOns and felt comfortable wIth mstallatIOn and operatIOn of the dnve. We were mformed
by the energy manager that the dnve would be mstalled followmg the completIOn of preVIOusly
scheduled projects Flgure 8 ..f IS a table that will assIst WIth determmatIOn of energy savmgs
resultmg from Implementation ThIS will also reqmre the use of the Rustrak Ranger Power
Meter wluch was supplIed as part of thIS proJect.

ECO #5 LEVEL CONTROL FOR THE COKE TAR SETTLING TANK
Pnor to our VISIt, staff from the utIlItIes department had become famIlIar with operatIOn of the
non-contact temperature meter and put It mto use Smce our last VISIt, they had Implemented a
system to determme tar level, whIch allowed contmuous pumpmg of tar rather than batch
pumpmg. The non-contact thermometer WIll be used to verify proper operatIOn

The plant has developed the valuable concept of usmg the non-contact thermometer for
measurmg the temperature across the large number of heat exchangers m the plant. In the past,
foulIng of heat exchangers was dIfficult to diagnose Tlus resulted m excess amounts of cooling
water being pumped to complete a task. WIth the use of the non-contact thermometer, staff wIll
now be able identify and repaIr fouled heat exchangers, thus reducmg the amount of cooling
water pumped.

Plant staff felt this to be so valuable to the plant, that they are lookmg to get two more of the
instruments

ECO#6 ENERGY MANAGEMENT PROGRAM ENHANCEMENT

•

Rustrak Ranger - Recordmg Electnc Power Meter
ThIS meter WIll allow the plant to quantlfy eXIstmg electncalloads so they can compare the
results of modIfications mtended to save energy The reVIew team worked With specialIsts from
the plant electncal shop to mstruct them regardmg set-up and mstallatIOn procedures for the
meter Setup of the analyzer was completed on an electncal branch CIrCUIt m the plant (see photo
ZCP - 4)

A software program IS provided with the meter to facilItate both InItial setup, and long-term
mOnItonng analySIS The vendor program IS wntten 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 mOnItor the energy effiCIency savmgs of the vanable-speed dnve ImplementatIOn.

Peek Model ISTT-P UltrasonIc (TranSIt TIme) Flow Meter
ThIS meter WIll be used to quantIfy numerous supplIes of coolmg water throughout the plant
The abIlIty to quantlfy flows WIll greatly enhance the abilIty to determme eXIstence of leaks

•
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Pnor to the July 1997 VIsit, the plant had become famIliar wIth operation of the meter usmg the
manuals that had been translated mto Russian Despite understandmg the operatIOn of the meter,
the plant receIved an error message of "no sIgnal detected" Durmg the July 1997 follow-up
VISIt, the meter was thoroughly tested on several mstallatIOns The meter contmued the "no
sIgnal detected" error message (see photo ZCP - 5) The plant even set up a test usmg a new
pIece of pIpe (to elImmate corrOSIOn), vertically mounted (to elImmate pOSSIble au pockets), and
filled the pIpe WIth clean water Unfortunately, the ultrasomc meter consIstently reported that a
SIgnal was not receIved (see photo ZCP - 6) After sIgmficant trouble shootmg, mcludmg contact
wIth the manufacturer, It was determmed that the meter should be returned to the manufacturer
for diagnOSIS of the problem

Laptop Computer and Laser Prmter
Computers have become a necessary part of energy management. They prOVIde a means to set
up and retrIeve data from momtoring 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 creatmg attentIOn-gettmg reports which lend credIbIlIty
when promotmg energy savmgs projects

The computer provided, had been set up and tested by the plant's computer department. The
computer was ongmally receIved WIth the English version ofWmdows 95. The plant was m the
approval process ofprocurmg a copy ofthe Russian verSIOn ofWmdows 95 along with a word
processing and spreadsheet program (see photo ZCP - 7).

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 momtonng eqUIpment is only aVaIlable in EnglIsh ThIS IS currently a bamer 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 included the
combustIOn analyzers, electrIcal power meter, and ultrasomc flow meter.

Ultrasomc Leak DetectIOn Monitor
The ultrasomc leak detectIon mOnItor was tested m an area where there was a known
underground leak. Plant staff were able to locate the SIte of the leak despIte their unfamilIarIty
WIth the eqUIpment (see photo ZCP - 8). The momtor came with a cassette tape, which
familIanzes users WIth the sounds emItted by the momtor to mdICate the presence of leaks. The
EnglIsh wordmg on the tape was translated on a pIece of paper to make use of the tape pOSSIble

•
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9.5 Equipment Provided to Plant to Accomplish Implementation of ECOs

Below is a lIst of eqUIpment supplIed to the Zaporozhye Coke Plant to Implement ECOs
supported by plant management

ECO#l
ECO#2
ECO#3
ECO#4
ECO#5
ECO#6

Quantity
(l)One
(l)One
(l)One
(l)One
(l)One
(2)Two
(l)One
(l)One
(l)One
Set

Equipment
Enerac 2000 combustIOn analyzer
Mikron Infrared thermometer, hIgh-range
Enerac 2000 combustIOn analyzer
SaftronIcs variable-speed dnve for a 200 Hp motor
Infrared thermometer mId-range, Mikron M90B
UltraSOnIC, tranSIt tIme flow meters by Peek Meas ,ISTT-P
Electric power meter, Rustrak RR-1233A-2-0-0
Laptop computer and laser printer
Ultrasonic leak detectIOn analyzer
Books (energy management, $250 total cost)

•

9.6 Work Required to Complete Implementation

Peek Model ISTT-P UltraSOnIc (TransIt Time) Flow Meter Operations
As discussed above, the ultrasonic flow meter dId not operate properly during 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 in the
field, although manufacturer technIcal 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 - Recording ElectrIC 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

PLANT QUESTIONS
Can other locally aVailable conductant greases be used for the ultrasonIc flow meter?

•
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Does contmuous use of the hIgh temperature, non-contact thermometer produce
maccuraCIes ?
How can the non-contact thermometers be calIbrated?

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 US. by someone other than the
manufacturer. ThIS would mclude testmg of the equipment m addition to venficatIOn that all
support equipment IS present

All monitonng eqUipment should be provIded with a descnptIOn of the technique and support
eqUipment necessary to calIbrate the Instrument
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9.8 Photographs Taken During July 1997 Visit

PHOTO ZCP-l' Combustion Analyzer Training

PHOTO ZCP - 2 Test Monitoring ofCoke Battery Internal Temperature



PHOTO ZCP - 3 Variable-Speed Drive in Shipping Crate
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PHOTO ZCP - 4' Power Meter
Installation on Branch Circuit



PHOTO ZCP - 5 Ultrasonic Flow Meter Installation on Water Pipe
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PHOTO ZCP - 6. Ultrasonic Flow Meter
Test Pipe Installation

thl
\
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PHOTO ZCP - 7: Laptop Computer Provided to Plant

PHOTO ZCP - 8: Ultrasonic Leak Detection Device Testing on Buried Piping



9.9 Plant Contacts Made During July 1997 Visit

Plant Address:
Zaporozhcoke
Ukrame. 330600. Zaporozhye
P/b - 681, Zaporozhcoke

Telephone.
Fax'

(380-612) 39-33-44 or 39-23-96
(380-612) 35-01-41

•

Yevgeny P Ivashutkin
ChIef Energy Manager

ArkadIY PavlovIch Omelyanenko
UtIlItIes AssIstant

VladImir Zmovyevich Chumak
UtIlitIes Foreman

VladImIr 1. Markov
Deputy ChIef of Coke Battery Shop

Aleksander Anatolyevich Schavmskiy
Computer Programmmg Engmeer

VItally Nikolayevich Varentsov
EnvIronmental Deputy ChIef Engmeer

Valeny Ivanovich Yehstratov
Foreman of Electncal Technical Laboratory
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Figure 8.1 ECO-I Monitoring Data Sheet

COKE BATTERY # 1 cOrvrnUSTION - EXCESS AIR CONTROL

BEFORE Il\.1PLEMENTATION AFTER IMPLEMENTATION

Week Average Excess Average Average Week Average Excess Average Average Changes
Temperature of Stack Combustion Temperature of Stack CombustlOn ill

of Ambient Air, Temperature Efficiency, of Ambient AIr, Temperature Efficiency, EfficIency
AIr, °C % °C % AIr,oC % °C % %

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

Coke gas consumptlOn per period, m3
_ Coke gas consumptlOn per penod, m3

_ Changes ill

Coke productlOn per period, metnc tons - Coke productlOn per penod, metnc tons - ConsumptlOn

m3/metnc ton



Figure 8.2 ECO 2 Monitoring Data Sheet

COKE BATTERIES # 1 & # 2 - TEMPERATURE METERING ACCURACY

Consumption or Weekly Changes m ProductIOn or Consumption
Production

Week Name of Before After Coal Coke Coke Gas Waste
Product

1 Coal

Coke

Coke Gas

Waste

2 Coal

Coke

Coke Gas

Waste

3 Coal

Coke

Coke Gas

Waste

4 Coal

Coke

Coke Gas

Waste

Total Coal

Coke

Coke Gas

Waste



~~\............

Figure 8.3 ECO 3 Monitoring Data Sheet

STRAW OIL HEATING STOVE, COMBUSTION AIR CONTROL

BEFORE IMPLEMENTATION' AFTER IMPLEMENTATION

Date Temperature Excess Stack Combustion Date Temperature Excess Stack Combustion Changes
a of Ambient Air, Temperature Efficiency, a of Ambient Air, Temperature Efficiency, 10

Air, "C % DC % Air, DC % DC % Efficiency
%

Coke gas consumption per period, m3
_ Coke gas consumption per period, m3

_ Changes in
Consumption
m3
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Figure 8.4 ECO 4 Monitoring Data Sheet

VSD FOR PUMP #14 SUPPLYING WATER FOR COKE QUENCHING

BEFORE IMPLEMENTATION AFTER IMPLEMENTATION

Date Average Dally Date Average Dally Changes In

Daily ConsumptIOn, Dally ConsumptIOn, ConsumptIOn

Load, kW kWh Load, kW kWh kWh

.
Total power consumption per penod, kWh- Total power consumption per period, kWh-
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Figure 8.5 ECO 5 Monitoring Data Sheet

COKE TAR SETTLING TANK LEVEL CONTROL

Average temperature of the tar before and after implementation

DATE TAR TEMPERATURE DAILY TAR FLOW RATE,
DISCHARGE,oC Metric tons per day

IRecovered Heat Total, GcaVperiod
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APPENDIX A

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

Calculation of Implementation Costs
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A.l ECO # 1 - COKE BATTERY #1 COMBUSTION - EXCESS AIR CONTROL

The eXIstmg oven condItion shows an excess aIr of236% and an efficiency of68 9% By
adJustmg the excess air quantity using a combustion analyzer, an Improved efficiency of operatIon
can be achieved Tills was tested by adjustment of mlet slot operung by plant staff Tills
adjustment led to a 9 2 % increase in efficiency The rephcabIhty of tills type of adJustment was
venfied by morutonng combustIon 10 other ovens

By reductIon ofexcess air, it is conservatIve that oven efficiency can be mcreased by 9 2 % for
coke battery #1 This IS because combustion efficiency of coke battery #2 was about 20 % higher
Efficiency Will be improved by increasing flame temperature, thus mcreasmg radiatIon and
conductIon heat transfer Additional efficiency Will be gamed due to reduced quantity of flue gas
discharge

Annual Fuel and Energy Saving

These efficIency improvements represent an annual savings of

FS = A * B * [ 1 - (llcX!St /llncw )], m3/yr,

ES = FS * HC / C * D, M:MBtu/yr, where

FS -- Fuel saving, m3/yr

ES -- Energy savings, M:MBtu/yr

A -- Gas consumption rate of furnace, m3/hr

B -- Annual hours of operatlOn of furnace, hr/yr

HC -- Heat Content ofcoke gas, 3934 ktlocaloneslm3

C -- Conversion Factor, 1,000,000 kcallGcal

D -- Conversion Factor, 3,968 M:MBtu/Gcal

11 -- Oven efficiencies, %

FS = 20,000 m3/hr * 8760 hr/yr * [1-(689/78 1)] = 20,638,156 m3/yr

ES = 20,638,156 m3 *'3934 kcallm3 /1,000,000 kcallGcal * 3,968 M:MBtulGcal =
= 322,164 MMBtulyr

A - 1
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Annual Cost Savings

Local Pnces

CS = 20,638,156 m3/yr * 1,650 karb/ m3
/ 133,000 karb/$US = $256,037/year

World Pnces

CS = 322,162 MMBtu per year * US $2 11
/ MMBtu = $644,324/yr (gas)

Implementation Cost:

US $7,000 including cost of shlppmg and handhng

Simple Payback:

At Local Prices = $7,000 / $256,037 = 10 days

At World Prices = $7,000 / $644,324 = 4 days

Measurements on Battery #1, Oven #161 taken during audit

"As Found" "Adjusted"

Oxygen (0,) 147% 108%

Excess Air % 236% 106%

Carbon dioxide (CO») 61 % 100%

Stack temperature 3170C 3390C

Combustion Air Temperature 250C 250C

Efficiency % 689% 781%

liThe world pnce for coke gas assumed equal to world pnce of cokIng coal $ 2 US per MMBtu

A- 2
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A.2 ECO # 2 - COKE BATTERIES #1 & #2 - TEMPERATURE METERING
ACCURACY

Utilization of a Infrared thermometer with digital display WIll proVide repllcablltty of measurement
regardless of user. With repllcabIhty in the measurement, the plant Will be able to determIne the
completion of a cokIng cycle with less margm of overheatIng.

Supply of heatIng fuel to the coke batteries will be reduced due to reduction of fuel Input per
time. An additional advantage is that less of the final product will be scrap as reported by plant
personnel. AttaInmg sufficient coking times to ensure contInUOUS process (With limited coal
supply) Will be obtamed by reduction of process temperature.

Annual Fuel and Energy Saving

Although efficIency Improvement potential is believed to be much greater, savIngs are calculated
based on a 1% savings of coke gas input per batch for a 25 hour coke batch.

Total fuel used m battery #1 & #2 @ #1 -- 20,000 m3jhr of coke gas

@ #2 -- 10,000 m3jhr of coke gas and 10,000 m3 of
blast furnace gas per hour

Annual hours of operation = 8,760 hours per year

Annual fuel used m battery #1 & #2

Coke gas = (20,000 + 10,000) * 8760 = 262,800,000 m3 per year

Blast furnace gas = 10,000 * 8760 = 87,600,000 m3 per year

FSCOKEGAS =262,800,000 m3/year * 1% =2,628,000 m3/yr

FSBLASfFURNACE GAS =87,600,000 m3/year * 1% =876,000 m3/yr

ESCOKE GAS = 2628000 * 3934 kcal/ m3 11,000,000 kcal/Gcal * 3.968 MMBtu/Gcal =
= 41,023 MMBtu/yr

ES BLAST FURNACE = 876,000 * 775 kcal/ m3 /1,000,000 kcallGcal * 3.968 MMBtu/Gcal =
=2,694 MMBtu/yr
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Annual Cost Savings

Local Pnces

CS = (2,628,000 m3/yr * 1,650 karbl m3 + 876,000 m3/yr * 514 karbl m3
) 1133,000 karb/$US =

= $35,988 /year

World Pnces

CS = (41,023 MMBtulyr + 2,694 MMBtulyr) * $2 = $ 87,434/yr

Implementation cost:

$ 4,000 US mcluding shipping and handlIng

Simple Payback:

At Local Prices = $4,000 / $35,988 = 41 days

At World Prices = $4,0001 $87,434 = 17 days

A - 8



A.3 ECO # 3 STRAW OIL REATING OVEN - EXCESS AIR CONTROL

With monthly use of a portable combustlOn analyzer, the excess mr quantIty can be adjusted
down to provIde much Improved fuel utlhzatlOn By reduction of excess air, it IS conservatIve
that oven efficiency can be mcreased to 60% EfficIency WIll be improved by mcreasmg flame
temperature, thus mcreasmg heat transfer AdditlOnal efficIency will be gained due to a reduced
amount of flue gasses dIscharge

Oven measurements taken dunng audit

Oxygen (02)

Carbon dioxide (C02)

Stack temperature

CombustlOn Air Temperature

Combustion Efficiency

Annual Fuel and Energy Saving

144%

64%

515 0 C

13 0 C

484%

These efficiency improvements represent an annual savings of

FS = A * B * [ 1 - (11eXlSI /11new )], m3/yr,

ES = FS * HC / C * D, M1v1Btu/yr, where

FS -- Fuel saving, m3/yr

ES -- Energy savmgs, M1v1Btu/yr

A -- Gas consumptlOn rate of oven, m3Jhr
B -- Annual hours ofoperatlOn of oven, hr/yr

HC -- Heat Content of coke gas, 3934 kilocalories/m3

C -- ConversIOn Factor, 1,000, 000 kcal/Gcal

D -- ConversIOn Factor, 3,968 M1v1Btu/Gcal

11 -- Oven effiCienCIes, %

FS = 2500 m3/hr * 8000 hr Iyr * [1-(484/60)] = 3,866,667 m3/yr

ES = 3,866,667 m3/yr * 3934 Kcal 1m3 11,000,000 kcal/Gcal * 3 968 MMBtu/Gcal =

= 60,359 MMBtu/yr

Annual Cost Savings

A-9



Local Pnces

CS = 3,866,667 m3/yr * 1,650 karbl m3 1 133,000 karb/$US = $47,970 Iyear

World Pnces

CS = 60,359 M1v1Btu/yr * $2 = $ 120,718/yr

Implementation Cost:

US $7,000 mcludmg cost of shipping and handhng

Simple Payback:

At Local Pnces = ($7,0001$47,970) = 53 days

At World Pnces = ($7,0001$120,718) = 21 days

A- 10
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A.4 ECO # 4 - VARIABLE SPEED DRIVE FOR PURIFIED WATER PUMP #14

To maxnllize the pumps efficIency, a vanable speed dnve is recommended to slow the revolutIons
of the motor when water pumpIng demand IS less ThIs wIll ensure that the pump will operate at
ItS maxImum efficIency possIble, regardless of flow rate required In addItIOn, thIS saves energy
by not delivering water at a hIgher pressure than IS reqmred A pressure sensor installed In the
discharge piping Will control the output of the pump to deliver a consistent pressure regardless of
flow The portable electncal meter specified In the energy management program Will quantIfy
energy savings prior to and after use of the vanable speed dnve

Parameters of Operation

Design pump head = 50 meters (estImate), or

50 meters x 3 28 feet per meter = 164 feet of head at rated flow

Design Flow = 100 cubic meters per hour or 440 GPM

Motor Voltage = 380 volts phase to phase, 3 Wire delta

1500 RPM, 50 Hz, 380 volts phase to phase

Run hours are continuous rmnus one week per year maintenance

Annual run hours = 8760 hours per year - (7 days x 24 hours per day) =
= 8590 hours per year runmng time

Operational Schedule

8 hours/day 100% load -- 8 hours/day 70% load -- 8 hours/day 5% load

Annual Energy Saving

Energy consumption was modeled based on both the present condition of pump operation, as well
as operating the pump using a vanable speed dove ( see following pages) Energy consumptIOn
of the pump is projected to be reduced by over 60% Presently this energy goes toward losses
Inside the pump as well delivery of water at a hIgher pressure than IS required The antIcipatIng
savings is 665,000 kWh per year

A - 12



Annual Cost Savings

SavmgsLOCAL == $ 9,300 / yr (see followmg pages)

SavmgsWORLD == $25,850/ yr (see folIowmg pages)

Implementation Cost:

Cost to install 200 hp Vanable Speed Drive and all necessary support eqUipment

CostVSD == $25,000 (see following pages)

The investment necessary to Install a vanable speed drive will have a simple payback of

Simple Payback:

•

•

•

At Local Prices == $25,000 / $9,300 per year

At World Prices == $25,000 / $25,850 per year

== 2 7 years

== 1 year

A-13
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Pump Categones - There are two types of pumps

I 1 Centnfugal pumps
I 2 PosItIve displacement pumps

Centnfugal pumps are the most common, and will be treated In this techmcal note
However, Saftromcs G3 and H2 Inverters are wIdely used In POSltlon Displacement
pump energy savIng appiIcauons, such as In refngerauon equipment used In Super
markets.

2 Affimty Laws - For centnfugal pumps under zero head (back-pressure) conditIons

2.1 Flow Rate vanes Dlrectlv as Speed Q/QI = (n/n l )

2 2 Pressure vanes with the Square of Speed P/P l = (n/n.)2

2 3 Power Consumed vanes With the Cube of Speed k\V2/kW l = (n/n l )}

Where:
Q IS flow (gallons per minute)
n is pump speed (RPM)
P IS pressure (feet of head)
kW IS power In kW

Formula 2.3 gIves us an Idea of the SIgnificant energy-saving possibilitIes
Under zero head conditions. the power consumed at 50% speed would be
(liZ)} Of 12.5% of ftill speed power. An 87.5% energy saving!

Unfortunately, a pump normally has to work agamst a some "head" and th.is
modifies equation 2 3 to decrease the energy saVIngs. Nonetheless. energy
savings will stili be substantial, and the follOWing simplified treatment will
prOVide a rough Idea of the energy savmgs pOSSIble.
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3 Nature of Centnfuga[ Pump Load

3 1 AllocatIOn of Motor Energv

ELEVA TION

MOTOR

FLO\;V--.(STATIC HEAD)
---=--------

0UMP
\

(DYNAMIC HEAD)
ENERGY>

ENERGY~

FlGI

FRICTION

I
I

•

In Fig. 1 the motor provldes energy to overcome "elevatIOn" I or "StatlC
Head", measured 10 feet, and must push fluid through the pipes to overcome
fnction. fn pump language. the pressure required to overcome fnctlOn IS
called "Dvnamlc Head," which vanes as the square of pump speed (or flow
rate) - see formulas 2 I and 2 2 The "Dynamic Head" can be made eqUIva
lent to a "Head" measured In feet.

4 PumD Curve

,
"0

,

......
r.:; ;,

t: ... -- /11
I :IIf

; ..
~

..........
w .. I "-

"
,

~
.. ,

e 10

Xl

Fig. 2 shows a charactenstlc flow
versus total head (fnctlon and
elevation) curve for a 14" Impeller
pump. ThiS is the "pump curve'
The "System Curve" IS a perfor
mance description dependem on the
Installatlon - that IS. pIpe dlamcf~r

number of bends, length of PlP~

etc Where these two curves meet
is where the pump operates - [n
Fig 2, operatIOn would be at
1230gpm

-
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CJ.l.l..CHS POl LlIlN T(

FlC J FLOW CONTROL BY THROTTUNG

--lDJ'000..."'"

Flow Control· We shall consider a pump system wah 0 ft statIC head Before the
avaliabillty of reliable vanable frequency dnves, flow control was achIeved by
throttlmg the output of the pump [n Fig 3, we can decrease the flow rate to

720gpm by pamally clOSIng the
valve, which modifies the system
curve to system #2 When we
throttle flUId flow like thiS, we save
energy [n thiS case, at I 230gpm .
we would consume 20 7kW. and at
720gpm, we would consume
17 5kW - a small savings of only
3 2kW Why can't we restnct the
mlet flow to the pump, such as was
done With fans (Vanable [nlet Vane
Control)'J For fans, V[V control
yields greater energy savIng than
Outlet Vane control The answer IS
that restnctIng flUid flow into the
pump would cause cavltatlOn,
resulting In eventual mechanical
damage to the pump's Impeller
ThIS IS why, when compared to
mechamcal flow control systems,
Vanable Frequency Onves (VFO's)
Will proVide greater energy savings
In pump than in fan appltcauons.

5

fOIl....
m"'
a; ..

3 ...
x:
t ...
g '"

Fig 4 shows flow control by means
of pump speed control Unlike
Fig. 3, the System Curve has re
mamed the same. But the "Pump
Curve" at speed 2 has changed, and
as 10 Fig. 3, we agam obtam
720gpm. But with a VFO

t
the

power consumed has decreased
from 20 7kW to 4 5kW . a saving
of 16 2kW (compare WIth 3 2kW
saVing With throttlIng valve)

1Il

t.
, I

I -.........r I • I I • I I

I "'l I I

DJ .... .., 1CXIJ 1lD11 t olOO I«JO I EIO :JIXD

FlG.' fLO'of cCtmux. BY '1'"~
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01
n.

Fig 5 shows a companson of

operatIng pOints due to throttlin a
:::>

and due to VFD operatIon. The

power consumption for throttlIng

flow control IS obt3.med from the

manufacturer's pump curves, but

the method used to ex.tract thIS

informatIon 15 beyond the scope of

thIs tech note The results are

hsted In Fig 5 The power con

sumptIon for Vanable Speed dnve

operation IS calculated from the

affinity law formula 10 2.3

Ck.W,/!-,W 1 = Cn/nY. which applies

here because of the "0" static head

conditIOn

"

I 10

1.1'
P

, ,

I I.'

CJJJ...(JNS POl ~TE

Flc..5 - vAAJ/oAE. SPEED OPERAnON

• I I

'",.

..

ftDW THflOTlUNC VAFaAiAE. SPaD

I:P\J Hf"Al IF o<W !<FA! (I'" ICW

1220 s.J 2n.1l &.1 2tU

~ ell It 2 ~ 10.7

nJ) 7::> 17'::' 727 U

~ II"t I~ 10 IJ

KW

20

III

/
/

"11 "
/

{
{

e I
I

I
I
I

--0

zO% ~x IlOX 80% 100%

Fig 6 shows a comparison of

power consumed for the two meth

ods, and the shaded area shows

energy savmgs achieved with VFD
operatIon.

FlG.1l - PO~ R£WIROor~r V$. x CF Ft.OW
L- ----'
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6 Flow Control With Statlc Head

As stated before, the examples shown had only "FnctIon" or "DynamIc Head", and
no "StatiC Head" or elevatlon associated wnh it Fig 7 depicts what IS meant by
"Stauc Head"

STATIC HEAD -

PUldP

100 FT-

PUldP
-

FLUID FLUID FLUID

·0· STATIC HEAD 10' STATIC HEAD 100' STATIC H€AD

StatiC Head changes the "System Curve" and the power reqUlrements w111 be differ
ent. AffinIty law 2.2 states: P2 = p\ X (n/n\)2
and P2 = PI X (Q/Ql)2 from 2.1
:. Pz = Q/ X (PJQl2) = KQ/
Where K = (P/Q\2) = K 4.1

With statiC head, the system formula becomes

Total Head (ft ) = K1 X (Flow)! + Kz (4 2)

where K 1 IS system constant (m ft )
K1 IS StatiC head (In ft )
Flow IS In gpm
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USing -l- 2 the power curve can be calculated, but we need 10 know both pump and
system curves, and the analysIs may reqUlre the use of a computer Saftromcs has a
better method, and that IS, to use the ultra-compact G3 Inverter for pumps up to 75HP
(460V) on a Ina] baSIS The GJ has both RPM (frequency) and kW readouts, and the
pump user can qUickly determIne hiS energy savmg by lemporanly operaung hiS
pump at full speed agamst a throttlmg valve, and (hen at the deSIred now rate at
reduced speed, with the valve wide open.

Fig 8 shows 3 systems curves for dlffenng static heads Note that the "Stauc Head"
IS shown on the vertical axiS at Ogpm, and we have system curves for 0 ft I 20 ft. and
40 ft of StatiC Head In all cases, we stIll operate at 1230gpm at a total head of
63 ft , but at 20 ft , the StatiC Head is 31 % of (otal head, and at -1-0 ft . the StatlC
Head IS 63 % of total head
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Fig 9 shows a companson of flow
control by throttlmg and by VFD
under the three different stane
heads of FIg 8 Note that the
energy savings dIfference decreases
as the static head Increases, but IS
50 II slgm ficant, even at 63 % statIC
head.
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7 Actual Example
60HP deep-well pump capable of dellvenng lOOOgpm. and operating agaInst a StatIC
Head of 65 ft IS throltled back to deliver 250gpm OperatIOn under thiS condItIon IS
24 hr./day for 200 days and 12 hrs /day for the rest of the year. Measured values
are: 65A at 480V. Power Factor IS 0 8 What annual energy savings can be
achIeved by use a Saftromcs Vanable Speed Dnve'l

Total operaung tIme IS 6780 hrs./year
Present power consumption IS 65 x 480 x -/3 x 0 8 = 43.2kW
ApphcatlOn of a VFO shows a current draw of 35A at P.F = 1 = 29.1kW

Energy saVing IS 43 2 - 29.1 = 14 lkW

Annual energy saving is 14.1 x 6780 = 95,598 kW-hrs.
at SO.05/kW hr., annual saving = $4,78000
at $0.075/kW hr , annual saVings = $7,170.00
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TNDB2
Page 8

8 Water Hammer

rr~w

I :
I

All Saftronics Vanable Frequency dnves have separately adjustable acceleration and
deceleration times They can be used to provide a "soft" start, as well as provIde
gradual reducnon of OUld flow when the pump IS shut off to completely elIminate
"water hammer" caused by the column of warer crashIng onto the non-rerum valve
see Fig. lO(A) When the pump IS abruprly shur-off, see Fig. 1O(B). In areas prone
to frequent power outages. Saftronlcs Inverters can be provided with battery back-up
ro provide 2 second "nde-through" capabdHy, or to provide controlled decelerauon If
the outage lasts for more than 2 seconds

In addition, there are other advantages, such as soft-starting, less system pressure,
resulting in longer-lasting seals and beanngs, quieter operation, cooler runmng motor,
and less downtime, all of which have monetary benefits often exceeding the energy
savings. Saftromcs Inverters can be supplied With a 2 second power outage "nde
through" opuon to malnta.ln pumping operauon even In lightning-prone areas where
power outages are frequent

For further informatlOn contact

SAFTRONICS INC
5580 ENTERPRISE PARKWA Y
FT [\\ YERS, FL 33905
PHONE (813)693-7200
TOLL FREE (800)533-0031
FAX (824 )693 -2431
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A.5 ECO # 5 COKE TAR SETTLING TANK - LEVEL CONTROL

USIng the audIt team's Infrared non-contact thermometer, the manager of thIs process found that
he could easIly tell the dIvISIon between the coke tar and water The substances have dIfferent
specIfic heats GIven conSIstent heat loss at all heIghts of the tank, the dIfferent substances put In
at the same time WIll change temperature at different rates This creates a notIceable temperature
dIfference at the dIvISIon hne After seeIng a noticeable temperature dIfferences between the
substances, he came up with the Idea that the tar could be pumped off the bottom as a contInUOUS
process because he could monitor where the level of the coke tar was and stop the pump if
necessary

SaVIngs from this measure are seen by reducing heat lost from tar prior to reheatIng for
dlstillatlOn

Annual Energy Saving

SavingsKcal = MTAR x S H TAR X (TsAVED)

MTAR -- Mass of tar processed per year, kilograms

= 9,000 Kg per hour x 24 hours per day x 365 days per year = 78,000,000 Kg per year

S H TAR = Specific Heat of Tar Oil = 05 Kcal / Kg * oC

TSAVED = Degrees C of temperature improvement by reducing waItIng time

ES =(78,000,000 Kg / year) * (05 Kcal/Kg* oC) * (20oC) /1,000,000 kcal/Gcal

= 780 Gcal/yr or

= 780 * 3 968 M.MBtu/Gcal = 3095 MMBtu/yr
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Annual Cost Savings

Local Pnces

CS = (780 GcaIJyear) * (US $4 0911Gcal) I (70% efficIency) = $2,233 per year

World Pnces

CS = (780 GcaIJyear) * 3 968 MMBtu/Gcal * (US $2 OOlMMBtu) I (70% efficiency) =

= $4,333 per year

Implementation Cost:
US $3,500 mcludmg cost ofsluppmg and handhng

Simple Payback:

At Local Pnces = $3,500 I $2,233 per year = 1 57 years

At World Prices = $3,500/ $4,333 per year = 0 81 year
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A.6 ECO # 6 ENERGY MANAGEMENT PROGRAM ENHANCEMENT

This recommendation IS to provide the plant necessary metering tools to identify and quantify
energy conservatIOn opportunIties By metenng, the plant can quantify energy savmgs so they can
pnoritize conservatIOn technology expenditures among competing production enhancmg
investments

Included IS typical energy management campaigns to achieve a successful basic energy
conservation program These Will provide examples of simple programs that are proven to be
profitable investments of manpower

Energy awareness and conservatIOn participation of all plant staff is crucial to a successful
demand side energy management program

Annual Fuel and Energy Saving

By using the above recommended metenng tools, along with programs similar to those descnbed
above, a plant can effectively minimize their consumption of energy Within one year, one percent
ofthe plants energy Will be reduced by the awareness created with the above recommended
metering alone Trus savmgs wlll be seen m no cost 1low cost management measures

ES = Total plant energy consumptIOn m the year 1994 * 1%

ES POWER = 96,107,000 kWh * 0 01 = 961,070 kWh/yr

FS COKE GAS =620,194,000 m3 * 0 01 = 6,201,940 m3/yr
ESCOKEGAS = 6,201,940 * 3934 kcal/ m3 /1,000,000 kcal/Gcal * 3 968 MMBtulGcal =

= 96,813 MMBtu

FSBLASTFURNACEGAS = 194,720,000 m3 * 001 = 1,947,200 m3/yr
ESBLASTFURNACEGAS = 1,947,200 * 775 kcal/ m3 11,000,000 kcal/Gcal * 3 968 MMBtulGcal =

= 5,988 MMBtulyr

ES THERMAL ENERGY = 707,224Gcal/yr * 0 01= 7,072 Gcall yr or
7,072 * 3 968 .M:MBtulGcal = 28,062 MMBtu/yr
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Annual Cost Savings

Local Pnces

CS = (961,070 kWh/yr * 2400 karb/kWh + 6,201,940 m3/yr * 1,650 karb/ m3 +
+1,947,200 m3/yr *514 karb/ m3 + 7,072 Gcal / yr * 1,412,000 karb/Gcal) /133,000 karb/$US =
= $176,889/yr

World Pnces

CS = 961,070 kWh/yr * $0 064/kWh + (96,813 MMBtu + 5,988 MMBtu/yr) *
* $2/MMBtu + 28,062 MMBtu/yr * $7 56/MMBtu = $479,259/yr

Simple Payback:

At Local Prices = $55,000/ $176,889 = 3 7 months

At World Pnces = $55,000 / $479,259 = 1,4 month
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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
3.5 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
42.2 281.191 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 I 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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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
204 1,810 7,242 28,941 115,760
408 3,535 14,141 56,508 226,028

STEAM PRESSURE
IN KGlSQCM 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
141 1,236 4,943 19,751 79,004
21 1 1,810 7,242 28,941 115,760
422 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
6895 661 2,643 10,562 42,248

1,0342 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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HEAT LOST PER FOOT OF UNINSULATED PIPE .. In Dollars per year

Fuel Cost = $4.00 per 1 million BTU's
70 degrees Fahrenheit ambient temperature
emissIvity = 95
air velocity = a miles per hour COST OF FUEL FROM BARE PIPE HEAT LOSS USING 70% EFFICIENCY TO POINT OF LOST HEAT

PIPE SIZE OPERATING TEMPERATURE IN DEGREES FAHRENHEIT
(In Inches) 212 300 400 500 600 700 800 900 1000 1100 1200

050 $4 $8 $14 $21 $31 $43 $58 $76 $99 $126 $158
075 $5 $10 $17 $26 $38 $53 $72 $95 $123 $156 $197
1 00 $6 $12 $21 $32 $47 $66 $89 $117 $152 $195 $245
1.25 $8 $15 $26 $40 $59 $82 $111 $147 $191 $244 $307
1.50 $9 $17 $29 $46 $67 $93 $126 $167 $217 $278 $350
2.00 $11 $21 $37 $56 $82 $115 $156 $207 $270 $345 $435
2.50 $13 $25 $43 $67 $99 $138 $188 $249 $325 $416 $525
3.00 $15 $30 $52 $81 $119 $167 $227 $301 $393 $503 $636
4.00 $19 $38 $66 $103 $151 $212 $289 $384 $501 $643 $813
5.00 $24 $46 $80 $126 $184 $260 $354 $472 $616 $790 $1,000
6.00 $28 $54 $95 $148 $218 $307 $419 $559 $730 $937 $1,186
800 $35 $69 $121 $190 $280 $395 $541 $722 $943 $1,213 $1,536

10.00 $43 $85 $149 $234 $346 $489 $669 $894 $1,169 $1,504 $1,906
1200 $51 $100 $175 $276 $407 $576 $789 $1,055 $1,381 $1,777 $2,253
1400 $56 $109 $191 $301 $445 $630 $864 $1,155 $1,513 $1,948 $2,470
16 00 $63 $124 $217 $342 $506 $717 $983 $1,315 $1,724 $2,220 $2,816
18 00 $70 $138 $243 $383 $567 $803 $1,102 $1,475 $1,934 $2,491 $3,161
20 00 $78 $153 $269 $424 $627 $889 $1,221 $1,635 $2,144 $2,762 $3,506
2400 $92 $182 $319 $504 $705 $1,061 $1,457 $1,953 $2,561 $3,303 $4,194

FLAT / SQ FT $16 $32 $55 $86 $127 $178 $243 $324 $423 $543 $687
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LIGHTING ENERGY USE - TOTAL FIXTURE KILOWATT-HOURS WITH BALLAST
(based on, medium or megal base, dear. general service, Philips Brand lamps)

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 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 60 690 14.8 1000 $1 14 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 BOO 876
150 watt 150 2650 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 BOO 1,000 1,200 1400 1,600 1,752
300 watt 300 6300 21,0 750 $3 20 300 600 900 1,200 1,500 1,800 2100 2.400 2,628
500 watt 500 10750 21 5 1000 $761 500 1,000 1,500 2,000 2,500 3,000 3500 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 watt 1000 23100 231 1000 $1614 1,000 2,000 3,000 4,000 5,000 6,000 7,000 6,000 8,760

1500 watt 1500 33300 222 1000 $2960 1,500 3,000 4,500 6.000 7.500 9.000 10500 12,000 13140

FLUORESCENT
2 x 40 watt lamps 95 6100 642 20000 95 190 285 380 475 570 665 760 832
standard C&C ballast
cool white lamps

2 x 32 watt lamps 58 6100 1052 20000 $4500 58 116 174 232 290 348 406 464 508

electroniC ballast 2 lamps &
F032 tl'l phos lamps electronic

ballast
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LIGHTING ENERGY COST· TOTAL FIXTURE CONSUMPTION WITH BALLAST
(based on, medium or moga! 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 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 84 2500 $211 $1 $2 $3 $4 $5 $6 $7 $8 $8
25 watt 25 260 104 1000 $1 31 $2 $3 $5 $6 $8 $10 $11 $13 $14
40 watt 40 480 12.0 1500 $1.31 $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 $131 $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 19.0 750 $187 $10 $19 $29 $38 $48 $58 $67 m $84
200 watt 200 3900 195 750 $225 $13 $26 $38 $51 $64 $n $90 $102 $112
300 watt 300 6300 210 750 $3 20 $19 $38 $58 $n $96 $115 $134 $154 $168
500 watt 500 10750 215 1000 $7 61 $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 $581
1500 walt 1500 33300 222 1000 $29 60 $96 $192 $288 $384 $480 $576 $672 $768 $841

FLUORESCENT
2 x 40 walt lamps 95 6100 642 20000 $6 $12 $18 $24 $JO S36 W $49 $53

standard C&C ballasl
cool while lamps

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

electroniC ballast 2 lamps &
F032 In phos lamps electronic

ballast

A - 32



APPENDIX B
Photographs of Facility and Equipment



Photo #1 - Local Engineer and Process Operator
Performing Combustion EffIciency Monitoring of Coke Ovens

Photo #2 - Coke Oven Air Intake Opening



•

•

•

•

Photo #3 - Coke Oven Ports and Coal Loadmg Ports (top of battery)

Photo #4 - Enriched Straw 011 Heating Stove



•

•

•

Photo #5 - Enriched Straw Oil Heating Stove - Bank Of Nine Burners

Photo #6 - Combustion Efficiency Measurement Of Enriched Straw 011 Heating Stove



APPENDIXC

World Energy Prices



Table C.l World Energy Prices; OECD Europe

Industrial Sector Fuel US$/toe US$/mmBtu US$ per

LIght Fuel Oli 290 7 383 tonne

Heavy Fuel Oli 151 4 158 tonne

Electricity 742 19 0064 kWh

Natural Gas 151 4 141 km1

Steam Coal 128 3 90 tonne

Coking Coal 92 2 58 tonne

Thermal 298 8 30 GcaJ
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APPENDIXD

Plant Fuels Analysis



Table 0.1 Plant Fuels Analysis

Unit Coke Gas Blast Furnace Gas

Lower Heating Value kcaIlnonn cub m 3934 730 -- 820

Density per normal condition (20°C, kg/nonn cub m 0438
760 mm. of water)

Carbon Dioxide, CO2 % 22 163

Oxygen, O2 % 1 1 04--05

Carbon Monoxide, CO % 7 1 21 1

Hydrogen, H2 % 576 57

Methane, CH4 % 252

Nitrogen, N2 % 47 564

D1uminants, CmHn % 2 1

Hydrogen Sulfide, H2S % 03--04
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Table D.2 Plant Energy Consumption History

Energy Consumption and Production, Year 1994

1. ELECTRICITY 000 kWh.

Total Consumption 96,107

Includmg

Process needs (drymg, heating, electnc weldmg) 192

Motors 91,910
Lighting 3,213
Losses within the lines and transformers 792

Clanned maximum demand

25,000 kW, between 01101/94 -- 07/31/94

17,000 kW, between 08/01/94 -- 12/31/94

2. COKE GAS OOOcub.m

Total Production 620,194

Total Consumption 325,891

Including

By Coke-Oven Batteries (combustion Wlthm heat walls) 270,162

Sell to Zaporozhstal 287,975

Losses in the Coking Process 6,328

3. BLAST FURNACE GAS 000 cub.m

Consumption by Coke-Oven Battery 194,720

(Consumption started from 06/09/94)

4. THERMAL ENERGY (STEAM AND HOT WATER) Gcal

Total Consumption 707,224

0-2
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APPENDIXE

Contacts Made During Site Audit



Ukraine, Country Code = 7
Zaporozhye, City Code = 0612

FAX # 35-01-41

Valery N Rubchevsky

Vice PresIdent (CruefEngmeer)

Phone 39-33-87 or 62-69-43

Genady I Miroshruchenko
Deputy Energy Manager mcharge
ofenergy conservation

Alexander I Komparuets

ChiefofResm and PItch Processmg Shop

Phone 39-22-38 or 42-91-17

Vladirmr S Sharagm

ChIefofEnergy Shop

Phone contact via ChiefEnergy Manager

Leonid V Prosenchuk

Resin and PItch Processmg Shop

Manager ofBlOcherrustry DIVISIon

Phone 39-35-73

Yakov D Kachan

Shop ofCherrucal Products RetentIon
ill Coking Process, Manager ofDiVISIon
ofFinal Cooling ofcoke gas and retention
ofaromatIC hydrocarbons (benzol)
Phone contact VIa CruefEnergy Manager

PLANT ADDRESS Zaporozhcoke,
Ukrame,330600,Zaporozhye

PIb - 681, Zaporozhcoke

Yevgeny P Ivashutkm

ChiefEnergy Manager

Phone Office 9-33-44 or 39-23-96

Home 42-98-83

Georgy V Shakun
ChiefofCoke Battery Shop
Phone 39-27-27

Sergey N Darulov

Chiefof the Shop ofRetentlOn Cherntcal

Products in the Coking Process

Phone 39-21-85

Vladimir I Markov

Coke Battery Shop, Deputy Chief

(in charge of combustIon gas usage)

Phone contact VIa CruefofCoke Shop

Valintin G Bylkov

Cherntcal Products RetentlOn mCokmg

Process, Deputy Chiefm charge ofpnmary

cooling (coke reSIgn water separatlOn
and catalytic pollutlOn gas mcmeratIon)
Phone 39-32-22 or 29-92-52

Arkady P Omelyanenko
Deputy Chiefof the Energy Shop
Phone contact VIa Chtef Energy Manager

Yelena S Komova
Senior Electrical Foreman

Phone contact via ChiefEnergy Manager
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APPENDIXF

USAID Letter ofAudit Intent - Ukrainian Translation



APPENDIX "F"
USAID LETfER or AUDIT INTCNT - UKRAIN[AN TRANSLATION

, , \l INC' fOR

, 1I VII OrM(NT

24 ~oorHR 1994 pOKy

Koro ue MOJKe crocyod rv1( H

AreHfcroo (WA 3 Hl~Hdp()J1HorO P030V1fKY (USAID), IlW C OqJIUIV1HOIO
yaCH1HOlO nOconbCfoa CWA 0 Klt1C01. YKpalH1 3aC01J1YYE: BaM COOM) rlOodr-y
1 MaE: 3a yeCTb Hanarlt1 HacrynHy I HepopMaullO.

AreHTCTBO (WA 3 1'11 JKHapOn~wro P03Bl-1TKY € ypRUOBl-1M opraHOM, tHO
311U'tCHIOE TeXH1YHY Ta rYMdH1TdPHY llonoMory YKpalHl B TaKV1X ranYFlx
RK oxopOHa 31l0pOO'R, nplt10arV13aU1R, oxopOHa HaOKonV1WHboro
cepeAOB"1wa, eHepre TV1 Ka T a npV1pOIlH 1 pecypcV1. (ToeOSHO nporpaM J

eHepreT"1K"1, OIlHIIIM 3 OdJKnlt10V1X npoeKT1B € nlABl-1U!eHHR e¢eKTVlBHOCT 1

BIIIKOpl-1CTaHHR eHeprl1 0 npOMlt1CnOOV1X nlunpV1€MCTBax. 3111~CH~M)Tb UCV1
npoeKT Tp"1 aMeplIIKaHCbKl QJlPMlt1 Burns and Roe Enterpr~ses, tOSleL
Wheeler, Resource Management Assoc~ates.

3aBAaHHRM 3a3HayeHV1X BV1we <:p1pM € npOBeueHHR aYU"1TOpCbKOl PObOTlt1 0
ueKlnbKOX nlunplII£MCroax, Wo 1HreHCIIIBHO CnOJK"1BaIOTb eneKTpOCHcpr-llO,
BV13Ha~l-1T"1 3axOllH Walla 3MCHWCHHR P1BHR CnOJK"1BaHHR eHeprl j, rd
BV13HaYHT"1 T"1nH obnaUHaHHR nnR npoBelleHHR ueMOHCTpaUl~Horo npoCKry
AreHTCTBO (WA 3 H1JKHap0J1HOrO P03Blt1TKY MaE HaMlp HauarH IlO 100 TV1(
QonaplB ernA Ha 06naQHdHHR nnR neMOHCTpaU1~Horo npoeKTy KO~HOMY j

BIII3HayeH"1X nlAnpV1£MCTO CnOQ1BaCMOCR, WO KeplBHV1UTBO nlQnplt1fM( T£1

norOUHTbCA npOBeCTV1 MOHr a~ Uboro 06 naUHaHHR Ta nep 1OA"1YHO npooonlt1 T V1
BV1Mi pH UlOJlO cnOJKlt10aHHR eHcpr 1 j B yMoBax PObOTIII Houor-o
eHepr036epiralOYOrO ObnaJ1HaHHR

B AreHTcTB 1 (llA 3 M1~HapollHoro P03B"1TKY Mill cnoA 1 Ba€MOCR, 1110 3a
1l0nOMOrolO BIIICOKoeepeK fHBHoro eHepro 36ep i ralOYOrO 06naAHaHHR MO)(Ha
3HaYHO e~eKT"1BH1We BV1KOPl-1CTOBYBaTl-1 eHeprllO 1 p03nOBCIOAHTV1 ue~

1l0CB1A B YKpalHl.

(nOlliBaEMOCR Ha Bawe P03YM1HHR BaJKnH~OCTi Ul£l P060TV1 0 rVlX
CKnallH"1X yMoBax 3 eHepronoc Td ya HHRM B YKpa 1Hi. Bawa n 1nrpV1MKa
HauaCTb MOJKnV1B1CTb 6e3KOWTOOHO unA nillnpHEMCTB BCTaHOOV1Tlt1
obnaUHaHHR, 3a 1l0nOMOrOM) RKoro 3'RBIIITbCR MOJKnHB1CTb 3bcplrarlt1
eHeprilO.

3 n~D' 09-
h. ~ ~

AHnpl~ naplHOO -
F)anHlt1K Kepl0fllt1Kd npor pdM I ('Hf'pr l'Ilt1Klt1

F - 1
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RESOURCE MANAGEMENT ASSOCIATES
of MadISon Inc

202 Stale Street
Sulle 303
MadISon, WI S3703 USA

relephone 608/283 2880
NlCSlmile 608/283 2881

EQUIPMENT TURNED OVER TO THE KIEV OFFICE OF THE UNITED
STATES AGENCY FOR INTERNATIONAL DEVELOPMENT (USAtD) c.0 IDEA \PA OCLI

ITEM EQUIPMENT DESCRIPTION QUANTITY RECEIVED

2

3

4

5

6

7

8

9

10

11

12

13

Platinum RTD thermometer wI probes

Wahl Heat Spy infrared thermometer

Recharoeable battery pack for Heat Spy

TIF 2000A c1amp-on digital wattmeter

Fluke 85 diaital multJmeter

Auke 801-410 current probe for multJmeter

TIF 2300 pOwer factor meter

Spenv SLM-11 0 diQitallight meter

Kurz 40« hot wire anemometer

24" probe for Kurz anemometer

Battery recharger

Voltage converter

Foreign plug adaptor

1

1

1

2

2
14 Rechargeable 9 volt battenes 12 1.--...1.r Ylf'

15 Dranetz I PowerStar manuals , "ivA I.

16 Dranetz 808A power analyzer including

- 3 current probes cables paper

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

The equipment listed above has been turned over to the Kiev office of the United States
Agency for International Development (USAlD) By Signing thiS form the receiver accepts
full responSIbility for the care and custody of all Items and must be able to provide
accountabiftty reports if requested This equipment was origlnaly procured by Bums & Roe
Company and IS being turned over on their behalf

Title

Date

Name

Received by·

SI9natur(~b~~L2v,
DAR(AN ])IACHt>!tC

CJ{ler-0r-fA~ (OE1..,PA DC{)-
,

ffB 22 199'5
I

Turned over by:

Name

Title ~('..,y Ef5." r0G'~~

Date ~D 'd.~ I I ':>:2S

G - 1



APPENDIX H

Standard Abbreviations and Conventions Used in Report



Glossary

AC

amps

atm

bar

BTU or Btu

cfin

DC

DSM

E

EAF
ECO

eff
EEM
exarr

fl?
W
Gcal

GJ
gph
gpm
GWh
H2

H20
H2S04

hectare

hectolIter

Hg

hp

Alternatmg Current

amperes

atmosphere(s) - 14 696 pounds per square inch

100,000 pascals - 14504 pounds per squared inch

Bntlsh thermal urnt

cubic feet per mmute

centImeter = 03927 inches

square centImeter - °155 square inches
carbon monoXIde

carbon diOXide

degree(s) CelslUsT = 5/9 [T' F - 32]

degree(s) FahrenheitT

degree(s) RankineT = T' F + 460

Direct Current

Demand-Side Management

East

Electnc Arc Furnace

Energy ConservatIon Opportunity

effiCIency

Energy EffiCIency Measure

excess aIr

square feet

cubiC feet

Gigacalone(s) = 1 billion calories = 3 968 million BTU

Gigajoule(s) = 1billion 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 = 26 42 US gallons

mercury

horsepower

H -1



hps

hr

Hz

J

kca1

kg

Kgcc

kJ

Ian

kN

kp

kPa

kV

kVA

kVAr

kW

kWh

lb(s)

liter

rnA

MBTUor

MMBTU

MCal

metnc ton

mg

rrun

MCF

MJ
MM: or mIn
MPa
mv

MW
MWh

NGor ng

lugh-pressure sodium lIghtIng

hour

hertz = cycles per second

Joule{s)

kIlocalones = 1 thousand calories = 3 968 BTU

kIlogram

7,000 kcal = 27,776 BTU

kIloJoules = 1 thousand joules = 0947813 BTU

kIlometer = 0 621 miles

kIlonewton = 1 thousand newtons

kopeck = 01 ruble

ktlopascal(s) = 1 thousand pascals = - 14504 pounds per square Inch

ktlovolts = 1 thousand volts

ktIovolt-amperes

ktIovars = 1 thousand volt=amperes (reactive)

ktloWatt(s)

ktloWatt hour(s)

pound(s)

o2642 US gallons = 0 03531 cubiC feet

meter(s)

square meter(s)

cubiC meter

rrulltampere = 0 001 amperes

mega BTU = 1 millton BTU

megaca10rie = 1 million ca10nes

1 thousand kilograms = 1 1023 US tons

rrulhgram(s)

rrunute

one thousand cubic feet

megaJoules
rrullion
1 rrullion pascals = 145 04 pounds per square Inch
mercury vapor lightmg

megawatts
megawatt hours = 1 millton watt hours

natural gas

H- 2



NO"
O2

P

PC

ppm
pSIg
R
RMA

RPM or rpm
s

S02
sqft

T

Tcal
therm
TPS

TWh

US orUS
V

VA
VArs
VSD
$US
yr

nanometer
CUbIC meters at standard condItions oftemperature and pressure (200 C and 1
atmosphere)
nitrogen made

oxygen
pressure
personal computer

parts per million
pounds per square inch (gauge)
ruble
Resource Management AssocIates ofMadIson, Inc

Revolutions Per Minute

second
sulfur dIOxide
square feet
temperature
teracalorie = 1 tnllion calories = 3 968 billion BTU

volume ofnatural gas 100 cubic feet, 100,000 BTU

Thermal Power StatIon

TeraWatt hour(s) (109 kWh)

Umted States
volt(s)
volt-amps
volt-amps (reactive)
variable speed drive
Urnted States Dollars
year

H - 3
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Specifications for Recommended Equipment



Combustion Analyzer Specification

One - Bacharach Model CAJOONSX combustion analyzer With accessones

Fuels capabilIty

Natural Gas (local composition)

#5 fueloll

Coal

Blast furnace gas

Coke gas

MIxes ofabove gasses

Measurement CapaCIty

Oz, CO, NOz" SOz"Temperature

CalculatIon CapaCIty

CombustIOn efficiency

CO2 concentratIOn

Excess air ratIo

Accuracy

N02

S02

+/- 5% ofreadmg

+/- 5% ofreadmg

•

Probes

Samplmg hose

Output

Power supply

Manufacturer

Model

12-inch and 48-inch

20 feet minimum

Thermal printer in unit

Rechargeable battery

Bacharach

CA 300 NSXE N 24-8032

•

IMPLE~NTAnON OF ABOVEEQUIP~

Cost for purchase and shipping = $7,000

I - 1



Infrared Non-Contact Thermometer Specification

(HIgh Temperatures)

Wahl Brand Infrared thennometer, model DHS-29XT or Equal

Range

Accuracy

Annmg
EnussiVlty

Scale

Resolution

Warranty.

Power.

Options

900 to 3,200 degrees Fahrenheit (482 to 1,760 degrees Celsius)

+ or - 03% offull scale readmg

telescope SIght

adjustable

FahrenheIt and CelsIUS SWltchable

1 degree
3 years
battery for portability

220 volt rechargeable battery pack - 40 hours contInuous operation

IMPLEMENTATION PRICING

$3,500 base unit

$ 400 rechargeable battery pack

$ 100 shipping

$4,000 Total

1-2



Combustion Analyzer Specification

One - Bacharach Model CAJOONSX combustion analyzer with accessones

Fuels capability

Natural Gas (Local composItion)

#5 fuel oil
Coal

Blast furnace gas
Coke gas
:Mlxes ofabove gasses

Measurement CapacIty

0:0 CO, NO:o SO:o Temperature

CalculatIon CapacIty

CombustIOn effiCIency
CO2 concentratIOn

Excess atr ratIo

+/- 5% of readmg

+/- 5% of reading

•

•

Probes

Sampling hose

Output

Power supply

Manufacturer

Model

Spare Cells

Spare Thermal Paper

Operating Manual

12-inch and 48-inch

20 feet mmlmum

Thermal pnnter munit

Rechargeable battery

Bacharach

CA 300 NSXE N 24-8032

two year supply WIth frequent use

100 rolls (nonunal)

translated mto the Russian language

1-3



VARIABLE SPEED DRIVE SPECIFICAnON

Safetrorucs model FPC-2000 VFD WIth PID Control- or Equal

- 0 to 10 vDC or 4 to 20 rnA speed reference input

- Isolated form C contact for remote mverter fault mdlcatlOn

- set pomt control m software

- elapsed tune meter

- kWh meter

- analog output proportional to output power

- lme reactor

2 Rosemont 1151 GP pressure transducer (4 - 20 maDC) compatible With Item #1 PID

With 3 valve marufold and appropriate pIping tap fittings

3 3 contactor VFD bypass switch

4 Nema-l Wall Mounted Enclosure for above

- door mterlocked CIrCUIt breaker

- door mounted dIgItal operator station

- dnve / off/bypass selector SWItch

- dnve run / test selector SWItch

- manual / auto switch VIa mput contact points

5 Enclosure completely assembled and tested

6 InstallatIOn mstructions and operating manual translated mto RUSSian

I - 4
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Infrared Non-Contact Thennometer Specification

(Midrange Temperatures)

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

•

•

•

•

•

•

•

Range

Accuracy

Auning

ErruSSlVlty

Scale

Resolution
Warranty

Power

Options

Pncing

oto 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 urnt

$ 400 rechargeable battery pack

$ 100 shtppmg

$3,500 Total

1-6



---- means
measurement IS over
or under the range
of the-mstr.ument'

SATT displays low
battery HLP flashes
when Instrument IS

out of speclfrcalion

TEST mode flashes
room temperature
to show Heat Spy IS

workIng properly

Measured tern
perature ,s updated
3 limes per second
on large LCD

PEAK holds highest
temperature and IS

especially useful In

high temperature
scans

US Deparlmenl of Commerce Nat,onallnsl'tule of Standards and Technology, formerly Nallonal Bureau of Standards (NBS)

Use Heat Spy wIth confidence Thousa •
-'.'-"~

service for 10 years or longer We stand behl~~t.tliE! '" ~ GO

year warranty, factory recalrbratlon and servlce:¥~~;,;l1~1\'?•
- - ""1-

.~
w "1&-, .....

Factory Mutual Appro'Ved models for
are also available (see page 29) , '- '~c;

•

•

•



Rugged Metal Construction and 3-Year Warranty

CALL TOLL FREE IN THE USA AND CANADA (800) 421-2853 • FAX (310) 670-2840

- ----

MocleI DH5-24X, XL DH5-26X, -XT DH5-27X DHS-28X DH5-29X DH5-3SXT DH5-10X DHS-8X l
DH5-24L DH5-26L, -XL DH5-28XT, XL DHS-29XT (see box below)- --

ApphcatlQ(1 General use General Use 01eck Hlo:flTerrp High Terrp High Terrp Eoonomy Small Targets
Best k:DJracy .ndLdng Glass Terrperalure IndLdng Glass IvIeasures Thru Furnace TutJes fo.IoodeI EledrOOlC
Glass Surfaces Surfaces 01 RaInes Surfaces GIassIRan-es Annealing GereraJ Use Corrponents

WorX
--

Terrperarure 010 HXX)"F o to 2COJ"F 600 10 JOO()"F 32 10 25OO"F 'XX) 10 32<XJ"F 800 10 32<XJ"F o10 55O"F or 010 HXX)"F
Rar;.;je 20 to +55O"C 20 [0 1CCO"C 31610 1649"C 010 1380"C 482 to 176O"C 42610 1700 C 20 10 275°C 20 10 55O"C

-

SpeclraJ Ra~ ()l) 8-14 8 \4 4320 4472 8 14 2 1 2S 3S 41 8-14 814

k:DJracy al Tr'F t5° to 3% FS to 3% FS 05%FS t03%FS !03%FS to 5% FS to 5% FS 03"1. FS
ResoiutlQ(1 IOFf'C IOFf'C l°Ff'C l°Ft'C IOFrC l°FrC IOFf'C l°Ff'C

-
AtrtJoenl Coeratlon 25 [0 125°F 2510 12S°F 2Slo 125°F 2S 10 125°F 2S to 125°F 2510 125°F 40 10 1100F 2S 10 12S°F
Terrperalure -410 52"C -410 52"C -4 10 52"C -4 10 52"C 4 to 52"C -4lo52"C 510 43"C -4 10 52"C

Terrp Coeff,oent to 1 de<jcleg to 1 deg'cleg to 1 deg'cleg to 1 deg'cleg to 1 de9'cleg to 1 deg'deg t02 de<jcleg to 1 deg'deg

Repealab<lity tlOF t2"F ±3"F ±3"F tTF iTF l2"F l2"F

Response Time [0 \ sec I sec 1 sec. 1 sec I sec 1 sec 2 sec 1 sec
95% 01 Reading

Target SIze at 1 In cia lin cia 3 on cia lin cia \ In dia 1 In dia 2,n da 015,n dia
Focal Poont @2ft @2ft @IOft @2ft @IO ~ @IOft @2ft @1.n

OiS1ance 10 Targel SIze 201 201 401 201 100 1 100 1 201 NlA
Beyond Focal POCI1l

PractJeal Wor\<Jng Olo40ft Olo40ft 010 100ft 01040 ft 010 lSO~ OlolSON o1040 ft 0108,n
0iS1ance

Slgulng System Erdosed SIgh! Erdosed Laser Erdosed Eroosed Laser Enclosed Slgu Enclosed 0pC1C3I Slo:flI l.Jght Beam on
or Laser or Te1esrope 0pCJcaJ Slg-c or Telescope or Telescope or Telescope Center woo

Aqustable EmsSl\I1ty 02 10 02 - 10 02-10 02 10 02 10 02 10 Pre-sel a95 021010
Rar;.;je

Output 10 Rerorder 1 mV/deg 1 mVldeg 1 mVldeg 1 mVldeg 1 mV/deg lmVlcleg None 1 mV/deg

Continuous Cperallng 40 hrs 40 hrs 40tvs 40tvs 40 hrs 40 hrs 25 hrs 40 tvs
Time Per Banerv Laser 5 hrs Laser 5 hrs Laser 5 hrs

Weto:fll Lbs 22 22 (1)28 25 22 (1)28 25 (1)30 25 (T) 30 22 25

PrICeS Include carrYHlg case spare battery, owners manual, logger lock. AC adapter (speedy 110 or 220 VAG)

For telescopIc 5'gl1l on FM models DHS 26X and
DHS 28X add SuffiX T' e 9 DH5-26XTF FM

PriCE' Includes carfy,ng case spare battery owners
manual and lngger lock

T-12
W2111

EP-10

MN1604
NIST-HS
RH5-15

More Useful Accessories
Part No Descnption

11441-1 SpareACAdapter,l10VAC
11441-2 Spare AC Adapter, '22OVAC
9852 Spare Tngger Lock
9990 Heat Spy CarJY1ng Case
8-11 Bench Stand
CRM Cahbra!lonlRepaJr Manual

Speafy ModeVSenai No
ErTllSSlVlty Coating
Black Spray Paint
Leather Holster (except for
models WIth telescopcc SIght)
Standard 9V Alkaline Battery
NIST Traceable Test Data
Heat Spy Portable Slnp,
Chart Recorder 12 selectable
chart speeds 110VAC and
rechargeable Inlemal battery
Heavy Duty Tnpod
Spare ONners rv1anual, speafy
model and senal no

BP12-110 Rechg Battery Pack. 110V
BP12-220 Rechg Battery Pack, 220V
WS-14 Safety Wnst Strap
Call Wahl for more great Infrared products
and blackl:x>dy calibration sources or our full
line Handbook of Temperature Instruments

H70

I - 8

LCD
LED
LCD
LED
LCD

FM Approved
for Hazardous EnVironments

~

~

I~l
V~

<S>
..~(O

Wahl offers Heat Spy models tested and
approved by Factory Mutuallaboratones
Models are approved for use In Class I and
Class II Groups C 0, E, F and G hazardous
locations This assures safety when used In
petrochemical plants, underground mines and
other locations where combustible gases,
grams and dust are present

FM Approved models are dedIcated of or DC
and are furnished Wlthout a connection for AC
adapter external battery pack or recorder
output

To order specify For 'C
DH8-24X (F or C) -FM
DHS-24 (F or C) -FM
DH8-26X (F or C) -FM
DH8-26 (F or C) -FM
DH8-28X (F or C) -FM

•

•

•

•

•

•

•



Heat Spy® Has Superior Accuracy and Target
Resolution. New Optional Laser Aiming Sight.
Applications

Steam Traps • Electrical Busses
Bearings • Paper • PlastiC • Rubber
Glass • Ceramic • Painted Surfaces
Grains • Chips • Asphalt • Wood
Stacks • Furnaces • Shells • Dies
Heat Treating • Chemical Processes
CirCUit Boards' Wave Soldenng
Weldmg • High Voltage Targets
MOVing and Rotating Machinery
Distant and Hard to Reach Objects

Ultra-High-Accuracy DHS-24X
o to 1000°F 20 to 550°C

'{ou can t get more accuracy or sensitivity
between these temperature ranges
13 >Ff~ 1 5 'C to be precise Repeatability IS
a light ~ l'F Use the DHS-24X to measure
all normal matenals Including glass surfaces
Carbon diOXide and water vapor won't affect
readings Laser aiming Sight With LED diS
play and FM approved models are available

J Year Warranty

DHS-24X LCD Display
DHS-24Xll LCD Laser Sight
DHS-24L1 LED Display, Laser Sight

Wide Range DHS-26X
o to 2000°F 20 to 1000'C

Our most popular Heat Spy combines
the ± 3% accuracy of tt1e DHS 24X With a
temperature range sUllable to most general
purpose mamtenance and process appllca
tlons The DHS 26X features an optional
telescopic Sight as well as LEO laser Sight
and FM approved models

3 Year Warranty

OHS-26X LCD Display
DHS:2~XT LCD TelescopIc Sight
-DHS:~~~l1lCD Laser Sight
OHS-26L1 LEO Display Laser Sight

,f

~
~

~ ,
...,.

-~- ;,

" -1 0" DIA

v .. _ •

AVOID ElIi'()$.lJME
lftSIk!EVoSE-""'Oo <loo
$(""ll)~-oo.o·-",

<oI"E:.n~

LASER

\~r ',.
~;---1~'.-----I~

~ ,4., - - ~
SWitchable Las,eC Q'llng,Slght
Hlgh't-vlslbre ~~rKo i~h..\~t~ pinpoInts
obJe0S up to 100 ! . Gq,OO,.q.Olce for
l~tr9Jl~~ot spO~t; ~"Q!1 targets
LCD1S'tlest fo/ D

1,,~""t':' •

dlsplp.y for n,gh1M
,,~ -~~

Telescopic Sight
Laser Sight

DHS-28X
DHS-28XT
DHS-28XL1

DHS-10X

OH5-1 OX Target Diameter vs. Distance
Distance (feet) 2' 10 20
Target Diameter (Inches) 2" 7" 1]

Enclosed Optical Sight
For most applications the standard
enclosed optical Sight provides target
deflOltlon at 4 ft and 20 ft With paralla..
correction

High-Temperature DHS-28X
32 to 2500°F, 0 to 1400°C
We took our general purpose Heat Spy one
step higher for those glass gobs, heat
treallOg, annealing and welding applications
You stili get 3% FS accuracy and 3°F
repeatability Laser aiming Sight optional

At high temperatures, you probably won t
get very close to your target. so we recommend
the telescopic Sight

3-Year Warranty

Economy Model DHS-10X
o to 550°F, -20 to 275°C
If you can use a Heat Spy-quality general
purpose I R thermometer for a low pnce
select the DHS-l0X EmiSSIVIty IS fixed al
95 which IS the most common for general
applications Measure organic matenals
painted surfaces, plastiCS, insulation and
factory machinery (Recorder output and
peak hold not available)

3-Year Warranty

FOR HEAT SPY SPECIFICATIONS, REFER TO PAGE 29 r - 9 v'\
\\'



DHS·29X
DHS-29XT

Heat Spy measures surface temperatures of glass, furnace walls and furnace tubes

Heat Spy'
For crucial high temperature

applications tap mto Wahl's

"hands-off experience"

Infrared thermometry IS one of the very
best ways to measure surfaces at very high
temperatures Special narrow spectral
ranges are required however depending
upon the application

Wahl designed and bUilt two Heat Spy
models from Ihe bottom up for precise,
accurate measurement of high temperatures
under tne toughest factory conditions

DHS·29X measures through glass ports
900 to 3200°F, 482 to t 760°C

Measure through glass, flames and products
of combusliOn uSing the DHS-29X (2 1 2 5
microns) Its small target resolution and
long telescopic range make the DHS-29X
Ideal for aiming through ports In furnace
walls at refractOries, glass gobs, furnace
tubes. ceramiCS, billets, slag and annealing
matenals A sapphire Window protects the
slltcon OptiCS from heat and contamination

3-Year Warranty
Standard Sight
Telescopic Sight

DHS-35XT measures furnace lubes
800 to 3200°F 426 to 1760°C

In the narrow spectral range of 3 5 4 1
microns the DHS-35XT minimizes errors
caused by reflectance from walls and
flames That makes It excellent for measuring
furnace tube temperatures through open
ports It IS also your best choice for high
temperature general purpose appltcattons

3 Year Warranty
DHS-35XT TelescopIc Sight

Use Laser for Tough Aiming Situations

CALL TOLL FREE IN THE USA AND CANADA (800)421-2853 • FAX (310) 670-2840

• Available on most of our popular
models DHS-24L, -24XL, -26L.
-26XL. -28XL

• Add the laser aiming optIon for
- Precise centering on target
- Night and low-light conditions
- Measuring In cramped and

awkward areas

• Meets U S Federal Safety Regulations
- CRF 1040 10 Class II Certified

less than 1 OmW power
- Opltonal CFR 1040 10 Class III-A

Certified less than 5 OmW max power
- Separate laser SWitch and

indicating light
- Laser IS on only when readmg

temperature

?R

How Laser Aiming Works to Your Advantage

The high-coherency laser aiming beam adds
a powerful dimension to precise temperature
measurements The laser places a VISible
red dot on the center of the target surface

You can hold the Heat Spy In any POSition
and at any level It IS especially useful In
cramped areas and In awkward conditions
such as standing on ladders and platforms

The laser IS very effective Indoors under all
lighting conditions and dramatically useful
at night outdoors In bnght sunlight use Heat
Spy s enclosed optical Sight AVOid viewing
the laser Sight directly or when reflected Irom
shinY surfaces Laser energy from low ref lee
tlve targels such as painted surfaces or OXI

dIzed metals IS conSidered safe for viewing



International Price List Wl129P-lntl
Effective Oct 1, 1994

Pig.. Part No Oescrlptlon Unit Pm:. Pall'" Part No o..acrtpt Ion Unit Price

24 ST2203C Soldenng Iron Te.ter Deg C EA 102800 30 DHS S3C DigllaJ Heal Spy LCD Deg C EA 358, 00
24 ST2203F SoIdenng Iron Tester Deg F EA 102800 30 OH5-SJF DigItal Heal Spy LCD Deg F EA 358100
24 WST 02 Heavy Duty Band EA 11100 30 OHS 53AC Digital Heat Spy LCD Deg C EA 3B4300
24 WST 02B Band With Bonnet EA 12300 30 OH5-53AF Digital Heal Spy LCD Deg F EA :l34J 00
24 WST.(J3 Wire Band EA 5600 30 OAC 53 Digital to-Analog Con_ EA llB5 00
24 WST 34 Carrytng Cage EA 9400 30 L 50 CIOSErUp Lens EA 256 00
24 WST -02 KIT Replacemenl Band Kl1 EA 5600
24 WST 028 KIT Replacement Band Kit EA 5600 31 531 3 AC AdaplElt' DHS 34 EA 9400
24 WST.(J3 KIT Replacame<>IBand Kit EA 3800 31 A3401 VlElwfinder Camera Kit EA 161300

31 OH5-33SC Small Taroet ()g1laJ Heal Spy EA 397500
25 B-1 S04 Bane'Y 9 Volts EA 400 31 OH5-33SF Small Taroel ()gltal Heal Spy EA 397500
25 HSA 201 Heat Spy Telernabc EA 3222 00 31 AS301 LOOQ Eye Relief Eyepoece EA 20100
25 HSA 2012 Heal Spy Telernaoc EA 3222 00 31 AS302 Angled V_findElt' EA 27500
25 HSA 2013 Heat Spy Telernaoc EA 332800 31 OH5-34A AUlDfoa;s o.gltal Heat Spy Oeo CIf EA «99 00
25 HSA 2014 Heal Spy Telemaoc EA 3328 00 31 OH5-34S SlTld ()gltal Heat Spy LCD Deg CIf EA 4106 00
25 T 12 Heavy Duty Tnpod Adlustable HI EA 17500

33 DH5-12X o.g,tal Heal Spy LCD EA 82700
27 DHS tOXC o.g'tal Heat Spy LCD Deg C EA 111000 33 DH5-12XE Dig'tal Heal Spy LCD EA 1104 00
27 DHS-tOXF o.g'tal Heal Spy LCD Deg F EA 111000 33 OH5-,2XW o.gltal Heat Spy LCD EA 143900
27 OHS-24L o.g.tal Heal Spy LED Laser EA 26'700 33 OH5-,2XM o.Q1tal Heal Spy LCD EA In200
27 OHS 24X o.grtal Heal Spy LCD EA 2339 00 - 33 ,lAl0 Close Focus OptIOn, Add EA 222 00
27 OHS-24Xl o.gltal Heal Spy LCD Laser EA 2550 00 33 llAll AC PoWElt' Adapl8r 110 VAC 60 HZ EA 2800
27 DHS 26L o.gltal Heal Spy LED laser EA 2706 00 33 llAI2 AC PowElt' Adapter, 220 VAC EA «00
27 DHS-26X o.g'tal Heal Spy LCD EA 242800 33 llA13 60" Analog Output Cable EA 2800
27 DHS 26Xl o.gltal Heal Spy LCD LasElt' EA 263900 33 llAI4 Thermal-Type Pnnl8r EA 54900
27 DHS-26XT o.gltal Heat Spy LCD Telescoplc EA 2922 00 33 llA15 Software Program S- I '4" o.sk EA 11100
27 DHS-28X o.grtal Heat Spy LCD EA 242800 33 llA16 Software Program. 3-1 fZ' DIsk EA 11100
27 DHS 28Xl o.gltal Heat Spy LCD LasElt' EA 263900 33 llA17 Pnnter Paper Box 015 Rolls ax 4400
27 OHS 28XT o.gltal Heat Spy LCD Telescoplc EA 2922 00 33 12>\18 Sub-ZElt'O Opooo. Add EA 16700

33 12>\19 Adjustable EmiSSIVIty Opooo Add EA 11'00
28 OHS-29X o.g'tal Heat Spy LCD EA 271100 33 121\20 60" Computer Cable EA 4400
28 OHS-29XT o.gltal Heat Spy LCD TelescopIC EA 3206 00 33 '21\2' Spare Owner's Manual EA 1100
28 OHS-35XT o.gltal Heat Spy LCD TelescoptC EA 3272 00 33 121\22 o 1 Deg Resolunoo Opnoo. Add EA 5600

33 '21\23 NIST C41rtJficare Opoon. Add EA 8300
29 1'44t , Spare AC AdaptElt' 110 VAC EA 2400 33 '21\24 IntnnslC3Jly Sale Opoon Add EA 11100
29 1144t 2 Spare AC Adapter, 220 VAC EA 3300 33 121\25 Laser S'Ohong Opoon, Add EA 16700
29 9852 Spare Tngoer Lock EA 600
29 9990 Heat Spy Carry1ng Cage EA 5600 34 OHS.llX o.g,ta1 Heat Spy LCD EA 19900
29 B-11 Bench Stand EA 7300 34 OHS.llXE o.gltal Heat Spy LCD EA 34900
29 CRM Cal ,braooo and RepaJr Manual EA 5600 34 l1A02 Bell-ehp Pouch EA 3000
29 DHS-8XC o.g'tal Heat Spy LCD Deg C EA 258900 34 '1A03 WatElt'proof CarryIng case EA 7000

• 29 DHS-8XF o.g'tal Heat Spy LCD Deg F EA 258900
29 DHS 10XC o.g'tal Heal Spy LCD EA 111000 35 OHS 5X DIgItal Heal Spy LCD EA 62400
29 OHS 10XF o.O,tal Heat Spy LCD EA 111000
29 DHS 24L o.OltaJ Heal Spy LED laser EA 261700 J6 37 38 Temp-Plate and Temp-Spy RecordElt's
29 OHS-24X o.grtal Heat Spy LCD EA 233900 Add sufflllllCa)(ding ID l8mperaDJfe r3rlQEl de,..ed
29 DHS 24Xl o.Q1tal Heat Spy LCD Laser EA 255000 J6 101 &-() Temp-Plate Recorder Box 0/ 10 ax 3300
29 DHS-24C..fI,A Heat Spy FM Approved LED Deg C EA 228900 36 1018 () Temp-Plate Recorder, Box 0110 ax 4400
29 DHS 24F.fM Heal Spy FM Approved LED Deg F EA 228900 36 240K IC Temp-Plate Low Range Kit BX 2800
29 DHS-24XC-FM Heal Spy FM ApprOVed LCD Deg C EA 221700 36 240K IF Temp-Plale Low Range Kit ax 2800

• 29 OHS-24XF FM Heat Spy FM Approved LCD Deo F EA 221700 36 240K 2C Temp-Plate High Range Kit ax 2800
29 DHS-26L o.g,taJ Heat Spy LED Laser EA 2706 00 36 2401< 2F Temp-Plate High Range Kit ax 2800
29 OHS-26X o.gltal Heat Spy LCD EA 2428 00
29 OHS-26Xl o.gltaJ Heal Spy LCD Laser EA 263900 37 101 4 () Temp-Plate Recorder. Box of 10 ax 2800
29 OHS-26XT o.gltal Heal Spy LCD. Telescopte EA 292200 31 tOI-4V-( l Temp-Plate Recorder. Box of 10 ax 2800
29 OHS-26F.fM Heal Spy. FM Approved. LED, Deg F EA 237800 37 240-( ) Temp-Plate Recorder, Box 0110 ax 2300
29 DHS-26XC-FM Heat Spy FM Approved, LCD Deg C EA 230600 37 430-( ) Temp-Plate Recocder, Box of 10 ax 2800
29 DHS26XF FM Heat Spy FM Approved LCD Deg F EA 230600 37 440-( ) Temp-Plate Recorder, Box 01 10 ax 2800
29 DHS 27X DIgItal Heal Spy LCD EA 269500 37 441 ( ) Temp-Plate Recorder, Box 0/ 10 ax 2800
29 DHS 28X' Heal Spy LCD o..t380"C EA 2428 00 37 442 () Temp-Plale Recorder. Box of 10 ax 2800• 29 DHS-28 Xl" Heat Spy LCD Laser 0-1380"C fA 263900 37 444 () Temp-Plate Recorder Box 0110 BX 2300
29 DHS-28XT Heat Spy LCD TelescopIC o-I380"C EA 292200
29 OHS 28XC-FM" Heat Spy FMAppr LCD o..l380"C EA 230600 38 24o..( ) Temp-Plate Recorder Stainless ax 7300
29 OHS 28XF FM Heat Spy FM Appr LCD. 32-2500"F EA 230600 Steel SElt'I8S, Box of 10
29 OHS 29X o.gltal Heal Spy LCD EA 271100 38 410-( ) Temp-Plate Recorder. Box 0120 ax 1700
29 DHS 29XT o.Oltal Heat Spy LCD TelescoptC EA 320600 38 414 ( ) Temp-Plate Recorder Box of 20 ax 1700
29 DHS 35XT DIgItal Heat Spy LCD Te1escopoc fA 3272 00 38 WDI260 Temp-Plate Temp Decal ax 5600
29 EP '0 EmlSSlY1ly CoabfIQ EA 1200 38 W01270 Temp-Plate Temp Decal ax 5600
29 H70 Leau- HolSler EA 10000 38 WDI2eo Temp-Plate Temp Decal ax 5600

• 29 MNI604 Slandard 9V AlkalIne Bane.., EA 400 38 WD I 290 Temp-Plale Temp Decal ax 5600
29 NISTHS NIST Traceable Test Data EA 22200 38 WDl300 Temp-Plate Temp Decal ax 5600
29 RHSIS Portable Chart Recorder EA 161900
29 f 12 Heavy Dul'( Tnpod EA '7S 00 39 730 ( ) Chart Paper Select Range 100lPl<g PK 2600
29 W21" Spare Owner s Manual EA '700 39 7)1 ( I Chart Recorder 24 Hr Select Range EA J.38 DO
29 WS 14 Safel'( WflSI Strap EA 1700 39 7)2 ( ) Chart Recorder 7 Day Sele<;l Range EA J.38 00
29 BP12 110 Rechg 8anery Pack 110 V EA 34400 39 E 700-{)A Economy Tharm Select Range EA 3000
29 BP1222D Rechg Baaery Pack 220V EA 36\00 39 S 700 ( )A Surlace Therm Select Range EA 3900

39 S 700-( )a Surface Tharm Select Range EA 4100
30 531 1 AC Power AdaptElt' 110 VAC EA 9400 39 S 70' ()P Surlace Tharm Select Range EA 4800• 30 531 2 AC Power AdaptElt' 220 VAC EA 21000 39 S 702 ()P Surlace Tharm Select Range EA 4800

fempe'allJre Range Itsted as o-l4()()"C IS 0-1380"C

Prices subject to change without notice

Wahl WAHL INSTRUMENTS INC" 5750 HANNUM AVE" CULVER Cill', FAX: (310) 670-2840CA 90231 USA· TELEPHONE (310) 641-6931 . TELEX 66-4406
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Specification of Equipment for Energy Management Program

Items included
a) Two non-contact ultrasoruc flow meters - $16,000 total
b) One Non-contact thermometer - $3,500

c) Two 3- phase electncal meter With lOgging and downloading capability - $26,500 total

d) Ultrasonic leak detectIon deVIce - $1,500

e) Laptop computer With plant energy management software - $4,000

t) Laser pooter - $3,000
g) Energy management reference books - $500

Total =$55,000

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 interfaces, software, maintenance
contracts, and calibration eqUipment such that It is self sustainIng for a period oftWo years without any
additlOnal mvestment 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 additlOnal
goods or serVIceS

ALL EQUIPMENT MUST INCLUDE AS A MINIMUM

I Internal design or appropnate adaptatIon eqUipment to recharge and operate equipment on 220 volt,
50 hertz power source, using Former SOVIet Uruon standard 4 millimeter round prongs Ground pm to
be supplied ifnecessary for safe operatIon

II All recharging equipment necessary to support battery operation ofthe eqUipment Rechargmg
equipment must meet criteria (I ) electncal reqUirements

ill Sufficient rechargeable battenes to support 2,400 hours ofintermIttent audit usage over a two year
penod, with a minimum oftwo units

rv All available cables, connections, software, and adapters to interface With personal computer data
storage and available uploading features

1- 12
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V Consumable parts and data output media for the eqUipment to be used 2,400 hours mtermtttently
over a two year penod

VI All costs associated With two years ofrecommended calIbratIOn and preventative mamtenance
Express sluppmg and full replacement loss insurance must be included from RUSSIa to the nearest
authonzed servtce facIlIty

VII Wntten translatIon ofall manuals and safety informatIOn to the Russian language

VIll All equipment must meet applicable Umted States standards

IX All portable equipment Will be fitted with ngid reusable carrying cases to protect the equipment
from frequent travel condItIons Each unit ofequipment is to be packaged m a smgle case unless
weight exceeds 50 pounds, or a probe greater than 24 inches exists
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a) ULTRASONlC FLOW METER AND TOTALIZER

(Two complete uruts are specified per set)

•

Repeatability

Lmeanty

System accuracy

Rate readout

Volume readout
Flow rate range

Pipe diameters
Totalizer

Transducer

Transducer cable

Capability

Power source

Manufacturer

Model

+/- 01% offull scale

+/- 0 1% offull scale

+/-5%

Metric units

Metncunits
Metric equal to 0 5 to 20 feet per second

15 to 2,000 mm (0 6 to 79 inches)

Metric units

High temperature to 400 F (204 C)

20 feet minimum

Must measure clear and suspended

particle media
Rechargeable battery

Dynasonics, Inc

M3-902 OR EQUAL

•

•

•

b) INFRARED NON-CaNTACT THERMOMETER

(rvflDRANGE TEMPERATURES)

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

Range 0 to 2,000 degrees Fahrenheit or -20 to 1,000 degrees CelsIUS

Accuracy + or - 0 3% ofreading
Aurung LCD laser sight
EffilSSlVlty adjustable

Scale Fahrenheit and Celsius switchable
ResolutiOn 1 degree
Warranty 3 years
Power battery for portabtlity

•

•

Options 220 volt rechargeable battery pack
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Pncing $3,000 base urnt
$400 rechargeable battery pack
$100 sluppmg

$3,500 Total

c) THREE PHASE ENERGY ANALYZER

(Two complete units are speclfied)

QuantIties Monitored
Kilowatt Hours

Kilowatts

RkVAH
KVA
Power Factor

Volts

Amps

Harmonic AnalYSIS

•

Data Storage

Memory

Software
Display

Power supply

All quantItieS morntored

7 day recordmg ofall parameters

To display and pnnt results m graplucal 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 Dranetz•

•

Model 8,000 OR EQUAL
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d) ULTRASOUND LISTENING DEVICE FOR LEAK DETECTION

(Two complete uruts are specified for each set)

Power supply

Crrcuitry

Repeatability

Headphones

Manufacturer

Model

Rechargeable battery

SolId state

+/-1%

8 Ohm (low Impedance) noise isolatmg headset

DaVls-Instruments
Leakcheck OR EQUAL

e) COMPUTER EQUIPMENT

e ) Notebook Computer

Bus architecture

Processor speed

Ram
Hard drive

Floppy drive

Keyboard

DIsplay

Battery

Battery life

CommunicatIOn

PCMCIA slots
Pointmg deVlce
Premstalled software

Pre-formatted disks

Miscellaneous

486

33 Megahertz

4 Megabyte
200 Megabyte mirumum

3 5 mch, 1 44 MB

85 key full size

9 5 mch dual matrix color

Rechargeable

3 hours contmuous use mmimum

Fax/modem mstalled

mtemal 9600/2400 with V 42bis
Two oftype II

BUllt in trackball
Windows version 3 1

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

100 each, 3 5 lOCh, 144MB

Inverted "T" cursor control
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Manufacturer

Model

f) LASER PRINTER

Resolution

Speed

Memory

Paper format
Emulation
Interface

Manufacturer

Model

Ports for external VGA monitor,

keyboard, and mouse connection

AC adapter (240 volt, 50 hertz) WIth

Russian 4 mm round plug

IBM

Thinkpad 750C

600 dpi

8 pages per mmute minimum

4 Megabytes
A4

HPPCL5
Centromcs

Hewlett - Packard

HP40REQUAL

g) ENERGY CONSERVATION REFERENCE BOOKS

(One ofeach book - translation not required)

I Title

Author

11 Title

Author

III Title
Author

iV Title

Author

Energy Conservation Techniques for Engmeers

Harry B Zackrison, Jr

Energy Conservation Through Control

F G Shinskey, Foxboro Company

Energy Efficient Electric Motors and ApplicatIOn
Howard E Jordan, Reliance Electnc Company

TheEn~gySavmgGuwe

G Helcke
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•

•

•

v Title

Author

SupplIer

Energy for Industry

P W O'Callaghan

OMEGA Vol 1 SCientific and Techrucal Books

Pages CE-33, MS-42, EE-44, MS-34, MS-34 OR EQUAL
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