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1 EXECUTIVE SUl\1MARY

11 IntroductIOn

As part of DelIvery Order #30, Industnal Energy EfficIency - Ukrame, the U S Agency for
InternatIOnal Development (USA/D) sponsored energy efficIency audIts at 8 mdustnal plants that
met the cntena and were approved by USAID The purpose of thIs project was to develop Ukramian
energy servIce company (ESCO) capabIhtIes To accomphsh thIS task, Burn and Roe Enterprzses,
Inc, (the pnmer contractor) hIred Ukralman engmers These engmeers were tramed m US
techmques of conductmg energy audIts and m ESCO concepts The mdustnal energy audIts were
conducted to faCIlItate the ESCO trammg

ThIs report details the findmgs ofBURNS & ROE ENTERPRISES, Inc energy report performed at
LVIVLamp PLANT (ISKRA)

In accordance wIth the sub-task of thIS Contract, 24 enterpnses out of 90 potential ones have been
selected for audIt Each enterpnse has been consIdered from the pomt of VIew of proJect partICIpants
selectIOn cntena (approved by USA/D) Such selectIOn cntena mcluded the followmg long-term
economIC development forecast, finanCIal status ofan enterpnse, export revenue share, relatIOn of the
present product output to the maXImum possIble one, energy savmg potentIal, the possIbIlIty to
extrapolate the project on SImIlar enterpnses and enterpnse's aVailabIlIty as demonstratIOn SIte for
other enterpnses

The maJonty of the energy efficIency problems of the plant are typIcal for the most of Ukralman
mdustnal plants, and solutIOns to these problems can be replIcated m dIverse mdustnes

The objectives of the energy effiCIency audIts were as follows

• to conduct mformal trammg m the energy management practices

• to create an mstitutIOnal awareness of energy management

• to recommend speCIfic steps for Improvement of energy effiCIency, mcludmg management
actIOns, low-cost energy savmg measures and selectIOn of eqUIpment to be used for theIr
ImplementatIOn

• to recommend medmm cost and capItal mvestments actIOns reflectmg large energy conservatIOn
opportumties

A project team consIstmg of

• :tv!r 'W~ll~am Dnes as the team leaaer from USA/D,

• Mr Volodymyr Mamalyga as an expert m the fields of electnc engmeenng, electnc mechamcs
and economy,

• Mr Dmitry Kramarenko as an expert m the field of thermal engmeenng and m the processmg
Issues

performed an energy audIt dunng November 25 to 29, 1997 Due to the objectIves of the audIt, the
energy audltmg team prepared the followmg draft report

In performmg the audIt Mr Gassan Mustafayev - Expert, Mr Volodymyr Shestopal - CIVIl
ConstructIOn Engmeer and Dnver, MISS AnastaSIa Leonova - Interpreter also took dIrect
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partIcIpatIon The audIt report was translated by Mr Valery Gool Mr MIkhallo Tamovsky and Mr
Yury Bykov partIcIpated m development of recommendatIOns aimed at mtroductIOn of the energy
management servIce (Item 7 1)

1 2 PrmcIpal findm2s

• LVIVLAMP PLANT ISKRA IS consIdered to be qUIte successful by the UkramIan standards, but It
also has to rely on the bartenng system when paymg for the electnc power supply

• The energy audIt group have IdentIfied several qUIte attractIve opportunItIes for Improvement of
energy effiCIency m the plant operatIOn

• DespIte a repeated nsmg of energy pnces, currently theIr proportIOn m the structure of the
operatIOn costs does not exceed 12 1 per cent However, mspite of that the top plant management

pays a senous attentIOn to the Issues related to energy savmg

• AVailabIlIty at the enterpnse of an mtemal economIC self-supportmg system should be consIdered
as a fact advantageous to stImulatIOn of energy savmg Under the condItIons each self-supportmg
structure umt shall pay only for the resources that were consumed by It Itself

• As the plant management dId not provIde the team WIth reqUIred financIal data, the audItors failed
to have an OpportunIty to analyze the financIal and economIC actIvItIes of the plant m detaIl
Therefore, the audItors failed to analyze and develop recommendatIOns concernmg how effectIve
It would be to produce some sorts of products on the baSIS of analySIS of theIr productIOn
profitabIlIty The audItors also faIled to check how there was reasonable the method of makmg
budgets of separate plant departments

• Out of the total cost of the energy resources consumed by the enterpnse 49,6 per cent are related
to gas the major part ofwhIch (33,97 per cent) IS consumed by RIBBON glassmakmg furnace The
total costs of the potable water and the sewage system are 26,4 per cent, whIle the electnc power
costs are 24 per cent The mam consumer of electnc power IS the compressor statIon (29,53 per
cent of the total consumptIOn at the enterpnse) The balance dIagrams for electnc power
consumptIon made dunng the energy audIt IdentIfied pOSSIble areas to save energy

• SIgmficant decrease m the electnc power consumptIOn would enable mtroductIOn at the enterpnse
would result from mtroductIOn of an energy momtonng and management system

1 3 RecommendatIOns

Table I I belowshows a lIst of pOSSIble energy conservatIOn OpportunItIes (ESMs) They are
arranged accordmg to theIr Importance for the enterpnse The recommendatIOns WIll Improve the
effiCIency of energy utIlIzatIOn at the enterpnse and make It more competItIve The Issues of
ImplementatIOn of the energy savmg measures that cannot be financed withm the frames ofthe gIven
project should be settled on the baSIS ofthe pnontIes of the plant and ItS finanCIal opportumtIes
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Table 1 1
LIst of Energy ConservatIOn opportuDltles

# Measure
tElectrIc power SavIng of Yearly Measure SInlpie Item

savIng, natural gas saVIng, costs, payback In the
kW h x 1,000 m3 x 1,000 usn usn perIod, gIVen

yr report
1 ImplementatIOn of energy 631 875 114,587 110,032 096 71

management

2 Improvement of the schedule for the 1,435 0 64,464 10,000 0155 722
compressor statIOn operatIOn

3 Transfer ofoperatIon of the 1,693 0 76,063 86,500 1 14 73
processmg eqUIpment on the aIr
from the local compressor plants

4 ControIlmg the compressor statIOn 1,731 0 77,780 126,000 I 62 723
productIon capacity by means of a
speed-vanable electriC dnver

5 Replacement of the current 1,065 0 47,886 252,252 527 724
compressors With new ones,
econolTIlcaIlv more effiCient

6 Improvement of the opreatIon 0 80 6,640 5,000 075 75
effiCiency ofDE-6 5 Bollers m the
steam boller-house

7 IntroductIOn mto practIce of mfra- 0 96 8,000 6,000 075 76
red gas-fIred heatmg systems m the
electroplatmg workshop

8 UtIhzatIOn of the heat from the 0 2,000 166,000 200,000 1 2 745
combustIOn products leavmg
RIBBON furnace

9 Improvement of the operatIon 0 50 4,150 5,000 1 2 746
effiCiency of RIBBON glass-makmg
furnace by controlhng the air supply
forbummg

10 PrOVISIOn of temporary msulatIOn on 0 190 75,000 5,200 007 743
the furnace umt

11 Thermal msulatIOn of the furnace 0 1,765 145,000 70,000 048 744
with the matenals bought by the

Iplant
12 ProvIsion of thermal msulatIOn on 0 2,036 170,000 350,000 206 741

the baSIS of hght matenals on the
glass-makmg furnace RIBBON

13 ProvIsion of efficlenct thermal 0 2,036 170,000 560,000 33 742
msulatIon on the baSIS of ceramic
fibers on the glass-makmgh furnace
RIBBON
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1 4 OperatIOn and energy management
It IS typIcal for mdustnal plant management to mamly thmk m terms of productIOn, and to want to
mcrease ItS output Therefore It IS sometimes dIfficult to thInk of the Importance of energy and
energy costs on the operatIOn ofthe plant

For JSC "Lvlv Lamp Plant", as WIth most mdustnes m Ukrame, m the past the energy costs were
SIgnIficantly subSIdIzed, therefore energy savmg was not a major conSIderatIOn m the plant
operatIOns

WIth the nsmg energy costs dunng the past few years, the energy costs have now become very
mfluentIal part of the expenses The energy costs at JSC "LVlV Lamp Plant" are about 3 4 per cent of
the total cost of the products produced
Currently, at the JSC "LVlV Lamp Plant", lIke at other UkrainIan enterpnses too, though the
problems III relatIOn of the energy resources and energy costs are now well understood by the staff,
there IS a tendency to thInk of Implementmg large projects WIth the mtent of savmg large amounts of
energy And at the same tIme at the faclhtles a large number of small energy savmg projects eXIst
that have short payback penods

Most mdustnes m Ukrame have a person or persons who are referred to as energy engmeers These
people are typIcally responsIble for ensunng that there IS an adequate supply of energy to the plant,
not to Improve the energy effiCIency of the plant But WIth the nse m energy pnces and the
uncertamty of aVailabIlIty of all fuels, an energy manager to conserve energy becomes Important
Each plant should senously conSIder establIshIng an energy manager pOSItion as a mmlmum, and for
large mdustnes, pOSSIbly even an energy management sectIOn
These people should be regularly momtonng all operatIOns, and espeCially revlewmg monthly energy
consumptIOn These monthly data should be graphed and compared to prevIOUS months and years to
determme any vanatIOns m consumptIOn Where vanatIOns do occur, they should then determme the
cause of the vanatIOn and If remedIal actIOn IS reqUIred For mstance, If monthly consumptIOn
mcreases, the reasons why should be determmed and If appropnate, steps taken to correct any
problem

In addItIOn, the energy management staff should also reVIew each process, and look for energy
savmg OpportunIties They should see that all cost effective energy Improvements are Implemented,
begmnmg wIth Items Identified m thIS energy audIt They should then also have responsIbIhty to
reVIew all proposed changes to the facIhty to ensure that each process IS as energy effiCIent as
pOSSIble
A plant the SIze of JSC "Lvlv Lamp Plant' should have several people workmg m an energy
management group As a mmimum, It would be good to have a thermal speclahst (someone who IS
knowledgeable about steam and gas supply systems) and a speCIalIst m the electncal power
engmeenng There should be a thIrd person to manage all of the activIties of thIS group, and to report
dIrectly to the top plant management
At many faCIlIties the energy management sectIOn IS assIgned an energy goal, such as "reducmg the
overall energy usage by 5 per cent year" WhIle the percentage goal can vary, thIS type of challenge
gIves a benchmark by WhICh the sectIOn can be evaluated And m mdustnes m Ukrame, where
energy effiCIency IS Just at ItS mfancy, the percentage goal could even be hIgher Some mdustnes also
have an mcentIve program, In WhICh employees are encouraged to submIt energy effiCIency
Improvement Ideas These Ideas, If accepted and Implemented, would result In a small reward bemg
gIVen to the employee
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20 GENERAL BACKGROUND

Name ofthe enterpnse - Open Jomt-Stock Company "LVIV LAMP PLANT ISKRA"
ChaIrman ofthe Board - Mr Pavlo Prystavsky
Tel (38 - 0322) - 21-91-66

42-40-96
Deputy DIrector General - Mr MykhaI10 Vlokh
Tel (38-0322) - 42-81-13

21-91-08
ChIef Engmeer Mr Ihor DRIBNYUK
Address 14, Vuletska Str , LVIV, 290066, Ukrame

2 1 HIstOry of Plant

DesIgmng ofthe Plant was started m 1965, Its constructIOn was started m 1967 The first phase ofthe
constructIOn works was completed m 1972 ProductIOn ofmimature electron tubes was started m that
year

2 2 Types of products

Currently LVIVLAMP PLANTISKRA produces the followmg assortment ofproducts

• general-purposed mcandescent lamps for a voltage from 230 to 240 V, the output power IS 25 to
100 W The desIgned productIOn capacIty of the plant m relatIOn of the mcandescent lamps IS 220
mIllIon umts per year Currently the plant produces 180 ml general-purposed mcandescent lamps
per year,

• mmIature mcandescent lamps for a voltage of 1 5 V, 25 V and 63 V The desIgned productIOn
capacIty of the plant of the mimature electnc lamps IS 150 mIllIon umts per year In the recent
years these lamps have been produced m lots of small number of umts due to small demands,

• flasks for mcandescent lamps The desIgned productIOn capacIty IS 400 ml umts per year Now
180 ml umts are bemg produced for the own productIOn facIlItIes and 100 ml umts per year are
bemg produced for sales to others (mamly to be exported),

• automobIle lamps for IIghtmg the dnver's cab,
• automobIle head-lamps,
• household IIghtmg fixtures

2 3 Number of employees

Currently at LVIV Lamp Plant ("ISKRA '~ about 4,000 workers and officers are employed

2 4 Number of manufacturers of Incandescent lamps

LVIV Lamp Plant IS the largest m Europe m regard of ItS productIOn capacIty, and at the same tIme It
IS the only m Ukrame enterpnse for productIOn ofgeneral-purposed mcandescent lamps

7
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30 CURRENT STATE OF THE PLANT

3 1 Export possIbIlItIes of enterprIse

The plant exports general-purposed mcandescent lamps The largest source of mcomes m hard
currency IS sale of 100 ml flasks for general-purposed mcandescent lamps per year The products of
the plant are sold to Poland, YugoslavIa, Chechla, Romama, Bulgana, Germany, Italy, Iran, Umted
ArabIc EmIrates

3 2 SI21l1ficance of enterprIse for UkraInIan economy

The Importance ofthe plant for the UkraIman economy IS determmed by the fact that the enterpnse IS
practIcally a monopohc manufacturer of general-purposed mcandescent lamps m the country ThIs IS
proved by the fact that, m companson wIth 1991, the enterpnse, as a matter of fact, has not decreased
the productIOn level It can be accounted for very easIly the pnce on the general-purposed
mcandescent lamps produced at the plant IS DAR 028 (USD 015) per umt The pnce on the SImIlar
lamps Imported from other countnes IS 10 to 30 tImes hIgher Even If the hfe-time of the Imported
lamps IS 10 tImes longer (whIch IS qUIte doubtful for the UkraIman electnc power supply systems
wIth unstable parameters) and the dIscount ratIO IS 15 per cent, the pnce on the lamps produced
abroad cannot exceed that on the natIOnal ones more than 4 to 5 times Only on thIS condItIOn use of
foreIgn lamps WIll be economIcally reasonable DespIte that the enterpnse should pay more attentIOn
to mastenng productIOn of new types of products, to carry out regularly marketmg surveys (and not
only withm the UkraIman market')

3 3 General outlay of plant

LVlV Lamp Plant "ISKRA" mcludes the followmg bUIldmgs and structures

1 Mam Bmldmg, the area IS 36,288 m2

2 Engmeenng and household bmldmg
3 Glass Bmldmg, the area IS 12,096 m2

4 Combmed Bmldmg, the area IS 2,304 m2

5 BUIldmg wIth MechanIcal Workshops, the area IS 7,128 m2

6 Electnc Platmg Workshop, the area IS 5,184 m2

7 Canteen (530 seats)
8 ITM-GO
9 Storage #1
10 Storage BUIldmg #2
11 Oxygen Dlschargmg

The arrangement of these bmldmgs IS shown m the general outlay ofthe plant (see FIg 3 1)

8



FIg 3 1 General outlay ofLVlv Lamp Plant "ISKRA"
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40 FINANCIAL STATUS OF PLANT

FIg 4 1 shows a dIagram of the productIon costs for separate Items The analySIS showed that the
mam expendItures are for the raw and other matenals (341 per cent), as well as on paYIng wages
WIth charges on them (141% + 7 1% = 212%) The energy costs are 121 per cent Savmg energy
resources IS conSIdered at the plant as a senous problem For example, a 10 per cent savmg of the

LVlv Lamp Plant ISKRA faIled to aVOId the cnSIS of non-payments that occurred m Ukrame, and the
enterpnse IS facmg lack of the workmg capItal, the wages have not been paId for 3 to 4 months The
top management of the plant tnes to overcome the financIal problems by usmg barter-based
operatIOns, cleanng and other finanCIal mstruments

FmancIaI problems of the plant WIll Improve m the near future, as ItS products are m contmuous
demand

The enterpnse has good prospects That IS why solvmg the energy savmg problems are very
Important, and that can only Improve the vIabIhty ofthe plant under the market economy condItIOns

29
6
2

1 2

141
71
24
36

1
77
11
33
12

100

56
39
63
26
77

8

36
121

The total Income after sale

The structure of the costs on the productIOn ofLVlv Lamp Plant ISKRA products IS gIVen below

ExpendIture Items %

1 Raw and other matenals, 341
mcludmg also

• tungsten WIre

• molybdenum WIre

• tape (steel, molybdenum)

• soda ash
• paper, cardboard

• other matenals
2 Accessory matenals
3 Energy resources,

mcludmg here

• electncIty

• gas
• chemIcal gases

• water
4 Payroll Fund
5 Charge on payroll
6 DepreCiation
7 Other costs,

mcludmg the payment to the raIlroad
Total net cost
8 Income (profit),

mcludmg the mcome tax
9 VAT
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energy costs wIll enable the of mcrease the wages by 5 7 per cent, or that of the mcomes - by 11 per
cent DespIte the fact that analysIs of the economIC mdIcators of productIon IS not the mam task of
energy audItors, one cannot fall outstressmg that the costs of paper and cardboard (that IS of the
packmg matenals) seem to be unjustly hIgh m the total productIon cost These costs exceed the cost
of purchasmg any other matenals and raw matenals dIrectly used m lamp productIOn Therefore, the
plant management should pay attentIOn on pOSSIbIlItIes of decreasmg the costs on paper and
cardboard

• VAT

Cllncomes

1'1 Other expenditures

Cl DepreciatiOn

11IIII Charges on payroll

Cl Payroll FUND

Cl Energy recourses

III Accessory matenals

Cl Raw and other matenals

0,0% 5,0% 10,0% 15,0% 20,0% 25,0% 30,0% 35,0%

FIg 4 1 Structure ofproductIon cost
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Table 5 la

5 0 ENERGY CONSUMPTION AND ITS COSTS

ElectrIc power consumptIOn

5 1 Ener2Y consumptIOn data

12

Table 5 Ib

Reported period Electric power consumptIOn, Cost, USD
kWh xl,OOO

Januarv 2,2056 99,11462
Quarter I February 2,5932 116,53248

March 2,5212 113,29696
Total 7,320 328,94408

Apnl 2,45424 110,28794
Quarter II May 1,6914 76,00765

June 1,8072 81,21 144
Total 5,95284 267,50704

July 1,587 71,316 15
Quarter III August 964 2 43,32895

September 6264 28,14899
Total 3,1776 142,79409

October 351 15,773 14
Quarter IV November 1,7802 79,998,12

December 2,448 110,00753
Total 4,5792 205,77879

Total for 1996 21,02964 945,024

Reported period Electnc power consumptIOn, Cost, USD
kW h xltr

January 2, I 18 3 88,19716
Quarter I February 2,00784 83,59806

March 2,01276 83,80291
Total 6,1389 255,59813

Apnl 222024 92,441 52
Quarter II May 1,8488 76,9763

June 1,8558 77,26775
_ Total - 5,92484 ~85,57

July 1,5306 63,72778
Quarter III August 1,3488 56,15839

September 2,0304 84,53738
Total 4,9098 204,42355

October 2,06352 85,91634
Quarter IV November 2,3562 98,10232

December 2,5254 105,14709
Total 6,94512 289,16575

Total m 1995 23,91866 995,873

1996

1995

Tables 5 1,52 and 53 respectIvely show the data concernmg consumptIOn of electnc power, gas and
domestIc water
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Reported period Natural gas consumptIOn, Cost,
m3 xl,OOO USD

January 3,637 301,871
Quarter I February 4,87997 405,03752

March 4,1742 346,45851
Total 12,69117 1,053,367 03

AprIl 3,35392 278,313,21
Quarter II May 2,227 17 184,855,31

June 2,09205 173,6402
Total 7,67314 636,87072

July 1,92528 159,79824
Quarter III August 872 3 72,4009

September 91229 75,72007
Total 3,70987 307,91921

October 6663 55,30247
Quarter IV November 1,603645 133,10253

December 2,81737 233,837 14
Total 5,087315 422,24714

Total for 1996 29,161,50 2,420,404

Reported perIOd Natural gas consumption, Cost,
m3 xl,OOO USD

January 5,283 408,04474
Quarter 1 February 4,605 355,67784

March 4,87822 376,78063
Total 14,76622 1,140,503 21

AprIl 3,75332 289,89636
Quarter II May 3,098 239,281 21

June 2,95479 228,22005
Total 9,80611 757,39762

July 2,40975 186,12262
Quarter III August 2,22337 171,727 13

September 2,672 0 206,378 11
Total 7,30512 564,22786

October 3,451 266,54598
Quarter IV November 4,725 364,94632

December 5,149 397,69491
Total 13,325 1,029,187 21

Total for 1995 45,20245 3,491,316

1995

1996

Gas consumption data
Table 5 2a

Table 5 2b
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Table 5 3a
DomestIc water consumptIOn

FIg 5 1 shows the monthly electnc power consumptIOn III 1995 and III 1996, FIg 52 shows the
monthly gas consumptIon, whIle FIg 5 3 shows the monthly domestic water consumptIOn

Table 5 3b

Reported perIod Water consumptIOn, Cost,
m3 usn

January 27,129 5,181639
Quarter I February 27,009 51,587 19

March 24,865 47,492 15
Total 79,003 150,89573

Apnl 22,969 43,87079
Quarter II May 22,357 42,701 87

June 23,744 45,351 04
Total 69,070 131,9237

July 23,462 44,81242
Quarter ill August 25,658 49,00678

September 20446 39,051 86
Total 69,566 132,87106

Total for 3 quarters III 218,639 414,69049
1997

Reported perIod Water consumptIon, Cost,
m3 usn

January 25,227 48,13557
Quarter I February 23,658 45,18678

March 23,391 44,67681
Total 72,276 138,04716

Apnl 19,773 37,76643
Quarter II May 23,009 43,947 19

June 29,768 56,85688
Total - 72,550 138,5705

July 27,036 51,63876
Quarter ill August 22,212 42,42492

September 7,496 14,31736
Total 56,744 108,38104

October 8,587 16,401 17
Quarter IV November 10,027 19,151 57

December 16,019 30,59629
Total 34,633 66,14903

Total III 1996 236,203 451,14773

1996

1997

I
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FIg 5 1 DynamIcs of the monthly e1ectnc power consumptIOn
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FIg 53 DynamIcs of the monthly domestIc water consumptIOn

5 2 TarIffs on gas, electrIc power and water

LVlv Lamp Plant Iskra buys gas, electnc power and water and It pays for the sewage system
accordIng to the follOWIng

- electnc power (a two-rate tanff)

. ".

...: ..... 1996

:-1997,

..... --....

·•• J • • _ ••1., .,
··•·... . -..
·,,,
·..··•

.­,

II'" •••••

,
• r

.. - • t'

I ,

.............

····, • _. 'I

,
·I,, . .. ..,

m3

5000

15000

10000 - _.

20000

30000 • ••••• ~

25000

• for I kW of the Installed power - un $3 6 per month,
• for 1 kW h of the consumed electrIc power - US $0034,

- natural gas
• US $83 for 1,000 m3,

- domestIC water (supplIed from the CIty water supply system - UAR 2,750 for 1,000 m3, the
sewage system - UAR 850 for 1,000 m3) Total DAR 3,600 (USD 1,945 9) for 1,000 m3

FIg 5 4 below shows the structure ofthe expendItures on energy resources
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FIg 5 4 Structure of the expendItures on energy resources
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5 3 Balance of enerey resources consumptIOn
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II Electnc power
24,0%

[JWater
9,9%

o Chemical gases
16,5%

o Gas
49,6%

5 3 1 Balance ofelectrIC power consumptIOn

Balance of electnc power consumptIOn versus the mam sorts of the eqUipment and workshops IS
shown m FIg 5 5
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ElectrIcIty

21,02964 th kW h/yr
6,209757 th kW h Compressor

US $945,024 US $279,065 58 statlOn

9,268 294 th kWh
Shop #26

1,853 659 th kW h Hydrogen

US $416,495 96 US $83,299201
statIon

1,204878 th kW h Turbme aIr blowmg
gasIficatIOn

US $54,144 465 statIOn

554329 th kW h
Water supply syst

US $24,910 279

1,068 097 th kW h
Heat supply syst

US $47,997 839

2,906846 th kW h 574609 th kW h Exhaust fan and

US $130,627 02
Shop #22

blowmgfanUS $25,821 616

473 207 th kW h Steam

US $21,264 841
holler-house

236604 th kW h Cycled water

-- US $10,632 443
supply syst

2,74725 th kW h
Shop #(ZEVS)

US $123,455 14

1,089428 th kW h
Shop #14

US $48,956 406

934532 th kW h

US $41,995 733
Shop #11

798,49 th kW h
Shop #3

US $35,882 316

684,185th kWh
Shop #4 Gen ServIce Opt

US $30,745 711 Canteen
Shop #1

2,600615 th kW h Shop #24
Shop #23

US $116,865 69 and others

FIg 5 5 Balance of electnc power consumptIOn for 1996

2953%

881%

573%

264%

508%

273%

2,25%

1 13%

1306%

518%

444%

38%

325%

1237%
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5 3 2 Balance orgas consumptzon

Balance of gas consumption for the workshops and eqUIpment IS shown III FIg 5 6 below

Gas 9,907,352 th m3

RIBBON Furnace

29,161495 th m3 peryear
US $822,31021

US $2,420,404 3,995 084 th m3

Furnace #1
15,490 043 th m3

Shop #13 l- US $331,59197

US $1,282,673 5 1,160628 th m'
LER (feder)

US $96,332

427512 th m'
Glass semlproduct

US $35,483 496

4,379657 th m3 Water-heatmg

US $363,511 53
bOller-house

6,795 287 th m3

Shop #22 -
US $564,008 82 2,41563 th m3 Steam

US $200,497 29
boller-house

2,097 936 th m3

Shop #3
US $174,12868

436237 th m3

Furnaces
1,795505 th m3 US $36,207 671

Shop #17 I--
US $149,026 91 1,361 268 th m3

Walter
US $112,98524

1,708235 th m3

Shop #19
US $141,783,5

110731thm3

Shop #4
US $9,190673

493639 th m3

Shop #11
1,274489th m3 Other US $40,972 037

~

US $105,782 58 users 112129thm3
Shop #14

US $9,306 707

557,99 th m3 Shop #1

US $46,31317
Area #10
Shop #21
Shop #23
Others

FIg 5 6 Balance of gas consumptIOn for 1996

I
I
I

3397% I
137%

I
398%

I
147%

I
1502%

I
828%

719%
I

15% I
467% I
586% I
038%

I
169%

I
038%

I
191%

I
I
I
I
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FIg 5 7 Balance of domestlc water consumptIOn for 1996

5 3 3 Balance ofdomestic water consumptIOn

Balance ofdomestIc water consumptIOn versus the basIc users IS shown III FIg 5 7

I
I
I
I
I
I
I
I
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DomestIc water
236,203 m3 per year
us $451,14773

145802 m3 I Shop #13
I

US $278,481 82

54986 m3
I IJ;ex NQ 22--.

US $105,023 26

10 558 m3 General Service

US $20,165 78 Departement

5122 m3 I Shop #11
I

US $9,783 02

3495 m3 I Shop #3
~

US $6,675 45

2822 m3
I Shop #19IUS $5,390 02

2353 m3 I Canteen
I

US $4,494 23

2.084 m3 I Shop #14
~US $3,980 44

1365 m3
I Shop #15I

US $2,607 15

1 322 m3 I Shop #4
I

US $2,525 02

840 m3
I Shop #23
I

US $1,604 4

731 m3
I Shop #24
I

US $1,396 21

641 m3 I Shop #17I
US $1,224 31

590 m3
I "Iskratrans"I

US $1,126,9

573 m3 r Area #5
I

US $1,09443

565 m3 I Shop #21
IUS $1,079 15

546 m3 • Shop #16
US $1,042 86 I

1 808 m3 Shop #1

US $3,45328 Shop #25
Area #26
Area #27

Prmtmg house

6173%

2328%

447%

217%

148%

I 19%

10%

088%

08%

056%

036%

03%

027%

025%

0,24%

024%

023%

077%

20



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

60 PREVIOUS ENERGY EFFICIENCY IMPROVEMENTS

Senous attentIOn IS paId at the plant to energy savmg Issues In partIcular, there was prepared
prelImmary study to provmg the reason for sWItchmg on supplymg for the processmg eqUIpment the
air from turbme blowers wIth the pressure of 05 kg/cm2 Instead of supplymg the air wIth the
pressure of 4 to 6 bar that IS produced by the compressor statIon More precIse calculatIOns In Item
7 2 In the gIven report showed that the payback penods for thIs energy savmg measure was 1 5 tImes
less than calculatIOns made by the speCIalIsts of the plant

The TechnIcal Department at LVIV Lamp Plant prepared a feaSIbIlIty study of the works aImed at
Improvement of the thermal msulatIOn of the glassmakIng furnace RIBBON Currently RIBBON
glass makIng furnace has no thermal InSUlatIOn m the upper part of the furnace (the dome and the
sIde walls) The surface temperature of the walls m these places IS 330°C The enterpnse bought
basalt fibers to Improve the thermal msulatIOn of furnace vault, whIch wIll decrease the gas
consumptIOn sIgnIficantly (m Item 74, C, calculatIOns are gIven concernmg decreasmg the heat
losses If basalt thermal fiber IS used) Accordmg to the calculatIOns done a the plant, savmg of
natural gas WIll be 502,320 m3 per year, whIle the payback penod WIll be 09 of a year The results of
out calculatIOns are dIfferent so we present them WIth detaIled explanatIons

21
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70 ENERGY AUDIT

WhIle performmg the audIt, the audIt team and plant experts made a lIst of possIble energy savmg
measures The Items were selected for study by the team

1 ControllIng the productIOn capacIty of the compressor statIOn
2 InstallatIOn oflocal compressor statIOns oflow productIOn capacIty
3 Metenng the hIgh-pressure aIr consumptIOn by the shops
4 Improvement the msulatIOn of the glassmakmg furnace
5 UtilIzatIOn of the heat from the glassmakmg furnace for heatmg the rooms
6 Make wanner the BUIldmg where the glassmakmg furnaces are
7 Install a statIOn for separatmg the air to produce oxygen, mtrogen and argon reqUIred m the

processmg lme
8 Decreasmg the capaCIty ofthe motors used for the processmg eqUIpment
9 Adjustment of the gas combustIOn condItions m the furnaces and bOIlers
10 Automatic system for metenng the energy resources flow to make urgent operatIOn declSlons
11 Replacement ofthe obsolete furnaces for burnmg the WIres WIth new ones, more effectIve
12 Replace the burners m the automatIC machmes for fillmg the bases of the electnc bulbs m the

electnc bulb workshop
13 Replacement of the obsolete electrolySIS umts WIth new ones, more effective
14 POSSIbIlIty to use mfra-red heatmg systems m workshops and rooms
15 Install an automatic system for the mternal and external IIghtmg
16 Replace the steel wmdow frames WIth ones of alummum and double-glazed
17 IntroductIOn of eqUIpment for knurlmg the thread on electnc bulb bases WIthout usmg

compressed air
18 IntroductIOn of oxygen cuttmg of the WIre supports on an automatic machme for cuttmg the WIre

Cllnn,..rtc nr,..r!l1f"pr! t-.')'T thf' Qb~<:::nbn.t--
u~t'¥vJ. ~ J:-1J.VUUV\",IU U ~.L"""" 0 ... - ........ rL-.L ...

19 IntroductIOn of a system for checkmg the thIckness of the glass tubes m the glassmakmg
workshop

20 Replacement of burners on the stream water bOIlers
21 Installment a decentralIzed heatmg system
22 Transfer the compressor statIOn on a twO-ShIft operatIOn schedule, and mstall at the same time

local compressors
23 Replace the plants for cleamng the hIgh-pressure aIr and mert gases WIth new ones
24 UtilIze the heat from the water coolmg the compressors for heatmg water and for preparatIOn of

gaseous oxygen, argon and mtrogen
25 Install measunng mstruments for determmatIOn of the qualIty ofmert gases and of aIr
26 Install a system for controllmg the aIr temperatures m the rooms

7 1 InroductlOn of enere;y manae;ement

The proposal

Implementation at LVlV Lamp Plant I/Iskra 1/ of an energy management system

22
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Cycle of Energy Management
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Readmg the data
from metenng
m~tr1Jmpnt~

AnalYSIS

Introductwn
of the planned

measures

M akzng energy
consumptIOn maps

Planmng

By ImplementatIon of energy management one can have a detaIled pIcture concermng consumptIOn
of energy, WhICh enables hIm to compare the energy consumptlOn levels at other enterpnses m order
to determme exactly the energy savmg projects that are planned for ImplementatlOn at the gIVen
enterpnse

Energy management starts with appomtment by the top management of the plant of an executIve to
be responSIble for mtroductlOn energy management at the enterpnse - he IS called the energy
manager The mam functlOns of the energy manager are as follows
• participatlOn m makmg maps of energy consumptlOn at the enterpnse (probably m cooperatlOn

With an outSide consultant - an energy auditor),
• collectlOn of data concernmg consumptlOn of the fuel and energy resources usmg meters and

measunng mstruments and devIces,
• makmg a plan of mstallmg aUXilIary meters and measunng mstruments and eqUIpment,
• collectlOn of data concernmg the flow of raw matenals, fuel and energy and fimshed products,
• calculatlOn of the key data m relatlOn of Improvement of the effiCIency of energy utilIzatIOn - on

the whole and m regard of separate productlOn lInes or areas,
• mtroductIOn of new technologieS for the eXIstmg and new energy systems to mcrease the energy

effiCIency of the productlOn,

The mam mstrument m reductIOn of energy consumptIOn and Improvement of the efficIency of
energy utIlIzatIOn at mdustnal enterpnses IS energy management Energy management IS a method of
managmg the enterpnse provIdmg contmuous study and, consequently, knowledge of the dIstnbutIOn
and condItIons for energy consumptIOn at the enterpnse, as well as determmmg the optImal
utIlIzatIon of energy resources for both the productIOn needs, and for the non-productIOn needs
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• the energy manager shall be aware of the current pohcy m the energy field (for example, the new
legIslatIon on taxatIOn, the eXIstmg hmitatIOns m regard of the energy consumptIOn levels,
SubSIdIes, Issues relatmg to the envIronmental protectIOn, etc)

We propose to mtroduce at the enterpnse an energy management system m full scope
ImplementatIOn of the gIVen proposal IS connected WIth a possIbIhty of decreasmg the energy
consumptIOn rate at least 3 per cent

ImplementatIOn of energy management at the plant reqmres performmg a modernIzatIOn of the
eXlstmg system ofmetenng the electnc consumptIOn rate WIth electnc consumptIOn meters at all the
transformer substatIOns

There IS necessary to modernIze the system of metenng gas consumptIOn at the gas controllIng
statIon WIth provIdmg the readmgs of the flow meter to a computer, WIth mstallatIOn of auxIhary gas
meters m each department, whIch WIll enable to determme the dynamICS of the gas consumptIOn
when producmg products

CalculatIOn of yearly energy savmg

Currently the plant consumes m average dunng a year 21,029 64 thousand kW h of electnc power,
29,161495 thousand m3 of natural gas and 236203 thousand of all-purpose water, the total sum of
those IS US $3,819,576 The world expenence and practIce prove that m case of ImplementatIOn of
energy management guarantees a 3 per cent decrease m energy consumption

So, the cost of the saved energy resources WIll be as follows
- for electnc power

21,029 64 thousand kW h x 0 03 =631 thousand kW h,
- for natural gas

29,161495 thousand m3 x 0 03 =875 thousand m3
,

- for domestic water
236203 thousand m3 x 0 03 = 71 thousand m3

CalculatIOn of a yearly savmg of costs

The yearly savmg of energy costs, and, consequently, the permItted value of the cost of
ImplementatIOn of an energy management system, WIll be

US $3,819,576 x 003 = US $114,587

Costs of ImplementatIon of the energy management service

WIth takmg mto conSIderatIOn the fact that the energy users are dIfferent, we can recommend to
mtroduce at "Iskra" Plant an energy management umt that would be m dIrect subordmatIon to only
the Techmcal DIrector or to the DIrector General (m the foreIgn practice the energy manager IS
subordmated to only the enterpnse manager)

Takmg mto account the wages level at the enterpnses m Ukrame, the followmg salanes for the
energy management servIce could be set

- the ChIef Energy Manager of the plant - US $300 per month,

- a speCIalIst m data bases and economIC analySIS - US $250 per month.....;........,;\-...;;;;;.;;.;;;;;..;~---------

Total US $550 per month

Then the annual payroll fund WIth takmg mto account the taxatIOn WIll be as follows

24
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7 2 Improvement of operatIOn schedule and modernIZatIOn of the compressor statIOn

(US $550 /mon ) x (12 mon./yr ) xl 52 = US $10,032 per year

ImplementatlOn of a momtonng and control system (mcludmg the audItmg automatIc controllmg
eqUIpment) costs U8D 100,000

Total costs on ImpelmentatIOn of an energy management servIce IS USD 110,032

SImple payback of the energy conservatIOn measure

The SImple payback for thIS energy conservatIon OpportunIty IS

USD 110,0321USD 114,587=°96 year

I
I
I
I
I
I
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An energy momtonng and control system represented by two employees should

be mtroduced wIth the yearly payroll fund ofUS $10,032
Concluswns

7 2 1 General descrlptwn ofthe compressor statIOn

At the present tIme the compressor statIOn IS one of the mam users of electnc power at JSC "Iskra"
Its share IS 29 53% of the total electnc power consumptlOn at the enterpnse, or 6,210,000 kW h per
year or $279,066 per year There are 6 compressors mstalled m the compressor statIOn, they are of
three sIze-types, theIr productIon capacIty IS 52, 100 and 120 m3 per hour (two umts of each SIze­
type)

The compressors were eqUIpped wIth the followmg electnc motors

1 3-Phase synchronous electnc motor of SDK-16-24-12K-type, the frequency of the supplIed
voltage IS 50 Hz, the output capaCIty IS 320 kW, 81 operatIOn mode, cosrpn = 09, the stator
voltage IS 6,000 V, the nommal stator current IS 37 A, Y-connectlOn of the stator wmdmg, the
nommal rotatlOnal speed IS 500 rot/mm, the eXCItatIOn wmdmg voltage IS 25 V, the nommal rotor
current IS 270 A, the effiCIency IS 923 per cent, the weIght IS 2,460 kg

2 3-Phase synchronous electnc motor of SDK2-17-26KU4-type the frequency of the supplIed
voltage IS 50 Hz, the output capaCIty IS 630 kW, Sl operatIOn mode, cosrp = 09, Y-connectIOn of
the stator wmdmg, the stator voltage IS 6,000 V, the nommal stator current IS 71 A, the rotattIOnal
speed IS 8 33 s 1, the eXCItatIOn wmdmg voltage IS 36 V, the nommal rotor current IS 255 A, the
effiCIency IS 94 1 per cent, the weIght IS 3,815 kg

3 3-Phase syncronous electnc motor of DS-16-44-10KUHL4-type the frequency of the supplIed
voltage IS 50 Hz, the output capaCIty IS 800 kW, Sl operatIOn mode, cosrp = 1 0, Y-connectIOn of
the stator wmdmg, the stator voltage IS 6,000 V, the nommal stator current IS 81 A, the rotattIOnal
speed IS 10 S\ the eXCItatIOn wmdmg voltage IS 35 V, the nommal rotor current IS 250 A, the
effiCIency IS 96 per cent, the weIght IS 3,770 kg

The followmg energy conservatIOn opportumtIes out of the pOSSIble ones were chosen for theIr
further study

• Improvement of the operatIOn schedule of the compressor statIOn,
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• replacement of the current compressors wIth new ones, more economIcally efficienct

Let us consIder these m more detaIls

7 2 2 Improvement ofthe schedule for operating the compressor statIOn

The proposal

To develop and mtroduce mto practice the operatIOn schedule of the compressor statIOn on the base
of actual needs of the processmg eqUIpment m compressed air

Study results

Table 7 1 shows the data concernmg the productIOn level of compressed air by the compressor
statIOn m October 1997 The actual specIfic energy consumptIOn for productIOn of compressed aIr m
October 1997 were 00786837 kW him3 The fact that the actual speCIfic energy consumptIOn was
sIgnIficantly lower than those due to the data from the manufacturer's certIficate testIfies to an
underloadmg of the compressor motors

Due to the manufacturer's certIficate the average value of the speCIfic energy consumptIOn IS as
follows

0106739852+0105 (247464+130914)+0111 (20727+13806)_ 8 hi 3

39852 + 247464 + 130 914 + 13806 + 207270 - 0 10771 kW m

For productIOn of 8,125 th m3 of compressed air practIcally produced m October 1997, provIdmg the
averaged data from the manufacturer's certIficate concernmg the energy consumptIOn rates (010718
kW him3), It would have reqUIred

8,125,000 m3 0,10718 kW him3 = 87083831 th kW h

As m the load range between (0 4 to 0 45) and 1 0 of the nommal effiCIency of the motor does not
change SIgnIficantly (m the range between 1 per cent and 2 to 3 per cent), an approXImate averaged
monthly value for the capaCIty factor ofthe electnc motors at the compressor statIOn WIll be

639306 th kW h/870 83831 th kW h = 0 734127 = 734%

Therefore, the averaged loadmg of the motors at the compressor statIOn IS withm the permItted hmits
(between 07 to 0 75 and 09)

The actual consumptIon of compressed air by the workshops of the enterpnse m October 1997 was
7,354,200 m3 Then the losses of the compressed aIr m the aIr ducts between the compressor statIOn
and the plant workshops were 8,125,000 m3 - 7,354,200 m3 = 770,800 m3 or 95 per cent of the
amount produced by the compressor statIOn ThIS IS a good mdIcator, and It testIfies to a satIsfactory
condItIons of the hnes for supplymg compressed air, as usually up between 20 and 30 per cent of
compressed aIr are lost m the hnes

The studIed have shown that at the enterpnse there are not aVailable any sufficIenctly well grounded
recommendatIOns concernmg determmatIOn of the reqUIred capaCIty of the compressor statIOn due to
the needs for compressed air
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Table 7 I
ProductIOn of compressed aIr by the compressor statIon III October 1997

Day of the The number of the workmg hours of the compressor dunng 24 hours, Amount of compressed air
h

month Compressor Compressor Compressor Compressor Compressor produced for 24 hours, m3

(October) #2 #3 #4 #5 #6

1 24 14 18 325,000

2 24 16 11 326,000

3 15 24 18 326,000

4 14 24 224,000

5 24 144,000

6 15 24 181 224,000

7 24 18 327,000
8 24 7 15 294,000

9 10 24 15 294,000

10 10 24 18 282,000

11 10 19 15 222,000

12 24 144,000

13 14 10 18 279,000

14 9 24 4 12 294,000

15 13 24 18 327,000

16 15 24 18 324,000

17 13 24 19 313,000

18 24 18 264,000

19 3 24 3 10 14,400

20 8 16 18 230,000

21 11 14 24 360,000

22 8 24 18 306,000

23 24 14 18 276,000

24 24 18 325,000

25 6 24 18 144,000

26 24 264,000

27 24 18 282,000

28 14 24 6 282,000

29 13 16 18 270,000

30 6 3 14 14 266,000

Total for the 139 hours 544 hours 228 hours 86 hours 344 hours 8 125,000
month

Electnc power 39852 247464 130914 13806 207270 639,306 th kW h/month
consumptiOn
dunng the
month, th
KWh

Specific energy Due to Due to Due to Due to Due to Practical specific losses of
consumptiOn, Manuf Cert Manuf Cert Manuf Cert Manuf Cert Manuf Cert the compressor statiOn

kWh/m3 01067 0105 0105 o111 o111 durmg the month are
00786838

Motor capacIty 320 630 630 800 800
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Table 72 represents possIble combmatIOns of the compressor plants operatIOn m regard of the
mstalled capacIty (see also Table 7 1)

Table 7 2

## Installed capacIty of the Total lDstaIIed capacIty of the DIfference of the lDstaIIed
motors If the compressors motors If the compressors are capacIty from Its closest lower
are operated at the same operated at the same tIme, value, kW

tIme, kW kW

1 320 320 -

2 630 630 310

3 800 800 170

4 320 + 630 950 150

5 800 + 320 1120 170

6 2x630 1260 140

7 800 + 630 1430 170

8 2x630 + 320 1580 ISO

9 2x800 1600 20

10 800 + 630 + 320 1750 150

11 2x800 + 320 1920 170

12 800 + 2x630 2060 140

13 2x800 + 630 2230 170

14 2x800 + 630 + 320 2250 320

Average value 1278,6 171,5
13727 kW 143 kW

,

The average electnc power consumptIOn by the compressor station m October 1997 was as
follows

(639,300 kW hlmon)/[(24 hlday) (30 days/mon)] = 8879 kW h

Therefore, the average value of the power consumed by the motors at the compressor statIon m
October 1997 amounted to 8879 kW Then the average value of the descrete mcrement of the
consumed power was as follows

(171 5 kWI887 9 kW) = 0 1932 = 1932%

Takmg mto consIderatIOn the actually operated eqUIpment, the number of combmatIOns of the
compressor statIOn operatIOns wIll be somewhat lower (see the marked out part m Table 7 3)

In thIS case the average value of the dIfference between the mstalled capacIty of the motors (the
dIscrete mcrement of the power consumed by the motors) IS 143 kW or 16 11 per cent
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US $279,066 0231 =US $64,464

In accordance wIth the data m Table 7 1, the ratIO of the time of the actual operatIOn of compressors
wIth the motors ofcapacIties of 320, 630 and 800 kW, IS respectIvely as follows

( )

-1
(2 -1) (630 kW- 320kW) + (2 -1 8) (800 kW- 630kW) 887 9kW

x 143kW = 450kW
(5554-1) (630 kW- 320kU'/+ (5 554 - 30935) (800 kW - 630kW) 1372 7kW

I
I
I
I
I
I

I
J
I
I
I
I
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I
I
I
I
I
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320kW 630kW 800kW

I 2 I 8
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US $10,OOOIUS $64,464 = 0155 yr

Development and ImplementatIOn of more reasonable operatIOn schedule for the
compressor statIOn IS one of the most qUIckly repaId energy savmg measures at
LVlv Lamp Plant "Iskra"

320kW 630kW 800kW

I 5554 30935

(139 hours) (544 hours + 228 hours) (86 hours + 344 hours), , , ,

ConclUSIOns

ImplementatIOn of the gIven EeG reqUIres a two-week work of two energy audItors at the plant WIth
the followmg processmg of the collected data and producmg theIr conslusIOns The average cost of
fulfillment of such a work WIthout the VAT IS m Ukrame US $10,000 The payback penod of the
energy savmg measure IS equal to

Therefore, from here m average for overcommg the reSIstance of the damper there IS used

(450 kW - 143 kW) = 307 kW or 23 1% (307 kW/l,372 7 kW = 0231 = 23 1%) of the electnc
power consumed by the compressor statIOn

So, the annual savmg of electnc power m case of ImplementatIOn of a reasonable operatIOn schedule
for the compressor station WIll be as follows

6,210 0231 = 1,435kW h per year

The average value of compressor statIon capacIty equal m the marked out area m Table 72 to
1,372 7kW, but actually (see above) that value amounted to 8879 kW

The calculated descrete mcrement of the power consumed by the motors WIll be equal then to

If there are no exact data concernmg the operatIOn schedule for separate compressor plants, the actual
descrete mcrement of the power consumed by the motors can be determmed m the followmg way

The ratio of operatIOn combmatIOns of the compressors WIth the motors of 320, 630 and 800 kW that
corresponds to the marked out area m Table 7 2, IS respectIVely as follows



30

or

72 3 Controllmg ofthe productIOn capacity ofthe compressor statIOn by means ofa
controllable electrlc drlve

US $279,066 03279 085 =US $77, 780 per year

An approXImate cost of the transducer for controllIng the rotatIOnal frequency of the synchronous
electnc motor IS US $126,000 (for more detaIls see AppendIx A)

The payback penod for thIS energy savmg measure IS

US $126,000/US $77,780 = 162 years

Controllmg the productIOn capaCIty of the compressor statIon by usmg a
controllable electnc dnve IS an energy savmg measure WIth the payback penod
of 162 years, and It can be Implemented provIdmg a the plant ItS own or
mvolved funds

ConclusIOns

724 Replacement ofthe eXlstmg compressors with new ones, more economically effectlve

The proposal

Replacement ofthe eXlstmg compressors wIth the productIOn capaCIty of 100 m3/mm each wIth three
new compressors wIth the productIOn capaCIty of 66 m3Jmm each The mstalled capaCIty of the
dnvmg motors WIll change after that from 2 x 630 kW to 3 x 370 kW

Study results

The proposed BCO enables to decrease the descrete mcrement of the compressor productIOn
capaCIty However It does not allow to change sIgmficantly the dIfference between the mstalled
capaCIty and the closest lower value (see Table 7 2)

It IS easy to prove that If the average loadmg of the compressor dnve IS not lower than 1,260 kW, the
compressors are operated only on week-days and on Saturday On week-ends and on holIdays only
one compressor works, and the capaCIty of Its dnvmg motor IS 630 kW

Hence, when calculatmg the electnc power savmg resultmg from ImplementatIOn of the gIVen BCO,
one should be based on the followmg workmg schedule SImultaneously for the three new

The proposal

Controllmg of the productIOn capacIty of the compressor station versus the needs m compressed aIr
of the processmg eqUIpment by usmg systems for controllable electnc dnvmg

Study results

It was found above (see Item 7 2 2) that the calculated dIscrete mcrement of the power consumed by
the motors IS 450 kW or 3279% (450 kW/1,372 7kW = 0,3279 = 3279%)

Usmg gradually controllable electnc dnvmg systems WIll enable to utIlIze the electnc power, wIth
the efficIency of 085 to 09, that earlIer was used to overcome the resIstance ofthe damper (throttle)

So, the electnc power savmg after ImplementatIon of thIS BCO (provldmg usmg a compressor statIon
of 6,209, 757,000 kW h per year that costs USD 279,066) WIll be equal to

6,210 03279 085 -1,731,000 kW h per year,
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7 3 Transfer on startID2 operatIOn of the processID2 eqUIpment uSID2 the aIr from the
local compressor plants

(
US $175)

3 1kW 370kW =US$194,250

Then the payback penod for the gIVen energy savmg measure wIll be

US $252,252 / US $47,886 =5 27 years

I
I
I
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ImplementatIOn of the gIven energy savmg measure should be consIdered
reasonable only m case of the lIfe-time of the compressors that are mstalled now
to have been over OtherwIse, thIS ECO may be referred to the long-term ones

Concluswns

Takmg mto consIderatIOns the customs and transportatIOn expendItures, the total cost for
purchasmg the eqUipment wIll be equal to the followmg

US $194,250 1 3 =US $252,252

The proposal

Currently the compressor statIOn of the enterpnse works round the clock ThIS can be accounted for
by the reqUirements of the processmg technology Transfer of the procesmg eqUipment operated
round the clock on air from the local compressor statIOns WIll enable to dIsconnect the compressor
statIOn from the network on days-off, week-ends and at mght BesIdes decreasmg thr energy
consumptIOn, It WIll allow to decrease the aIr leaks m the pIpe lInes from the compressor statIOn to
the processmg eqUipment

To decrease the losses of heat through the external fences (the walls and the roof) of RIBBON
furnace anf to decrease the temperature of theIr surfaces to the standardIzed one by provldmg an
efficIent thermal msulatIOn on the baSIS of lIght matenals

Study results

The analySIS earned out Jomtly WIth representatIves of "Iskra" Plant showed that the local
compressors can be mstalled m the followmg
• m the chambers of GVT-type glassmakmg furnace - 3 turbme blowers of 35-kW power

consumptIOn capaCIty, the output capaCIty IS 8 m3/mm and the pressure IS 1 bar,

(2 x 630 kW - 3 x 370 kW) 7,104 hours = 1,066,000 kW h

The cost of the electnc power saved m the result of ImplementatIOn of the gIven ECO IS

(1,066,000 kW h) (US $945,024/21,029,640 kW h) = US $47,886,

where US $945,024 IS the cost of the electnc power consumed m 1996,

21,029,640 kW h IS the value ofthe electnc power consumptIOn m 1996

The three compressors of the productIOn capacIty of 66 m3/mm each cost (for more detaIls see
AppendIX A)

compressors wIth the motors havmg the capacIty of 370 kW 296 days (wIth takmg mto account the
days off and well-days), WhICh corresponds to 7,104 hours per year

Then, a yearly electrIc power savmg after ImplementatIOn of the gIven energy savmg measure WIll be
as follows
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• on the area of shapmg the WIre supports - 3 turbme blowers of 40-HP capacIty (29,84 kW = 40
HP 0746), the output capacIty IS 14 7 m3/mm and the pressure IS 05 bar,

• the sewage structures on the area "Burden" and for operatmg the "RIbbon" furnace eqUIpment for
productIOn of flasks - 4 compressors of 50-HP capaCIty (373 kW = 50 HPx 0746), the pressure
IS 69 bar and the output capaCIty IS 6 1 m/mm
The inItIal data for the calculatiOn are as follows

• the number of the workmg days per year -113 days,
• the number 0 the days m a year 365 -113 = 252 days,
• the operatIOn tIme of the proceSSIng eqUIpment on week-days - 16 hours/day,
• losses of compresed aIr m the pIpe hnes from the compressor statIOn to the workshop - 95% (see

Item 7 1, A),
• losses of compressed aIr In the Internal workshop hnes 20'% - 95% = 105% (20% IS the average

value for the faCIlItIeS m the machme bUIldmg Industry,
• wIthdrawal from operatIon of the compressor wIth a 630-kW drIve, the actual capaCIty factor IS

095,
• the toal capaCIty of the electnc motors of the new local comprssors IS

35 kW 3 umts + 298 kW 3 umts + 373 kW 4 umts = 343 6kW,

the calculated capaCIty factor IS 070

The decrease of the compressor plants capaCIty resultIng from ImplementatIOn of the gIven ECG
IS

630kW 095 - 343 6kW 07 = 358kW

A yearly saVIng of electnc power resultIng from IntroductIOn of the local compressors WIll be as
follows

(113 days 24 hours + 252 days 8 hours) 358 kW= 4,728 hours 358 kW =
= 1,693,000 kW h/yr

So, the cost of the electnc power saved yearly prOVIdIng ImplementatIOn of the proposed ESM IS (see
FIg 55)

(1,693,000 kW h / 6,210,000 kW h) US $279,066 /yr =US $76,063 per year

The costs of the local compressors see below (AppendIx A), It IS US 86,500

There should be taken Into account that compressors m the compressor statIon have worn out
phYSICally and they are subject to replacement ApproxImate cost ofone new compressor wIth takmg
mto account the cost of the electnc motor wIth the capaCIty of 630 kW IS US 126,000 So,
mtroductIOn oflocal compressors WIll allow to save on the cost of the eqUIpment m addItIOn

USD 126,000 - USD 86,500 = USD 39,500

The payback penod for the gIVen energy savmg measure IS

US $39,500/ (US $76,063 yr 1) =052 year

ConclusIOns ImplementatIOn of thIS measure wIll allow to save electnc power (1,693,000 kW h
per year), due to Its SImple payback penod thIS measure can be recommended as
one of the most prospectIve measures
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ConclusLOns ImplementatIOn of thIS measure wIll allow to save electnc power (1,693,000 kW h
per year), due to Its SImple payback penod thIS measure can be recommended as
one of the most prospectlve measures

7 4 Improvement of the operatIOn efficiency of RIBBON elass-makme furnace

741 ProvlSlon ofeffectIve thermal InsulatLOn of "RIBBON" glassmakIng furnace on
the basIs ofitght-welght mate'lals

The proposal

Decreasmg the heat losses through external guardmgs obstacles (the walls and the vault) of

"RIBBON" furnace and decreasmg the temperatures of theIr surfaces to the rated one by provldmg
effectIve thermal msulatlOn on the baSIS ofhght-weight matenals

CalculatIOns were made WIth the aim to estimate the amount of the saved energy resources and the
costs on the ImplementatIOn After fulfillmg more detaIled calculatIOns some deSIgn changes are
possIble m the proposed measures There IS also possIble, and m some places It IS Just reqmred, to
use (after an additlonal development) an evapatIOn or water coolmg followed by utllIzatIOn of the
removed heat The cost of an area umt of the coolmg surface does not sIgnIficantly from that of an
effiCIent thermal msulatIOn, so ItS use WIll not mfluence the costs and the payback penod for the
gIVen measures

Study results

AImmg at findmg how reasonable IS provlSlon of effectIve thermal msulatIOn on "RIBBON" furnace
measurements of temperatures of the walls and vault of the aggregate were made Infra-red
Thermometer "Heat Spy" was used (DHS-26XModel) for measurements The measurements showed
that the average surface temperature text. IS as follows

for the walls - 310°C,
for the furnace vault - 330 °C,
for the walls of the regenerator - 250°C,
for the vaults of the regenerator - 300 °C

CalculatIOn of thermal losses from the furnace aggregate

Thermal losses through the external guardmg obstacles are

Q =q S, (kcaVh),

where q = a (text - tmt ) kcal/m2 h - the specIfic thermal flux through the guardmg,

S - the area of the guardmg surface, m2
,

a - the heat transfer coeffiCIent, kcal/m2 hOC,

tN - the average temperature of the surface ofa guardmg obstacle, °C,

tv - the average temperature of the air m the workshop, tv=30°C

Let us consIder each guardmg obstacle

• The furnace vault (the feeder mcludmg)

q =15 (330 - 30) =4,500 kcal/m2 h,
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S=80 (1l0+30)+25=1370m2
,

Q =q S =4,500 1370= 616 500 kcallh

• The furnace bottom (wIthout the feeder)

q = 15 (300 - 30) = 4,050 kcal/m2 h,

S=80 110=880m2
,

Q= q S = 4,050 880= 356400 kcal/h

• The furnace walls (mcludmg the feeder)

q =15 (310 - 30) =4,200 kcal/m2 h,

S = 1 5 11 0 2 + 80 30 + 21 0 20= 990m2
,

Q = q S = 4,200 990= 415 800 kcallh

• The regenerator vaults

q = 15 (300 - 30) = 4,050 kcal/m2 h,

S=30 100 2=600m2
,

Q = q S = 4,050 600 = 243000 kcallh,

• The regenerator walls

q = 15 (250 - 30) = 3,300 kcal/m2 h,

S=((50+30) 100+50 30) 2=1900m2
,

Q = q S = 3,300 190 0 = 627,000 kcal/h

• Gas and air ducts (between the furnace and the regenerators)

q = 15 (300 - 30) =4,050 kcal/m2 h,

S =800m2
,

Q = q S = 4,050 80 0 = 324 000 kcal/h

Common thermal losses through the external guardmg obstacles of the whole aggregate are as
follows

Q = 616 500 + 356400 + 415800 + 243 000 + 627000 + 324 000 = 2,582,700 kcallh

CalculatIOn of the thermal balance and of the real effiCIency of the furnace

The commg heat

• the chemIcal heat of the fuel (gas - the lowest operatIOn combustIOn heat IS (l'PL= 8,100 kcal/m3
,

G = 1,500 m 3/h IS the consumptIOn of natural gas by the glassmakmg furnace) IS

QCh = QOP L G=8,100 1,500 = 12,150 000 kcaIlh,

• the physIcal heat of the supphed aIr (the volume reqUIred for burnmg 1 m3 of gas IS 1262 m3 of
aIr, at the flow ratIo of 1 4, the heat content at the temperature of 20°C IS 63 kcal/m3

) IS as
follows
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Qv= 63 1262 1,500 = 120 000 kcal/h,

Qot" =12,150,000 + 120,000 = 12,270,000 kcal/h

The outgomg heat

• the useful heat for meltmg the furnace charge and warmmg the glass to 1,500 °C (the prodUCtiVIty
of the furnace IS 4,500 kg of glass per hour, at the reasonable thermal losses equal to 700 kcal/kg)
IS

Quse/u/= 700 4,500 = 3,150,000 kcal/h,

• the heat quantIty taken away WIth the combustIOn products (the amount of the combustIOn
products IS 13 65 m3 per I m3 of gas, at the aIr flow coeffiCIent of 1 4, the heat content m the

combustIOn products at the temperature of t] = 600 °C per 1 m3 of gas, consumed by the furnace IS

2,800 kcal per 1m3 of gas) IS

Qtakell =2,800 1,500 =4,200,000 kcal/h

• thermal losses through the external guardmgs of the whole aggregate are

QGurd= 2,580,000 kcal/h,

QJ:takell = 3,150,000 + 4,200,000 + 2,580,000 =9,930,000 kcal/h

Then the losses not taken mto account are

Qllot accOllllt = Qot" QJ:takell =12,270,000 - 9,930,000 =2,340,000 kcal/h,

WhICh IS less 20 per cent ofthe commg heat

The effiCIency of the furnace IS

(3,150,000/12,270,000) 100% = 2570/0

CalculatIOn of the bmItmg temperature between the vault and the thermal msulatIon

To decrease the temperature of the external surfaces proVISIon of effective thermal msulatIOn IS
reqUIred

Accordmg to the samtary speCIficatIons and standards the temperature of the external surfaces of
hIgh-temperature plants shall be 45°C (SN 245-71)

Let us calculate the lImItmg temperature between the vault and effectIve thermal msulatIOn after
provIdmg the latter

tVN

FIg 7 1 Temperature dIstnbutIOn In an Insulated vault
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where tNI =330°C
tv/ = 30°C

a/ = 15 kcal/m2 h °C
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The thermal flux through the non-msulated vault IS (FIg 7 1)

q/ =a/ (tNI- tvJ,

- IS the temperature ofthe external surface ofthe vault,
- IS the temperature ofthe ambIent aIr,
- IS the coefficIent of heat transfer from the vault to the air at these

temperatures

q/ = 15 (330 - 30) = 4,500 kcal/m2 h

The heat transfer resIstance of the vault matenals

Rsv=(tvN - tNJlq/,'
where tVN = 1,500°C - IS the temperature of the mternal surface of the vault,

Rsv = (1,500 - 330)/4,500 = 026 m2 h °Clkcal

tVN

FIg 7 2 Temperature dIstrIbutIOn III a vault thermally Insulated

The heat flux through the vault after provIdmg thermal msulatIOn IS

ql =az (tN]- tn),

where tN] = 45°C - IS the temperature of the external surface of the msulatIOn (FIg 72),

tV1 = 25°C - IS the temperature of the ambIent air after provISIOn of msulatIOn for on the
furnace,

az= 6 kcal/m2 h °C - IS the coeffiCIent of heat transfer from the msulatIOn to the aIr at these
temperatures

ql=6 (45-25)=120kcal/m2 h

The lImItmg temperature between the vault and the msulatIOn (FIg 7 2) after ItS provlSlon IS
determmed from the formula

ql = (tVN - tsv)/RSJI)

tsv = t VN - q:J R sv = 1,500 -120 026 = 1,470 °C

Takmg mto account the value of the receIved temperature the conclUSIOn about need of a
multIlayer msulatIOn IS made
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Method of calculatmg the thermal msulatIOn of a furnace

The value of the reqUIred heat transfer reSIstance RMS of a multIlayer msulatIOn proVIded on the
furnace IS determmed from the formula

q] = (tVN - tN'])/(Rsv+ RMsJ

RMS = (tVN- tN)/q] - Rsv=(1,500 - 45)/120 - 026 = 11 865 m2 h °C/kcal

Knowmg the heat transfer reSIstance and the lImltmg temperatures of the multIlayer msulatIOn,
one can choose thermal msulatmg matenals and make calculatIOns of the thIckness of the layers m
accordance WIth theIr effectIve temperature range, takmg mto account that

RMS = R] +R] + +R n (m2 h °C/kcal),

where R1, R2, , Rn - are heat transfer reSIstances of each layer respectIvely, R, = d/k,
(m2 h °C/kcal),

d, - IS the thIckness ofthe l-th layer of the thermal msulatIOn, m,

k, - IS the heat conductIVIty coeffiCIent of the matenal of the l-th layer m the thennal
msulatIOn, kcallm h °C

CalculatIOn of effectIve thermalmsulatIOn on the baSIS of lIght-weIght matenals

We shall make the first layer of the thermal msulatIOn WIth DL-I,2 Dznas lIght-weIght matenal
(up to 1,550 °C) We shall determme ItS thIckness from the fonnula

q = (tsv - tJ kid]

d] = (tsv - tJ klq,

where t] = 1,300 °C - IS a prelImmary chosen temperature between the first and the second
thennal msulatIons,

k] =047 + 0 000257 (tsv + tJ/2 =047 + 0 000257 (1,470 + 1,300)/2 = 0,83 kcallm hOC,

d] = (1,470 -1,300) 0,83/120 =117 m

We shall make the second layer of the thermal msulatIOn wIth ShLA-l,3 chamotte lIght-weIght
matenal (up to 1,400°C) We shall determme Its thIckness from the formula

q = (t]- t) kid]

d] = (t] - t) klq,

where t] =1,200 °C - IS a prelImmary chosen temperature between the second and thIrd layers of
the thermal msulatIOn,

k] =04+ 0 00033 (t] + t)/2 =04+ 0 00033 (1,300 +1,200)/2 =0 81 kcal/m h °C

d]= (1,300 -1,200) 081/120 =0 68 m

We shall make the thIrd layer of the thermal msulatIOn wIth ShLB-I,O lIght-weIght matenal (up to
1,300°C) We shall determme ItS thIckness from the formula

q = (t]- tJ kid]

d] = (t] - tJ k/q,
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where t3 = 1,170 °C - IS a prelImmary chosen temperature between the thIrd and fourth layers of
the thermal msulatIon,

k3 =027 + 0 0003 ((1 + t)/2 =027 + 0 0003 (1,200 + 1,170)/2 =0 63 kcal/m h °C

d3 = (1,200 -1,170) 063/120 = 016 m

We shall make the fourth layer of the thermal msulatIon wIth ShLB-O,9 chamotte lIght-weIght
matenals (up to 1,270°C) We shall determme Its thIckness from the formula

q = (t3 - t) k/d4

d3 = (t3 - t) k/q,

where t4 = 1,150 °C - IS a prelImmary chosen temperature between the fourth and fifth layers of
the thermal InSUlatIOn,

k.j =0233 + 0 00024 (t3 + t)/2 =0233 + 0 00024 (1,170 + 1,150)/2 = 0 51 kcal/m h °C

d4 = (1,170 - 1,150) 051/120 = 0 085 m

We shall make the fifth layer of the thermal msulatIOn wIth ShLB-O,8 chamotte lIght-weIght
matenal (up to 1,250°C) We shall determme ItS thIckness from the formula

q = (t4 - tsJ kids

ds= (t4 - tsJ klq,

where ts = 1,100 °C - IS a prehmmary chosen temperature between the fifth and sIxth layers
of the thermal msulatIOn,

ks = 0194 + 0 00019 (t4 + tsJ/2 =0194 + 0 00019 (1,150 + 1,100)/2 =041 kcal 1m h °C

ds = (1,150 -1,100) 041/120 = 017m

We shall make the sIxth layer of the thermal msulatIOn WIth ShLB-O,6 chamotte lIght-weIght
matenal (up to 1,200°C) We shall determme ItS thIckness from the formula

q = (ts - tJ kld6

d6 = (ts - tJ klq,

where t6 = 1,050°C - IS a prelImmary chosen temperature between the SIXth and seventh layers
of the thermal msulatIon,

k6= 0135 + 0 000155 (t5+ tJ/2 =0 135 + 0 000155 (1,100 + 1,050)/2 =03 kcal/m h °C

d6 = (1,100 -1,050) 03/120 = 0 125 m

We shall make the seventh layer of the thermal InSUlatIOn WIth ShLB-O,4 chamotte hght-weight
matenal (up to 1,150°C) We shall determme ItS thIckness from the formula

q = (t6 - tJ kjd7

d7 = (t6 - tJ kjq,

where t 7 = 850°C - IS a prehmmary chosen temperature between the seventh and eIghth layers
of layers of the thermal msulatIOn,

k 7= 01 + 0 00014 (t6+ tJ/2 = 0 1 + 0 00014 (1,050 + 850)/2=023 kcal 1m hOC

d7 = (1,050 - 850) 023/120 = 038 m
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The eIghth, external, layer of the thermal msulatlOll IS made from TK basalt-based thermal
msulatlOll cardboard (up to 950°C) We shall determme ItS thIckness from the formula

q = (t7 - tsJ k/da

da=(t7 - t) k/q = (850 - 45) 0051120 =035 m

The calculatIOn WIll gIve us a multI~layer thermal msulatIOn made wIth the natIonally produced
matenals (Table 3)

Table 73

# MaterIal of the thermal Heat transfer Layer Llmltmg temperature
msulatmg layer coefficient, thickness, before the layer,

kcaI/h m °C m °C
--

I DL-12 083 1 17 1,70

2 ShLB-l,3 081 068 1,00

3 ShLB-1O 063 016 1,00

4 ShLB-O 9 051 0085 1,70

5 ShLB-O,8 041 017 1,50

6 ShLB-O 6 03 0125 1,00

7 ShLB-O,4 023 038 1,50

8 TK 005 035 0,85

1 m 2 of thermal InSUlatIOn for a furnace costs US $500 (Includmg the desIgn and InstallatIon
works) m case of overlappmg of provIsIOn of the thermal msulatIOn wIth a planned reconstructIOn of
the furnace

If the total area of the thermal losses for the furnace IS 700 m2, the cost of provIdmg thermal
msulatIOn for the whole furnace WIll be

500 x 700 =US $350,000

The thermal losses from the plant after provIdmg thermal InSUlatIOn of the plant, If the average
thermal flux IS q =120 kcal/m2 h, WIll amount to

120 x 700 =84,000 kcal/h

Heat savmg WIll be equal to

2,585,700 - 84,000 =2,498,700 kcal/h

WhIch IS

(2,498,700112,270,000) 100% =20 4% of the total heat mcome

For a year

2,498,700 x 275 x 24 =16,491,420,000 kcal/year

If to recalculate mto gas volume (the heat value IS Q =8,100 kcal/m3)

16,491,420,000/8,100 =2,035,978 m3 of gas per year
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ConclUSions
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The total savmg wIll be (supposmg the cost IS US $83 for 1,000 m3 of gas) US $170,000 per year

The payback penod IS

US $350,000fUS $170,000 =2 06 years

The measure has a mIddle-term payback penod There IS recommended to carry
out the deSIgn works, to prepare the reqUIred documentatIon and matenals for a
planned reconstructIOn of the furnace It seems to be reasonable before fulfillmg
the reconstructIOn to provIde a temporary msulatIOn

Due to a large thIckness of the msulatIOn, there IS possIble replacement of some matenals WIth more
effectIve ones whIle retammg the same value ofthe heat transfer reSIstance

7 4 2 Providing effective the, mal insulatIOn (or "RIBBON" glassmaklng furnace on the
baSIS ofceramic fibers

The proposal

Decreasmg heat losses through the external guardmgs obstacles (the walls and the vault) of
"RIBBON" furnace, decreasmg the temperature of theIr surfaces to the specIfied value by provIdmg
effectIve thermal msulatIOn on the baSIS of ceramIC fibers

Study results (See Item 7 4 1)

CalculatIOn of thermal msulatlOn

We shall make the first layer WIth Unifrax-3000 ceramic fiber (192 kg/m3
, 1,540 °C) We shall

determme ItS thIckness from the formula

q = (tsv - tJ kid]

d] = (tsv - tJ klq,

where tvault = 1,470 IS the lImItIng temperature between the vault and the msulatIOn (see FIg, 73)
after ItS proVISIOn (for the deSIgn calculatIOnn see Item 7 4 1),

t] =1,340°C - IS a prelImmary chosen temperature between the first and second layers of
the thermal msulatIOn (see FIg 73)

k]=05kcallmh °C

d] = (1,470 -1,340) 051120 = 0 54 m

We shall make the second layer of the thermal msulatIOn WIth Unifrax-2600 ceramIC fiber (224
kg/m3

, 1,340 °C) We shall determme ItS thIckness from the formula

q = (t]- t) kjd2

d2 = (t]- t) k/q,

where t2 = 1,190 °C - IS a prelImmary chosen temperature between the second and thIrd layers of
the thermal msulatIOn (see FIg 73),

k2 = 03 kcallm h °C

d2 = (1,340 -1,190) 031120 = 0375 m
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Fig 7 3 Temperature distnbutiOn m the vault
wIth a thennal msulatlOn on the basIs of ceramIC fibers

We shall make the third layer of the thermal msulatIOn with Unifrax-RG ceramiC fiber (258 kg/m3,
1,190°C) We shall determme its thickness from the formula

q = (t2 - tJ k/d3

d3 = (t2 - tJ k/q,

where 13 = 850°C - is a prelimmary chosen temperature between the third and fourth layers of
the thermal msulatiOn (see Fig 73),

k3 =025 kcallm h °C

d3 = (1,190 - 850) 025/120 = 071 m

The external layer of the thermal msulatIOn is made of TK basalt-bases thermal msulated
cardboard (up to 950°C) Its thickness was determmed above (see Item 7 4 1)

The calculatiOn wIll gIVe us a multi-layer msulatIOn made of the matenals on the basIs of ceramIC
fibers (Table 7 4)

Table 7 4

# Material of the Heat transfer Layer LlImtmg temperature
thermal msulatmg coefficIent, thIckness, before the layer,

layer kcal/h m °C m °C

1 Unifrax-3000 05 054 1,470

2 Unifrax-2600 03 0375 1,340

3 Unifrax-RG 025 071 1,190

4 TK 005 035 0,850

1 m2 of thermal msulatIOn for the furnace costs US $800 (mcludmg the design and mstallatIon
works) m case of overlappmg of prOViSion of the thermal msulatIOn with a planned reconstructiOn of
the furnace

If the total area of the furnace heat losses is 700 m2, the total cost of msulatiOn for the whole
furnace IS as follows
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Heat savmg wIll be

Yearly

800 x 700 = US $560,000

120 x 700 = 84,000 kcal/h

560,000/170,000 = 3 3 years

The measure IS a mIddle-tenn one concernmg ItS payback penod There IS
recommended to carry out the deSIgn works, to prepare the documentatIOn and
matenals reqUIred for a planned reconstructIOn of the furnace ProvIdmg a
temporary thennal msulatIOn before fulfillmg the reconstructIOn seems to be
reasonable
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2,585,700 - 84,000 = 2,498,700 kcal/h,

whIch IS (2,498,700112,270,000) 100% = 20 4% ofthe total heat mcome

ConclUSIOns

2,498,700 x 275 x 24 = 16,491,420,000 kcallyear

If to recalculate that for amount of gas (the heat value IS Q = 8,100 kcal/m3)

16,491,420,000/8,100 = 2,035,978 m3 of gas per year

Total savmg (supposmg that 1,000 m3 of gas cost US $83) WIll be US $170,000 per year

Payback penod IS

The thennallosses after prOVISIOn of thennal msulatIOn at the average thennal flux of q = 120
kcallm2 h wIll be equal to
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7 4 3 Provldme a temporary thermal msulatIOn on the furnace umt

The proposal

Decreasmg the heat loss through the external guardmg obstacles (the walls and the vault) at
"RIBBON' furnace by provIdmg a temporary thermal msulatiOn on the baSIS ofbasalt cardboard

Study results (See Item 7 4 1)

CalculatIOn of a temporary msulatIOn of the vault by means of TK-basalt based cardboard

The thermal flux through the vault after makmg thermal msulatiOn should provIde the hmItmg
temperature between the vault and the msulatiOn equal to tSY = 850°C (See FIg 74) The reSIstance
to the thermal condIctlvity of the matenal for the vault R vau1/ = 026 m2 hour °C/kcal was determmed

above (see Item 7 4 1)

q2 = (tVN - tsv)/Rsv= (1,500 - 850)/026 =2,500 kcaVm2 h

tv

FIg 7 4 Temperature dlstnbutlOn m the vault WIth a temporary thermal msuiation

Then the temperature of the external surface of the msulatiOn WIll be

tN=tV + q!a,

where tv=25°C - IS the ambIent air temperature,

a =15 kcal/m2 h °C - IS the coeffiCIent of the heat transfer from the thermal msulatiOn to
the air after provIdmg the thermal msulation on the furnace

tN = 25 + 2,500/15 =190°C

The heat transfer reSIstance reqUIred R TK for the thermal msulation to be proVIded on the furnace
shall be determmed from the formula

q2= (t yN - t,.)/(Rsy+RTlJ

R TK = (tSY- t,.)/q2- Rsv= (1,500 -190 )/2,500 - 026 = 026 m2 h °C/kcal

The thIckness of the thermal msulatiOn to be provIded on the furnace IS

d=R TA kTK =026 005=0013m

After provIdmg the thermal msulatiOn the heat savmg from 1 m2 WIll be

q =q/- q2= 4,200 - 2,500 =1,700 kcaVm2 h

Then for the vault

Q =q S =1,700 137 =233,000 kcal/h,

WhICh IS (233,000112,270,000) 10(/% =2% of the total heat mcome
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The annual heat savmg (takmg mto consIderatIOn the routme stops and temporary underloadmg
modes, we set 275 days m a year) wIll amount to

233,000 275 24 =1,537,000,000 kcallyr

ProvIdmg the lower heat value of gas QOPL = 8,100 kcal/m3
, we receIve the annual savmg of

1,537,000,00018,100 =190,000 m3/yr

If 1,000 m3 of gas cost US $83, the annual savmg after provIdmg a temporary thermal msulatIOn
wIll be

190 US $83 = US $15, 770/year

The cost of the msulatIOn (TK 1-5 and TK 1-10) mcludmg the delIvery cost, mstallatIOn works and
other expendItures IS US $8 for 1 m2 of the msulatmg area

Then the cost of the msulatIOn for the vault IS US $8 137= US $1,100

Payback penod IS US $1,1OOIUS $15,770 = 0 07 year (less than a month)

When mstallIng a temporary thermal msulatIOn on all the area of the aggregate (the bottom, walls,
vault of the furnace and of the feeder, vaults and walls of the regenerators), the savmg WIll amount to
9 per cent of the total heat mcome mto the furnace, whIle the annual savmg WIll amount to US
$75,000

The total cost of msulatmg the whole furnace (TK 1-5 and TK 1-10), mcludmg expendItures on
delIvery, mstallatIon works and other costs, IS US $8,650 = US $5,200

Payback penod IS US $5,200/$ 75,000 =0 07 yr (less than a month)

7 4 4 ThermallnsulatlOn ofthe furnace WIth uSing the materIals haVing been purchased
by the plant

The proposal

Decreasmg thermal losses through the external guardmg obstacles m regard of "RIBBON" furnace
(the walls and the vault) by means of a thermal msulatIOn WIth matenals havmg been purchased by
the plant

Study results (See Item 7 4 1)

AImmg at thermal msulatIOn of the furnace, the plant purchased thermal msulatmg basalt-based mats
TM-40 (RST of Ukrame 1981-87, Rev -1) They are supposed to be put m the mtermediate layer of a
fire-resIstmg thermal msulator made ofDL-1,2 Dmas lIght-weIght matenal (OaST 5040-68 TV 14­
8-73)

Let us calculate thermal msulatIOn of the vault by these matenals

CalculatlOD of thermal lDsualtlOD

The thermal flux through the vault after provIdmg the msulatIon should be a sort of for the lImItmg
temperature between the mtermediate msulatIOn and basalt mats to be tM = 500 °c

The measure IS economIcally benefitIal and It has a short payback penod It IS
recommended for ImplementatIOn as a temporary measure before a planned
reconstructIOn of the furnace

ConcluslOns
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q = (tM - t v)/(RM + RzJ,

where tBV=25 DC - is the temperature ofthe ambIent alr,

RM=d,/kM - IS the heat transfet resistance ofbasalt mats, m2 h °C/kcal,

R v=1/a - is the resIstance ofheat transfer from basalt mats to the alr, m2 h °C/kcal,

dM =04 m - IS the thickness ofmsulatIOn of basalt mats,

kM =0 6 kcal/m h DC - IS the heat transfer coefficIent ofmats,

a = 8 kcal/m2 h DC - IS the coeffiCIent of the heat transfer from the alr after providmg the
furnace WIth msulatIOn,

RM = 0 04/0/06 = 0 67m2 h °C/kcal,

Rv= 1/8 = 0125 m2 h °C/kcal,

q = (500 - 25)/(067 +0125) = 600 kcal/m2 h

Then the temperature of the external surface of the msulatIOn (see FIg 75) IS

tN =tv+ q/a =25 + 600/8 =100 DC

The temperature of the vault surface under the msulatIOn IS

tsv = tVN + q Rsv= 1,500 - 600 026 =1,350 DC

The thICkness dL of the mtennemate layer of the thennal msulatIOn from DL-i,2 Dznas light­
weIght matenals (up to 1,550 DC) can be detennmed from the fonnula

q = (tVN - tMJ/(Rsv dL/kJ

dL = ((tVN t,/q - Rsv) kL

where kL - IS the coefficIent ofheat transfer of the Dznas lIght-weIght matenal,

kL =047 + 0 000257 (tVN + tMJ/2 =047 + 0 000257 (1 350 + 500)/2 =071 kcallm hOC,

dL = ((1,500 - 500)/600 - 026) 0 71 = 1 00 m

To decrease the thIckness of the mtennedmte layer of the msulatIOn, thIS layer must be a
multIlayer one

The thIckness d] of the layer of the thennal msulatIOn from DL-i 2 Dznas lIght-weIght matenals
(up to 1,550 DC) can be detennmed from the fonnula

q = (tsv - tJ kid]

d] = (tsv - tJ klq,

where t] =1200 DC - IS a prelImmary chosen temperature between the first and second layers of
the thennal msulatIOn (see FIg 7 5),

k] - IS the coefficIent of the heat transfer of the Dznas lIght-weIght matenals,

k] =047 + 0 000257 (tVN + tJ/2 =047 + 0 000257 (1,350 + 1,200)/2 = 0 8 kcal/m hOC,

d] =(1,350 -1,200) 08/600 =02 m

The second layer of the thennal msulatIOn wIll be made wIth ShLB-O 9 chamotte lIght-weight
matenal (up to 1,270 DC) Its thIchness Will be detennmed from the fonnula
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q = (1/- I) kld2

d2 = (1/- I) klq,

where 12 =1,500 °C - IS a prelImmary chosen temperature between the second and third layers of
the thermal msulatIOn (see FIg 7 5),

k2 - IS the heat transfer coefficIent of the chamotte hght-weight matenal,

k) = 0233 + 0 00024 (11+ 1)/2 = 0233 + 0 00024 (1,200 + 1,050)/2 = 0 5 kcallm hoe,

d2 = (1,200 -1,050) 05/600 = 0125 m

FIg 75 Temperature dIstnbutIOn In the vault wIth a multI-layer InSUlatIOn

The thIrd layer of the thermal msulatIOn WIll be done With ShLB-O,4 chamotte lIght-weIght
matenal (up to 1,150 °C) Its thIckness WIll be determmed from the formula

q = (12 - IJ kid]

d] = (12 - IJ klq,

where k] - IS the heat transfer coeffiCIent of the chamotte lIght-weIght matenal,

k] = 0 1 + 0 00014 (12 + IA-J/2 = 0 1 + 0 00014 (1,050 + 500)/2 = 02 kcal/m hOC,

d] = (1,050 - 500) 02/600 = 018 m

The calculatIOns gIVe us a multI-layer thermal msulatIOn made of the matenals (TM-40) purchased by
the plant (Table 7 5)
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Table 7 5

The heat savmg wIll be

100 x 700 = US $70,000
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70,0001145,000 =048 year

The measure IS a short-term repaid one, but It reqUires fulfillment of some
addItIOnal deSIgn works Such works are recommended to be carned out WIth
the aim of perfect choosmg the matenals WIth the followmg dIrect provIdmg of
the msulatIOn

# MaterIal of the Heat transfer Layer Lmntmg tepterature
thermalmsulatmg coefficIent, thIckness, before the layer,

layer kcal/h moe m °C

1 DL-l,2 08 02 1,350

2 ShLB-0,9 05 0125 1,200

3 ShLB-0,4 02 o18 1,050

4 TM-I0 006 040 0,500

ConclusIOns

2,165,700 x 275 x 24 = 14,293,620,000 kcal/yr

Ifto recalculate It m gas umts (the heat value IS Q =8,100 kcal/m3), It gIves

16,491,420,00018,100 =1,764,644 m3 of gas per year

The total gas savmg (supposmg that 3a 1,000 m3 costs US $83) WIll amount to US $145,000 per
year

The payback penod

2,585,700 - 420,000 =2,165,700 kcal/h,

whIch IS (2,165,700112,270,000) 10(J% =17 7% of the total amount of the commg heat

For a year

600 x 700 =420,000 kcal/h

The thermal losses after provIdmg a thermal msulatIOn at the average thermal flux of q = 600
kCal/m2 h wIll be

To decrease the weIght of themtermediate layer of the thermal msulatIOn It IS possIble mstead the

chamotte hght-weight matenals (ShLB-O,9 and ShLB-O,4) usmg fiber-based mulhte-slhca or
chamotte-fiber-based slabs (MKRPG-400 or ShShGT-450) and mulhte-sIhca-based rolled matenals
(MKRR-130)

1 m2 of the furnace msulatlOn (mcludmg the deSIgn and fulfillment of the work) - US $100

The total area of the heat losses from the furnace IS 700 m2, so the msulatIOn for the whole furnace
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7 4 5 Ut,lzzatwn ofheat from the combustIOn products m "RIBBON" gas makmg
furnace

The proposal

InstallatIOn of a steam generator for utIhzIzatIOn WIth the followmg usmg the heat from the
combustIOn products to produce steam for the processmg needs and for heatmg the space m the
bmldmgs m wmter

Study results

Due to the data receIved WIth the help of ENERAC-2000 CombustIOn Analyzer (see AppendIx B),
the amount of the heat removed by the combustIon products from the glassmakmg furnace IS
currently as follows (at the temperature t] = 600°C)

Q]=G ,

The heat tthat w111 be removed from the glassmakmg furnace by the combustIOn products after
mstallatIOn of a steam generator, at the temperature ofthe combustIOn products t2 = 15ffC

Q2= G '2'

where G = 1,500 m3/h - IS the amount of natural gas consumed by the glassmakmg furnace (the
lower operatIOn heat value QOPL= 8,100 kcallm3

, the volume of the combustIOn products IS 13,65 m3

when bummg 1 m3 of gas, at the aIr flow coeffiCIent of1 4)

I] = 2,800 kcallm3 of gas and ' 2 = 700 kcallm3 of gas are the heat content of the combustIOn products
respectIvely at t] = 600°C, t2 = 150°C per 1 m3 of gas consumed by the furnace

Heat savmg resultmg from It utIhzatIOn when coohng the exhaust gases from the temperature of
600°C to 150 °c IS

QE = Q]- Q2 = G 1]- G 12 = G (1]- 1) = 1,500 (2,800 - 700) = 3,150,000 kcal/h

Takmg mto account the effiCIency of the steam generator equal to 80 per cent, the gas savmg WIll
be

GE= 0 8 Q/QoPL= 0 8 3,150,00018,100 =311 m3/h,

whIch IS (311/1,500) 10(J% =207% of the total gas consumptIOn by the furnace

The annual savmg (WIth takmg mto conSIderatIOn the regular repaIr and mamtenance stops as well
as the temporal underloaded operatIOn modes whIch we suppose to be equal to 275 days/year)

(311 m3/h) (275 24 h/year) = 2,000,000 m3/year

The cost of the gas saved dunng a year IS

(2,000,000 m3/year) US 0083 per 1m3 = US $166,000

The cost of an ESG Steam Generator and the reqmred eqmpment, WIth takmg mto account the
transportatIOn cost and the expendItures on certIficatIOn as well as other costs, IS US $200000

The payback penod for the gIVen measure IS

US $200,000IUS $166,000 = 1 2 years
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7 5 Improvement of operatIne effiCIency of DE-6,6 BoIlers In the bOller-house

The proposal

Increasmg the operatIOn effiCIency of DE-6,5 BOIlers by controllmg air supply for combustIOn
process usmg ENERAC 2000 CombustIOn Analyzer

US $5,000/US $4,150=12year

ConclUSIOns The measure IS economIcally profitable and It has a short-term payback penod
There should be recommended consIderatIOn of opportunItIes for purchasmg and
mstallatIOn of an ESG-type steam generator

Fmal consluslOn WhIle Implementmg energy savmg measures aimed at Improvement of
effiCIency of the operatIOn of "RIBBON" glassmakmg furnace, It IS possIble to mcrease the
efficIency of the aggregate from 25 to between 45 and 50 per cent WIth an addItIOnal utilIzation still
other 20 per cent of the heat of the total amount consumed by the furnace It results finally m
decreasmg the net cost of the products There IS recommended to consIder thoroughly the proposed
measures and to chOIce those that are worth theIr Implementmg

7 4 6 Improvement orthe operatIOn efficiency at "RIBBON" glassmakmg furnace by
controlhng the supply oralr for combustIOn pi ocess

The proposal

Improvement of the operatIOn efficIency of the furnace by controllmg the aIr supply for the
combustIOn process by means ofENERAC 2000 CombustIOn Analyzer

Study results

The results after the tests carned out wIth the help of the combustIOn analyzer (see AppendIx)
showed that It may be possIble to mcrease the operatIOn effiCIency of the furnace by approxImately
o5 to 1 per cent

ENERAC 2000 CombustIOn Analyzer costs US $5,000

The consumptIOn of natural gas by "RIBBON" glassmakmg furnace IS

B =10,000,000 m3/year

Savmg of 0 5 per cent ofnatural gas wIll be

05% 05 3

B 100% =10,000,000 100 = 50,000 m /year,

or, If 1,000 m3 ofgas cost US $83, the savmg wIll be US $83 50= US $4,150

The payback penod WIll be

ConclusIOns The gIven measure IS economIcally profitable and It has a mIddle-term payback
penod It IS recommended to consIder the opportunIties for purchasmg and
mstallatIOn of an ESG-type Steam Generator Plant

I
I
I
I
I
I
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The payback penod wIll be

Study results

The data receIved after the tests carned out wIth the help of the combustIOn analyzer (see
AppendIces) showed that, maybe, ther IS possIble to mcrease the operatIOn efficIency of DE-6,5
BOIlers by approxImately 2 to 3 per cent

CalculatIOn of the proposal efficIency

The cost ofENERAC 2000 CombustIOn Analyzer - US $5,000

The consumptIOn ofnatural gas by the steam boder-house IS

B = 4,000,000 m3/year

A 2-per cent savmg of natural gas IS equal to

2% 2 3
B 100% = 4,000,000 100 = 80,000 m Iyear,

and IfUS $83 IS to be paid for 1,000 m3, the savmg will amount to

US $83 80=US $6,640

7 6 OperatIon of an mfra-red heatm~ system m the workshop for electric platm~

The proposal

Almmg at energy savmg m heatmg systems, mstallatIOn m the workshop for electnc platmg an mfra­
red heatmg system

Study results

The workshop for electnc platmg IS on two levels and It has a water heatmg system The heat-supply
tubes are set along the whole penmeter of the bmldmg on the first and on the second floors At the
present time, as a result of the reductIOn of production levels, m the electnc platmg workshop only
50 per cent of the total area of the floor are used for the productIOn purposes, as for the second floor
IS concerned, only 1/3 ofthat IS used for productIOn purposes

Under the condItIOns, operatIOn of an mfra-red heatmg system workmg on natural gas would lead to
a slgmficant decrease of costs on heatmg of the bmldmg The savmg resultmg from usmg that sort of
a heatmg system would be m heatmg only the space where eqmpment IS mstalled and the zone
needed for workmg of the operatmg personnel

The prelImmary dISCUSSIOns WIth the top management of the enterpnse showed large mterest on theIr
SIde m mstallatIOn of an mfra-red heatmg system

CalculatIOns concernmg usmg an mfra-red heatmg system m the electriC platmg workshop at
ISKRA Plant

Area of the bmldmg - 5,200 m2

US $5,000IUS $6,640 = 0 75 year

The measure has a short-term payback penod, It accounts for why It IS
reasonable to purchase a combustIOn analyzer to momtor constantly the fuel
combustIOn quahty

ConclUSIOns

I
I
I
I
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Quantzty requzredfor heatmg the buzldmg
• provIdmg the current heatmg system

80 kCalJm2 h x 5,200 m2 =41,600 kcalJh,
• provIdmg use of 5 mfra-red heaters 50,400 kcalJh

5 x 50,400 =252,000 kcalJh
Saved heat

(1- 252,000/416,000) 100 = 40%
or

(416,000 - 252,000) 4,400 hour/h = 721,600,000 kcalJh
Suppose that productIOn of 1 Gcal of heat reqUires usmg of 133 m3 of gas, WhICh, If 1,000 m3

costs USD 83, wIll ampunt to US $11
The gas savmg IS

133 m3/Gcal 721 6 Gcallyr =96,000 m3/yr
Savmg m dollars

usn 11 per Gcal 721 6 GcalJyr = usn 8,000 per year
The cost of the mfra-rd heaters IS

for 1 unIt - US $1,200
for 5 unItS - US $6,000

The payback penod IS 6,000/8,000 = 075 year

ConclUSlOns InstallatIOn of mfra-red hearters IS a measure WIth a short-term payback penod
equal m less than 1 heatmg season
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8 0 EFFECTS OF RECOMMENDATIONS ON THE ENVIRONMENT

ImplementatIOn of energy savtng measures leads to decreasmg the level of harmful etnlSSIOnS mto the
atmosphere due to decreasmg the amount of the fuel and electnc power IN accordance WIth the data
receIved at the plant, burmng of 1,000 m3 ofgas results m effilttmg mto the atmosphere the followmg

CO - carbon monoxIde - 0 28 kg,

NOx - mtrogen OXides - 1,458 kg,

Accordmg to the data after measurements for the glass-makmg furnace (see AppendIx B), when 1,000
m3 ofgas are burned, mto atmosphere there are etnltted as follows

CO - carbon monoXide - 0 4 kg,

NOll - mtrogen OXide -14 kg

In 1996 the average amount of harmful etnlSSIOnS per Ha 1,000 kW h of the produced electnc
power, accordmg to the data from the MImstry ofEnergy ofUkrame, was as follows

CO -05kg,

NOx -2 2 kg,

S02- 99kg,

Ash -4 4kg

ImplementatIOn of the proposed energy savmg measures WIll enable to decrease the electnc power
consumptIOn by 6,555 thousand kW h, whIch IS eqUivalent to decreasmg the amount of harmful
etnlSSIOnS mto the atmosphere

CO (6,555 thousand kW h) (05 kg/th kW h) = 32,785 kg

NOx (6,555 thousand kW h) (22 kg/th kW h) = 14,421 kg

S02 (6,555 thousand kW h) (99 kg/th kW h) = 64,895 kg

Ash (6,555 thousand kW h) (44 kg/th kW h) = 28,842 kg

ImplementatIon of the proposed energy conservatIOn measures WIll enable to save consumptIOn of
natural gas at the boller-houses by 380 thousand m3, at other areas (furnaces, feeders, etc) by 4,757
thousand m3 whIch IS eqUivalent to decreasmg the amount of harmful etnlSSIOnS mto the atmosphere
as follows

- for the boller-houses

CO 380 th. m3 028 kg/th m3 = 106 kg

NOx 380 th m3 1,458 kglth m3 = 554 kg,

- for the furnaces, etc

CO 4,757 th m3 04 kglth m3 = 1,903 kg

NOx 4,757 th m3 14 kglth m3 = 66,598 kg

52



In total, ImplementatIon of the proposed energy conservatIOn measures wIll allow to decrease
effilSSIOns mto the atmosphere by the followmg amount

co - by 34, 794 kg

NOx - by 81,573 kg

SOl - by 64,895 kg

Ash - by 28,842 kg
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Table Al

Energy ConservatIOn OpportunIties

# Measure ElectrIc power Savmg of Yearly Measure SImple Item
savmg, Inatural gas savmg, costs, payback m the

kW h x 1,000 m3 x 1,000 usn usn perIod, gIVen
yr report

1 ImplementatIon of energy 631 875 114,587 110,032 096 7 I
management

2 Improvement of the schedule for the 1,435 0 64,464 10,000 0155 722
compressor statIOn operatIon

3 Transfer of operatIon of the 1,693 0 76,063 86,500 1 14 73
processmg eqUlpment on the arr
from the local compressor plants

4 Controllmg the compressor statIon 1,731 0 77,780 126,000 1 62 723
productIon capacIty by means of a
speed-vanable electrIc dnver

5 Replacement of the current 1,065 0 47,886 252,252 527 724
compressors wIth new ones,
economlcally more efficient

6 Improvement of the opreatIOn 0 80 6,640 5,000 075 75
effiCIency ofDE-6 5 Botlers m the
steam boder-house

7 IntroductIon mto practIce of mfra- 0 96 8,000 6,000 075 76
red gas-fired heatIng systems m the
electroplatIng workshop

8 UtIhzatIOn of the heat from the 0 2,000 166,000 200,000 1 2 745
combustIOn products leavmg
RIBBON furnace

9 Improvement of the operatIOn 0 50 4,150 5,000 1 2 746
efficIency of RIBBON glass-makmg
furnace by controlhng the alr supply
forburnmg

10 ProvIsIOn of temporary msulatIOn on 0 190 75,000 5,200 007 743
the furnace umt

11 Thermal msulatIon of the furnace 0 1,765 145,000 70,000 048 744
wIth the matenals bought by the
plant

12 ProvIsIOn of thermal msulatIOn on 0 2,036 170,000 350,000 206 741
the baSIS of hght matenals on the
glass-makmg furnace RIBBON

13 PrOVISIOn of efficlenct thermal 0 2,036 170,000 560,000 33 742
msulatIon on the basIs of ceramIC
fibers on the glass-makmgh furnace
RIBBON



The approxImate cost IS US $8,000 per umt Purchasmg of 3 turbme blowers IS needed, the total
cost IS US $24,000

The hst of the eqUIpment reqUIred for Impiementalton of the energy conservation measure
"Transfer on operatIOn of the processmg eqUipment usmg the aIr from the local compressor
plants"

• or a turbme blower Model DRS15BQ72 WIth the productIOn capaCIty of
14 7 m3/mm and WIth the pressure of 0 5 bar m a set WIth a spare filter and an

e1ectnc motor of40-HP capaCIty, 3-phase power supply of 50 Hz, 380 V

Manufacturer's address "PORTRON"

EG & G PORTRON, SAU GERTIES,

NY 12477USA

Fax 914/246-38-02

1)

• eIther a turbme blower
o
filter

Manufacturer's address

of Blower Frame Size 55 type wIth the production capacIty
f 547 CFM and the pressure of 7 PSI m a set wIth a spare

DRESSER INDUSTRIES, INC

ROOT DIVISION

900 WEST MOUNT STREET,

CONNERSVILLE, INDIANA 47331

Fax 317/825-7669
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• C500 Compressor from Rotary AIr Compressor, 6 9 Bar, 70 79 m3/mm, 500HP Motor (370 kW)

2)

3)

The eqUIpment reqUIred for ImplementatIOn of the ECO "Replacement of the exlstmg
compressors With new, more economic ones"

ROTARY COMPRESSOR CORPORATION

329 NEWMAN DRIVE

COOCE VILLE, TENNESSEE 38501

Fax 615-528-92-77

LAMSON CENTRIFUGAL BLOWE RS

GARDNER DENVER MACHINERY INC

PO BOX 4857

SURACUSE, NY 13206

Fax 315/433-5451

Manufacturer's address

Manufacturer's address

• or turbme blowers ofBlower Frame Size 53 type wIth the capacIty of 295
CFM and the pressure of 15 PSI, the rotatIOnal frequency IS 2,850 RPM, wIth an

electnc motor and a spare filter

Manufacturer's address DRESSER INDUSTRIES, INC

ROOT DIVISION

900 WEST MOUNT STREET,

CONNERSVILLE, INDIANA 47331

Fax 317/825-7669

• eIther turbme blowers of 8-m3/mm capacIty, the pressure IS 1 bar wIth an electnc
motor of35-kW capacIty WIth a belt dnve and a spare filter The power supply

voltage IS 380 V, 3 phases of 50 Hz

The approXImate cost IS US $10,000 per umt Purchasmg of 4 compressors IS needed, the total
cost IS US $40,000

The approXImate cost IS US $7,500 per umt Purchasmg of 3 turbme blowers IS needed, the total cost
IS US $22,500

C50-type compressor WIth the productIOn capaCIty of 6 51 m 3/mm, pressure of 69 bars, WIth a
spare filter and an electnc motor of 50 HP, the voltage IS 380 V, 3 phases of 50 Hz
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• DL-l,2, ShLA-l,3, ShLA-O, 4 to 1,0

VelIkoanadolsk Combmed FaCIlIty for Fire-ResIstmg Matenls

ValdimIrovka Settlement m

ApproXImate cost - US $80,000

The thermal msulatmg matenals reqUIred for ImplementatIOn of the ECO "ProvIsIon of effective
thermal msulatlOn on "RIBBON"glassmakmg furnace on the baSIS of hght-welghtmg
materIals"

The eqUIpment reqUIred for ImplementatIOn of the ECO "Controllmg the productIOn capacity of
the compressor statIOn by usmg a varzable speed drzve"

• frequency converter to control the rotatIOnal speed of the synchronous electnc motor wIth the
power capaCIty of 800 kW and the stator voltage of 6 kV

I
I
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"ABB"

Open Jomt-Stock Company "Kharkiv

KharkIV, Ukrame

"Alan Bredly"

ROTARY COMPRESSOR CORPORATION

329 NEWMAN DRIVE

COOCE VILLE, TENNESSEE 38501

Fax 615/528-92-77

Manufacturer's address 3, Scmmdt Str,

KrasnoarmeIsk, Donetsk Oblast,

343100, Ukrame

Tel (06239)-2-04-10

The manufacturers
Electro-MechanIcal Plant"

The manufacturer's address

Donetsk Oblast,

Volnovakhsky RaIon,

342331, Ukrame

Tel 33-03, 33-20

KonstIantmovka Combmed FaCIlIty for Fire-ResIstmg Matenals

2, Miroshchmchenko Str ,
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Konsttantymvka Settlement,

Donetsk Oblast,

342007, Ukrame

Tel 33-03, 33-20

ChasIv-Yar Combmed FacIhty for Flre-ReslsItmg Matenals

1, Komsomolskaya Str ,

Chasiv Yar Town, Donetsk Oblast

343440, Ukrame

Tel 23-01,23-02

• TKl-5, 1-10

Manufacturer's address Open Jomt-Stock Company "TeplozvukOlzohatslya"

7, StrOltelnaya Str ,

Kotsmbynske Settlement, KylV Oblast

255700, Ukrame

Tel (277)-7-23-50, 7-12-03

Closed Jomt-Stock Company "Izohatslya"

7, SVltly Shhakh Str ,

Donetsk, 340029, Donetsk

Tel (0622) 66-61-42

The thermal msulatmg matenals reqmred for ImplementatIOn of of the ECO "PrOVIsIon of effectIve
thermalmsulatlOn on "RIBBON" glassmakmg furnace on the baSIS of ceramIC fibers"

• UnlOfrax 3000, 2600, RG

Manufacturer's address Umfrax CorporatIOn

Corporate headquarters

• TK-5, 1-10

Manufacturer's address Open Jomt-Stock Company "TeplozvukOlzohatslya"

7, StrOltelnaya Str ,



Kotsmbynske Settlement, KylV Oblast,

255700, Ukrame

Tel (277)-77-23-50, 7-12-03

Closed Jomt-Stock Company "Izohatslya"

7, SVltly Shhakh Str ,

Donetsk, 340029, Ukrame

Tel (0622) 66-61-42

The thermal msulatmg matenals reqUIred for ImplementatIon of the EeO "Thermal msulatlOD of
the furnace usmg materials purchased by the plant"

• DL-l,2, ShLA-l,3, ShLA-l,3, ShLB-O,4, ShLB-O,9

Manufacturer's address Krasnoarmelsk Dmas Plant

3, SchmIdt Str ,

Krasnoarmelsk Town,

Donetsk Oblast, 343100

Tel (06239)-2-04-10

Vehkoanadolsk Combmed Faclhty for Flre-Reslstmg Matenals

Valdlmlrovka Settlement m

Donetsk Oblast,

Volnovakhsky RalOn,

342331, Ukrame

Tel 33-03, 33-20

Konstlantymvka Combmed Faclhty for FIfe-Reslstmg Matenls

2, Muoshchlilchenk.o Str-,

Konstlantmovka Settlement,

Donetsk Oblast,

342007, Ukrame

Tel 33-03, 33-20
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ChaSIV-Yar Combmed FaCIlIty for Fire-ResisItmg Matenals

1, Komsomolskaya Str,

Chasiv Yar Town, Donetsk Oblast

343440, Ukrame

Tel 23-01, 23-02

The thermal msulatmg matenals reqUIred for ImplementatIOn of the ECO "UtIlIZatIOn of the
combustIon products outgomg from_~'RlBBQN"glassmakmg furnace"

• "CAIN" ESG - 62 FL18CSS

The thermal msulatmg matenals reqUIred fior ImplementatIOn ofthe BCO "Improvement of the
operatIOn effiCIency of "RIBBON" glassmakmg furnace by controllIng the aIr for burnmg"

• ENERAC-2000

The thermal msulatmg matenals reqUIred for ImplementatIOn ofthe BCO "Improvement of the
operatIOn effiCIency of DE-6,5 boIlers m the steam boIler-house"

• ENERAC-2000
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APPLICATION REQUIREMENTS
Gas AIR Gas Prooertles
Molecular Weight 28 966
CP a241 BTU/lb -F Duty Cycle more than 4 hours per day
K Value (Cp/Cv) 1 398 Relief Pressure 15 000 PSIG
Inlet Temperature 70 F
Inlet Pressure a 000 In H20 Vac (Includes 0 000 In H20 Vac filter and/or silencer loss)
Standard Volume 280 000 SCFM
Inlet Volume 280 000 ICFM
Mass Flow 1260 000 Ibs/hr
Discharge Pressure 14926 PSIG (Includes 0 226 PSIG silencer loss)

MODEL SELECTED FOR THE APPLICATION
Model Number 5507-85L3 PO PLUS
Matenals of Construction Standard
Seal Type Lip
Lubncatlon External Pressure
Rotative Speed 1949 RPM
DIscharge Temperature 324 F
Discharge Temperature @ Reiter 325 F
Discharge Volumetnc Flow 205470 CFM
ReqUIred Input Pow"er 32 354 BHP
ReqUIred Input Pow~r @ Reltef 32 536 BHP
EstImated Blower NOise 94 dB(A) at 1 meter open field

SELECTED BLOWEq OPTIONS
NONE

TESTING
Standard Mechanlcallntegnty Test

~ TUTHILL i M leumatlcs
~.CORPCRATION. i DIvIsion

Page 1 of 2
Date 3/30/1998

ApplicatIon Worksheet (Normal CondItIon)
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AMBIENT CONDITIONS
Atmosphenc Pressure
Ambient Temperature

14700 PSIA
70 F

Yc.. :al representatIve
JarTl\..~ E Gasho & Associates
460 West Gay Street
West Chester PA 19280
Tel (610) 692-5650
Fax (610) 692-5837
Jgasho@compuserve com

Reference/Quotl



I
Performance Tables
In conjunction with our program of continuous testing and design upgrading all speclflcdtlons are subject to change without nOtice
All data are approximate Request a quotation for your specific application

Pressure (14 70 PSIA and 70° F Inlet)

I
I

2 PSIG 5 P~IG 8 PSIG ~~S~_+ 12 PSIG I 15 PSIG 18 PSIG Max Vacuum
BLOWER SPEED

1 ~CFMIMODEL (RPM) CFM BHP CFM BHP I CFM BHP CFM BHP CFM BHP CFM BHP I CFM BHP BHP-- ---
1150 206 37 167 I 72 139 I 11 123 15

I
- I - I

I 12 124
I

83I I

I
5507 1750 349 56 310 I 11 282 16 266 20 252 24 232 29 I - - 15 234 15

3600 789 11 750 I 23 722 34 706 41 692 49 672 60 I 655 71 17 648 35

1150 252 41 207 84 I 175 13 157 16

\

- - I I I 13

1

146 10
5509 1750 424 63 379 13 I 347 19 329 24 312 28 I 290 35 - I - 15 292 I 18

3600 953 I 13 908 26 I 876 40 858 49 841 58 I 819 71 799 85 17 791 I 44

1150 311 I 48 258 10 219 15 198

I
19 I 178 22 I 13 I 185 12- -

5511 1750 521 73 468 15 429 23 I 408 29 I 388 34 362 42 - - 15 I 364 22
3600 1168 15 1115 31 1077 48 1055 59 1036 70 1009 86 I 985 I 103 17 I 975 50

I I
I1150 398 I 57 333 12 285 19 I 258 24 234 28 I - - 13 242 16I

5514 1750 667 87 600 19 552 29 I 525 36 501 43 : 469 53 - - 15 I 321 I 27

3600 1489 18 1423 39 I 1375 60 1349 74 I 1325 88 11292 I 109 - I - 15 1294 I 55

I I
1

I
I

1150 459 64 386 14 333 14 304 27 277 I 32 - - I 13 286 I 18
5516 1750 765 97 692 I 21 I 639 33 609 41 I 582 I 49 - - I 15 548 I 31I

I3600 1706 20 1633 I 44 I 1580 68 1551 84 I 1524 100 - - 15 I 1490 63

1150 520 I 70 440 16 I 383 24 350 30 I 321 36 I - - I 13 I 331 20I

5518 1750
I

863 11 784 24 726 37 I 694 46 I 664 54 I - - 15 627 34
3600 1922 22 1842 I 49 I 1784 76 1752 94 I 1722 I 112 I - - I 15 11685 I 70

1150 583 77 497 17 I 435 27 - -
I I I

I 12

1

402 20I
I5520 1750 965 12 878 I 26 I 816 41 - - I I 12 784 31

3600 2141 24 2055 54 1993 84 - - I 12 1961 63

I
I
I
I
I
I

Shaded areas Indicate operation above maximum allowable horsepower Applications In shaded areas must be factory approved

DimenSions Certain dimenSions for 64/67 double envelope gastlght differ slightly from those shoY n belO\
Certified ora' I~;JS are avalldble through your local M D representative I

I
I

I

I
I

/~
I,~

ISO 9001199~

~
~~
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M-D Pneumatics
DIVISion

Senes 46/81 (Vertical Flow)

"

-l~-lO We t "e~rne\ SHeet POBox 2877
"~"nqfll i ~\I - l" US \ o~S01 0877
T, I ~' - q ~-, ~ - ',' s, ~ o~3- Fax 011- 8~~ 2950

LEADING THE SEARCH FOR NEW SOLUTIONS

~ TUTHILL!.1!. CORPORATION

1F

Senes 17/57 (Honzontal Flow)

Values are apprOXimate and should not be u-ed tor construction
Certified draWings are available throuah \0"r local M D repreSent1li\c

MODEL ISERIES I A I B C D I E F G
I

5507 17/57 12894 I 1231 1050 I
4 NPT 850

1700
46/81 2831: 1663 11 69 1075 1900

5509 17/57 1 3044 1306 1200 5 NPT 850
1700

I 46/81 2981 1738 12.14 1225 1900

5511 17/57 3244 1400 1400
5 NPT 1700

46/81 3181 1838 1344 1425 850 1900

5514
I 17/57 3544 10 "S 1700 2000
I 46/81 3481 1988 14 0 4 1725 6 FLG 10 00

2050

5516
17/57 3744 1650 1900 2000
46/81 13681 2088 15 Q.l 1925 8 FLG 10 00 2050

5518 I 17/57 [3944 1750 2100
8 FLG

2000
46/81 3881 2188 16 0 4 2125 1000

2050
I

17/57 4144
5520 I 18o" ~3 00 2000

4681 4081 2288 1- a.. ~" 2~
8 FLG 1000

2050



Reference/Quote

4000

) - :al representative
Jam....", E Gasho & Associates
460 West Gay Street
West Chester PA 19280
Tel (610) 692-5650
Fax (610) 692·5837
Jgasho@compuserve com

--------1I:-I---~I----:.-1 ----:1=----Ipower Required

\~:
~------+---=--=-=----------BHP

-----r------- :

iOlume at Inlet

-------+----::::---=-----------ICFM
I
I

------L ITemperature Rise

---------cll~----========--~==----Fahrenhelt
I
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I

400
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1000

800

I
600
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200

I
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I
I

100

80!

60
1

I
I,

40'

I
20;

001
150-0

11 I
"'---""";20-00 250D 3000 3500

RPM
Performance Curve Based Upon The Conditions Of

Displacement 0 238 CFR
Atmospheric Pressure 14700 PSIA
Gas AIR
Inlet Temperature 70 F
Molecular WeIght 28 966
K Value 1 398
Inlet Pressure 0 000 In H20 Vac
Discharge Pressure 14926 PSIG

~ TUTHILL leumatlcs
~. CCRPCRATION I Ul'/lSlon

r'age 2 of 2
Date 3/30/1998

Normal Operating POint Curve for 5507-85L3
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17/46 Series
ThiS senes has Wide applicalion m pneumatic conveYing
'!astewater treatment and the general process Industry where
nigh pressure high volume air IS required Seal areas are
Jented to atmosphere to relieve process pressure agamst the
Internal lip seals and to provide 011 free air

I
I
I

I
I

I

I

I

I'

I

I

I
I

I

I
I

I
M-D Pneumatics
DIVISion

TUTHILL
CORPORATION

Standard Splash Lube Optional External
Pressure Lube

17/46 senes 18/85 senes

57/81 senes 54/84 senes

64/67 senes 65/68 senes

LEADING THE SEARCH FOR NEW SOLUTIONS

4840 West Kearney Str~pl P a Box 2877
Springfield MISSOUri USA 65801 0877
Tpj 417 865 8715 800 P25 ~937 Fax 417 865 2950

For elevated pressure applications 57/81 senes and 64/67
senes are available With high pressure sealing and testing

to allow discharge pressures as high as 100 PSIG (15 PSI
maximum pressure boost)

65/68 senes utilizes gastlght external lubncatJon system rated
to a maximum pressure of 15 PSIG Consult your local M 0
representative or factory If higher deSign pressure IS reqUired

i' 1,terl'l SrJ0C llcltlors

Optional Water Cooled End Plates

All vertical flow model 5500 PD PLUS
lJ

models are
available With M 0 exclUSive optional water cooled end
plates to provide cooling of lubncatlng oil With less than 0 5
GPM cooling water for high performance appllcalions
-where eXternal lubricatIOn IS not des ed or practical­
SpeCify E suffiX

Blowers operating With a discharge pressure above 20 PSIG
require mechanical rotor shan sealing above 25 PSIG requires
hydros,atlc testing and speCial rlgh pressure seal leakage
testing

OptIOnal Lubrication Systems

All model 5500 PD PLUS:'; models are available With
externallubncatlon to proVide POSitive beanng lubncatlon
and liltratlon of lubncant for extreme applications When
optlonallubncatlon systems are speCified the senes
numbers change as follows

Hou"lnq C 1~t Iron

End PI,1<O'" C ,\"t Iron

End CO\ ers Gear end C ~"t Iron
Free end Aluminum

Rotors Ductile Iron

Shafts Ductile Iron cast Integrally With rotor

Be:wngs Gear end Doutle ro v bqll
Free end and dm e :,haft Single row ball

Dnve Shaft SAE 4140 forged alloy steel
Gears Heat treated alloy steel helical cut

Seals 17 46 Lip and labVrlnth type on rotor shafts
lip seal on the drive shaft

57 81 Mechanical and labynnth type on rotor
shafts lip seal on the dnve shaft

6467 Same as 57 81 plus mechanical
sealing on the dnve shaft

Lubncatlon 011 splash system both ends

636

572

345

445

509

235

282

3600

3200

3600

3300

3600

3600

3600

1150

1150

1150

Nom Min RPM Nom Max RPM IDlspl
@ Max Disch \ @ Max Disch CFR

Press Press

1841

2311

Max
Comp
Ratio

1.1

15 I 2021

15 I 2021

17 I 231 1

17 I 231 1

17 I

Max
Vac

(m Hg)

8

12

5520

~507_ L 18

5509 I 18

5::2J 18

5514 r 15

5516 1 12
- -I

5518

~AODEL I Max
SIZE Press

PSI

64/67 Senes (Double Envelope Gastlght)
ThiS senes IS bUilt to laboratory standards where Virtually
complete sealing IS required In addition to the features shown
on the 57/81 senes the dnve shaft IS mechanically sealed and the
011 sumps are plugged to prOVide an even higher degree of
leakage protection

57/81 Senes (Single Envelope Gastlght)
ThiS senes IS utilized m such applications as closed loop
pneumatic conveYing fuel or process gas handlmg or elevated
pressure applications up to 100 PSIG discharge Vent openings
are tapped and plugged to prevent gas leakage or may be
plumbed to the Inlet port These fittings can also accept an Inert
gas purge for POSitive containment of the process gas

::D PLUS~
!lodel 5500 Heavy Duty
dlgh Pressure Industnal Blowers

BI-dlrectlOnal Rotation

17 Series - HOrizontal Air Flow
46 Series - Vertical Air Flow

57 Series - HOrizontal Flow Smgle Envelope Gastlght
81 SerIes - VertIcal Flow, Smgle Envelope Gastlght

64 SerIes - HOrIzontal Flow Double Envelope Gastlght
67 Series - Vertical Flow, Double Envelope Gastlght

I' lodeI 5500 PD PLUS heavy duty Industnal blowers are
aeslgned for high performance applications up to 18 PSIG
iressure boost or 17 Hg dry vacuum (24 Hg water Injected)
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FOR

FUME AND CATALYTIC INCINERATORS

GAS TURBINE AND DIESEL ENGINES



ESG vs CONVENTIONAL FIRETUBE BOILERS YOUR AUTHORIZED CAIN REPRESENTATIVE

_ '/3_ 12 the weight size & floor sp'lce

- 99°'° dry steam
-100% turndown capacity
_ 5-10 minute startup to full output
-Integrated full exhaust modulating bypass
- ExplOSion proof heat transfer exchanger
• Low friction loss for minimum static exhaust back pressure
• High circulating flow minimizes scale bUildup
• No thermal expansion problems accepting cold water bOiler feedwater
• Lowest pinch POint (final leaving exhaust temperature mlnus­

operating steam temperature) offering greater thermal effiCiency

I
I
I
I
I
I

ESG DESIGN MODIFICATIONS
1BI11quid Phase 011 Heaters
IDI Hot Water BOilers
III Steam Superheaters

APPLICATION DATA
II Source of Exhaust Gas
II Temperature of Exhaust Gas
IDI SCFM or LBS/hr of Exhaust Gas
III Operating Steam Pressure
III Desired Performance Output

either
-PPH Steam
-BTUlhr Transfer
-LeaVing Exhaust Temperature

I
I
I
I
I
I
I
I
I
•L

Mequon Rd & Klelnmann Dr, PO Box 189, Germantown, WI 53022, Tel 1-414-251-0051 WATS 1 800-558-8690 FAX 1-414-251
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THE COMPLETE PACKAGE
Selecting the appropriate waste heat
bOiler system for fume InCineration or
cogeneration retrofit Involves considerable
engineering time and money Important
areas of concern have been controlling
and bvpasslng waste heat opllmum per
formance selection operating pressures
size I/elght and Installation The ESG IS
speCifically designed to address these
concerns and more as standard design
features not found with conventional waste
heat boilers The timely needs of the proJec'
eng neer and customer can all be achieved
aCCJrately In a complete package

VARIETY OF MODELS
Cain Industries offers 40 standard models
achieving performance outputs from 20
to 350 bOiler horsepower and operating
steam pressures ranging from 3 to 250
PSIG A packaged forced Circulation water
tube design the ESG IS manufactured
and tested In accordance with the require
men's of the ASME Boiler and Pressure
Vessel Code and National Board

FUNCTIONAL
As a fully automatic steam generator the
ESG responds Immediately to fluctuating
exhaust flows In conjunction with steam load
demand sWings This allows the ESG to
easil; function as a supplemental or primary
steam output station For the very large
waste exhaust systems multiple generator
arrangements can easily adapt effectively
without complex central controls
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DESIGN
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1,
"

Exhaust
Bypass
Assembly

1

OPTIONAL BOILER
ROOM ACCESSORIES
II Baller BloV/dovln Systems

III Boiler Feeowater Economizer
II SOller Feed Conoensate RetL.rn

Systems

I
6 Structural
Steel Skid

11
r .i~

J
( r ~~ Steam Sensi:;

J~~I;;"~-!-- ,---------- Transducer
_~ ~ Controller

...,.~- ~~~~~'~ll --J M__ -~,-=, ~ Double

"'" "" !? nO' \ ..,.--:~ Insulated

~
I Stainless

~
~ Steel Bypass

., I

:.u j_ Dampers
C,
~- ~(-Inspectlon

'""" -- 'i'll1~ J Tube Removal
,.~ .-k __~ EXit Door

J(ll ;~~
! -! S~~ - Modulating
1 1 J;: ...l-=-- Pneumatic
! ' ¥:f!:" ~ Positioning

• Damper
Actuator &
Fail Safe
Assembly

,. .'"
< {

.,

-- r '\.
',t , <

) , , ,
~

~; ,1/~J
,", I

I :i,. ~ / ,
.f " , tA '>..1'- t

-" • .Iv'
; I'

Circulating Pump Assembly -------I------!-l

Modulating Feedwater---------..rt
Valve Actuator

Thermocouple Sensor (typ)----~

Steam Flash -----------~1i'l""~(' ..
Drum Assembl, ~~----;.

~.t- ""'
NEMA 4 Contro I Ca bin et -------.::;~~::;e~#:::..::..:=i~ij~~~=:;,_
Assembly £..

DESIGN FEATURES

\ ;l,STE .... E~T
E\H;l,J"­

CONNE;::TI-:'

WASTE HE,...,
EXHAUST

CONNECTIO\

The ESG IS a compact design Includl'1g tnree basIc sections thE:
flntube heating surface steam flash druM dssembly and a modulating
full port exhaust bypass preplped and vmed for ease of installation
and minimal customer connections An Integral circulating pump
continually circulates water to the hea' transfer section recovering
BTU s from the exhaust and back to the steam drum assembly where
superheated water flashes to steam

MINIMAL CUSTOMER CONNECTIONS
III 4 250lb RF Flange Steam Outlet
11% x 2 x 2 Exhaust Flange Inlet & Outlet
III Main Power & Boiler Feed Connectl8n
111'2 NPT Main Slowdown
1l1'. NPT Feedwater Inlpt

11I'2 NPT Co,:! [QI hi

1IiI'2 NPT COOling V'dler Inlet
& Outlet
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CalO Industnes Inc PO 80\ 189 Gcrmanto....1l,\\153022 414-:!51 0051 W-\TS1 SOO 558 &!Q() FA.'\.1 414 251011'

SUBMITTA[

p-\rTS LIST

(SEE: DESIG'\ DH -\ FOR CO'STPtJCTIO,\

1 l-lJ'\GED ST.\I'\LESS ACC:::SS P-\'\:::L
2 Fl'\-Tl,BE -\SSE\lBL'l
3 STAI'\LESS FLuE GAS Bl PASS
4 UD ASSE\{BLY
5 SELF-LOOd\G T£\SIO'\ LATCli
6 SuPPORT BRACE ASSE\lBL"x
7 D.\\lPER SHAFT
8 \lOOUL.\TING DA\lPER

-\CTUATOR (OPTIO"1.\L)
9 \l-\TI'\G FL.\ .... GE (OPTIO'\.\L)

(SEE \l.\TING FLAi\GE LIST FOP
Dl\IE\SIONS)

10 G.\Sl\.ET (OPTJO,\.l,.L)
11 .l,.S\lE 5T.\\lP (OPTIO'\\L\
12 \l.\'\U.\L B'tPASS .\DJUST1'\G -\5:3'
13 I'\SUL\T10N (OPTIO'\.\L)
14 C-\["1 I"-DUSTPIES LOGO
15 L1FTI'\G LUG
16 DR\IN C\TCH RJ"-G (OPTIO,\\L)
1- 1 ,\PT CO'\DE'\S.\TE DP-\I ....1

D l
LIQUID OuTLET
CONNECTION

BESTAVA~ABLECOPY

LIQUID l\LET
CONNECTJO~

~-'-- C l

8

! A !
G-\S FLO"

F

FILLET OR
BUTT-"EL~
TO STACh - ""

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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SUBMITTA' I

I
IPUMP KIT ASSEMBLY

PUMP KIT ASSEMBLY Sui #IOu

I~/I'I I(l'O A B C 0 E f

V P9630 1 ~~3ZI ~.3Ie ••3Ie ~~306 ~~1~4 J./~Og

00640 I I/'C ~~330 ~~307 51040 ... 464 551~4 5~OO9

096.,0 'C .... ""340 ~~309 5"", .. 21 ~53~0 ~.)l50" 5 909

99660 I 'C 55350 5~309 55421 " 3~0 551 .... .909

99062 I I/'C I 5 59 5~307 51040 ~,,3~0 5515~ 5.,909

A CIRCD LATI0:G PUMP 0
S~E BUI.II0020 fOP hPfC,P),(A'iCE GRAPHS I

PIN lfGT Hr VOLTS AUPS I
./55321 12 1/12 115 I 85

~II-1/ 55330 I~ 1/6 2 l~

'--
II~ F1 19_ i5'

5~340 44 11/12 III OR 113 115/22 ~ 6

~~350 ~g Il/e 112 OR 3/4 11.,/221 8~

-~- - U - -:9u ~~:~:
j/,~~,

55659 ~2 I 1/3 115/221 4 6 9( CD DI::
HlCH TEUP (1.lA.X [',LET TEIIP 33CT) t---:~~Y

B FLOW CONTROL VALVE, Blass
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'" .5315 3/4 ® (C) ~

55316 I 1 I \~
55307 I 1 1/"-\

"------
55309 I 'C I

fm ~
C CHECK V4LVE, Brass ~-

/1/ PIN

IU
NPT

7 55315 3/4

55316 1 (9510~0 I 1 liz"
~.,~21 I Z'

I L I
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r~ p '- ;:::

PIN I'u:r I 3 ~O APPROXo\;rLET PSIC I

C@5.,308 3/4 \3/4 125

'"
-fI

,-55332 I I 1 125 ~ ~"::::Z::A '1\ I'ZlLJ

V ~546~ 3/~ I 12~ LLL~ -u-- ~~~rzI:R ntrE ~~~,/ 55:140 I I 1 150 r/
rL\Jr

5~:l4B I 1 300 L S"AP o~ CO'1:~ PL \,(P Off " 5 F

TEl,/PERATIJRE 21CTP C 125 PSIG
"50 f

(A:JI'STADLE)

E PUMP CO\;TROLLER

Vf/5:~:~ I
13

L

.5 \

11

\
0I ~ 2~

I L=1
F (2) THER~lO\fETERS Gas I //~ I," ... rr

I
I~\F I

I

:r ,'iJiJ' ~
/

pI" L I rDlrf - -i-lB :3
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I
I
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-ACC~RAC' 11- R,-.. GE

Clln Industries Inc PO Bo\ 189 Germanlo\~ll,WI 53022 414-2510051 WATSI SOO 5)8 S690 FA..\.1 ....H4 251 011::-
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Cam Industrles, Inc P a Box 189 Germantown,WI53022 414-251-0051 WATSl 800 558 &)90 FAX1 414 251 0118

SELECT T-\ \1\ SIZE B".SED ON ECONO\UZER BTL /HR PECO\ ERy

CO':: 1- "
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w#'\ t:~ rpCH

ECO O'}I' _"

\
\

1 "PT
c~ r

COLD
'\ATEP

ZOt\E

HOT
\, -\1EP

.~ _ LV~Me \
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I
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675000 ,-- ?7n 1, 'I' 4"5
BOO 000 35-2 3"0 ,~ 5' :><9
9 000 1 -J 375 1, C4 C 1

t 6) VlO l ... _4 .,~ ,
I ,,00 000 1 ... _.1:;, ·~O
I J.)J rf1J ?- ~ I) 4' q" --

5C f1 "00 ... '- ., "'/.;0 I " Le

.." O-\D~

I\<OTES
MM,u-ACTURED IN AC"OROAlICE WITH SECTiON VIII
A5ME PP£SSUR£ VESSEL CODE

2 LEGS APE rURNISHEO WITH ALL TMWS
,) Mt.TEPIALS or COtlSrRUGTION 6L4CY STEEL
4 RELIEF VALVE INSTALLED IN TEt AT

HUTeD WATER OUTLa CONtlECTION UPON IrlSTALLATIOtl
5 0 SIGN P"ESSURE ZOO PSIC

THE vERTICAL PRESSURIZED STORAGE TANK IS APPLIED IN
SYSTE'.1$ ....HEh'1! STEADY /lATER FLOW THROUGH THE
ECONOMIZER C"NNOT BE CONSTANT OR SOMETI'AES DROPS
DOWN TO AN UNACCEPT"SLE FLOW PATE THE
APPUC""ION OF T'iIS SEPARATE SYSTEM ALLO IS ABSOLUTE
CONTPOL OF ECONOMIZEP OUTLET FLUE GAS A'lO w,.TER
T:~iPE;:,,..JJ..,RES WHICH ("N BE MAl 'TAI'IED IN ADDiTiON
TO n< IJ"XlliUlv' BTU/hR R:COVERf I.A"XIMUM
6TU/HR RECOVERr IS ALWAYS POSSIBLE BECAUSE WATER
IS CIPCULATED FROM THE BonOM OF THE TI-NY OR COLD
WATER ZONE" (/IHERE NEW WATER ENTERS) TO THE
ECONOMIZER Arm SACK TO THE TOP OF' THE TANK OR
-HOT W"TER ZON~ (WHERE HEATED WATER LEAVES) THIS
ALLOWS THE GPEATEST ENTEPING TEMPERATUPE DIFFEPnJrE
TO OCCUR FOR MAXIMUM HEAT TRANSFER EFFECTIVENESS
AT ALL TillES THE TANK BECOMES THE N(W HEAT SINV
OR "SULGE IN THE WATER FLOW lIN~ AND IS SPECIFICALLY
USED FOP

1 PROCESS WATER CONTROL
2 PREhEAilNG MAKEUP WATER TO THE CONDENSATE

TANK OR DEAERATOR
3 PREHEATING BOILER FEEDWATER LEAVING THE BOILER

FEED PUMP TO THE BOILER
THE PPESSURIZED TANK SYSTEM WILL ElIMINATE ANY
POTENTIAL FLASHING IN THE ECONOtJIZER AND FOP
orljOFF SOlLER FEEDWATER 5rSTEMS AlOIDS MAJOR
FEED II/. iER PIPING AND CONTROL CHANGES THE
(lISTING HATER FLOW SYSTEM WILL NOT BE AFFECTED
(lCEPT FOR THE CONTROLLED INCPEASE IN WATER
TEMPERATURE AS A RESULT or THE BTU PECOVEPED FROM
WE WASTE HEAT COMBUSTiO,l SOUPCE

DESCPIPTION
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MESSAGE-

- AS REQUESTED, ATTACHED IS YOUR PROPOSAL
- 12-14 WEEK DELIVERY
- THE QUOTED PRICE IS F 0 8 CAIN INDUSTRIES
- OUR TERMS OF SALE. SUL #25500, AND "BOILER TERMS" FORM PART OF THIS

PROPOSAL

"MANUF:ACTURINQ INAJIllT'£ HeAT TRANSFf!lR _ODUtI::'1'1!B TO aAVlI!lll!lNII":FllCllV"

80 ier' extll"lU5t. Eoor-.crnzere-tncinef"ertx:>f'E~ EClonornlzOt"'&ClleeG' ~ GelS
Engone Heat. R ..covory Silranc:"..... W-... 10\10_ 0De...-n Cenerl!ltOre--FlT¥"lOd ilJblntl
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P 1/9~m 612

OUt
Fax ONLY
Fax, File
fax, Mall, Fl1 e
Mall, File
OVERNITE, Fl1e

Inquiry
[ ] Phone
rX] Fax
[ 1 Mall

CAIN n-lI:USTRIES

SUBMItTEO BY _~JuI.w.M....!.R~OtJ,.!.ZA:wN"'lSK;;uI,- _

SUBJECT: .-..A=IS~KA~Eo.blEIL!:C:..LTR!i:!I~C-..!:L:!..!AM~P-L.!Et\~C~TQ~R~Y __

REFERENCEI·__~Q..:::..O-...!l2:Llt:5.:t:...9_ (Cal" computer printout)

DATE· 12/15/97

FAX NO· 608-238-0495

PAGES ~9 (including cover sheet)

TRANSMITTAL COVER SHEET

COMPANY ~D~R""-IIElo.lIS~ASJ.>.S~QCloCJIu::lA.J.JTEO:l.lIS~ _

ATTN:__--...!MmR~B!:1:IL::!::.l-!::O~Rlu.E~S _

PHONE tro· 6~O!.!:!8-~2~31J..:-:."-i25~56:l:!.- _

~ 15 1'397 3 35pt1
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P 2~9

PRICE

NO 612

I~O 612

$ 102,207 00

% 164
.$ 838,798
.$ 1,677,597

7 3

Attn Mr B111 OrlCS
Ph (608)231-2556

FAX. (608)238-0495

OEseRI PTION

ESG-627Ll8CSS
-INCLUDING
Full Hodulatlng Exhaust Bypass
Skid Mounted Packaged Design
Packaged BOller Control Trlm
Factory lnsulatlon
Modulating Water Level Control
Low Exhaust Frlctlon Loss
10 Ga Steel Exterior
Stainless Steel Inner L1nlng
ASME &Nat'l Board Stamped
4" Thks Factory Insulation

TOTAL PRICE

ANNUAL RETURN ON IHVESTMENT
5 YEAR SAVINGS
10 YEAR SAVINGS
PAYBACK PERIOD, MONTHS

EACH

UofM

CAIN INl"USTRIES

FURNACE EXHAUST STEAM GENERATOR
Ra-Circulation Deslgn wI Exhaust Bypass

CAItl It lDUSTP I ES

1

The E56 ;s packaged and Sk1d mounted It has a modulating exhaust gas
bypass that controls steam product1on 10 relation to the stearn demand It
is compact in design, and is prep1ped and wired for ease of installation

Quotatlon:
Qry PART t

15 1'397 3 36Pt1

Engfneered for'
Or1es Associates, Inc
1600 N Highpoint Rd
Middleton, WI 53562

System Description.

Caln Industrles 15 pleased to propose the following Exhaust Steam
Generators (ESG) to recover exhaust heat from a natural gas fired furnace
and produce 100 PSIG steam

Refl 00-259
Date 12/15/97
Page 1
Revl. 0

"MANfJPACTLIR/NO WAIZTIE HEAT TRAN8PliR Pt:lOCJUCTliI TO QAVliliiNERClrY

So;..... Exh......"'· Ec:.o "..>r1l1.LtoO 'IO-lnol.,.,,,acor E><hc:luot: G:oonornlzor'O 010001 &. GQO
Eng",.. He.et Rscov"-y EllenC4'J1'e-Wcscroo Ho= St;earn Gen~onq...Hnnnd h.•blng

OCC 15 1997 3.37Pt'1
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runn~~~ ~AnHU~1 ~IC"" aCRC~I~~

Re-C1rculat1on Design wI Exhaust Bypass

Refl 00-259
Date 12/15/97
Page 2
Rev' 0

Terms of Sala
Delivery 12-14 weeks
Payment Schedule See Boiler Terms of Sale
See Bulletin 25500 including 'Warranty and Performance Guarantee'
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FURNACE EXHAUST STEAM GEHWTOR
Re-Clrculat1on Design wI Exhaust Bypass

"MANUFACTURINQ WAQ71Ii H/lfAT T'RANtIJ,.."" ~ur:rrnTO _VII BNISRG'Y

nn..." e""l!'<l.JQ!. Ec=on:J'nZSr'O-fnOiner-BI".nl"' CXMOU..t Econon-,r;tW,'Gl-O oocl & c_
Engn.. H ....t Aecovary Bllence,.1'l-"W1V7ta Hftrtl S1M6m GGner"t"..ore-Flr"lr'\Od TubI.-.g

Performance
Exhaust Flow Rate, SCFM

Exhaust Entering Temp 'F
Exhaust Gas Leavlng Temp 'F
Pressure Drop • WC Max

*Equ1valent Evaporatlon, lb/hr
*Bol1er Horsepower, BHP

BOller Feedwater Flow, GPM
Heat Recovered, MBtujhr
(*Steam Capaclty from and at 212'F)

67x30
4
1
2
2

1/2
3/8

10
230/460

60

, '~. I, "':,_

',Caln':~,;·
industries 0::'"4N1' I"~,"",f wu"..,..,.,,.

1'10 612

c a i n
industries
Heat Recovery Systems

Customer Connectlons
Exhausts, 2x2 Angle
Steam, RF Flange
BOller Feedwater, NPT
8lowdown Manifold
Steam Safety Valve, NPT
Pump Cooling Water, NPT
Control Air, NPT
Circulator Motor HP

Voltage
Phase 3 Hertz

10075
loaO'F
417'F

1 07
8581

249
172
8326

150
112
112

12760
13770
3634

150
100
225
650

1250

83 264
o 23
8760

$ 167760
$167,760

Natural gas
Horlzontal
Furnace
Steam load

CAIN INDUSTPIES

Savings
Heat Saved, ( x 100,000 BTU/hr )
Fuel Cost per 100,000 BTU
Annual Hours of Operatlon
Savlngs per load
ANNUAL SAVINCS

Model. ESG-627LIBCSS
Overall length, inches
Overall Wldth, inches
Overall Height, 1nches
Dry Welght, lbs
Wet Welght. lbs
Surface Area, Ft2
Deslgn Pressure, PSIG
Operatlng Steam Pressure, PSIG
Hydrostatic Test Pressure, PSIG
@Deslgn Temperature. 'F
Maxlmum Enterlng Temperature, 'F

Waste Heat Exhaust­
Primary Fuel Type
Exhaust Gas Flow Direction
Heat Source Descrlptlon
Heat Slnk Description

Ref'· 00-259
Date 12/15/97
Page 3
Revi 0

C 15 1997 3 37PM
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CAIN fNDUSTRIES Inc POBox 189 GermanlownWl 5..3022 4\4-251-0051

I
I
I
I
I
I

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

P5/9

Bul H86235

ESG I
PBRPORMANCE

AND
DIMENSION DATA

A lOBO'F
B 4I7'F

100 PSI
249 BHP

C 112x150R W x LA
O. 112" OAHU
E 4" CONN
F 67x30" CONN

12760# WGT
3634 H S

ISO PSIS
1250 TEMP

NOTES

A 3~ ~K INSULATION
4' (OPTIONAL)
6" {OPTIONAL)

B EXHAUST FLANGE CONN S
2 ]( ft ANGLE (STANDARD)
3 x:r d 0 (OPTIONAL) J

CAS M E & N/t.T'L BOARD
STAMPED - SEC I, DIV 1

12 EXHAUST BYPASS
13 F'll\.UBE HEAT

TRANSFER SECTION
l4 MAIN BLOW' DOWN VALVE
15 ClRCUUT1~G PUMP
16 CONTROL PANEL ASSY

FUSE DISCQ'fNECT
MAGNETIC STARTER
STEPDOW~ TRANSFORMER
ALARM LIGHTS
STE~ CONTROLLER

17 lOGA CARBON STEEL
EXTERIOR

La CONTINUOUS SURFACE
BLOWDOlfN

tg PNEUYATIC MODULATING
DAYPER ACTUATOR

20 STAINLESS STEEL
INSULATED DOUBLE
Do\MPER ASSY

21 INSPECTION DOORS

800-556-B690 Fox 414-25\ -0118

NO 612

FOR· Dries Associates. Inc
C/O. Cain Industries

PARTS UST
(SEE DESIGN DATA FOR CONSTRUCTION)

1 LlFTING ~YB

2 STEAM MANIFOLD
3 MODULATING FEEDlI'ATER VALVE
4 ASYB STEAM SAFETY VALVE
5 STEAM OUTLET FLANGE

(STEAM STOP AND CHECK VALVE
SUPPLIED BY OTHERS)

6 STEt\M FUSH DRUM/DRY PIPE
7 EXCESS STEAM PRESSURE SWITCH
B WATER LEVEL CONTROL

wI LOW &: HIGH WATER CUTOUT
9 LOCA.LlZED PIPING CONNECTIONS

FEEDWATER, BLOWDOlfN MANIFOLD.
100 PSIG CONTROl. AIR k
CIRCULATING PUMP COOUNG WATER

10 TUBE R!tcOVAL ACCESS DOOR
11 f!' STRUCTURAL STEEL BASE

C
L

mIN It-IDJSiPIES

o
o

3 38Pl'1

DATE. 12/15/97 REF8 259
MODEL· ESG-627LIBCSS

1997!c 15
.(

;1

I

/

P6/9NO 612CAIN INtUSTRIESOCC 15 1997 3 39PH
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p 7r-gNO 612CAIN INDUSTRIES

'MAIVUFACTURINCI WAST£ HEAT ~A__~ PRorx..JCT'R '7"C SAVE E:NERG/Y"

So)af Exhausc Eoorornl:='Cf""S- nO:l~r""!!CO- E xt-laust ec::on~2.~D\eGglS G-eG
Eng"'" >--lBsC Ro="'Cf')! Slence.-...W",qce He",t Steern Gonerstot"s-Fnnec:l "T1..Jl::ln;;

EXHAUST STEAM GENERATOR (ESG)

steel for maXlmum serVlce conditlons
2 13 In addltion the damper assembly shall be deslgned for tlght seal durlng the

full bypass or full operat,ng positlon
2 14 The damper shafts shall contain high temperature bearlngs and packlng

glands to seal exhaust leakage
I) 1 ~ ,. _ ". L. _ _ __ J.. _ r _ _ .. ,. •

1.2

2.0 CONSTRUCTION
2 1 The deslgn shall be made up of three baslc sections mounted on a 6­

structural steel skid, including all necessary lntegral piping and wlrl~g
for ease of lnstallation and shall not requlre fleld assembly

2 2 The sectlons shall include the fintube heatlng surface t ste~ flash drum
assembly, and a I1lOdulatlng full port exhaust bypass as standard deslgn
components

2 3 An lntegral clrculatlng pump shall also serve to circulate water from the
steam flash drum assembly, to the heat transfer section, and back to the
steam flash drum assembly Sufflcient velocity flow shall serve to reduce
sediment buildUp 1n the tubes.

2 4 All water and air connections shall be locallzed wlthin a common manifold
assembly for ease of plplng installation.

2 5 Exhaust volume connections shall be lnterchangeable to serve the ease of
install ation

2 6 tl.eat Exchanger Sectlon The explosion proof heatlng surface shall be
standard brazed/welded fin to tUbe, for hlgh heat transfer (SA178 grA

109 ft wall thic~ness x carbon steel 030" minimum fln thickness)
2 7 The fln tublng section shall be deslgned In multlple sectlons for ease of

tube replacement
2 8 The heat exchanger section shall contal" a maln lnspectlon door for tube

removal and (3} lnspectlon access ports for cleaning and/or 1~~pection.

2 9 The relnforced enclosure of the heat exchanger sectlQn shall be 11ned wlth
4ft thlckness high density flberwall lnsulatlon. deslgned to operate with
exhaust temperatures enterlng @ 1250-F max1mum and shall be clad with a
lOga carbon steel extenor, pnmed and painted wlth hlgh temperature
meta1l1 c bl ue

2 10 Modulatlog Bvpass Assembly The modulatlng bypass assembly shall also be
constructed wlth 4ft thlcKness high denslty fiberwall lnsulatlon. lOga
cxterlor, and bolted to the heat exchanger sectlon

2 11 The sectlon sha11 tOntaln a doub1e damper bypass assembly, controlled by a
modulating pneumatic positionlng actuator &steam pressure dlal controller,
for controlllng the volume of waste heat exhaust as required

2 12 The dampers shall be insulated and constructed of relnforcing stainless

Ref 00-259

PO SOl( 1l':l9 c~ lC-.JoNn WI 153022 PHO,\/£ 414-25HJOS1 WATS 1-800 658-8830 FAX 1 41425 -0118

DEC 15 1997 3 41Fr1
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PO eo... 189 ~tD"""'"WI53l1E'1'? p ....a""=: "114-251 OO~1 WATS 1-8CJQ-S5S-BSaO FAX 1-414~1 C118

steel for maxlmum servlce conditions
2 13 In addltion the damper assembly shall be deslgned for tlght seal during the

full bypass or full operatlng position
2 14 The damper shafts shall contain high temperature bearH'lgs and paclong

glands to seal exhaust leakage
2 15 In the event of an an pressure or electrical fa, lure, the modulatlng

bypass assembly shall contain a fail safe operatlng mode, whereby the
damper assembly shall automatically move to the full exhaust bypass
position

2 15 Steam Flash Drum &Control Assembly. The steam flash drum assembly shall
include as standard components clrculatlng pump and motor, drum blowdown
valve, surface hlowdoWTl valve, and waler level control blowdown valve
manlfolded for a slngle connection; low and high water cutouts, Modulat1ng
boiler feedwater pump level control and valve assembly. red lwe water
level slght glass wlth drain cock, all required 011 filled gauges for
steam, feedwater, pump cool,ng water, and air 1ndlcation, (1) ASME code
steam safety relief valve

2 17 The steam flash drum shall contain internal baffles and dry plpes for 99%
dry steam output and shall be lnsu1ated wlth lit thickness lnsulatlon with
16ga carbon steel shell

2 18 The control panel shall be deSigned to accept a 51ng1e maln power
connectl0n with main fused dlsconnect and starter, fused stepdown
transformers, power on lndlcatlng 11ght, run indicatlng light, fill
lndlcating llght, low &hlgh water alarm indicatlng 11ghts
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NO 612
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CAIN INDUSTRIES

CAIt~ INDUSTRIES

WMANLJFACTUR,NOJ WASTlii HEAT TRAI'VlIilFVR PROOUCTll1 1"'0 _VlIIIl orN~V"
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STANDARD ESG BOILER TERMS OF SALE

1 The 'Terms of Sale' 125500 form a part Df this proposal.
2 Purchase order shall be issued directly to Cain Industries
3. Payment Schedule:

a l~ w/wrltten order
b 10% w/recelpt of approved drawings
c 30% 6 wks after receipt of approved drawings
d 30% prior to shipment
e Balance due 30 days from date of 1nVOlce or US Dock WhlCh ever

occurs first.
4. Approval drawings are submitted 10 working days after receipt of

wr,tten purchase order.
S Startup $600 per day, per man, plus expenses upon receipt of

completed Pre-Startup form
6. Dellvery 12-14 weeks upon receipt of approved P 0
7. This quotatlon 1S valld far 60 days from the oate of thlS proposal
8. 1 year warranty from date of shipment shall form part of thls

quotatl0n (See "Terms of Sale" bul 25500 for warranty information )
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SERVICE CHA.RGES.
~;l%,.... month.......,. dutlI" '0oIl11><0 _ on WI pull ~... """"-'"lL

CREDrr LIMIT-
~ tNot~ _ WI! be QIl. 'Cull 'IlW1 owr_ unIllllol:lCount to bIDughl belt
to booIaw 'Ootdll UMl' _llpKIJllnllanCt, may -..c "",,...,~ 11mb mllj be 0<1
1""*I"'~_pel_I\I$l~~~CalnIl1tlu>ll1 .. tne.

TERMS-ORDERS OUTSIDE THE t'NlTED STATES
IrrIllII~ol 0.<11... pur<I1ao"-A11~In t.Ai prbb6h1prlan!
0I.dI0Id411>o lJM8d It-.

TERMS-ESTABLISHED ACCOUl'lt'TS
N1:1l1~,",",_oll_

MINIMUM Bn.LTh~
~ fa(~ l'I-t lll' 1eN..r1 be Irwolced II em.oo ~.lnIrurpoIIaI\on

I '
//

.f /

" /

I

J I
WARRANTY AND PERFORMANCE GUARANTEE I

I

Cain IndllSbies, tile P O.Bax 189 GennanlOWllsWl53OU 414-2S1-OOS1 WATSl-800-SS8-8690 FA>.l-U4-2S1.{)l1S

BEST AVAILABLE COpy
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F'Ul;: & chlmr.e;linl"'lgs In f Jrnarps 8. l<t1ns-----
Infn r.::>d el",merll -:.utJ )urt~

------- ------ -----
He;? Ing clerne'n t.,JppO"1 r)r,,-::yets-----

• • Glas" an< "In!" ~ pnd wall & po; n'l(;k nsulallon------
Trouytl c. trl ,.J :ftKJr lin ng~ 0 ronvE) Ing molter ~c aJs

•

•

•

•
III

•

•

..

/

•
•
•
"

•

..
•

DomE'''! c 1-~i13 12<: " 11-;111 'iut, Ir 1.. -'r al corrbvstlcr che-moe ('orstll"­

\'\10('[1 )1 rr']lr::- c;l')v,<> be::'. t ;-> "sui:!. 101 ._---._---

I
I
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I
I

(' JUI u::'::'U H(, ( I

-- ,



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

Duraboard" Products

Duraboard RG
n llr:;l-':2rc PG \nl2fp( 01\ Gr3.j<;1 nSll.?-.0r s a ('~~t-.etlc{''',,,,

IlbUI ~tl'1g board manuf~c+L. ed Vdm the specifIC reqll rt2menb
oj the tdr.:lt.iorv I CUS ry In mind It ha::. 3 rolled r g,dIZe'i :>l r
tacc \\nrCh CI',E'::' II a hlgr, modl.lw:. of rJf2IL're 3tld C'vmpret-slve

s rIO' 'Gttl as WEll 'IS ~'IG~1 abrasion ,nd t'o cas ~roqQ' reb-IS arce
These ~rop€'r1I€'smake Duraboarc HG lro;Jlat'on Ideally

~IJI\~J fur u:"", Lv,! 0':' d baCkL.p to ce b~ retrac or e... :'Jcr as
'ro:,e !I_e"! n the: .=;'-:\<: II1C-u- v d lJ ..1" d tl t bee p otCf'ltVE'
13 C ") / r b1dnke.t Ilrlnl:jS "he e I e 10 GIZsO Sl d-c<:, -l.Iu:" In
dust SuppreSSl0r dL. I~g 'loth 11' ")llot'on cn-J ere a ,vn

DurabOald LU
TrlS product possesses thE. sO' ne den:'lty i?'nd te"l1f='€(3'UrC
d In9 dS Durabo;:{rd RG Insulat or. b.Jt IS manut-3ctL red to

,lgl1l';;r urrref,:.rOrJdl tolerances and has an e\cellent fml$'Jpd
sur'acl;: The~e chdracten1:>tlCS rT'a~e It Ideall." SUllec .o~ use
J.s a sand \ lL.h or (..() (;; f' dler dl or for )<;0 Ir tre ri13.nut'lctl.re
2)f \-Lrnpcn~n <; wrt:rE' "le5t 1\:;t L L.u<lli\y -1._ ,.-'11 as urlforrnlty
.... nd pC'rlormu'1ce v Im,)ort~n

It 1<: a qil",bJp ,r 3. V'JrlC't) or _t':::'r,dn d r,\-, "'P'~.,., ctrC'ng
,r' I t02

DvrdbOdrU HO
:;llIatludrJ HO I l::>uld'IlAI 1_ c rlgn C'P'1Sltv rL.drd ;:Jroc1 I JCl /""''It

f'ers thf' S",n'\:; 11\01'1 ~ wi _II \,.1 If- I~' >lIcil df d s.W:lCe "rillcrn ly
.j~ D Jr"1.QQa G LD Irl~ulatlQn t~'t P(OIlJ~ ~ llr ~l (..l:!U co r preSSIl,e

::.trcngth ana a hlghe mudL.lu:5 of rJptu e TillS tUiJller Lf::r1bllt

I': nCf1,( vcd thrOJgh the '''1c1U$IOM of clay adJlt \ 0:;:" UU IIIJ \fle
marutoc+unng prcce::;:;

Its rugher $ rongth 'l1.:lI<cc Durabocrd HD 1fI","la~onpN culctrly
\ 0"11 ~u~ed to v. .,w;,rt oad support ,,;:;CtIICO-cionc ~UC'" '1, ref acWry
D Ir" r,;:j( vllr nr ''1r NWPrtn(; I ~n;;"'r ..m::;u;')pO!1.:l ! ~ ~dr=

GH Soard
::'H BO<lrd InSulation ::JOS:;;E;!~5"'Stilt: hl!;lllL ~t iJplI ,IlY dnd rlOdUI S
at rUJ:turc Of , ... " h9::,-:J p,Jdt..~ 10l'111/} Tn:s 191-;1 OOctlal::> fIIarlV

actued uSing 1'1(\ gam:: OJrcJmg OgOfllc On:;! IS r0~t soahed
10 Irnp-.rt I s rlgh denSlt;

fJlJP to It,> nrCr modulus of rup'L(tl Illb d-:J,I foru~: 1'1

,;r(.>(1<; PXf1PrlH1( Ir"lC Iflty;:!. Ion mechanical st 1$:;-:; and strorlg
t:rG,>IV4= !orrps

Durdboard 2600
DvrdbodrrJ 2600 r ~rJldtlon rs a hlg"l tem;:>erature In~ulatln9

~JOf;rd de::; gned 0 PIOIIlUll;lIIl:J'1 blab Ilty at pl&vated tpmpera
IJreE: ThlC C?pdbrhtj r" <Jehre ed b~ mct'1ufc:duf/ny ct board

fnrml)8ter! \ JI h 41 ble"ld of Flbn !1(o,< ~ QII~rnl(\a ~IIIC.:l flOP 5

;Inc' Flbprm,..-y , (Jnlfr::lll Crlrporat or." pd,ertrd ')oljcrJ'3tallrne
lI-1l1te fbers
TillS unl'lUe fOr'l1ula Ion c..,nt 0" ~rlrrnj{nCC to d levr,;1 I) Onlj
5°'''' after 1C8 hOIJ '3 at 2600 F/142rC

DurabO<lrd 3011U
D~r_LIl.. 11\' d,VL 11'> Jla 101 ti'e r Ck,:>"t e "'lpE'r....t, re ratec Qo.=tlj

rn.::.n~TrtdUIcC L~ l 1/1I(r -1...'< C,-'rp~ra 101' prOvide:" m ~;(Imum hle,t,

tCnll2E' 8.IJre S+~;:'I") C:I'U :,,1111 II\J':J" "SI'i a'1C'e ';1.:,0 fOJ rmJl3,ed
from a ble1d::-f rIO""iTla.... .3.",11111 Id-:,III"d frbers anj Flberma'(
U 1 fro\(. COl .,,,1t'1.1I0n:> ~::lt~n(ed ~011" y"t -tlhr e mLilite fibers
DuroOQ'1r1 200L In::'lJla Idl ce 1 '<'s ",="'L~I-'t () 1<:,1 I Iqtl tempen
,urI""' ~'ap~.'dlh fror1 ,1n InCrCQ3~ i rlt€'rm,h liter I ur1L.t: 111..Jt,url
In thjOo -.le,.J

TtllS L.rlqJt'> () nil 1"1 {'n '('nt LI~ srrln~")e ,.) '\ I", d N only

1 =~<' ?fte>r l':;S hOJrc '1l2700 F 1... '" (' -

Typical Chemical PI oper lIe:;,
The t'lb",rfr =t., DuraOOoud crllly t:.)\tllil~ t,''(c.eilent cher-Illcal
~hblllt':1 rc_ ..,tlMg attal..h 0.., most cvrrO::'IVt: .:l!:ibnt'3 Exc..eptlons
'lre rvoro-Iuonc pho$ohorlc hjdroc'llorJv a,1J ~l.l'urrc aCld~

:as '''ell a~ co.,cont o.ted oiKallC3 rlcerf 8Jl D"Jr<looard proour..l~

a'so re$l<;t QXloat 011 and educt on l' wet by wat~ r stearn Or
011 them') 'II and r"yslcal prooc 1 C'" clIe Lomp'ete11 estored
II1X\r1 ~ry r<;

In r.Jrdc 0 pIOel(lE-' hAnnllno '" "''l"th c:!\-nng ICl&l rY1'lnu!aclur
I 10 Jr0C",SS sm"i1:;l A.f It es ,t "'\re-it111 ·nn nn :=tnl(' blnd~rs

~r", tv J\ldlly ,ccLO 1) I'c ccarc or~ I,..>tlon VJrc::rf2 1r~ ;:>nl
th:= nrCjarlC t'" r'lnq .:leErl'" l~lJnll'v at lC"lpf-rrlture" bE"J~F(O>n

-150 F 2.:;1 C to 00,1 C :; ,6 C f'.Jt ,'1C IrltJ<l '1;1:;', up tv the ")nd

user Fol ('1\ lrig .)urnol..< of H1e C sa'llI' binder the b0C110S are
\;h te In ('nk-Jr

Inorganic Boards
[)ur;.hl>2 rd prod.JC '5 a e manufactJrcd uSing a combination
of 'lotI' "raPln c arJ l'lorg,lnl(, blrc rg agcn·" In ccrl<;lln applica
On~ tr~ rrp<;p'1rr' n oraar Ie b "~lirs and the 10 tempe J.ture

burnOIJt H"e IS a<;<;{'('lfltPri With I,,!:'m mdY bo;> unacceptablo
rrc.:;p "IOS..1'.I, -'3, )1-< Orr;: pC /11"1 rrE' orCj'lnl" ~ rd ng ag ....rt
al '" ~dv re elc , 1-<0 !:>/ n :lat "''''t nQ ': ,o,/Inn tht: ~ Inl lelC" Jr no
provo'''s heat tre~ t:rj Coards dl~plC:f a reduce<! modulus of
u:JttJr~ c.nd a""l n ..... &as.e Ii ju,; !' les.....

I
•

- 'T r -i'2-t
--#"1K'f/~

o Unr1 ... C ~

.. I r ~ L Ar5l'J 1l:'f.J
~ to Jln IJ.e.,A
... .,.1. _ (114

Pfi!"~r AVIlILABLE COpy

S6"!7QSE:2' SQ9 ::lUI ossl;l 9661 qe.:I 5

JC1 lJJ(.) f.;J
I) rr IlG-Sfl-ZfJ ".:

lJ2IJeI22'~l-'~)lJr'ne" G 1P n~II:lJD'JDJA IIDJ 9 ontirlll'J J:JlIJ

sr,vo-prz-pflQ r:n lD ~lrJO N~[lll~
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BEST AVAILABLE COpy

') nor ::IIZCO by opcCI('1 rcqJCO

1 1'/> 2
25 mm :'JOmm :;1 nr

110 hD HD

2600 ~~Ol) 2BG
'::lOOO :JClJO 308

2600 26~O 21)') J

3000 3080 3Or~

_0 lO LG
...;0 KD HO
PG Rr,
~D LD LO
'-10 HD HD
2000 2&00 200(,
1000 "£)00 YlO,

LO

I[)

I~

13mm

LD

011

/.
6mm

t/~

3mm

'" C

lo'ft3 kg'M"

(, een (tv') I

~ r~j \ ...", r, ~ i?' cunt u~~)
~~::.--_~~--~.::..::...._---==..::..-_---=-:.-_-_-=.:..._-

Lot (.J. l>v tIL)

Properties

Nom nal Ocm::lly

Prod ...,:, ~Jf:1 Ing Pain

~ lOR PSI

42 x 48 LD L';) LD

Duraboo.rd" I-JD eo Dutc.bV<l d LO ",'C 0'10"",1:> (.,3 & 4' th,c-<!:)" or"c(;.,ol order

Product Properties

?4)! ?fi
610 x 914 mm

24 J.48
lj10 Y .120 mm

12 y::-6
305 y 914 m'n

Sheet SIze

:'4 x?4
610/6,0 m'n

18 Y 18
'-57 x 457 m'n

Availability/
Ii

f

Shnnko:ge \ ~c)
24 Hrs .a. Gant U5e Llrrlc
~4 Hr~';; 1600 FIB17 C
21 Hre; C BOQoF 920 C
24 Hrs <I;, 25~0 l: 13-3 C
::'4 f-'r :: 260,) ;:; 14r C
..'4 hi:> ..".12700 r- gbJ C.
1r e -l '" ~- 24:::;0 r 134:l C

Compr",s'<lve 'StreJl\"n lL III
f") f... ""Y'\nt -n r,Z( ;:Q

10v c

::> 0

G srn rtr'""d Greei [" el
1-;; ,- 1;2 2~-"
61 ..,- =.0 22_::>
~1 ::'5 57 23

100~{' l00~G

Fiber Conte-t
Flber!(a/'"
FbermflX'

Thsrmal Condllc<I' ly ~ Tl;.lnoeratJre
600~F 316cC
lOOO"F 538 C
1-J0 F 7 60 C
1bOO F 932 C
2200°F 1093 C

~ F'>2
J 85
1 1L

:oJ

06:::'
085

14
1 ')3

140 1 0°',
1 0 10

12
1 ::'0

o e"'Jl '1l;:u o ~l;."" FIIG:l GrGen Flr:rJ Crcc- :::
~<;l JI'; ')) ,q L:.~

7(' ';'1 25 18 44
81 3: 27 "0 47

100'}0 100°, "'-0 50°0::> 0

25~~ ')0°0

a U II\, I( '1 'F
062 074 r 50 Oq
085 10- 0 7 1 073
1...4 144 1 n: 1 16
1 ::5 83 1 3c: 170,,- 2411~:>

I

F,...'!? 1,0.1> I... llnltnx;':)d breed 2050;) F :?C l<C d~ .JrJ.,Il~lJ'> JI.JJ1) )a s "c," fb{"r
r oer"'lill< 18 Un'!"," (; o,)l~ntC'd :::'010 F 16-lQ c: col;c VS q,1 n", .....ul"I'" f,b'
A.... tlf'r ;'STl'vl C f

L

-0 ,

E''\ I 0
... I \ C... l­
/\ \r ,J1t t- C""\-J
.... r "- t ,'-:. ....

p ... J. .......

T N IT I I) ~ o~m"'f1d:1 ~ ~r '1 0 "') \ '" I\. Tt' "'l r I ")r"" 't' t''' 1'1'

tC\1 "' I I I ar' \t. r ~l 1 ('lor"'lC ,'''':l.r Or h. l 0 l.~ :m r Ie I
"'¢-l"'J! tJt "', ""I ""' .... :il H 0 t"r('" ~ .... .... ....-.:1:>. "',:: .{"<l' "{ pt. ...~ ,1 t\"'" "",

r \ J. 11l?1' h';"T" I... t" be , ~ t"l C. -al,J a~ .:t\,ltr f jl v)l ....r~ C' p~l ') ed .,,, , lon

Ylo It....,V ~ of

I"l I'" ";ar f' rc:-J ..... t ...... t t.ll, 1\\ r~ r_cID ""I(,,""'T" ... L...... I~ f eo"""'"

Umfrax CorpO""
""I", .1.1 ii:J~

':';" f ~,... ~

.') \1 tt \L'" ' .. ,

L r .... ' I I

"'c v lll'

S6lr08E:Z 809 ::Ill I ossU 86f,l
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Flberwafl '
Bonded
Module
Systems
Introduction
<=rber'\JO' 1[-' BOr'lded modJle
.s"slpm~ rrovrde f:as <lrd
~ mple tcc-i1nl<lllo"<; for o:?'1e.c 1\ ",I I )~L..I3 l-"l~ 'II tvO"-, 0' 'lei!1

- Oc,8ssmc €-Qul!:'mf'nt R"lnl"'pf' ""L aulp" ,-an be In:, "\1', d
Itl1 Ht;:rtY Lee' "',re' lare 3<; " f Iii rl-~ 'i ... " rr" .. 1-] oj 1(,.:11

rdlC (0:(' I rlir Ci C < d t at far- , -"r toe a f-I "'AI" ro 'E-tr~' ~

Jraces In "'<..I ahlp cc.nOJIIQr
F ~ICr all 80rjpd "ooules dl _ 'or "tr.l: j Vll'1 f:Jlj ... (j

'1 d tlghtl; r0lrpresst'c Ourabla.n ,=1 S ['I rabl"nKPt '1P S I,r
)urab'(j(lhet 261)0 Cerd'flIC fiber cl:lrhe' Tl~! ere eval db'e 11
, rar ge 0 oen31 les ana tnJGKr"'\,,'3,: .... :O ,0 n(',ch a Aide va let/

d ,he ma r€qulremer"lts rn apr--llc3tl)rs ur-- 0 ~~50 FAt hlCh
empt;>rature£ th., foldel ~Or"lstrueton tah,:s d(.va ltaCiP ')f ,re
nnere'l s!lrrnk<Jge p esent Ir :III eer..ImlC f ber bi:lnkct rrO<Ju .ts
ny caus,r 9 trc layers at Ire hot face fold:; tyl s",al ega r91 (\fit:

3.noTh o r lhereb/ p pver ''1g hem f) to t'le srol
~llJ""r\ dll 80rd13d 30 rl'JOOul:s :lr" rJ"~IJ",pd for '10t '~:::'"

ervt-'nn~ t .. Vt::: t:AI .... tU I.... r~I cc~c.." I rI1~,J rt tc:r-'')~rJ Lh:~..... u;:

Q 118:::"C (~700 i) Toe 1\:"11 U~~L.. r CV1,'J~d 30 m(\dJI~:' I:
"T1:ldo from 0 50 50 blend 0f r be fret,(> IIgt I Jurll" bull' 'IOer:;
a'ld Flbcrmo'f-l Ur'lfr;lI'S oa e )led ?,)I/C"",/SI:dlll~t;'mulll!;;! f,!:Jer<;
T.-,e u,e c' F,bcrn-3x 11'1 l'"l€ felt forrr .lla lor prvdr...l.e:;, 0 f rodwc.

,-,'ch exh bll¥ E'" d nrrel;!':> I :;lhrrnl\aqe a, ele Glt'3d ,err,.r.: o:;I'Ule~

Bonded Module Installation
CeramIc FIber Module Veneer

B) lded mOr u'es ,j e t /.)IC" I, Ilv"'- -<1 Into alar'" ':;v'cr "''(I~II'"I'd

~fl'\dLf\ ~ur 'J 9J~"~ ,0 1 Jt' 'r; I~ 10 -:, ,t)S) N Flber::;lJ~i' '
CL r -"l 00.Jle -'" II 1111 J llVt'r re, ~r r' J f>r-"er n::) ",'prl'\2.ch
'k t (Jnl Irere 1 e, t'le ,,-II_I\:" 1_, I It I-' etnc vi / Irnltllj Uut
"1(;I~' tu rn I l, It fnn, II 'her -'ed =tJ jlILH\

F, rrec) I ';'1111 n I_nco;; Ire _ ''''''t,:'1 UI,''''> IL,r",,, ,<:fpr

In Ill" F Le~ '111 I ::t"l '.'Ion nnnl.-e.1 rorm C 7'!' ~)

~!rctnVfJrr<Leoa"'r~tnIJt l,~ ':'l.J_en h ... mt;:tl'lJU,or
Jpcr-'dln::j t 1e pGtiorr HMCJ at l.VI':; 'nc In ng<; O~CdU<'''' \)f ttle

PA~'=> <,r"pd "''-'C;:; m:::> ICIII 0 rClclilo..i1lo,-, And C GcrcJ.nI ,_ {IU,,"I

'veneer I" ()lt~ 1 -i more a actl\-€> 3116 ~3.tl\ elf .1n completely
reltnl"1g J. ,) 1 dL..L.. to lrlf'" "1\/or ,'r::[ an':] .:;non.... r do\...nt,"'c

Advantages of Floerlrd;l: Cerclmlc FlberVeneer
La IC'r r JC t \;):;,.- 3

p~jL.c"r'1 r _/d311 hl_' Lr-:w

• F-i" P h",pt J.-' dn r'J<>1 d.d n -Ir

• Lo\ rn~-AII ....{J ,sl
• Easy r-=p<ilr<;
• Therr,al srl(,('\<' rF-SISI<Jnc'D

• HI~h '1e;:)t r~fleclilrrp

• GOCrd ') )un!j abE/lrptr, n
• E (coll~ II 'JC rro,:>lon r8slst'Jnr"-

Typical Veneering AlJfJllt..dllC)rt~
• SO;l~ lng pr co,rprs
• Fo gQ furraC€lS
• Rp.frclc'lnr v kilns

• Un,l"O<; n 'F-r flhFr
• Re'lpat furrarcc

• P, UI/",I:; flJrrac.'::$

• Cenmlc I<H"
• Borlf"r Ire tJo/r5
• Brick l<i1ns
• Heel rea,I'q f ;rraces

I

~ 10 01UdJOWOJ~ UOJ g noddlllJ Idl~ 01

SbFr8£Z fJfJ9 G) 11' S11Jij lJoll 11M IlfJJ I
gZgOLll EE 9111 119

XI;:H

J'J JO see l:J
I .r n Ill, rJfJ-10 S

I
I

I
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Note TiP f"'.:.td P -~,"il,",j ~t.rJ ( .:I 1 ( ( ( ", ... ,J.Jt"I Cf"j,1 guct=< 0 11'1
~1 ..."1"~ Lh......... II i t.J.-~h dl r :ltJ!( ........ n '; -e J (h'ly iJ'( f (' I ( r,:;/'r ... 11171(('0

>:lo.,..MmPI1Ft r r

I
I

I
I
I

I
I

I
I

I
I

I

I

I

000 303
000 185

,--- -

Fe"Tldle Crr..c-'
~ ;I">leld Gnp

Installation Note
6ast;:'" oIl-eft) Loe
archor3 a e w.. lded 0
t'1D steel C(\91114 by mar)
U<il electriC arc \\eldlr)g
Or b J arC s<ud w~ldlng

Cor arc s ue ,,'eldrng
thp 'lccpc:o:o les /IS-led
I ..1,"\ -lrp rf'I"'11 rro

KSM
O~~t-nptJOn Part No

f
I

....... 1 I -t

-----,

C')1'-- _
ILrjG0

9"L
(1,,0)1

~
~ 13-
l /1POCl::;:

L ".

L.----.J,'-~---i...---,,-~-----G+CJ-.---.J·____z~

14 '''I Id) flUI

_I line Trl~ ~"'J3 -"'-m I,n)

lin c

Hetty Loe Hardware
Rei::ommended Use lemperature

1:01
'v,~,)

TnA H~f1\ L~~ '\" t>r1I I" J,,~d f-:-r 'l. ,d'" r"al\qe of Iharr1l'l.1
r",,1' II rpm", I ,If' ;:l,'I'II,-"tl~ , .... llr I' 'Ilf) r= T, r r:l,' 'rrll,,,ltll"\n....

Iv! !ti€' Yell, L0\. ~""ter~ are ,,'" '0110\ ::,
• Strc::.::, rC,lcvnc f.Jrrac_s

0\ 1 1"'''Ilrl 'J l , ~e"

-C'rbOlt011I,e'.lr0'111.:j ur ,~~_

• Process 'lea e ;,
• FL.rnace "rin .,nd borier Irn,'1~...

• InClrer'lt.::n e-1U pm",nt a,d 5,,,'::,, I '11,qs
• l-rt;:ld <;team ge-ncra\ors
• Alutlllr'un ;,,)C'~ nq f..1 '" ~ ,d r l "'l.,:!e~l:: nr II n;;\r=<;

I
1

'L

Hf'fty LoC" Modul'lr Sy<;tpm

Typical InstallatIon
r-

Hefty-LocT\, Module System
=rbcr'r1..'~'Bondcd ''''odt.t1c, '"I,)d ~~h Lt.'\" ,1I0} ~teel h ,rel
\;: re compn...e t'\€' u€'llv L"C' n -:-d rlar ";'" -"m \J\ hreh prO\" rei"'"
rille; Insulallon '0 _~" ,netv 01 ,eat prxt>:''-.Inc- f'.-lUIPrn€,11
Th~ H<;fty Loe s,s err consists 0 I 0 ccm~C'nenb .:t base

nil h I~ ,eki"o, re\. I" ,0 ttle I J Ilee" \. ~"Ir£ ~nC' 'l In€, ',hleh
J"l~ses through tr-<: Sonded modulI? ano locks \Ilta thE' oasE'

Heftv-Lx fasterers elre stoe-ked In , \0 "llov gradc>s ooth
SS ~04 <1.na SS 310 \\i1th InCQr~1 601 avall::lt'le on n::quest

l-or rel...ommended installation p ocedures 'eter to t'1e
=I"",r.\all Inst.alldtlcl"l r..,ell ual U II! eI\ corr, C 729

The Flter.J;:j11 H6-/ V'C "nonl;1.r $, ster1 provide" manv
':::.la\\ctIIL'f I dilU U\:,:' gil dJt. anlcqt:::>
J llgtl ::.t t;'f :;ttl c::> y~1I ao; re~lst'1.I,Le ,,) ,0rtO.3I' e at INs_l'Ne"
lJnldlrcc-"on~1p;;;"tc n of In~l3.lI"a rrcdL.'e~ 3110 \0: L ~r f'l3 IrrU"Tl
, amp "'S".I()r ::"d r"'<HJIr.:; Ir tlg'lt Inl Or." II'Iln"" wnlef J v'"

J%urpassed therrlal pe10rmance
• Tre des1qn prOVides a tlqht ~;pal rJr-wppn he 'Ibpr and sh91

iriS nsures no rea" ch;:::.n'"lelirg or cO"l'Iectlon currents \,111
develop

• A lavert~O b",c!"'up Ilr'lIng of Durablar,ket S or Durab,~('k

n£ul"tlor s ea<;llf Installec h""nl1cl d""''''' r1crlular hot 12ce ThiS
prat..llce IS 2n ernnnmlrAI n letl-]Ii(: of Irrri?a3lng he t'lernl1l
pe10rmance 01 t ,e !rnlflg i\=. ar, 2da t Jr'al advant2!:ja ,lie
layered bach.u::l Inlng act,: as a sal::" 11'1,'1g 'vhle'1 , III 'x'"> ert
lie l..:'..,1I1<) If rT'"dl-1I1Il,,1 U~rrkj(,,~ r l.~ I. , Clrl t H::' rTlorj-.lldr

1'"'("1 f~h..e
c i Ij LL Ilrg Of 1uc.ulec, for ..,::l:Ju I 11 F C.., I.., _lfrplrfIGt.. J' k t
triM tt-'I> Bvnt.J.,~ mt:dul~ to tt-.c· d",s,lrcd cun+our HQrty Loc-
I ht(-"H~ r p 1,'\ld rlll 0 "lrrom Y1o('ql~ t'lf'- 1,01 "r" rt()dIJI~

deslyn ThiS praCtiCe comJlelely ellll'l'latos the noed to ct.,
the attachment rard,Ja'9

• Wi,en Ilnlrq ::lrocess equipment flrec by high SJ ur Tl..els a
stainless s+eel18ye of fall IS ea"-Ily l'lSla/lea over the backup
'?Iank€\ Insulatlor ~h;; la}cr acts as a -e.por oarner r;;lll'lnatrn]
corrosion to the c'1'3lng ;:and /ve d ':J::t3 P of he arr'lQrs
'JUIC,'y It stAlie j SI-no y .:>I'r h<:: Bo-':'=d mJd lip nta P Sltlcn
,hen :Jd tho:! t ne \0 tbe p pO,>Slt onpd ba'>= omt bv 1r1')al rg
lr~ "r1')dUIl?

In dPP Il.dllon" \ 'here t Iyt vl;iI()Clll~::' drE. prL~bnl !tIC fl.lIJL.u

~ocule IS Installec v lth he edge gralll tl3'lket 0'1 th~ hot
bce ThlG Jdgc. £,r?lncd 1')("1( I':; Ol)nctl)rrd m h :; n-;;II OQ:;rd
trer cO:ited v,lth TOpCo2.t~M cr TopCoaL 30')0 tu P 0 Ide
a SlJet"lf'P C0!3t ro re<;;IS,i1nl 10 v,.., lor II}/ 81 .:3('Y

In~tqll,gtl()r p'1lJlrml?nt 1<; rC'?'.lily <" a, cble
Bonded module: J:ed 1'1 tre Hefty Loc system offer tre

r3me adv<;l'1tages a~ F bel' all Anc'lo Lac rlodule IinlWjs
a'ld lajered FI?pr la I crn'5trlJrllcn v ren cJmpa 6d 10 refrdGlory
cons rue Ion

Thesp ad/anta~o,:<Ire
• Fa: er 'emp€-ratl.re cjclrrq

L:,w€.r hed ~t(;rage

Lower tupi costs

• '"creased prtJdl~ctl\Ily
Rf~')lblctIICt: to t-Iosrm:, shooi' an j 3::Jaullne

• LONer 1'I3ta lee C0'3t
;:: l"'lC't 'cp<:llr:>

RcdJced rnalrlt€<narce

r t"... 1 ..J J
~"1;CflJ('" ') X1
"; (,ofis UrultdX CO(PO at.,r

JI MI~n' R~o-a( e1
r Nt"" r'\ JC A

<i'2t>I.d. RF~ r AI/AILABLE COpy

:»d[J.(1 Wrl/l7 !-
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FlberwaH Bonded Modules - Ceramic FIber Veneer

1 21 f-..Q r' \"Tlbft',

Mil he'lt II;) \ ca Ct.ldtlOrlS
~ e based on il suriav~

et1l,~s"",tr f..."tor of 90
an B.nblef't PI'1pera ure of
27~C \80 F> and ze 0 wind
'-Ie OC'!V ",,, e::.s O,herv Ise
"teted A I therm-/ cord!",:; I lOY
\ ':lluP'l f"r != l'l->r'rax- .,,;:;.!e lals
~L.\e been tT'eJ:.vreClln
;lCc'crr""nce v Ith AST\l T0"t
Prored",re C '7 f vvn~n

Corrp'Vlng ~"nli.l d.:lt::l I
I, an Jlsa:.le '0 c')cc).. tn~

\ -l 1("1 Y of ..II tr~ '11'"11 conduc
Ivl" ~3.IJt:~ ana c,,~!"re tn~

re~ult rg re:l! flu I C::lICul'lIV'"

"He bas£o::: ,)n lJ')(> ~-lme

C'lnOltIO'l fectors Van<:l!lons
I" ::JO} 01 these laclo s .... '11
re~ult I' slgnrfcan, dille ences

J In lhe- caleu a!~d O~ '1

__I

I\lodule DenSity------
112 '\g!n1 \71,:, ft I
1-19 kg ~l (Q.3 IMI)------
149 kqim' (9 J Ib f~i

171 kq mO (10 lib ft·l)

'49kg,m (93!.ottl
171 kg. m (107 l;llft )

--------''-

371
11,f)

FO ded Durabhnkp /nOO

J-ol1ed Durabla.,k.,t S

Folded Du"a::>lanket HP S

Edge Gr:3Jn('d Sonoed 20 Felt---_:::..-1538"C ,2BOO F.

1343 C (2-+50 F)

1232T (2~50 F)

10-c.,C' 11C'OO F)
---------

\ I / ••-
1-------- I - --I-----,f----+- I // ,~•••+

I------;--------'----j---- +I I I "../' ••••• -j
r----+I-- - --1----+----+----)"7 ~v.,...J I

r----- t------'--l----t----t--- ...... '- -; ./ l ...... ·
1--------- t-- ... ~ - ......~I!_----

L-- ----,lr--__I_--:/~f....<..... ~,...,.- I
r- I /".' 7

...... • •• ..-::... -f-----
1..,,/7~·'-"

I ~~~~ ..........::--+-----+----
I ~~_ .. -
1 ~.r

~:.-" 1
~. t - Ii _-+__--+ +--__-;.1_

..... / I____+- -1- -+__

I I IcL-.---.......l.------"--:-----'---
~O~ 316 <-~ '3~ c e

14(l() l.rN IP 01 110 (, /12,..,

1;1"", T"rr~~ _lJr~ - c. r r

- - 8cr6ed 22 7 PCf • Sonc"a ",2 24 26Cu q, PCF - 6c dec 3,) ., PCF - - B...n<:-o 2' Low n" r>Gr

FlberwaW~ Bonded Modules
Thermal ConductJVltyvs Me:mTemperature (~r ASTM C-1n)

80 lded 2600

AV~lIl<lbll? Bonded Modul'!$ - 305 mm x 305 rom (12 X 12 )

Ot::~IYII Recommended
ModulG TypG Tempemturc Lun,t Opcmlmg Temperature Canst! uct'OIl------ ------
6l>lILlt'l' 22 1204 C \2:00 F I 1093 C UUl'O 1-\

0 I" ,

... 4... 12 ~

3. "'"u:
= 20e 12 0

€
£: 0 1\ •
.2
~ ~1115

-- 0 I -
, I --

:; t_ J:J

'"<3 0 ..->
-;;;
L UIOT
"-...

CS6 to 4,

02SI0Z

I

I
I

I

I
I

I
I
I
I

76 (3) 102 (4)
228 (9...;.)__.__22_8....:(....:9)_

81 (In) 70 (158)
119(247) 104(219)
~ 62 (324) 143 (289)

Folded Modu!es 112 Kg/rnA (7 Ib/ft')._---------
Cold Face Temperature ac ( F)

o (0) 51 (2)
228 (9)_ 228 (9)

187 (369) 97 (207)
236 (456) 142 (288)
282 (539) 189 (372)-------------'---'-

FlberwalJ Bonded 24/Superduty Castable

Flberwall Bonded 22!FJrecl::ty Briel<

Hot Face InsulatJonThH;:kness - mm (m)
_C__(.:..n-'F):...- Refractory Thickness - mm (m)

6~9 (1200)
871 (1600)

1093 (2000)

I
I
I

I
I
I
I

Hot Face
·C (F)

1093 (2000)
1149 (2100)
1232 (2250)

o Me ., ..z~
FfI"",.V<, () fI(l
~I"';~'I Unltr'J)' e<-rpofll0r
1\ I RC:lhL RL":::; r,{(.u
Pfr)V(J Ih USA
P.;~.l,,(4

Insulation Thickness - mm (In)
Refractory Thickness - mm (In)

--------'-'--------'--:

76 (3)
228 (9)

137 (279)
146 (29:1)
1')1" (317)

102 (4)
228 (9)

123(2531
131 (267)
143 (289)

929al.22'&&'aUE'TTo· r GU lP O~U~JP~PJ~ una Ynoddllll X~l~ 01
S6&O-8£2-80Q (D l~ S~lJa UQ1111M ~OJl

I
I

) JO l.aa t;]
£T II e6-S~-2~ ~

JUI O::'SI;J Af.f>l qa" L



------

o (0) 51 (2) 76 (3) 10' (4)
228 (9) 228 (9) 228 (9) __228 (9)

226 (418\ 1""'9 (354) 159 (319) 144 (291)
232 (450) 187 (3039) 168 (334) 152 (306)
238 (4611 1S" (3S3) 177 (350) _~ (321)

~rwalll;lBonded Modules - Ccromlc Faber Veneer (Canl d )

Flberwall Sonded 2600/Superdutv PlastiC Folded Modules 1<19 kg!ms (9 0 Iblft')

Cult.! Fcfl"e Temperature ~<... (VF)
---

Hot Fa<.-!;. Insulation 1hlckness - mm (10)
~(._crJ-:---- __R_e_fr_6_ctorYihlCl<ness - rom (10)

1232 (2250)
1288 (2350)
I 343 (.2450)

---- ---

I
I

*I
I

I
I
I
I
I
I
I
I
I
I

I
I

305 (12)

44 (112)
"i? (125)
59 (139/

, 02 (4)
226 (9)-----
159 (318)
171 (340)
1B6 (367)

Undrax CorporlltfOn
Co porafs Ht>a1qlJ/I('t/I$

235} Wrwl/lUI)I Sf/l'C1
NiagAra Falls New York 74305 2411

TelepnoiJ~ 716278 1£100
rf'lffd~ /76 ?//J J?UU

76 (3)
228 (9)

175 (347)
187 (368)
202 (396)

Folded Modulec: 11? kglm 3 (7 Iblft3)
-~---

~old raceTempelatur~ c en
102 (4) 152 (6) 203 (8) 254 (10)

----
64 (148) 5~ (128) 48 (118) 44 (111)

104 (220) 83 (182) 72 (161) 64 (147)
126 (259) 101 (213) B8 (187) 76 (1611)

Folded MoauJes 149 J(g1m~ (9 3 Ib/fP)

Cold Face Temperature °C (oF) -----
102 (4) 152 (6) 203 (6) 254 (10)

61 (142) 5' (124) /.6 (114) 40 (104)
e6 (205) 17 (171) 67 (152) 56 (133)

110 (2301 84 (163) 72 (162) 64 (148)

Cold Face Temperature °C (.~)

_____F_olded Modules 171 kglm' (10 7Ib/ft1) _

~old Facp TemperatUrl2·C (oF)

Insuilltion Thickness - mm (m) 152 (6) 203 (8) 2~4 {lO}
_...::-~---_:....:

59 (138) 52 (125) 47 (117)
71 (160) 62 (14'3) 56 (132)
85 \ (185) 73 (163~) 6_5~(_14_9)

I

Insulation Thlcknpss - rom (m)

"ormC-1429
~Il!<t Ie 9/96
1"'1..-:11:16 U(hfro~ co (ifJl.,jfJtl

All H ::ln~ H~.",'Vq~
Pnl"l1rxt In \J$;:1l,
P~Y' 4,,14
roe 'nlOma~On '$"omm4"~a'<O,1S a 1<1 00"1'O'1S U' 10M Mre,n W~ Oll<lrod 17,1 Iy lor 'I" l<

oOIl"ldNQhO(1 It1Q ..... fy "I')d ..,OflflC::l.a{ 0" el1d ClrO' 110 (\ "cUt Of 14wl ~o tie <xJ(JJI1,J~~P
.A:l"~~\"\"!lis warrAnty Of (t~~M:nrAI,OnlOr ,,~,ctl 'ht MeW" ~lJ r6lll)¢(lbil),"V UOIbiI>II
I11lu1111rd til, ruin If' to bi=: 1f1L"fsJ1"t~<S .=:1 aUlnQnZltlJ?O to 'p'.c1lce , pwt~f1t14J II1VItClt.\1Tl

1.ntI1O~t 0 hern¥)

Tn, lol":,,,,n9 Are reg,ster"ll trMem~,~, "I U" f,ox t;.o'pm4 ,on A", h'" L", 0""," Irk
r JrJbl~n~'1 Fltx 1(' lX l't:x" "'"~ I"C~,~~Ci'. F'b~<w..l1 H~r y LQI, }no,I T<;.vC<J<Il

Flbt!rwall Bonded 24

Hot Face
"C (~F)

871 (1600)
1038 (190Q)
1204 (2200)

Folded ModulI's 149 kglm (9 3 Ib/ftJ )

Hot Face Cold Faceiemp~rature·C(:..~_F.:...) _

C CF):...- I_n_S_U_la_tlol"l Thickness - mm_(:-Jn..:.--> 1_52 (6) 203 (8) 254 (10) __3_05_(1_2}_

871 (1600) 67 (153) :,9 (138) 50 (122) 49 (121)
1038 (1900) 82 (180) 71 (160) 59 (139) 58 (137)
1204 (2200) 94 (20~) 81 (177) 72 (16_1)__~6 (150)

Flberwall Bonded 24 ------

Hot Face
°C (OF)

649 (1200)
D82 (1800/
~033 (20o_0....:.) _

Floorwall Bonded 22

Flberwall Bonded 22 -----
Hot Face
~ r:...) I_Jl:"uf<lIIOn Thickness - mm (rn) _

649 (120m
982 (1800)

1093 (2000)

Hot Face Insulation Th .....ld'leSS - mOl (m) 0 (O} 51 (2)
'C rF) Refractory ThicKness - rom (m) 228 (9) 228 (9)--- :-..--
1343 (2450) 236 (461) 194 (381)
1&27 (?600) 247 (477) 205 (401)
1538 {2800) 259 (498) 220 (428)---
Flberwall Bonded Modules - Hefty-Loc™ Lining

=-----

FlberwaJl 6um;led 30/Superdmy PlastIc----

I::

e 10 Ilee Q
[1 11 06-50-26 ~

gZgeLZZ'H'SSE'ne" G l P 0-iIl:lJPIlPJ;{ lIPd l.l omlrlqtJ X:l\IJ °1
S6&e-BE2-Beg ~ l~ SaTJO ~gTIIT" ~OJJ
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nru7nrURmuc I 4ill'tC nrnOnpURmUR muu!W1l/./ l!Jo !JlUU{lHHblU lwmCflua.1

1 I
., I- I ,

CeMIL1\1-..CJ....1lf! 396510, r CeMIL1HJI II13JellHl BbICO}"'O~illH03eMJII!CTbIe,

OrHe\ nOpHbllt 3aBOJ Bopct.{e'+,.cJ....ofl 061 len.,OBeCHble re r _-01l30'l51UlIOHHbIe

Tel ~5-)..J.79 9-323:- I OrHe\ nOpHbJe

I Brl-l 0 Br1-1 Br1-14
1bJe'lll5l J....OpVH,JOBble len.OBeCHble,

Tef110II30,l51UlIOh H bIe, OrHeVnOpHbIe

h..1-1 1 101-1 3 h..1-1 S
kpaCHOap\leifcJ.....m1 343100 YJ....pallHa, \ 113Jel115l .:UtHacos" e len,OBeCHble

lU1HaCOBbIl1 3aBO:I r KpaCHOapl\,leHcJ.... Ten lomo '15IUlIO'- - :.'e ome\ nopHbIe

JOHem.ol1 06'1 Jl-12 111-1 A

\ 1 ill\lH.:na 3 J.h.1e1H9 Wa\IO--" e ler}."OBeCHbIe

\ (06239)2-0410
TeI1.101130 15I1l11O- - ,,'e OrHeVnOpHbIe
lliKi1-1 3

KOHCTaHTHHOBcKHI1 1342007, YI<.paHHa, IllTi1-0,6 II1Jl-O ~

ortte\TIOpHhIfi 3aBO,1. r KOlicTaHTHHoBJ....a
-I-

lloHeUKoi1 06;r ,

\ 1 MHpOlllHHtIeHKO 2
(06272)9-8303 9-8250

qacoB-5Ipcr..ml I 3434.10 \ I<.pallHa r QacoB-5Ip W1-1-0 4

orrleVnOpHblll I ]OHem.On 061

I<.o\16HHaT I \01 KO\lCO\1001bCKa5I 1
Ten 23-01 23-02

BenHJ....oaHaITOlbcKHi1 342331, YI<.paHHa, III 'LA.-1,3

orHeynopHbIH noc B laJH\mpOBI<.a

KOM6HHaT
"l

BOlHoBaxcKoro pai10Ha

nOHeuKoH 06n ,

Te,l 33-03 33-20
BOCTOlfHO-CH6JlPCI<.I1J1: 665448, noc MH>.aH..l0BI<.a Wl-13
OrHeynopHbIH I1PK\'TcJ....OI1 0601 ,

KOM6HHaT TeJI 1-10 1-123,1-16,1-40
BHYKOBCKHJ1 143000, r O.n:HHUOBO LIlJl-I,O
ofHeynopHbIJ1 MOCKOBCKOI1 06JI , WKJI-I,3
KOM6HHaT vn BepxHe-Dpo;leTapCKa5I, 25,

Ten (095) 593-0821,
593-2162 593-4645

Do.n:onbCKHI1 142101, r Do.n:onhcK LIlJl-I-0,4
OrHeynopHbIH MOCKOBCKOI1 o6JI ,

KOM6HHaT );1 DlellleBCKa5I, 15,
TeJl (09675) 137-9497,

137-9584
CeBepCKHI1 343350, YKpal1Ha, f CeBepcK DJll1TbI waOJOTHCi-30010KHI1CTble,

nOnOM!1THbIJ1 KOM6HHaT )loHeUKOI1 06J1 , TeTIJ!0I130Jl5fUHOH - "Ie

np JIeHl1Ha, 6, WEn-115o, WBfI-1350

TeJI 5-2713,5-2235
OAO 255700, YKpaviHa, KapToH TenJIOI13015lUHOHHbIH

«TenJ103BYKOH30JI5IUHB» noc Komo6HHcKoe TK-4-6
KHeBCKOJ1: 06n , TK-I-5
yn CrpoHTeJIhHa5I, 7, TK-I-IO

Ten (277) 7-2350,7-1203
3AO «ybOJIBWHI» 340029, YKpaHHa, r ,UoHeuJ...., TK-l-S

yJI CBeTJIOrO nyrl1, 3,
TeJI (0622) 66-6142

I
q>



(06274) 5-2661
(06274)5-27-13
(06274)5 41-63

(06274)5-22-35

---- -- - ---- ------------------------------

-- -- - J4~J':;I1-'\ hll 1I111 I I llBlPlh lOlllllh.OIl oii I

OlhflllHl IhIHIOI1lpl10l OOllllllBO «ClBlPlhllll hO\tOlllllf»
I.. Il1..11111 Cl\BLP JJIl022 (1)..1hl.. (1l02-4) 3-4':;-91

hO\l\1\ 1 11 OJ> hO\ltlll11 II 1 t()02-4) 5-22- ~5 ':;-21-07
P Il til I II hill l till '!l 26011030 1625211 Ii \ PIl \Il)Bl hO\1 () I xc IllIIlII \ h.

nilE \1(J)() 3345SJ OhOO 00191S41
II CCBl pL h. .]Ollllll,OIl ,r.. x hO 14l)':;004

E-l11ul \Iltorp lk 1I1l1 donct'lk lI.l

I
I
I
I
I
I
I
I
I
I
I

I

I
I
I
I
I

~) UeHa <jJpaHKo CKnaJl OAO «CeBepcKIIlI KO ..IOIIHaTl> (6e3 rpaHcnopTHblX paCXOJlOB) opHeHTHpOBOYHble
MoryT 6bITb H3MeHeHbI B 3aBHCHMOCTI1 OT 06be\1a 3aKa3a

Pd3\leQbl (M\1) .ll.n5I pyJIOHHOrO MaTeRHa'la MKPP-130,
,LJ.JIHHa - 5000-15000, WHpHHa - 600-1400, TOJIlUHHa - 20,30,40 Bec PYflOHa OT 10 no 14 Kr

Pd3\1epbl (M\1) .ll.n5I nnl1T MKPIl-340 MKPIlf-400
):(J1HHa - 530-730 umpHHa - 400, TOJIw,I1Ha - 40

Pd3\1epbl (MM) .ll.Jl5l1ep\10068a6oTaHHblx (o60A\lKeHHblx) nmlT WIlrr 450
LI IHHd 500, lllHpHHa - 500, 25 , TOJIWHHa - 100
Pa3 \lepbl \101 Yl 6bI fb H3MeHeHbl no conaconaHHIO C nOTpe6Hl efle\1
o [LPY1Ka l105blM BH.ll.O\1 TpaHcnopTa no COfflaCOBaHHIO c no I pe611 reJle\l

13 rpy30BHKe o61,eM0\1 65 M3 MOA<HO rpaHcnop Il1pOBaTh
PYJIOHHhle MaTepHanbl - 6-710HH,
nflHTbl - 8-12 TOHH

B A<.ll. BdI OHe - 10-13 TOHH
YnaKoBKapYJIOHOB B nOmUTHJIeHOBble naKerbl no 8-16 Kf IlJIHTbl H BCTaBKH - B

)!CPCB51HHOH OOpellJel Ke JIH60 B KOHTeHHepax

no eon ocaM n u06 emeHUR n 00 K LlU 06 a ambCR
rCIll,pd IbHblH )!HpUnOp 1YPHflOB J1d.llI1\1HP dCHJIbeBWI
rndBHbIH HII/KCIICP CeBCpl1H Bna/.J.I1\1Hp AJICI(CdH.ll.POBH4
3dM lCH ,rU1peKIopd MHpOHOB Blld/.J.H'vIHP l1BdHOBH l l
HdlldIlbHHK Of/!elIa MdpKeTHHrd
H (,6bll d KpdnHBHH HBdJl MUXdHllOBHlI

Yaa>KaeMble zocnOaa ,
0-\0 "CenepCh.lIf1 hO\IOIIHdT" npeLFIafaeT Bd\l BbICOh.O)(pepeh.TIIBHbll

TLn 101130 15IU110HHbll:- OfHe\ nopHble B010h.HIICTble ~l\ JllIITOh.PC\1 He3L \IIICTbIC \ldTepll<llbl II
1I3J,C11151 113 Hll\

OHll \lTOU41IBbl h. BbICOhOil Te\mepaT\pe~ 11\lelOT H1I3h\1O yne1bH\\D Ten10npO~0.1HOCTb
HIUh.OC ahh.\\I\JllIPOBclHlle Tenlcl, lefhllll Bec, npeBOCXOJ.H\\D h.0PP0311C\CTOI14IlBOlTb
\ l TOUllIIBbI h. Tep\lO\ napd \1 npeh.pdCHOe 3BH.onOfJlOl.lleHllC

T C\mCpdT\ pd npII\leHeHll51 122...rtOHHbl\ \laTeQllcLl0B Boil10hd epeTpd J.O 1150~C
WJ\IOTHO-B010hHIICTbI\ nilllT WI1rT-..J.50, nl11T MKPI1f-400 - no 1250°C

I1pll:'leH5110TC51 BO BCe\ OTpaC.i151\ npO\lbIWJIeHHOCHI OT ObITOBbl\ fa30Bbl\ II
J leHpOrrellell, XOJIOnWlbHIIh.OB no \IOLUHbl\ TenJIOBblX arperdTOB B \leTa.ll\ prIm ~

\ldWHHOCTpoeH1I11 MdTeplld'1bl 3hOJIOrW-IeCh.l--1 411CTble, npehpaCHO 3a \leH51lOlUHe Bpe.rrHblll
LI. rUI 3.J0POBb51 acoeCT, CTehnOBaTy 11 MI1HepaJIbHYIO BaTy

TEXIDfLIECKA5I XAPAKTEPI1CTIIKA BOJIOKIDICT1IX MATEPII-\JIOB H 113LlEmm
HamlenOBanue HopMa IFUI MapOl~

napa\leTpa iVIKPP-130 MKPTI-340 MKPTIr-400 I11I1IT-450
IrocT 11111 n 2361979 2361979 TY) 322 7 00 TY\ 322 7 00

19053 06) 96 19053 065 96
~1 teeOB,Sl .101Sl Ha npoKaneHHoe 51 50 40 -\0
BeweCTBO 00 -\1 0" He MeHee
\laccoBaSl nOlSl -\hO,+SIO, 00 He \leHee 97 97 90 85
I !3\teHeHlIe \laCCbl npll
npOKaJlHBaHHH % He 60nee 0,25 6 8 03
KaJh.ywaSlcll nnOTHOC-h Kr/M 3,He 60nee 130 340 400 450
Te\tnepaTypa npHMeHeHHll,oC 1150 1150 1250 1250
TennonpoBonHocTb npH cpenHeH
Te\tnepaType 600°C,BT/(\1 K) He - 023 0,28 028
oonee
ITpenen npOYHOCTlI npH 1I3rH6e, H/\t\12,
He \leHee - - 0,25 0,4
CpenHHH JlHa\terp BonOKHa, MKM,He
60nee 4 - - -
COnepA<aHHe HeBonOKHHCTbIX
BKJlJOyeHHH,% pa3MepoM 0,5 MM H Bblwe 3 - - -
UeHa 3a TOHHV 6e3 H,LlC USD* 1170 1790 1550 1600

- ~
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Ar14escK~~ 3:1S0.1 CTO~TenbHblX KOHCTCVKU~~ SCTB cn I Kr
,

350

l I,,1JTbl ","H BJT ncow cel(!10XOnCT ...3 i2 00

I IlrHtrJ "1 .... e +.t.CTI(OCn1 13 M~H B.1Tbl "" 16: 00 ce~ nb...... e .... SClJ\. !'Ou.,ee Tonw bOMM

I
II:"'" Scm'4cKII" 3JSOJ Tenn03SVKOL'JOn~U ,n SCTS en Kr ~ ~~

SeTS e·~ Kr 3 :~

I 6c~a .... -. Kr ... :.1---
I kJCTOH T~ I 10 M_ 55:

KaCTOH TK 1 5 M: 31:
I KJC"OH TK - 6 ,: 2 i6

I "JTbl S3 1 1ceo 1CCO 1co WT 25 so
"JTb' S3' 1 lOCO 10CO 50 WT 1872

I ~lJTbl 53,' 1 1ceo 500 50 WT 1: 60
I J-bl T 1 o 15 WT 1068
"IJTbl -.1 1J .0 WT 11 O~

I flr 'Ta n'KTe 1~ r.,_~cC)oo ~(~ 160b
, nr~1TO n.+.iC ,9 r\1J~oc;o6 ,,2 ,908
I

I I

,/'4 LlOHeUKI'III 30S0", ~30nRW10HHbIX MaT nos MOTbl M~HecanosaTHb,e ncoLU I M3 ' 504 52 3 cvnOH SooeOT04HO~ 6vMare
'-/ KacToH TK 1 5 I M2 417,

BaT~H Oa3aI1bTOSb'~ , M2 6 85 cvnOH B06eCT04HO~ 6vMare
, MaTbi ncow TennO~3 6a3 MTnS I M3 r 125 00' 5e3 oOl(!1a.:l KII

MaTbl nooLU TennO~3 6a3 MTnS M3 ' 28920 BOOl(!1a",Ke
I nonoTHo ~rroncoo c-el(!10S0nOKH M2 560

XonCT CTeKrOSOnOI(H .... cTbl1,1 , M2 036
nn~T-1 re~cnon~CTl"OnbMble 25 A3 125 a 1~0

IEra 25CO OCO 65 M3 204 00

~ >K~TOM~OCK\1~ J J M~H aaT "3Aen~~ nn~Ta r l~H aaTnr125 M3 50 00 WnaK + Ca3aI1bT
BJTa M3 1250 Or <O_bl "l1MTbl nr

6 3<3nODO>KCl("'~ K T Tenn01,130n'lUV10HHbIX M IlOB nn,1Tbl loAl'1H ...aTHble Ha OVIT C8s:l3 M3 70 50 Oroa60TKa ~J .:10M ne4e~ Haroes ca3.:1VS
r laTb' MIIH saTHble nOOWIISHble I M3 65 13 ITonLU 50M M

I MaTbl M~H BaTHble Ha ncoson cene I 1.13 I 435911
I I Inn~Tbl neHOnOn~CTI1COnbHble 25 I M3 I 160501

I I I

/7\ KT n06e.:l<l SCTB cn I Kr I 450'
\.J ECTS CTO I Kr 3701

MaTbl S3 ,11 COO 1000 100 WT 23 00
~aTbl S3, 1 1000 1000 50 WT 2100
MaTbl 53~1 1000 500 50 I WT 1032

I nmITanMT5 I M3 I 49800' SoJoon8l1KI1SatOUlaR
I 'M58n I M2 I 7081
, M6na 1 1.13 I 216 001
I I I I

8 IKOCTononbcK~1oI J A 5aJanbTOSbiX TennOl13 M nos ISCT8 evnec M3 I 40001?
I MaTb' 6a3 nCOLU~SHble Bc/TKaHI1 I M3 I 6000,
I MaTbl oa3 nOOW~BHble I I I
J "aTbl CTCOl1TpnbHble I M3 70 00 nnOTHCCTb 70Kr'II3 :2t'{"\ reo ~o

,
MaTbl CTC rodJol1Oos CTOVKT I M3 o81 nIlOTHOCTo 9OKr/M3 22r Q ,ceo 50

1 , I
3 1Mao~vnonbcKloI1-I 3 Ll 1130nRU\10HHbIX M noa ,MaTbl MIIH BaTHb,e noow I M3 , 53 52 11000 x 2000 x 65

MaTbl MIoIH BaTHbie ncow SC/n<lHI1 I M3 ' 275 0011000 ~ 2Coo x 65,
I nn~Tbj neHOnOn~CTl1conbHble 25 M3 I 184001

I I I

o IMeoecbRHcK1-I1-I CTCmOJaSOll I I I

I I

1 HOBoMoeKoBeK1-I~ J iI nooroece
I I I I JJN

12 ICaMaOOSCK1-I11 3 11 >KS1I11-1 cb1-lnbTOOSanbHbl~ 11311. Sa3anbToabie MaTbl I M3 I 60 OOIGCTS T7ru nCOWI1T diOOS~HroU Snex
1 I I I

3 InasnorCailCKI11'1 3 A CTeHoablX M nOB ~ SCTB...-n I Kr I 5571
I -tJ:rtf. eoll- J/Mdu SCTB (TOHKlle 15 MKM I Kr 1 2781
1 ( f'apToH TK 1 10 I M2 I 6501, I I I

1 4POHOB"U'~II J iI TennO~JOn~UIoIOHHb'Y~3i1pn,,~ 5CT8 en Kr I 340
~ I '5CTB CTO I Kr I 2481

, MaTb. TM 10 20 WT I 7201
I YaOToH Tf' 45 M2 3481
I Ir~5na M3 I 14200lTonUl40MM 1M3=25M2
I I I I
ICSeTnOsol1crl1~ 3aSOil I1JOI1RU1-IOHHbIX ~3I1enl11'1 I I I

I ,
I I I I

P IKpMeooaCKOe no nooroecc POCCII1~ SCTB cn I Kr I 155rOHI"r
I I I

13 III1aoTcKI'I1-I CTeIUlOJ<lSOA I I I I

q\



255700 C'v1T KO~lCCi~1HCbk.e KYliacbKa 05n ByJ 1 6YAISenbHa 7
Ten/¢aKc (04497) 72-306 72-647 - KOMSPl.\Il·1HIi1I11 al,D,Aln

M n~l':I1lr< nPOAYl<I.1J.111 IrIAPKA BHP05Y O,Q
~

LUHA
run (p.a3Mlow\ BVlM (rPt1flH " vo tWal
1 XCJlCT CynEPTOHl<[; ~r

\
-444

6A3AJ1bT081'1~1 6yn 18EJ1br-lE ~r ,"4
KAPTOH

- TI\I-5 11eox850x5

I
3122 M

TE'1f!C36Y1<0130M1L,I.lH.l.l T"\ 1 10 118Ox850x 10 ..f' 5 S2
I --(4<S lOCO x ICCO x 6 lA' l'b I,

3 1 ICC 1ceo X1 CICOxi OJ u.rr :SOO I

1-:0 ,0:0 x1 cxx:Jx::O urr 1S n I

I 1-506~ 1(Xnx1ct'Ox:C urr 157:2
I

1-30 1CCOx 1CXXlX'ZO u.rr 19,80I

l~ 13K 1CCO X10c0 x 30 un 1164

I
21CO 1CCOx5COx 1CC IJJT 1612
25J 10:::0 )( 5CO x50 lilT 1:80

I MATl-1 38YKCnOrIlV1Hf\'C41 2-eo~ 1CCOx~x50 WT 1000 I

53H 2::n 1cx::o x 5CO J( :):) WT 13~

2-:xJe~ 1COJxSX)xJO W"" 972
~ 1<:oJ x 1ceo x:;O wr 1042
4-5::: 1ceo x HX:C x50 1,tJl' lQ B-3 I

- -

4-5::: e.x 1cx:o x 1ceo XSJ 1500U.f

5-5C 1en? xSXl x5:) u.'T 121:::
I :>-:0 U lCOJ x XC x SJ J..- 1032 I

6-5J 5COx5COx50 ~'T n-.G
i5-5O ~~ $X) X50) .< 5:) un- BOA
7.fJJ €OJ x EO:) x50 U1T 1~ 24
7.fJJ CiK ffX) x OOJ )( EO UJT 900

I 8-8J 1CXXl x fXXl x 00 WT lJ'i:12
<I MATI1 TM 10-15 11COxe:Gx 15 IJJT 1066

TEnJ103BYKOI30MlUIIiIHI TM 10-20 1100x6X)x:xJ tL"T 1104
5 llJ1~TA )KOPCTKA IT'A'T3 141115x850x14 M" <603

\
I TE:.nJlO38jK0130nRUI~HA rvKT3 19 1115x860x 19 ".,2 19ca

nnp0<t>05\.130B,Ar-IA

I
6 o:xox 1COx2(l MIn ... W

5CCCh::1 CO x :;lO MIn 2e4
&:1XJ x 200 )( 20 Wn 1M
5XOJ<XCx20 MIn 492
~xXOx3J Min 612

1C\1YT"A TEf1JlOI30Jlfll.\IYlHA &:co x 4:0 x 20 Min 758
narC &xX> x .<OJ J( 30 INn 864

OCCO X 4CC x <0 MIn Qn
&XX) xOCO x20 I lin 8<0
~)(5<Xl)(3J wn 93e
sx:o .< SCO J( 40 Min 964
c:u:;o X5<Xl xEO MIn 1092
eo:::o "~ xcu W1 12,00

7 P,mUHI1V1 MATE"lf1A11 PUMb C~ Ii 1178
6A3AIlbTOBbl\.1 ?OM6·er..,o M' 1300
6CCO X 10c.0 X POM6 C70 1A1 1'J 68

~

PCM15 C 100 ~ 2220
a WHYP TEnIlOI30fl71L\II1HYlrl --STW- 10 Wn 048

5TW 2() MIn OEn
IGTUJ 3J MIn 08-4

9 WHJP TEnnOnOnnLUVlHY1ltl W6TH 50 Min 000
HA6I-1BHVlY\

10 HVlTXA KOMnnEKCHA \<H6 ~ ~r I 972
11 tl<5TH-o.l00 xt 852

)l{fYT >KbTH Q-1SJ r.r 732
6A3Al1bTOBl'\V1 )l<riiH ~ I(f 0:30

>K5TH 14.?f'A1 Xl" 6ce

A1\.UlOh£?nE
TOBAP/fCTDO

6I1H1UbKH~ 3aBOA
TEnn038YKOI30n51L\lri

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

5dHKIsCKl pBKBl311ITYI nIAnpw;:MCTSa P/paxyHoK NQ 26003313492 B
6Y4aHC~KOMY AK yeS noe 6y4a KtIlTeCbKOI o5n • M<t>O 321165,
KOA nlAnp"leMGTBa 00292729, InH 002927210283
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Glnt1UbK'1t1 3uGO!l

Tr::nn03G\1 - '1"-- I

AO 58);>", ..=... ,:1 3C30~ • r E n JJ 0 3 D Y K 0 ;j 3 0 7 F [l ~' .;; •

npe~Jic::'ce:-

3~CO~030oe<T>"'S-~8, 3 ... 0Ror~~ee'\~ 6e3Bpe~h~e Y30~·~~O--be MCTep~anb ~c

oc~o=e CC3a-~~05~\ 30.r;O~OH, oS.r;c~c~w>",e MC~O; o~~e~~o~ MCCCO;,
06ec.e .. ~SC~lli~e no~~yv nc¥ap~YN 6S30naCHOC-b, Hc~e~~VN ~30.r;?'u0~ OT
BYJ;hC~~ ..ec~o; rCp~ ~ KoeH~~eeKorc xo.r;o~a, ~e B~~en·L- B B03~/UHY~ v
BO~·~V~ cpe~b Bpe~HUX ~n~ 3~OPOBb~ coe~~Hed~~

06ncc-b np~MedeH~R ~30nRU~~ CTeH, nonoB, nOTonKOB, HeTann~4eeK~X ~

~pyr~A nOBepAnOCTe~ pa3n~4HO~ KOH9~rypau~~, TennOBUA crperCToB, TP/G
~ Tp~50npOBO~OB, a TQ~~e B KQ4BeTBB 35v~onOrR0~~Jruero eRO"
( ~n>", HC~O~de-v~ B ~oheTpvXU~·X c ~BO~HO~ c-e ..o~ ) S c-po~Tenbc-~e

aB~a- ~ cy~ceTpoeHV~ , c3-oYo6vneeTpoeh~v 3ne'\-oo-eA4A~ec~oP v

X~~0~ec~o; npOH~~;e~nOeTa(

I
I
I
I
I
I
I

::~ ..... : C~ ... \. cw.~5 \~ tl(e
t\ 1IG~~L.=1 c5r... s, r 5 ISeJ1bhoJ ...

ier \'~~c:~) -2 :50
~ .........
Ca(c \ "' .... c-\~ :l: _t" - ,:)6

8 .... -t _

.-13 s.... _

'"'0_ .........:) It;MCTS3 OC:S:72Q

....:_ CT 6Ifl~',{1 32:3~3

? pox\>.o. N, :_0-565 a IpnIHCb(O",)

a ... _11eHHI ..., ., C5 M(1l0 3:!' ,65
c"'- 5,~a ~"'8Cb~01 061.

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

COOTBe~e-ByeT PCT YCCP 1970-86 ~3H 1
")

Cpe~h~~ ~vaHeTp ~OROKHa, HKH, he oonee 2,0 - 3,0
flnoTdoe-b, xr/~ xy6 20,0 - 25,0
B.r;CrrOC-b, % ,rS 6o~ee 2
TenRc-~O=O~noeTb ,p~ 25 rpa~ C, DT/(H K), he 6or.ee 0,038 - 0,04C
re~ne~a-/pQ npvHBden~~ ,rpa~ C 0- -260 ~o +70C

~ np~He~?BTe? B XQ4eeTBe Ten~o- ~ 3ByYo~30~ru~~, ~nr ~3rOTOB~eH~~

Tenno3By~o~30~·~OHnUX, 3BYKonor~oma~m~x ~ 9~~bTPY~W0X MaTsp~anoB

~ ~3~e~~~, xOTopue ~9~eKTvBHo ~enonb3Y~Te? B aBToHo6~neeTpoeH~~,

QB~aeTpoeH~~, rpa~AaHCKOH ~ npOHuw~eHHOM CTpO~TsnbeTBe,

Tenn03depreT~Ye, a TaK*e An~ rpy6o~ o~~eTK~ B03Ayxa
Ea3a~bToBoe BonO~dO np~MeH?e-e~ ~ xar apHVpy~E/'~ MaTep~an

~ •• tAPTOh %ECTKU~ TEnAOU30ARUUOHHH~ TK-1-5 , -r-~-10 •••

CCOTEeTcTByeT TY Yypa~HH 023 018-95
~OPHC-,MP AR~~a 1150

W?~~HC 850
Ton~?dC S 0

n~OTHoeTb,Kr/~ yy6,He Co~ee 150
r~rpoeron/'4Hoc-b 3C 24 ~aea, HS 60nee X 0,35
TennonpoBo~hoe-b np~ 25 rpaA C. BT/(H K),He 60nee 0,045
npsAep npO~hOC-~ np? paCT?leH~~,Hna, (yrc/cv KB ) He ~eHee 0,32(3,2
Tevrepa-/pa rpVVeneH~Y,rpaA C OT -260 Ao+700

• RB~neTcn 3~~eYTUBHbH 3aHeHUTs~eH ac6oKapToHa



C2C-Se-C-s\e- T~-63 \~pC0HU C~~ C·· 03
PC3ue~~ uv ~-~~a 11:5

~~p~Ha 650
-O.nm~hC 14. 19

n.nO-HOc-~,~r/M hy6,He 6o.nee 260
CopoU~O~HOB YB.na~heh~BI%,he ~o.nee 5,0
ren.nonpoBo~~OC-b np~ TBMnepaType 25rpa~ C, B-/(p K) -e oo.nBe 0,040
npe~e~ -po~~oc-~ rp~ ~3~~oe,Hna.HB Me~ee 0,5
npeAef ~PO~~OCT~ np~ pacT~weH~~,Hna,HB PB~eB 0,005
re~~epc-ypa np~He~eH~~,rpa~ C 0- -260 AO +700

~ npeA~c2-c~e~~ A.n~ ~30.n~U~~ XO.nOAHUX ~ ropg~~x nose;\-OcTst1 B c-po~­

Te.nbc-se, CYAOCTpoeH~~ (~.n~ ~3rOTOB.ne-~w rc~e~e' c-~eYr~ CVAOB~X

ropeme-".,;; .3 ,<ct,eC-Ee Ten.nOBoJ ~ 3BvJ<OBCJ ,/3C ~"s, y ~ V'::w~hoc-pOeHy >'1,

rp~ nco 3BO~C-Be ~-e~-poobTOBbX rp~60pc3, pc~~~ ~ _ ~~vrvx 06:acT~x,

-ec-o~~e ~ -e-o~c --~ 3a~e~>'1Te.nb c---ory~~~x ~25ec-OBb' nJ>'1-

I
I
I
I
I
I

I
I

I
I

I
500, 600, 1 000
500, 600, 1 000

:0. 50, 1 00, 200
OT 34 AO 264

0,037
0,068

0,6
0,6

nOKC~-/~ (wano.n-e~Y'fl)

25 rpeA C
125rpc.z:. C
~CT03 0Pf..1 TO-_A~e 15 pp

0,35-0,78
33:/Konor.n0u..eHv1!f

COOT3eTcTByeT peT Y1<palmb 1977-87 V'3 V <
.1:'IVJHC
r.,~pf..1na

TO)) lUl1Hc.

n.nOTPOC-b,'<[,/P Kyo
Te~.norpC30A-CC-b B-/(H K) , we oOJTee npv-

npf..1
Ho pHdJ)!> t..1:lt1 1\ 039 0 f..1UY'e 4T 3ByKonor .nocuehf..1 Y

f..1 np~ t,QCTOTe 500-2000 fu
Cpe.1:HeCp~?He->14ec~V'~peBepOepaUf..10hHuti r03¢9v-u~eHT

pa-a Tc.nm~r0v. 15 HH,He MBHBB, B Af..1ana30~e qaCTOT
cpeAH64aCTOTH1:lti
BucoKot,acTOTH1:lti

~ npf..1He-~J-c· B J<a~eC-Be 3ByrOWYHonor.nOWfl~wero

.. ;r-.- L r il T..1 3_ '\ onorJ10111A1OU1l1E TEflJ101130J1HW10h.1 aE 5311" ..

*** nO~OCH h7J~HHOHEPHHE TEn~O~30fHU~OHHhE -hTC * ••

I
I

I
I
I
I
I
I

1100
600, 700. 800
5, 10, 15, 20
OT 41 AO 66
Oo.nee 0,057

+ 450
n03epxHocTeti B

v Ha~HHOCTpOeHl1f..1

~v 1/" nl

COOTBeTc~ByeT PCT Yxpaf..1HU 1931-87 ~3P-~

~--111 'Pa3Me01::l v 1

n.nOTHOCTb,},r//1 }.,:/o
Ten.nonpOBOAHOCTb npH TBHnepaTYPB 25 rpaA C,BT/(H K),He
npe.z:.eAbHaq TeMnepaTypa np~HeHeHf..1R, rpaA C

* npv~e~?~-CR AEP V30.nTUf..1V' YO.nOAH1:lX v rop~~vx

CTpov-~eAbn1::l/ 06be;.,~a~, aBf..1aCTpOeHf..1f..1, CYAOCTpOeHf..1/

COOTBeTcTByeT TY-88 Y1<paf..1hU 023 015 9~

Pa3HepU,HH A.nf..1Ha He HeHee 5000
WHpf..1Ha 100, 2JO I 300, 400, 500
TO.nmf..1Ha 2J, 30, 40, 50, 60

Ten.nonpoBoAHOCTb,BT/(M K) 0,040
npeAe.nbHaR TeHnepaTypa npf..1MBHBHf..1R ,rpaA C + 450

• no.nocu npf..1HeH~mTCT A.n~ ~30n~Ul1H TPYC, Ten.nOBhA u4peraToB, CHCTeH
oowBro f..1 cneu~a.nbhO~O Ha3Ha~eHf..1~ B pa3nf..1~HUY o-pac.nRx HapoAHoro
X03JrticTBa

I
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I 12000 Mmeral Fiber Board Insulation

I

. '"

Btu. n
(hr SF F)

Spe<:, ec' I I
Type l);!ns'ty

50 150 I JOO 500 700Ibs per I
cub c H ,

'2~0 J ~ J " " ,
1260 " .. , " I

1 80 . <

1210 I "0 "
I

12 2 I J ,

Performance CharacteristIcs
Thermal Performance (ASTM C 177
ASTM C 158)

Tre abc\e cerslt es ore 2S Sf:ec ' f'd
byAsn'C6 1 2 De'"eredcers es
may \ary For rrore r',rrro t on ccrtact
~Ol.r Cer'a nTeed reprcsertatlve
Service Temperature IASTM C 411)
1200 ccn,lrUOlJS tem~erature

MOisture Adsorption (ASTM C 553)
Less than 2C-o
CorrosIOn ReSistance (HH I 5588
443 ASTM C 665) Does not
accelerate corrosion of sleel copper
or alumlrum Non CorrOSiVe to
austenitiC stainless steel
Shnnkage (ASTM C 356) O~ at
1200 F
Combustlbility (ASTM E 136)
Non combustible

Thermal ConductiVity (k)

Speclflcatlon Comphance
1200 Board insulatIon has phYSical

properties that regularly meet the
requlrements of the follOWing
speCifications
ASTM C 612, Class 4 - Minerai fiber
board spee , including denSity and shot
determination
ASTM C 795 - Stress corrosIon and
chemical analYSIS
NRC 1 36 - Stress corrosion and
chemical analySIS

When certificates of compliance are
reqUIred thiS must be stated on the
purchase order

R d d MI mum ThIckness (Inches)

Benefits
Lower fuel bills - excellent thermal
eHlclency and no shrlrkage heat loss
due to open insulation JOints
Lower Installed costs - bOdrds
fabricate easily .... ,th only a knife No
saws are reqUired The Insulat on fits
snugly around obstacles
Low fire hazard claSSification - non
combustible characteristics make
1200 Board a particularly SUitable
Insulation to use as added protection
against fire damage to contents
No heat up requirements - unlike
some other Insulations that reqUire a
heat up schedule 1200 Board can be
applied directly to hot surfaces or
brought up directly to maximum
operating temperatures

ecommen e 01

Operating Temp

550 650 750 850 950 1050 1150F 150 250 350 450
Flat Surface

2 31/2 4 4112 5'12 8V: 91/2 10 10 10 10
Insulation Thickness

The Thermal Insulation Manufacturers AsSOCiation (rIMA) comptled these tables based on the
applicatIon of the TlMA Economic ThIckness of Insulation (ETI) computer program to obtain
economic thicknesses 01 the Insulatlon types over a Wide range of operatlng temperatures a~d ::;
average set of general economic and ambient deSIgn cnterla The economic thickness IS de I~

as that insulation thickness which yIelds the lowest annual cost of ownerShip and operallon T IS

Energy Saving GUide does not replace ETI It reflects the results of multiple applicatIons of ETI
based on current economiC and typical deSign conditIons
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DescriptIon

1200 Board IS a high quality board
type Insulalion manufactured from long
pugged mlreral fibers tightly bonded
together with a thermosetting resin
The result IS a product of exceptional
uniformity ard denSity not found In

other mineraI fiber board insulations
State of the art fiber forming processes
have contflbuted to thiS new age
quality The boards are lighter In weight
and have excellent thermal and
acoustical properties

Available In vaflous denSities from
semi rigid to rrgrd in thicknesses from
1 to 7 In ~2 increments Board
lengths are 36 and 48 widths are 24"
and 48

Uses
1200 Board has an extended

temperature range up to 1200 F ThiS
e.<tended range coupled with rugged
strength corrosion and fire resistance
properties makes 1200 Board an
e.<tremely versatile all purpose insula
tlon for many industrial uses TYPical
are
Storage tanks columns towers
Cat crackers and cokers
Chemical vessels
Duetlng breeehing chimneys

preCIpitators
Turbmes bOiler walls
Exhaust stacks and headers

I

I
I

I
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CertalnTeed also manufactures fiber
glass insulation for Mechanical Sys
tems and Commercial and Industnal
BUildings Inc!udlnq
Ultrahte Duct Liner - used as an
acoustical Imer In sheet metal ducts
Standard Duct Wrap - blanket type
vapor retarder faced insulation used for
wrapping heating ventllaling and
cooling ductwork
Ultra-Duct Board - ngld board faced
with fOil laminate air barner and molded
male and female shiplap JOints for
fabncatlon Into duct sections

)

-
..;r-.r::::
~~~~ ~ .II"

,..';~~7
A~ -
7

~A

Certaflex - fleXible InsulClted rein
forced air duel with chOice of two outer
Jackets used for HVAC runouts
Metal BUilding Insulation - MBI 202
IS a fiber glass insulation with laminator
applied vapor retarder that meets TlMA
speclflcallons MBPI unlaced fiber
glass Insulalion IS used as a filler
insulation and applied as a second
laver over MBI 202
Wall and Panel Insulation - semi
ngJ4-fjber glass boards plain or with an
FSK 25 vapor retarder facmg used In
wall construction

i '

15250/CE
Buylme 32

In addition CertalnTeed also off",
Wide range of thermal and acoustiC"
insulations for Llghl CommerCial an~
Residential applications Including
Unfaced Building Insulation
Kraft Faced Building Insulation
Foil Faced Building Insulation
Sound Control Batts
Insulation With Flame ReSistant Fall

FaCing
Insul Safe IW
Masonry Wall Batts
Sill Sealer
Ultratherm Suspended Ceiling Batts

I
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Lower Energ I Costs-Excellent
hermal condue 2n r p

LONer Install~Cl (':ists-Boards fabrl
rale eaSily pro I:: ng easy installation
In addition there IS less waste due to
t, ea~age The Insulation fits snugll
around obstacler

LON Fire Haza a
c; asslflcatlon-r J0n combustible
r'1aractenstlcs ma"c 1200 Board a
cartlcularly su table Insulation to use
a" added protec"o'1 against fire
aamage to conten15

No Heat Up Requlrpmenls­
Unlike some other Insulallons that
require a heal up srhr dule 1200
Board can be dppllf-d directly to hot
rurfaces or brought up directly 10
nd/lmum opr ra In'] If mperaturcs

Benefits

200 Board has an exte~ -jed tempe a
..Jre range from ano ent to 1200 F

T'lls extended range coupled with
r ..Jgged streng,h co oSlon and fire
-s seance proo- "s makes 1200

::::;ard an ext e~", lersat.le thern21
~sulatlon for ene c, conservation p 0

cess control arc ;;~ "v~'lel protection
TIPlcal uses are

Storage tanio's columns tONers
Cat crackers and cokers
Chemical vessels
Ductlng breec"Ling chimneys
precipitators
Turbines bOiler \/alls
Exhaust staevs and headers

Descnptlon:
:00 Board IS a ~IS~ cuallty board
\pe Insulation ~a1u,actured from

'1 g'1 temoeraL e es'stant minerai
r ~ers tightly bonoeJ together \\lth a
hermosettlng resin The result IS a

p oduct of exceptional uniformity and
density not fauna In other minerai wool
tJoard Insulations S'ate of the art fiber
ormlng processes rave contrlbutec ,0
'1 S new age CL."lltv The boaras are
::1ter In \ elgr 2-a have excellent
~e mal ana aco~s ca' prooertles

~ a Ja::;le In \a ::_s oenSltles f orr
='"'11 r,g d to r c c ~ '1 CKnesses ' o~

o 7' In I'lC =~en s Board
::;'l;;'ns are 36 a~:: -8 vlaths E:re 2~

,,'10.18

Uses:

12000 80ARD
INSULATION

I
I
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SpecifIcation
Compliance
1200 Board Insulation has on/slcal
properties that regularly rree tne
requirements of the follow ng
specifications

ASTM C612, Class 4-~l1lneral

f ,ber board spec ,neil-ding density
ancJ shot oe,ermlnallor,

ASTM C795-Stress co roslon and
chemical analysIs
NRC 1 36 -Stress corrOSIO'l and
chemical analysIs

Trte c.... o c- Oet'lSllleS ere as s:e:: lej

8\ MSTr Co:; :2 Dt:1 \e e:: ::e~s es
ra, \2. ;::: rl:::He 11 C r-'2. t:; ....... J'"

la: \~ .... C.... a 'lTeea re: esei 2. '::'
Se 1:::;c::. -e--:;2 ature (t-ST- Co.. I I

1200 c;:~ ~uOJS terlO", 2. u '"
~IJ S'J e M8SJ ptlon (ASTt' C5531

Less ,nar 2 c

CorrOSI\ilj (I-1rl 155884':: ::;J(ASn.~

e665)
Does not accelerate corrosion of
steel copoer or alumlnu'll Non co'
roslve to aJstenltlc sta ness stee'

Fire Ha;:a dClasslf,catlol UL 7:::::
(.\Sn.1 E 8-.

Fla'll= ~: ead radng r, eyce=;:: r;::
25 21C: ~~J ....e 08\ elo:,ec: rc '1;J 1'""1

exceeJ 1: 50

Thermal Performance (ASTM C177)
(ASTt1 C155)

Thermal Conductivity (YO) _8__

ISp"- ,fit I I I

T IDensry I 50 \150
I

lsoo
1

700y~ IbS pe
1

300

cubl It

124() I 'u I 2<. 27" I '0 I € c I 9,
12£0 I Ef I 7 2b I 3F I ", I - 2
1280 I 2 ' I 228 20' I ",- I 4 I ,
1210 I , , I 226 26 I 3- I .- I -
1212 I 2_ I I 1'- I <

Performance
Characteristics

Recommended Thlckness-CT1::60 Minerai Fiber Board Insulatlo'l
65 amb en a 75 mph \\Ina
Ful S" ;:=-5-60 h s :::" lea
~_:::: .... ~"";'''''le''''TI-' -_-"1 .... - ..... "' ........ 3~ ....1 r"l ~ t=
S--s - Temper~ ~ -

I

OPERATING TEMPERATURE

I 150 250 350 I 450 550 650

T HL ST T HL ST T hL 5T I T HL ST I T I HL 5T T HL ST

1 ?~_~__"!..-~8 88
__ 750 850

~... "6 :;_~_5; Ql ,j

0:;0 10:;0 _
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EQUIPMENT, TANI'\ INSULATION

850 0 FIber Glass Baal d Insulation

specification compliance
850 Board has phySical properties that
regularly meet the requirements of
MIL I 15475C (Ships) (except for Vibration)
HH I 558B Insulation Blocks Boards
Blankets Felts Sleevlng (Pipe and Tube
Covenng) and Pipe Fitting Covenng
Thermal (Minerai Fiber Industrral Type)
Form A Class 3 (waiver needed on com­
pressions strength) ASTM C 612 70 Class 3
(to 850 F) For complrance With MIL I
24244 contact Customer Service In Valley
Forge

\1:Jle a..'J Cad 0 d ed to comply w tT'l anI' one ollne
a~:l e $ eo a O"'S ShQ /(1 nO cale ll"Ial rE'Q remenl on
t e PIJ crasP e

1/
;7

/
/

20
o 100 200 300 400 500

thermal performance
(ASTM C 177) after exposure to 850· F

Mean Temperature F
70

u- 60

>--=11.
f=~(f) 50
EC:;~
~ ::u:;;.. ,,-
J::cc 40"'0-u::>...

al
30

description
CertainTeed 850 Fiber Glass Insulation
Board IS a semi rigid board insulation com
posed of glass fibers bonded together with a
special binder This highly efficient insulation
IS usually apphed In 2 x 4 sIzes but larger
sizes up to 4 x 10 are available for large
surfaces The product IS avarlable In thick
nesses from 1 to 4

The glass fiber IS not affected by mOisture
will not corrode metals and IS permanent
850 Board Will permit expansion and con
traction of the heated surface without
cracking or shnnklng The Insulation Will not
slump or diSintegrate under normal Vibration
conditionsI

I
I
I

I
I
I
I
I
I
I
I
I
I

uses
850 Board IS saving energy and Installation
cost In power process and commercial bUild
Ings for such uses as breechlng boilers
ducts preCipitators ChlmnE:1 hners and other
heated eqUipment The lightweight boards
are usually Installed directly to heated sur
faces and finished with Insulating cement or
metal Jacketing It can also be used In metal
panel systems

benefIts
• No heat up schedule required can be

applied on hot surfaces up to 850· F

• lower energy cost
Efliclent larger size boards up to 4 x 10
mean less jOinIs to leak heat DimenSion
ally stable boards Will not slump or dlsln
tegrale In the presence 01 Vibration
Thickness remains constant because of
board compression recovery

• More comfortable working conditIOns
EffiCiency of CertalnTeed 850· Board
keeps areas around healed eqUipment
cooler

• Installatlon cost savings
larger Sized boards cover area faster
lighter weight and struclural Integnty
permits handling of larger boards with no
breakage loss Boards may be cui with an
o dlnary knIfe 10 fit lightly around appurte
nances

• Reduced maintenance cost
A properly Inslalled CertalnTeed 850·
Board insulation Job requires little or no
malnlenance The strong dimensionally
stable boards are permanent They Will
not slump or crack The only maintenance
reqUIred IS to keep the surface covermg In
good condJllon for appearance or
weather protection reasons

performance charactenstlcs
Fife Safety

Meets reqUIrements of (ASTM E 136 73)
flame spread not exceedrng 25 and smoke
developed not exceeding 50 (Ul 723 or
ASTM E 84)

Service Temperature
Recommended for temperatures up to 850 F
(ASTM C 411)

Thermal and Vibration Shock ReSistance
Will not crack split shnnk or crumble

MOisture Adsorptron
less than 1% by volume (ASTM C 553)

Corrosion Aeslstance
Will not cause corrosion of aluminum steel
or copper or stress corrosion crackrng
of starnless steel (HH 1 558 and MIL 1
24244B)

ReSistance to Fungi & Bactena
Does not breed or promote growth
(ASTM C 665 86)

Alkalrnlty
less than 0 6% sodium OXide pH 0' 9 1
(MIL 1 22344B)

installatIOn
CertalnTeeCl 850' Board IS usually applied
directly to metal surfaces by Impaling over
welded pins or studs secured With washers
or clips The Insulation surface IS then cov
ered .... Ilh metal mesh Insulating cement
and canvas or finished With a metal cover
rng sheet

Prns or 5 ucs should be spaced on center
not exceed ng 16 Pins at the Insulation
edges should not be more than 4 from the
edge

Multiple layer Installation With broken JOint
construcllon should be used for service
temperatures above 600· F

DeSigners are cautioned to conSider thermal
bridging when uSing pinS studs framing
and suppOrts made of metal LImit maximum
insulation surface temperature to 150 F

I
I
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fIBER GLASS EQUIPMENT, TANK INSULATION

Industnal Insulation Board

descnptlon
CertalnTeed Industrial Insulation Board
(IS Board) IS composed of glass fibers bonded
ogether with a thermosetting resin It IS
'" allable In 2 x 4 standard sizes either faced
\\Ith a vapor barner faCing or plain 10 thick
'lesses of 1 to 4 depending on denSity
Special sizes up to 48 x 120 are available
\\Ith Foil Scnm Kraft or All Service Jacket The
FOil SCrim Kraft (FSK) IS a glass scnm rein
'orced lamlOate of aluMlOum fOil and kraft
:conded together With a lire retardant adheSive
The foil Side IS out to p esent a neat metallic
<~rlace finish All Se" Ice Jacket (ASJ) IS
~omposed of a remlo ced white kraft and
" ummum fOlllamlna'e \\Ith the while kraft
aCing out

uses
13 60ard IS a general purpose Insulation
used to Insulate hoI or cold tanks vessels
equipment ductwork plenums as a lining
for equipment rooms or wherever a neat
finished insulation Job IS des 'd 16 Board IS
made 10 varying densities Impartmg rigIdity
characterlshcs from flexible (16 150) to rigid
(16 600) There IS a degree of rigidity for
rearly any applicahon requIring conformance
J curved surfaces or resistance to compres
slon or where sharp square edges are
reqUired

16 Board plalO (unfaced) IS used primarily
for heated applicahon (up to 450F) and for
acoushcal treatment It may be subsequently
finished Faced IB board In either FSK (me
tailic fOil appearance) or ASJ (clean white
Kraft appearance) IS used where a neat
appearance IS deSired and 'or a vapor bar
ner IS reqUired on cold surfaces Matching
lOll or ASJ tapes are available to finish off

When IB Board IS faced the IOsulatlon must
be of suffiCient thickness to maintain a
surlace temperature not exceeding 150 F

benefits
• Lower fuel bills

Exceptional thermal effiCienCy of IB Board
helps save more energy than many board
or block type Insulations used In Industnal
or commercial applications

• Conforms to Irregular surfaces
Fiber glass compOSition permits conform
ance to curved surfaces or where surface
irregularities eXist

• Dimensionally stable
Strong fiber glass reSin bonded boards
retain thickness and structural integnty
under severe service condlhons that Will
cause other IOsulat,ons 10 compress
compact crack or crumble Recovers
thickness atter belOg compressed

• Lower Installed cost
It IS easier to cut and fit and IS less weIght
than other Insula lions No breakage under
ordinary conditions means less waste

• Neat finished appearance
Board type insulation cuts cleanly With
neat square corners Available In a chOice
of factory applied vapor barner faCings
for metallIc or cnsp white surface
appearance

performance characteristics
thermal conductiVity (ASTM C 177)

K Fac10r

Board DenSIty at Mean Tem~ratures

Type Ibs cu IL 75 I 100 200 300

IB1SO liz 25 .26 33 43

IB200 2 23 25 32 40

IB2SO 2., .23 24 30 38

IB300 3 23 23 28 36

18420 4';' 23 23 28 35

18600 6 22 23 27 33

BTU InHR SF F

sound absorption (ASTM C 423 unfaced
board)

CoeH.clents at FrequenCies

Thick
Type ness 12 250 500 1000 2000 4000 NRC

IBISO 1 19 62 72 82 88 89 7S
IB200 1 15 55 73 86 92 94 75
1B2SO 1 .25 52 71 83 89 95 7S
18300 1 19 49 69 87 92 94 75
18420 1 33 40 70 94 100 98 75
18600 1 12 52 68 87 93 99 75

No se Reduct en CooNlelenl
F25 Mounting (formerly No 6)

FIre Safety (ASTM E 84 or UL 723) Flame
Spread rating not exceeding 25 and a
Smoke Developed rating not exceeding 50

Service Temperature (ASTM C 411)
Recommended for use from -20F to 450F

Tho mol Shock P:oc et:J.nco W II not c,.o.c~

spilt shrink or crumble
MOisture Adsorption (ASTM C 553) Not

exceeding 1 0"10 by volume
CorrOSion ReSistance Will not cause

corrosion of aluminum steel or copper as
tested In accordance With the Method In

HH I 558

ReSistance to FungI & Bacteria (ASTM D
2020 Method A) Does not breed or
promote

Vapor TransmiSSion (FaCings) (HH B 100B)
02 perm rating puncture resistance
(beach UMs) 50 ASJ 25 FSK

speCification compliances

IB IB IB IB 18 IB

150 200 2SO 300 420 600

HH B l00B
Type 1 (FaclllO)

x x x x x x

HH I 558 a
Form A

Class 1 & 2 x x x
Form B Type 1

Class 6

B-4 x
as x
B6 x

Form 8 Typ" I

Class 7 x x x x
Class 8

MIL I 22023C

Type I & II
Class 4 x
Class 5 x
Class 6 x

ASTM C 553 70

Type I 84 x
B5 x

ASTM C 612 70

Class 1 x x x x
Class 2 x X x

NOTE
All products orderOO10 comply Wllh anyone of the above
Speclflcalions should Indicate that requllement on Ihe
purchase order The prodUct has phySical propertres that
meel the phySical requirements section of the referenced
speclflcatlOn

Installation
CertalnTeed IB Board Insulation IS usually
applied directly to metal surfaces by Impal
Ing over welded pins or studs secured With
washers or clips The Insulalion surface IS
then covered With metal mesh insulating
cement and canvas or finished With a metal
covering sheet or faced boards are neatly
taped at the jomts For cold apphCaJ1on<; a
vapor barner faCing IS reqUired With all JOints
taped to assure a conlinuous vapor barner
Rub pressure senSitive tapes With a nylon
sealing tool to assure posllive bond Apply
only If temperature IS between 35 and
110 F Outdoor applications require addition
of weather protection FaCings may be
painted WIth a water based paint Consult
your CertalnTeed representalive for speCial
conditions

Pins or studs should be spaced on center
not exceeding 16' Pins at the insulation
edge.;) ,:)~ vuld not be more 'hon .... " from tho

edge Cover all pins and washers With a
matching vapor barner patch

DeSigners are caulioned to conSider thermal
bridging when uSing pins studs framing
and supports made of melal limit maxImum
Insulation surface temperature to 150 F

I
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POBox 860 Valley Forge PA 19482

I

Inasmuch as CertamTeed has no control over mstallatlon deSIgn mstallatlon workmanship accessory
mateflats or conditIOns of applicatIOn CertamTeed does not warrant the performance or results of any
Instal/allon contammg their products ThiS warranty disclaImer Includes ail Implied warranties Includmg
the warranties of merchantability and fitness for a particular purpose

(

I sulal an

\ lelded P ns and
Speed CI ps

Insulated Metal Panels

I 50 'aIOr'J

\Jetdea P ns
a rJ S~ed ClDS

W e ~'eSl1

or E paflOed
M tal lath

Metal Co e "9­
Co ruga ed Be Ao
Of Flat SheelS

tnsulalon

Expanded Metar Lalh

Welded P ns
and Speed CI ps

Insular ng Ceme I
e 01 Can as and
Pant

Sales Regions & Offices
Eastern RegIon Office Southern Region OffIce

4756 Tlideni Cout1 4360 Chamblee Dunwoody Road
BaltImore MD 21227 Sulle 230
3<l1 247 2170 Alanta GA 30341

Centra! RegIon Office 404455 47SO
103 Funslon Road Atlanta D,slncl Sales Office
Kansas Crty KS 66115 4360 Chamblee Ounwoody Road
913342.QOO4 SUite 230

Western Region Office AUanla GA 30341
177'5 Avenue 23'12 4044554750
Chowchilla CA 93610 Houslon Dlslncl Sales OffIce
209665-1316 9696 B'ssonnetOne

SUite 677
Houslon TX 77036
7139884411

Canvn FIn,sh

application details

legend & Inputs
HL-Heal Loss Blu It hr
ST-Surface Temperature F
outdoor-O F ambIent air 20 mph 4 emissIvity
Indoor-BO ambient air 0 mph 9 emissIVIty
No parallel heat /low paths conSidered

~rvlce Temperature

500 600 700 BOO

Indoor Outdoor Indoor OutdOOf IndOOf Outdoor IndOOf Outdoor

Thickness HL ST HL ST HL ST HL ST HL ST HL ST Hl ST HL ST
bare 1567 SOO 4185 SOO 2299 600 5519 600 3231 700 7068 700 4400 BOO BB65 800

50
10
15
20
25 58 115 65 21
30 49 110 54 18 67 120 73 23
35 42 106 47 16 58 115 63 20
40 3 103 41 t4 51 111 55 lB 68 120
45 33 101 36 13 45 108 49 17 61 116 64 21
50 30 99 33 12 41 106 44 15 55 113 58 19 71 121 74 23
55 27 9B 30 II 3 104 40 14 50 110 52 18 65 lIB 67 21
60 25 9" 27 10 34 102 37 13 46 108 48 16 59 116 61 20
65 23 95 25 10 32 100 34 12 42 106 44 15 55 113 57 19
70 21 94 23 9 30 99 31 12 39 105 41 15 51 III 53 18

recommended thIcknessqualifIcations for use
The maximum use temperature of an InSU

latlng matenal IS that temperature above
which It no longer provides satisfactory or
efficient service as a thermal InsulatIon
when applied under conditions of normal
usage A normal condition Implies low
applied loads limited vibration moderate
thermal stresses and a nondestructIve
atmosphere

There IS no srngle test for determrnlng the
maximum use temperature applicable 10 all
types of insulatIOn or even to one type of
InsulalJOn under all possible conditions of
use The maximum use temperature of
850°F for 850° Board has been esllmated
from product perlormances In the followrng
test procedures
1 ASTM C 356 Lrnear Shrrnkage of Per

formed High Temperature Thermal Insu
latlOn Subjected to Soaking Heat 850°
Board has negligible linear shnnkage
and or warpage after 96 hours exposure
and the loss rn weJght~does not exceed
4°,<> by weight

2 ASTM C 411 Hot Surlace Performances
of HIgh Temperature Thermal Insulation
8500 Board does not flame glow smol
der crack warp or delaminate when
applied to the hot surlace and exposed
for 96 hours Durr"lg ,n "'1 heat up the
controlled decomposllion of the bonding
materral may result rn smoke havrng an
acnd odor If natural convecliOn IS not
adequate rn confined areas forced ventr
latlon should be provided

3 ASTM C 177 Thermal Conductivity of
Matenals by Means of the Guarded Hot
Plate The thermal conductivity (k) of 850°
Board exposed for 96 hours per ASTM
C 411 shows no apprecIable detenoratlon
from the thermal conduclivlty of the spec
1men measured before the exposure

4 ASTM E 84 Surlace Burning Charactens
tiCS of BUlldmg Matenals 850° Board has
a maximum flame spread classifIcation of
25 and a maximum smoke developed
classification of 50

5 850° Board does not smolder when a
steel rod ,/, x 2 at 1450° F IS placed
between two specimens (12 X 12 x
nominal thIckness) mounted on a flat
surlace undet a load of 2 pounds for a
penod of one hour

The InformaliOn herein IS accurate (subject
to normal productIon and testing vanatlons)
and reliable to the best of CertalnTeed
Corporation S knOWledge However since
CertalnTeed has no control over Installalion
deSign Insta/latJon workmanshIp accessory
malenals or conditions of applicatIon no
express or Implied warranty IS made as to
the perlormance or results of an rnstallalion
containing 8500 Board
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recommended thickness
Hot Surfaces-Indoor Conditions-SO F ambient stili air (No parallel heat flow paths considered)

service
Temp 200 300 400

Energy Energy Energy EMrgy EMrgy Energy
Thick Lou Lou Surface Lou Los. Surface Lou Los. Surface
nUl 8ere Inlul Tlmp aar. Inlul Temp Bare Insul Temp
lin) (blu/lq It) (blullq It) (F) (btulaq It) (bluflq ft.) (F) (blu'aq ft.) (bluflq ft.) (F)

I 262 26 97 641 52 112 1126 85 127

2 282 14 90 641 28 99 1126 45 108

3 282 9 87 641 19 94 1126 31 99

4 262 7 66 641 IS 91 1126 24 96

5 282 6 85 641 12 89 1126 19 93

6 282 5 64 641 10 88 1126 16 91

7 - - - - 9 86 1126 14 90

8 - - - - - - 1126 12 89

9 - - - - - - - - -

Hot Surfaces-Outdoor Condltlons-O F ambient 20 mph Wind

service
Temp 200 300 400

Energy Energy Energy Energy Energy Energy
Thick Lou LOll Surflce LOIS Loss Sur10ce Lou LoSl Surface
nesa Bore Inaul Temp eore Inlul Temp Bare Inoul Temp
(In) (btulsq It) (btuf.q It) ( F) (btullq It) (btulaq It) (F) (btu Iq ft.) (btuflq ft.) (F)

I 1375 43 15 2358 72 20 3517 105 31

2 1375 22 9 2358 37 13 3517 54 18

3 1375 15 7 2358 25 10 3517 37 14

4 1375 19 8 2358 28 10 3517 39 13

5 1375 9 • 2358 15 7 3517 22 9

6 1375 8 4 2358 13 6 3517 19 8

7 - - - 2358 II 5 3517 16 7

8 - - - - - - 3517 14 6

9 - - - - - - - - -
cold sunaces
Thickness options based on permissible relative humidity (RH) and heat gain (HG)-90 ambient (3300 hrs 'yr operation)

Operltlng Tempersture 60F SOF 40F 30F o F

I".ulohon Thlcknes. HG RH HG RH HG RH HG RH HG RH

1 20 89 26 86 33 82 39 79 58 72
IV: 14 91 18 90 23 87 27 85 40 79
2 " 92 14 91 18 90 21 88 31 82
2V, 9 93 12 92 14 91 17 90 25 86
3 7 94 10 93 12 92 14 91 21 89

RH ftgures Shown are rnaxl~urT\ De mlSSlb e h... .., ,( 1to prevent condensat on on the msulat on surlace
HG Hea Gain = tJM STU oa neo '000 51:; t' 1""\ h ope at ng year For Informat On on sub ero a::>pl CC O""lS conta I Certa Teej rep e-sentat ve

(
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application details
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CerlainTeed 1:-1

18 Fiber Glass EquIpment,
and Tank InsulatIon Board
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Description
CertalnTeed Industrrallnsulatlon

Board (IB Board) IS composed of glass
fibers bonded together with a thermo
setting resin It IS available In 2 x 4
standard sizes either faced With a
vapor retarder facing or plain In

thicknesses of 1~ to 4~ depending on
denSIty Special sizes up to 48 x 120"
are available With Fall Scnm Kraft or All
Service Jacket The FOIl Scnm Kraft
(FSK) IS a glass scnm remforced
laminate of aluminum foil and kraft
bonded together With a fire retardant
adhesive The foil side IS out to present
a neat metallic suriace finish All
Service Jacket (ASJ) IS composed of a
reinforced v.hlte kraft and aluminum fori
laminate With the white kraft faCing out

Uses
IB Board IS a general purpose

insulation used to Insulate hot or cold
tanks vessels equipment ductwork
plenums and as a lining for equipment
rooms or wherever a neat fmlshed
insulation Job IS required IB Board IS
made In varying denSities Imparting
ngldlty charactenstlcs from fleXible (lB
150) to rrgld (IB 600) There IS a degree
of ngldlty for nearly any application
requlrrng conformance to cUl"\ed sur
faces or resistance to compression or
where sharp square edges are reqUired

IB Board plarn (unlaced) IS used
pnmanly for heated applications (UP to
450 F) and for acoustical treatment It
may be subsequentl~ finished Faced
IB Board \\ Ith either FSf\ (me,allie lorl
appearance) or ASJ (clean \\hl.e ~nft

appearance) IS used v.here a neat
appearance IS deSired and lor a vapor
retarder IS required on cold surtaces
Matching foil or ASJ tapes are a\ail
lble to finish off and sell JOin,,,

12

When IB Board IS faced the Insula
tlon must be of suffiCient thickness to
maintain a suriace temperature not
exceeding 150 F

BenefIts
Lower fuel bills - exceptional thermal
effiCiency of IB Board helps save more
energy than other board or block type
InsulatlO'1S
Conforms to Irregular surfaces ­
fiber glass composition permits can
formance to curved surfaces or where
surface Irregularities eXist
DimenSIOnally stable - strong fiber
glass resin bonded boards retain thick
ness and structural mtegnty under
severe service conditions that Will
cause other Insulations to compress
compact crack or crumble Recovers
thickness after bemg compressed
Lower Installed cost - It IS easier to
cut and fit and weighs less than many
other insulatIons No breakage under
ordinary conditions means less waste
Neat finished appearance - board
type msulatlon cuts cleanly \ Ith neat
square corners Available In a chOice of
factory applred vapor retarder facmgs
for metalhc or CriSP v hlte surtace
appearance

Performance Charactenstlcs
Thermal Performance (ASTr.1 C 177)

~ 1~c\o IBoa d 1 Dens ly at ME'an Teompe att,Jtes-

T)p<" Itls cu U ~ 100 I '0 300

I~ - I , I "
Ib l) I "l

IF: "l - I J-

IS
, I 1t

I~ I - I I -I -I I I I
~--- - I

Sound Absorption (ASTM C 423
unfaced board)

coeffiCients at
frequencIes

Board Thick

Type ness 12~ I~C ..Jtj-J 1000 2000 40-Ai ,,~

1815O 1 '9 £2 71 ~I 8~ 89 I
18200 1 1~ 55 7. a6 92 94 7

Ile250 1

I"
52 71 83 69 95 7

16300 1 '9 48 68 67 92 9. 7

16420 1 33 40 70 94 100 98
7 I16€00 1 12 ~2 €8 87 93 99

NO SI: Reduct on CoeHlCtenl F2 Mounting ,forme Iy No t

FIre Safety (ASTM E 84 or UL 723)
Flame Spread rating not exceeding 25
and a Smoke Developed rallng not
exceeding 50
Service Temperature (ASTM C 411)
Recommended for use from -20 F to
450 F
Thermal Shock ReSistance Will not
crack split shnnk or crumble
MOisture Adsorption (ASTM C553)
Not exceeding 1 000 by volume
CorrosIon Rf"',lstance (ASTM C 655)
Will not cause corrosion of aluminum
steel or copper as tested In accordance
With the method In HH 1 558
ReSIstance to Fungi & Bacteria
(ASTM 0 2020 Method A) Does not
breed or promote
Vapor Transmission (FaCings)
(HH B 100B) 02 perm rating puncture
resistance (beach units) 50 ASJ 25 FSf\

Specification Compliances·

fB1SO 18200 1825-0 18300 IB420 IS 6"'"

'1- 5 lCOB , , , , ,
T\oP 1 (Fac n'"

H- I 55" B
Fe -A

Ca 5'&2 • ,
F - 6 T,~e

Co <.(;
6 ,
~

~c

f -8 \~e

c: , .
::3 8

~I ,r
~ 1.... 11

Co
r 5
~ (

-- I
,

l

I

r-.OTE All products orde're'd 10 compl~ Yollh 1n,
ont' C' Ihe' a~,e SPe'Cdl~1',~ns ShOuld nd'(411,
thl rt QlWt n1t nt on Ih~ ('I.... hlc:;,e () dt I Tht
rH0 .... ,J h 1" rn, .... h...d "l t. 1l " ttl l. nlt't. tt'lt

p'"l....... 1 rt"Ov t r'1t'''' .... ... .,,, tnt:> rt:.. lt'ft n t

S"t" .......110"l
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HoI Surfaces-Outdoor CondltlOns-O F ambient 20 mph wind

Recommended ThIckness
Hot Surfaces-Indoor Condltlons-BO F ambient stili air (No parallel heat flow paths conSidered)

•
I
I
I
I
I
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I
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I

Metal Coverr"9

Welded Pins and
Speed Clips

Insulat on

Welded Pins
and Speed CI OS

Wre Mesh
Or E"panded
Metal Lalh

Metal Cove' ng ­
Corrugated Bo R b
Or Flat Sheels

/ Insulalon

~ / / E panded Helal lath

...-'"- < ,r / / \ Ie ded P ns
,( >-., and Speed CI ps

/".,. 1f\5ula "9 Cement
8 02 Canvas and
Pa of

Insulated Metal Panels

Metal Finish

Insulation

Application Details

Canvas FInish

center not exceeding 16" PinS at
insulation edges should not be more
than 4 from the edge Cover all PinS
and washers with matChing vapor
retarder patch

DeSigners are cautioned to conSider
thermal bndglng when uSing PinS
studs framing and supports made of
metal Limit maximum insulation sur
face temperature to 150·F

reqUired with all JOints taped to assure
a continuous vapor retarder Rub pres
sure sensitive tapes with a nylon
sealing tool to assure positive bond
Apply only If temperature IS between
35 F and 110 F Outdoor applications
reqUire addition of weather protection
Facings may be painted with a water
based paint Consult your CertalnTeed
representative for special conditions

PinS or studs should be spaced on

O~ratlng Temperature 60 F SO F 40 F 30 F a F

Insulation Thickness. HG RH HG RH HG RH HG RH HG RH
, 20 89 26 86 33 82 39 79 58 n
"

14 91 18 90 23 87 27 8, 40 79
2 11 92 14 91 18 90 21 88 31 82
21 9 93 12 92 14 91 17 90 2; 86
3 7 g4 10 93 12 92 14 91 2\ 89

Cold Surfaces
Thickness opllons based on permissible relative humidity (RH) and heat gain (HG)-90 F ambient
(3 300 hrs 'yr operallon)

Se-rVlce
Temp 200 300 400

I Energy Energy Energy Energy Energy Energy
Thick Loss Loss Surface Loss Loss Surface Loss Loss Surlace
ness Bare lnsul Temp Bare Insul Temp Bare tnsul Temp
In) {Blulsq It I (Btu sq It) ( F) (Btu sq It) IBlu sq It) ( F) (Btu/sq It) {Btu/sq It I ( FI

28? 0 9 r , '121=: 80

I 282 . yJ r '9 .0 1 6 J F

3 2a2 q 8 t c 11 • 31 q

J 28 80 0 " 11' J "
0 282 0 8, rJl 2 5- 112;;' '" Q

~

" 282 , 8J 6J \ '0 88 1126 16 Q

- - - - " 66 112F lJ 10

I
, - - - - - 1128 " b

- - - -

Installation
CertalnTeed IS Soard Insulation IS

usually applied directly to metal sur
faces by Impaling over welded PinS or
studs secured with washers or cliPS
The insulation surface IS then covered
\ Ith metal mesh insulating cement
and canvas or finished with a metal
covering sheet or faced boards are
neatly taped at the JOints For cold
applications a vapor retarder facing IS

Service
Temp 200 300 400

Energy Energy Energy Energy Energy Energy
Thick Loss Loss Surface Loss Loss Surface Loss Loss Sur1ace

I ness Bare Insul Temp Bare lnsul Temp Bare Insul Temp
In) (Blu/sq It) (Blulsq It) I F) (Btu/sq It) (Btulsq It) ( F) (Blu/sq It) (Btu/sq It) ( F)

I 1 3
"

2J 8 2 r 3 100 1

I " 13 <2 9 23,8 3 13 3 17 ;4 18

1J ; " 7 23 e 2, '0 3,17 37 14

13 ; 19 8 23 8 28 10 3:Jll 39 13

13 ; " ; 23 8 1 . 3;1] 22 9

I 13 ; d 4 2 t 8 J 6 1 P P

I - - "3 ,. 1 17 It,I

I - - - - - - 3~17 \ 4 ,

I - - - - - - - - -

Rrt flQutes ,hown ate ma mum permissible humid ty (CIt 110 prevent condene.allon on the InsulaI on Ilourlace
HG Heal Gam = MM Btu galnedl1000 SO f1 /3 300 hr operat n~ year For lniormahon on sub-zeta appl cations conlact
Ct-r'talnTeed repres.enlalll'e 13
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Te~~telP 1200°1& a ~d, htgh lem~roture, waler remtant rrdded perlite thermalmwlahon
available In either block, pipe or molded ~fung form The producll6 a hght gray matenal \I, Ith dark
heal 6lob,lszed Recb throughoullhe proch:! fOr easy Idenhf,cal,oo os an Inwlafion whdl does 001
contain 06best06

The product ha. on oppllcollOO lemperolure range up 10 1200"'F, even under cycliC coodlliom 116
unique waler ramlanl Iormulohon moke. II e~eCloUy wlfable for those appltcallOrls where \l,aler
incursIOn IS a con61derahon and where cellubr sloss or other foom 1n6uIohons have preVIously been
the 7'lly VIable ophol1 The product IS ooturall) h'sh In $lllCOleS, mabns 11 Ihe preferred chOICe br
those appllcahons where srress corrosIon IS a conslderahon Because the malenal WIll not relam
molslure, at cbe~ oot conlnbule 10 premolure corrorolOn of profeehve lackefJng ~ystem~

Features and Benefrts

Uses.

I

I
I

I
I

I
I

I
I

I
I

Temperl,te 12000
IS e:dremely remlanllo water absorphon Mechanical ~lrensfu and thermal per

formance are pre~erved and the ,"wlahon w.ll not oct os a reservoIr Jor locket corror.lOn a~ I~ com
mon With many olher ngid Jnsulahons

Bec:ause Temperllte 1200° 1& non Wlcbng and high In s.llcates, It Will not cou;e or promote dress
carrOMon cracking of austenihc &Iamless 61eel

TemP;erlrle 12000 prOVIde. e;lI;ceHenl thermallo>ulahng pror.en1eii Ih~hou' II> full range of use
Thl thennal efficiency resuhs 10 reliable temperalure control for whcal process operations

Temr.e~lle 1200" w"l not bum or carry Rome It has a Flame Spread of z.erp cnd a SlTlOke
Developed of zero when te~tcd per ASTM EB4

unl.ke some other ngld In..ulahon~1Temperhte 1200° Will mOlntam Ih IIlJegnly and msulahng eHl
Clene) e ... en
under condllion. of ..cakmg heal up 10 lis full 1200°F recommended operatm9 range

TemfX:r1rte J200° I. de.lgned and monufaclured 10 P':ovlde the rJrenglh reqlJlred 10 Wlfhstand per
sonnel traffic and other common Installallon and appl,cahon obu;es

I
I
I
I
I
I
I

Mo15/ure
ReSistance

CorrosIon
Reslstonce

Thermo'
Effloency

Heal

Stability

Rigidify

, T r I .. r I

I
I
I



Knauf Fiber Glass240 Elizabeth Street Shelb)'Yllle, Indrana 46176 (800) 825 4434 FAX (317) 398 3675
Regional Offices Eastern One North Revmonl Dnve Shrewsbury, Ne,l.1 Jcrser 07701 (908) 389 3131

Western 240 Elizabelh Street Shelbyville, IN 46176 (31713984434
Southern 1170 Corporate Dnve We..1 SUlfe 203 ArlllJgton, Texas 76006 (817) 640 8986
Canada 88 Unlver..lty Aveooe SUite 800 To ron10, Onlono M5J 1T6 (416) 593 4322

tnnova TechnologIes, tnc IS whoJly-owned by Knauf Fiber Glass Knauf has Founded tnnova TechnolqJlBs In orrier 10
pursue /he development and manufachmn9 Of non bbroos Insulation matenals Innova products ore avOl/a~ exc1u
£IWJIy ihrou9h Knauf Flbm- GloS£,
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I
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Notes
The chemical and physical p~er
ties of Tempert.k:· 1200° Insulation
r~resent typICal ave!Uge volues
determined °m accordarn:e With

accepted te.! methods The dolo IS

w~e<llo normal manufaclunn.9
vanahom The dolo I. wpplled a. a
lechmcol service and I. sublect 10
change WIthout nohce Rererence$ 10
numencal Rome sereod ratings ore
not Intended b reHeet hazarch pre
sented b, Ihe.e or any' other
matenals under ocluol nre condl
hom Check wdh ~r Knauf region
01 office 10 a~wre mformohon 1& cur
rent

24 hfl'. 38% max

(5% deFormahonl
(1200°F b 24 hr~l

072

130

144

115

101 P
~

DB?$:......

800

057

043

Value
120 14 pcf
2 hrs 12% max
48 56 Plio\
60 70 Pl'.1

2% max
Flame Spread 0
Srrcke Developed 0
No Visible change
No vIsible change
No \Isible change
No vIsible change
104107

044 BTU m/hr FfF
o48 BTU m/hr FfF
o57 BTU m/hr FfF
o68 BlU m/hr FPF

427

600

316

400

TesfMeJhod
ASTM C 303
ASTM C209
ASTM C203
ASTM C 165
ASTM C356
ASTM EB4
MaxllT..,m
7 days - 10% Hcl
7 days - 10% H so.
24 hrs - 2.5% Hd
24 hrs - 25% HlSO.
MIL-I 24244C (SH)
ASTM C 177
100°F Mean TerTfl
200°F Mean TerTfl
400°F Mean TerTfl
6QO°F Mean Temp

Mean Temperolure

~,
~ ",

It1fA
.II """'"

",.
.... ",

,- ....

t~ 80
U('"J
::l ....

-0 u.. 70

~~
- c 60

~2
F~ 50

40

Kvs Mean Temperature

18 (0C) ~ 93

100

90

ASTM C 61 0 T~pe n*Standard Spec'hcahOfl for ExpOtlded PeHlte Bkxk and Plpc l'hermallnwlahon"·
ASTM C 795 "Standard Spe<I~cahon For Wicklng Type Thermollnwlahon lor Use Over Austemhc
Slalnless Sleet"
Mill 24244C (SH) 1nwfatloo Matenol With Special Corrosion db-Ide, and Fluonde ReqUirements"

NRC Reg GUide J 36 "Nonmetallic Thermallnwlohon for Austenthc Siomfess sfe.e1"
D.JPont "Dana" Acceklrate<l Sire£> CorrosIOn Tesl after 700°F Soaking Heat
USCG 164009/308/0 "Noocorrbu&ltble Malenol w

'Wol¥er reqUIred on Iurrbtng inability

30

200

~rmolConduchVlty

fflys1cal Properties.

Property
DensIty
"Vofer Absorphon
Flexural Strength
ComprE!5SNB SJrengifJ
lmeor Shrmko96
Svrlece BurnIng
charochmshcs
AcId ReSJsJonce
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Terrperltle PC Will nol bum or corry flame Ter:PCrtlle PC has a maxlfoom !lame spread of 10 and a
roo..o:lmum .moke developed of 10 .... hen Ie led per MSTM E84

Tef!lperllle PC IS de Igned and manufaclured 10 pro'/Ide the strength reqUired 10 wlth.land per..onnel
!raltic and other cornmon lnslallahon and appl.cohon obu&.e~

TemperJrle Fe Install. quICkly and eo••ty/ rTlInlmlzJn9 held labor and breakage It abo ~tores com
padly aI the lob lie cLe to Its "in the flot" hipping conftgurahon

At temperatures up 10 700CF, Tefll>erille PC IS extremely remtant 10 water ob«>rphon Mechanical
slrength and thermal performance are pre&.erved and the IOwlahon Will nol ad as a rEl&.erYO'r for
lacket corrQ!,lon os IS common WIth mony other n91d IOsukJnom

Becau..e Ternperl,le PC IS hIgh In sllicole. and non Hlc~mg, " WIll nol cau e Of" promole ure•• corro
Sloo crarklng of ouslemhc sJamless steel

Temperille PC prOVIdes e:.-cellenl fuerrool In ulahfl9 properties furoughoul,t< fun ranse of u..e This
thermal eHlClency resull.s In reliable temperalure control for cflhcal process ~raltOl'1s Because II IS

prec••lOn v grcx>ved 10 exael ""zes, It cb..es hghtly around Ih antended vessel, eltrTlinatlll9 uncbsed
spaces or cracb wtllch are common With held Inslallallons 01 olher scored producls

EaJe of
Installohon

Thermal
EffiCiency

Corrosion
ReSistance

Temperlll€l' PC I~ a precmon cut, ... -groc...ed pIpe and "e..e1In.ulahon manufactured from
Ternperllte" 1200°/ a ngld, hIgh tem~ralure, water remtant, molded perlite thermallnwlahon It IS

prodoced 10 ht preme ?pe and ves.el SizeS for IOdu.Jnol oppl.cohon. from 8QCF b 1200°F
Temperlile PC I. suppfid With a gkm mal adhered 10 Ihp precmon cuI >egmenls for ea.e of han
dllf19 and mstollahon VVhen compared ~OImt rrore hme comurnmg olternohves such as molded
curve s.egment. or ){:Of"eel bbck Temperl/te PC can repre..enl a S1gmhcant held bbor ~Vlns5

The producl has an appt.collon lemperolure range up b 1200°F, even under cyclIC cood,IJons lis
un'9ue v.a1er remlant Icrmulatlon rooke. If e..peclony w,lable fer tho.e appllCahom where waler
IncursIOn IS (] coos,derahon due 10 eIther loss OIlhermol effiCiency or corrosIOn The product IS natu
rally ht9.h In slllCa/es, ma~lng II the P!'"eferred chOice for those 0Pl?llcahon. where stress <:orro.lOn IS

a constderohon Because the molenal WIll oot reloln mol lure, It does nol contribute 10 premature
corro.lon oI protechve lockehng .)islems

Fea1ures and Benefits

Mo/Afure
ReSistance

Uses.

I
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NallOnally dlstnbuted by
Knauf fIber GIaH
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The chemlcsl and p!-tyslcaJ properties of
Knauf Bel'Elted TemperatLre Blanket
InsulatJcn represent typtcal l!rVe-age va.!

ues determned In a:co dance wrth
~cepted test (y)pthcds The data IS

subject to normal menJfactlrl'1g end

test ng vanabons The data 1$ supplied
as a technical $6fVIce and 1$ subject to

che."lQe without notice References to
N.JI'T'lencal flame spread ratings ~e not

ntended to reflect haza ds presented

by ~EB;; 0. a'"\y othElf malenaJs u"'\d",r

a."1:u~ fire condilion5 VleCK WI h your

Knau' r€";)lonal office to asstre L,fo rna

ton IS current

.. SPEC/FiCA770N COMPUANC£

HH-f 558C Form B aa~~ 7 8

MIL 1-24244C

ASTMC 795
NRC 1 36 Reg Guide

USCG 164 009125910

MIL I 22023D

Type I, Class 3
Type U, Oass 3

IN CANADA
roSB51 GP 11M

DNO 15280 02 E-2

CCG 7001F1-772

.. RESIS TS MOLD GROWTH
(ASTMC 665)

I<'.nauf Elevated Temperature Blan­
ket Insulation does not promote the

orowlh of fungi or bactena It IMll

not rot or sustaJn vermin

• NON-CORROSIVE (ASTM C 6(5)

Knauf Bevated Temperalu e Blan­
ket Insulation WIll not accelereie
corrosion or steel It compltes to
stre$$ COrTO$lon requirements of
MIL+24244C

Knauf Bevaled Temperature Blanket
lnsulatlCtl IS uaed for rndu3tnal heat­
Ing eqJrpment to 1000°F (537°0)
~plicabon~ Indud-o Industnal fur~

naces panel sylrtems mllrlM appli­
callons and lITegUIar sLrle.ces

&.5TERfJ

()--Il" N:Jrth Revrnont Dnve
Shroo-.sou')' NJ 07701
(908) 3893131

WeSTERN

240 B "abeth S reet

She!byvtlle, IN 46176
(3i?) 398-4434

SOUTHERN
1170 Corporate Dn"e Yves!
&l1.e 203
Arlln;;ton ,... 76006
(8i 7) 640 8986

CAiJADA

88 U"'lIvers:ty Aver"l.Je &lite 800

TorcYllo Onta'lo MSJ H6
(416) 593 4322

Knauf Fiber Glass Gm!JH
240 B zabeth Str€-et
ShelblV1l1e IN 46176
(~O) 825 4434
FA'><. (3i?) 398 3675

.. EXCRLENT THERMAL
PROPERTIES

Knauf Beveted Temperature Blan
ket insulation has Io-N -hermal con­

ductl\l1ty It prOVIdes for Increased

system efficiency as rt decreases

fuel U'3EIQe
.. LOW COST INSTAU.A770N

Knauf 8cvated Temperature Blan
ket Insulation IS Ilg'1l1Ne1ght and

easy to handle and fWocll.+e Its

fleYlble charaetensucs make It Ide.al
for fat or Irregular surfaces

.. DAMAGe ReS/STAtIT

Knauf 8evated Temperature Blan
ket lnsLJabon IS tough and resilient

It resists damage In s!-apment BI$

well as dUTlTlg and after lns:taJlalJon

Knauf Bet/sled Temperature Blan\<el
insulation 13 e. ~ohtwetQht t"lerrneJ Ir'ISU

labon blanket made from highly

r~Jhent, Inorgarllc glas~ flber~ bonded
by a htgh-terrperalure therfTlOeietbng

resin

•
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• EN£RGYCONSERVAnON

VoJ'laUf Be<tated Tem~ atlA'S Board
offers excellent r~1l5tonce to heat
IOS$ ....tllm =.res e'"le 'd'I md loNers

opere.1Jng CO~\~

• LARGE SfZES
SIzes up to 4' x 10' (1219 ffi'Tl x

304B mm) reduce the rumber of
pnts reduce Jnslallabon time and
eliminate potentlel sources of h<eat

leat.aoe

Form No IC-DS-4H effectIve 4/95
Super~edel!l Ie D8-4G De.ted 1/92

Knauf BCvated Temperature Board 19

de~"dned to be utilized 8£ 81 elevated
temperah.l'(l 59ht denSIty nsuatlon for

borlPf' walls hot prectprtatore hot clJri
work cylindrical tank$ tCl'IJers stacks

nci.'StrRll ovens, J:Ir1d manne ~plJca­

tons "'lh€ product IS de1::lgnoo for appll­

caho'l3 to mt'\)(Jmum cpere.1Jonal tem­
perature of 85QoF (454°G) and thlck­

nes~$ not to exceed 6 (152 rrrn)

KNAUF ELEVATED TEMPERATURE BOARD TO +850°F

Knauf 8e ..ated T!Ynperatu e Board IS a

iQhtwel(Jht n~JatJon made f-orn oor
ganK: fibers bonded ......mh a h gh tern
perature therm~thngr~ "The n~u-

!atlon IS Ii a semi rJold board-hke form
With ~penor hP:lndIr>g prcperiles ond

n~l1atJn9 effecbveness at mnJm.Jm
~t

I
I
I
I
I
I
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I
I
I
I
I
I
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Knauf 8eva+ed Tempera.+vre Board
compiles to the PrqJert)' reqUIre­

ments of the follOWing soecl11ca­
bons

USCG 164009121410

Carraaan Coast Guard 1001F7-109

MIL-I 24244C

ASTMC 795

NRC 136 Reg Gwde

KnaLf Fiber Gess GmbH
240 Blzooeth &reet
ShebyvJ1le lf~ 40176

(0001 825-~34

FAY (317) 398 3e75

MIL I 75475C (SHIPS)

ASTM C 672 Type IA IS II

HH { 558C (Amend 3)

Form A Class 1 2 3

I A!.. ' 22023D Tvpe II
/1/ CNJADA

CGSB 57 GP 70,11

DUD 15280 02 E 2
eCG 7001FI-170

EASTERN

Ole 1\0 th Revrnon! Dnve
Srtrev.:sb..,lr). ~-!J 07701

(9OB) 359-3131

WESTERN

240 azsbeth Street
S'1e1byvllle IN 48176
(317) 39&-4434

SOU~ER1V

1170 Co porate Dnve West

&ute 203
A';I"1Qlcn TX 76~6

(817) 64:J-8986

CAN,.,D4

88 Un \Ie sty AI. enue Suite BOO
Tcrmto 0"3110 M5J 1T6
(416) 593 4322

V..nU Beveted Temperature Board IS

p-oduced In lengths of 24 throogh

120 (610 rrrn through 3043 rrm) n
1 (25 m'Tl) Il"Jcrements ",dtns of 24
end 48 (51::l rrm enc 1220 M'Tl) end
thlcl<ne~t1 from 1 to 4 (25 rrm to

102 mm) It1 '/. (13 rrvn) ncremenls
I.

The nemcaJ End phySICal prcpe'riJ~

cf K'lSLf Bevs:ed Temperature Board
represen t'"P1cal averaoe vaues de er

mn'"<i 1'1 ~cordanC'e .....~th Eo"cepted
test me-.ods The data IS subject to
no mel va'1atlons The da"a IS SUpplied

as a tech'1lc~ tserVlce ond IS subject to

change Without nobce Referen~ to
nu.'Tle'1csJ f!ll'ml e:pread rat! '"lQ~ llf6 not

"le'"ldS'd to re~ect hazards prE'Sented
b} these or ~y o:he-- maLe1'I~ under

~.J::J fi e oondrt,ons 01e-...-k v th YOU'

l\.'1auf reglo'd office to ass..re nforma­
ben IS c.;rrent

I
I
I



DUCTS, PLENUMS, AND
HOUSINGS
Fibrous Board Duct Insulation
Rectangular/Exposed

Fibrous board duct Insulation may be specified for exposed
rectangular ducts plenums and housIngs Outdoor Installations
require a weather-barrier finish In addition to the factory-applied
Jacketing used on Indoor exposed applications FInishes other
than the reinforced weather-barrier mastic Include (1 an outer
Jacket of metal, plastIc or laminate overlapped and secured (See
Plate No 22Al and (2 One coat finishing cement reinforced
wIth wire mesh and corner bead (See Plate No 228) ChOIce of
flnlS,llS dependent upon the mechanical abuse, weather
exposure and appearance requirements of the Installation
Materials FIbrous board duct Insulation (shown wIth
factory-applied vapor-retarder jacket), vapor-retarder tape,
staples adheSive, mechanical fasteners, weather-barrier mastic
and reinforCing mesh

1 Rectangular duct
2 Fibrous board insulation (corners may be straIght or kerfedJ
3 AdheSive spotted to assist the installation (optlonaD
4 Mechanical fasteners as required to secure InsulatIon (starting

3" [maximum] from the butt JOint)
5 Vapor-retarder tape over JOInts, breaks and penetrations of the

vapor-retarder jacket
6 Weather-barrier mastic reInforced with fabriC or mesh (for

outdoors applicatIons)
7 Jacketing applied for mechanical abuse protection, appearance

requirements or weather protectIon (shown as metal secured
wIth screws)

8 Standing seam (optIOnal)

, pLATE NO 20
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SUBMITTAL DATA

3/93

PLATE NO 20

---------
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FIBROUS BOARD DUCT INSULATION
RECTANGULAR/EXPOSED
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PLATE NO 26

VESSELS, TANKS
AND EQUIPMENT
Curved Surfaces
Rigid Board Insulation

Boards of cellular glass minerai fiber or glass fiber are used
primarily on flat surfaces such as breechlng and flues However
If scored or beveled, rigId boards can be made to conform to the
surface curvature of vessels, support legs. skirts and oth~r

Irregular surfaces
Materials Rigid boards, corrugated or smooth sheeting sheet
metal screws or pop rivets and bands and mechanical fasteners

1 Vessel wall
2 Insulation board scored or beveled to fit the curvature of the

vessel surface
3 A method of securement IS Impalement of Insulation on

mechanical fasteners (OptlonaD
4 Bands (specify type. size & centers) and S' clips as required

(See Plate No 25 for detad ) Provide for expansion If
necessary

5 Bottom tier of Insulation IS cellular glass In potential splash,
wash-down or flood areas where water absorption and wlcklng
may occur (OptlonaD

6 Corrugated or smooth sheeting secured with sheet metal
screws. pop rivets or adhesive

7 Head flashing
8 Caulking/flashIng at fittings (Optional)

I

(m~a NATIONAL INSULATION STANDARDS
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SUBMITTAL DATA
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PLATE NO 26
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•
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•
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•
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•
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00.c,,- to &,,,(;>,,0
• ~.. tJ .e C1
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PROCESS
STORAGE TANK

®------------------
0----------------

MATERIALS

CD SYSTEM----------------

0-----------------­
0------------------
0------------------
®------------------
®------------------
CD

CURVED
SURFACES
RIGID BOARD
INSULATION
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PLATE NO 29

VESSELS, TANKS
AND EQUIPMENT
Extreme Temperature Vessels
Block Insulation

High temperature (above 60U'Fl and/or refrigerated (below
32°Fl Installations such as boilers, refrigerant tanks and
power/process equipment may require double layer block
construction, securement of the Insulation with bands and the
design of expansion/contraction JOints High temperature
Insulation IS Illustrated Similar methods are employed on
extreme low temperature surfaces as noted

Detail A - Expansion/contraction Jomt (tYPical)
Detail B - Double layer staggered Jomt constructIon

Materials Rigid block Insulation, fiber blanket Insulation, metal
Jacketing bands, stranded cable and vapor-retarder mastic

1 Vessel surface
2 Expansion JOint filled With blanket Insulation to absorb linear

expansion of vessel when at operating temperatures (Mater lal
IS compressed tightly Into JOint when used for expansion or
contraction on hot vessels)

3 Contraction/expansion slip JOint (See detail A, also Plate No
35, detail 0-6)

4 Direction of linear expansion contraction (Opposite for cold
surfaces)

5 Double layer blocks - staggered JOint construction (See detail )
6 Jacketing banded In place (metal shown)
7 Bands (Provide for expansion If necessary) SpeCify type, size

&centers
B Head Insulation secured With a floating ring of cable fastened to

another ring of cable under head flange (See detail A, also
Plate No 35 - detail A & 0)

9 Pre-fabricated metal tank head cover (See Plate No 35­
detaIl B)

10 Weather/vapor-retarder If reqUired
11 Bottom Insulation (High compressive strength required)

1

\
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SUBMITTAL DATA
MATERIALS

CD SYSTEM-------@---------

® ®-------
® 0------
8) 0------
® 0------
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CD 0------
® 0-------
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A

PLATE NO 29

~~~--------

B

EXTREME TEMPERATURE
VESSELS BLOCK

INSULATION

1
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See the Reference Section for reference number InformatJon Crew lJs:Jrgs and Crty CostI~194

r-1-...... : r:Fl rr u1.

155 600 IHeabng System Access.
DAllY MAlI- 1993 BAllE COSTS TOT,lJ.

CREW OUTPUT HOURS UNIT MAT lABOR EQUIP TOT.ll. INClOLP

640 0620 90 Ib por hour 0.5 3 5.333 Ea 3300 132 3432 38:1)-r-
I I

A

0640 120lb per hour 250 6400 4325 158 4483 5025
0660 180 Ib per hour 1- 2 8 1- 5125 198 5323 59:1)
0700 With blower
0720 10 Ib per hour 0.5 550 2909 Ea 2500 72 2572 28:1)
0740 17 Ib per hour 475 3.368 2575 83 2658 29:1)
0760 30 Ib per hour 375 4267 262:1 105 2730 30:1)
0780 60 Ib per hour 350 4571 322:1 113 3338 372"
0800 90 Ib per hour 275 5818 4575 144 4719 5260

1.llJWi" --..1201b per h<Jur 2 8 5950 198 6148 68:1)

( 0840 180 Ib per hour 150 10667 6375 263 6638 7425
) PC/£' ~--r

.~ 0010 INSU~ erJtL tf,eS '7
1HOl R_ umb as a percentag. of total mechanical costs Job 10~

lCOO Boller 1 1/2' calcium Silicate 1/2 cement finish 0-14 50 .320 SF 343 755 1098 15 I~

1020 2' fiberglass 13r:; It.. f:f f} lit/' J1 , 80 100
, £2if 470 687 9:tJ

2000 Breechlng 2 calCIUm Silicate With 1/2 cement finish, no lath ""C..-

2020 Rectang'Jlar 0.14 50 .320 SF 479 755 1234 17 ~5

2040 Round 40 400 5.30 940 V 70 21
2300 CalCium slhcat· block, +200' to .,. 1200 F --2340 I thICk 0.14 30 533 SF , 271 1255 1526 23
2360 I 1/2 thick 25 640 ~-- 295 1505 18 27 ~
2380

11/tl-h,",~ Jt-fi.~ ~1A,t-l(fJU
22 727 374 1710 2084 31 )"

2400 18 889 595 21 2695 40
2900 DomestIC water heater Nrap kit '-- (. I'-' I/(.,(......:...t<::.- ra /1.1 6,
2920 1 112 With V1n0 Jacket 20.£0 gal I Plum 8 1 Ea 2550 2750 53 69:1.
3000 Ductwork
3020 Blanket type fiberglass fleXible
3030 fire resistant hner black coating one Side
3050 1/2 thick 2 Ib denSity 0.14 380 042 SF 38 99 137 2
3060 l' thick 1112 Ib density 350 046 50 loa 158 217
3070 1 1/2 thick 1 1/2 Ib denSity 320 0:10 62 118 180 2"e
3080 2 thick, 1 112 Ib densltj 300 OJ3 80 125 211 29
3140 FRK vapor bamer wrap 7J Ib d.nsltj
3160 1 thick 0.14 3;,0 040 SF 2:1 108 1.33 2
3170 1112 thICk 320 0;,0 34 118 152 21\

3180 2 thick 300 CJ3 41 125 160 245
3100 3 thick 260 C<J2 ... 62 145 207 299
3210 Vinyl Jacket, same as FR K
3280 Unlaced 1 Ib density
3310 1 thICk 0.14 360 044 SF 24 10J 1.29 193
3320 1 112 thick I 330 IJ.4S I 36 114 150 212
3330 2 thick ... 310 052 ... 48 1.21 169 247
3490 Board type fiberglass, 3 Ib density
3500 Fire resIStant black pigmentod 1Side
3520 1 th.ck 0.14 150 107 SF 144 251 395 56u
3540 1 112 thick 130 123 178 289 467 6&:1

3560 2' thick 120 133 215 314 529 71~

3600 FRK vapx bamer
3620 1 thick 0-14 150 107 SF 125 251 376 540
3630 1 112' thick 130 123 154 289 443 6.3J
3640 2 thick 120 133 180 314 494 7
3680 No finsh
3700 1 thick 0.14 170 QQ4 SJ 79 211 3 440

3710 1 1/2' thICk 140 114 98 269 367 535
3720 2' thICk 130 123 162 289 451 640

'"'"
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1~5 400 IWann Air Systems CREW UNIT MAT TOTJJ.

Fo no coollOg deduci ~ 25% 10% I 440
:01

I
l~fFJ RED UNIT 451

.. I C<! f.ed unyenled ele Inc Ig111101 1007. ~hulo'l PIPing and
-~

y, IOns not Included
~l

til I"put 15 MSH 0-5 7 2286 ~ 310 ~~ 50 36650 425

30 MBH 6 2667 330 66 390 465
1

1 45 MBH 5 3200 350 79 429 505..
· 50 MBH 450 3556 380 8~ 468 555I,

60 MBH 4 4 410 0; 509 600
l

75 W8H 3 5333 445 132 577 690
90 MBH 250 6400 495 158 653 785
105 MBH 2 8 700 198 898 1075
120 WBH 2 8 740 19B 938 1125

[iI""r Single or Ihree pha~e

6 KW 20478 BTU IEle.: Ea 310 71 3PI 445

11 13 5 KW 40 9~6 BTU 485 8~ i.J 57050 665

)., 24 'f::,'/ 81912 BTU 935 107 1092 1,225

· C< f'0 two stage pump contr:lls so' iO dvalve venterWI
t", 117 000 BTU one b rro 0-5 250 2.375 158 2~33 2875· 234 DaD BTU tv.~ br' d5 4400 170 4576 5100Lt."

I
351 00') BTU I" - b ~, 2 6600 19- 679' 7550
468 DOD BTU j J t - I 66JO ~..J 9C~ 10100 EI'f'

Freo air IOIE' pel b 1e , 135 13" 149
• 5650 62.-" Prepurger pel UOl' add 5050 ..E.

a:::::
IW.I-·[ UP AIR UtilT

I
461 ()-• l-.m SUS;Je1SI0n nalur,VI.P g'~ C c , fi oj Z

~ I 5 ' ,j, d cc11ro' For fl,,' S.., C SO 11~o 680

1

<-/"'r I -;Jera'ure ns' ~,~~ IS ...
I 2000 Cd' 1681"- ().

I I
8 Ea

I
4"/5 Ov l 5300

(.)

I
j L LU

I jOOO Cd' 202/ 1,- I 2 12 I / 570 , 0 4£....2 55?5 ~
4nOO Cd' 3~D I'> I 8' I. j

I I
417" j.. 110 5800

I

I

[I
6')0:) C>~I 5~2 I' - , IE '7/5 n EIE 6575

I 8000 Cd' 670 ~'3- 14'1 17143 6J20 ~J E7 7625
10000 Cd' 8381'3'"' , ?D 20 7125 5.0 HJO 8600

1 12000 WI 1000 ~'3., 1 24 7175 6'0 77'A B825
I

• 14 DOD CFM 11Sn/S-I 94 LO 532 7275 605 79jO 9000
18 ODD CFM 13~O ~/:-I 80 ~7 907 7350 715 Blh 9150
20 000 CF~I 1E~~ 1'5'"' 76 31 ~7° q 0i.J 810 9B~~ 11200

I

I
24 00') C~tI ~O I 11~., 0-7

I
1 32 0300 c...1 1010 1160"

.0 OOJ C 1/ L '0 11 :- I 0'00 104 , 119'10
'0000 Wi 2C ') 1':-

I I
02 I..J 1? 101 C 0 1J 0 1 1000

j .,0 OQJ C~~' =. ~C' 1':- g, j~ P 41 1'. 15100

11
4~00 C~M ,77v~'3M ~4 I~ COl' 1270J 1C' 1J 1'\ IS 500
50000CFM 4181~'3- SO 4:J 1, 9~ 1C~1 1J C" 15700

1 55 OO:J Cd' 40::lJ ~13- 70 60 It 400 I Po 17 kO, 10700

t I~{ - 68 00::1 CF~' li020 ~'~-1 70 ~om 17100 I OJ IE ,., 20600

I eli 00::1 C~~/ Ii.,_~ ~'3- 6' I"Jt
J 17200 jP IS to 21000

I 7' 0" Cr ~I 6: ., ,,~- ~. Q01 10 ., '? SOD,
I I

CS- ' b I J\ 0 0 - 10.I

I "
• 0"5 2~j ?O

'"
haS" t-c" d''1;>' ~~ a ' 10\

I Fe- \"'11.2 l1t a"" !if.I t..\ ... L
I , ~ I ~..., \", CC E.\ ' ...., , , r< ~ -- I'

.., /

.t 165
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GAS FIRED ]j\]FRA-RED HEATERS

I
I
I

un IV
(

HepaR'" jl8 e,u5 Ij ,i%i" SiS 4lft:S' j a'Ee 45;' if' ...,\,TD t i~~U

_ c')fT'pL.ter aided cesign service offers a 'TlUltl ~ce or Ir'Dcr
- 'ac's comparatl\ie fuel costs life cvc'e cos,s accurate heat
::>::> da,a etc pro\ldlng you with the mos econC'Ilcal heating
" ern availacle We '1111 also provide yCJ Cus.Clilzeo ec;ulD
".." plans ard la/cu,s AT NO EXTRA CCST Ilr,,'l you Inve::
_ rea,lng dollars In a SUNTUBE Inf,a ~ea sys e'"1 OL., fac
- ,,'lglneenng experts are ready to o'fe 'relr 'ie1p In evalu
-,:; lour deSigns cr plans and offer any asslsta'ice yOL. may

-:: Ie SOL.l.RONICS IS ready to helD jeu start savlrg real
~ :::oilars no\\ I

l .. ~i 13 1~1~:1A RED HEAT?
-.)i'JTUBE heat IS produced by Infra Red rays an energy form
~lIar to liS ble light Tnls energy travels a. 186 CCO miles per
,,_Jrd In a s.ralght line without loss of heal to the air It can be
-ed reflected or focused by matenals 'hat have a highly

- e: Ie surTace SL.C1 as Bnght alUmlnL.M cr exa'Tlple When
" ed s,nke::> an 3::Jsorotlve oblec. SuC-, as cc-c e" 1000

::" caln1 Sl\,n or c C,11ng It IS ccn/e"'c: -,0 f.e::. a. r" "Jr
:e Surrounding air IS then Narrred bf c:::;rdL.C C'l ard ccn

-_ en Tne bes, exanple of thiS trans e j he::. IS frOM .re
_- a the earth \Jlt1cut loss of heat ,0 ou e SDace

~ - ). 'I 0 :x? 0 F::.\TUR;: S
I ~~:: '11'5

.:: -<::;'e 10 15 2C 25 30 35 40 -5 5J 55 ~: 65 a 70
eet long s,ralght deSign With 20 30 4:] 50 60 or 70 feet
:ng compact U tube deSign Eas Iy ada:;table 0 per rre.er
area span or spo, heating arrangemen.s

/ l'lOUtS of MBTUH 40 45 50 55 60 65 70 75 80 85 90
95 100 105 110 115 120 125 130 135 140 145 150
,55 160 165 170 175 180 185 165 190 195 and 200
Available In either Natural (NAT) or Propane (LP)

/ PI eassembled In 10 and 5 sections JUs hang and connect
/ CL.s·omIZlng for most any layout IS achle/ablp III,h the use

vI 45' and 900 elbows
,/ Integral turnbuckles and a Sliding hanger for ease of

leveling and to help In compensating for expansion

)

i

REFLECTORS
v 91 70

0 Reflectional Erflc enc; (s,d reflec'or des gn)
v' Mirror Bnte Aluminum finish (highly polished)
v 5 or 10 long and free to expand Sc entlflcally deSigned for

optimum Infra red disperSion Patented adjustable reflectors
each section adjusts IndiVidually for any angle or honzontal
mounting Allows \o'ler mounting heights and perImeter
location Without the use of reflector Side extensions

v Removable Without tools (Snap In Snap out)

HEAT EXCHANGER(s)
,/ Rugged and durable 12 ga (1 09 ) black s,eel 4 0 D

tubing 5 or 10 long
v The las, or marKed heat exc1a"'ger has a fac'ory Ins.alled

/- 0 - ~oc! - IS - I,. r- ::--::: e"lc e"'cj

COMBUSTION CHAMBER
,/ Hea'ly dt..·y 1-\ ga (083) ;. ~r'a -;-nerm (A'L.r'InIZ9d

Titanium s,eel) .1 0 D tubing 1:) 'crg -IS-9C: II h ::: hle h

emlsslvlt; rated cor,osion res:: an, clacl.; cOerlng

It" Dry no condensation or flue products dunng s,eady ::>,ate
operations

v' Direct spark IgnitIOn 1000
0 sa,e shut off

v POSitive pressure blo' Jer With pre pur~e cycle
/ Slrrple chain hanging arrangement
/120 VAC 1 Phase 60 Hz
It" A max of 1 47 full load amps
y 1 25 hP blower motor With a max or 1.18 CF~ 1free air
,/ 1 2 FPT gas Inlet
,/ Three prong grounded power cord :6 long
,/ ElectroniC flame monltonng for safety
v Air pressure SWitch for air flow safety
It" Three system validation lights for safety
v Spark and flame observation WlndoH
V Fixed combustion air onflce for sea Ie lei or high altl ude

lig' 'i
: -: =~:: ': -: 'J 3U(

__:::s::xatJt§;S '''is

I
I
I

I
I

I
I
I
I
I
I

I

L

........_-rr 1lrJ

r "o ;#.r r;./- ---- -r $- .:-:: --:

. (

STAtlDARD REFLECTOR CROSS SECTION
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InPunilflq , 111

C: 1 ( r r lonal
CerCj 917°03'

)1 '6 r j Irer ed 0
t' loor r 1rl Q

p t..D~

SIMULATED PARABOLIC REFLECTOR CROSS SECTION

3URNER AND OPERATION
,/ SUNTUBE has been held proven for over 25 years ThiS

has resulted In exceptional quality reliability and service
free maintenance

v' Certified by International Approval Services (lAS) for the
Amencan and the Canadian Gas ASSOCiations

3ENEFITS
/ Since mfra red heaters warm objects and peoDle directly

ard do not require air movement as a means of heat
ransfer several benefits are provided 1'1 corr:;anson Nlth

c:::;nventlOnal forced air heaters fuel savmgs of 3D°\, to
50% payback periods of one to three years equal or
']reater employee comfort at 5' to 10' 10 tier thermostat set
tlngs reduced heat losses lONer ceiling air temperatures
qUicker recovery a cleaner and qUle,er working environ
men! zone control Without partitions and Narmer floors
and surroundings
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Form DIRECT 2
690090

., ~ r ~ 3 Ita q- lec Jrs
y (I~ __ r~ Jr 0 C"'3l'c C~s

,; C,e ';~_::"1bleJ In 5 <1nd
10 Se: Ions

y 30 000 te ~OO OJO BTU
/ 0 er 500 C ,;erc: r , 11oc:: ls
/ 10 to iO L::Jng S/stems
/ IncJpendeiL ROding

Redeetors

SUNTUBE IV

TYPICAL BUILDING LAYOUT

y NatJr~lerPe~<1neC~

/ 0° te 300
.....n~lc; lcu'1d~:

y' SImr1e Chain 11'Junl'nc

SOLARONles me
PO Box 217
Rochester MI 48308 0217
18002235335 FAA (810) 6510357
In Canada POBox 7487
Ancasler ON Canada L9G 4G4
(905) 6483741 FAA (905) 648 7766

- 'Ii be ~Ie:sed ::J offer our hedlng excer"'lse " hele ,S ICU layot.:t jour bl- ICing '1eJ f lrg reqUlr-'T-~ S : :::se ::d JS
_: tree fax jour SpeC IIcat lons or contac, L.S or ,he InlC ~::t as Indlc:Led belo' /

See us on the Internet
Thomns RegIster uri http INN"" thomasreglstercom/solaronlcsusa Sweet s Ca!nlog httpll./'/'dS'veets com

CUT HEATING COSTS UP TO 75~'~ OR MORE
WITH SOLARONICS GAS ]NFR.~-RED HEATERS

~~ GOO ,0 :00 000 STU
_J '/clt • 24 \ alt· , Illil/olt

S_ut or Area f1eatlng
:: eet Spar{ 1DO', Safe
Slutorf

K-SERIES

::: J liS a tWlcal per,meter layout of a warehouse or sma,l manufactunng bl-IJdJng' mil a Solaronles ~:: n,rc: rec: ~,ea ,g
S'Slem Installed Tnls system uses both our SunTube (10 IlnlenSlrj) and our K Series (high Intens,r I re:tc:rs

:=;WMlf nWRf"tw:itmZl!A
..... '%!ZfZe:p:t'qpf4~

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

I
I
I
I

I
I



I

I

I
I
I
I

I

I

I

I

I

I
I

®

#. 9 ,1 a < H..'9 !

-'"7~"'1.,.~y;:: ~ t

k-;;:'''' ('..:~; ..hLW3tmwtge'$~m1Wj[tDffi1i~7&"jitm6t4fQ!Me}{D~
::f$"%9$1?'£fWi~i~:m:.~~Mie.wa~i.itlm!l¥*fW$mW%5B&tfi'!lG.il

~'::;j"\t'J!~m1m;N~~$1?'$m&#fEJa*¥11'iM+11tMi1mt')Wsa&t.dM'ig¢#W4hJ8iSiJi

~-:5ft~ CS:f3il'i'4"*SW:'t:A-:'JW4R1#6ft?'# M 4til4€tl*ffi 2i StilRd:ifUM:Wt&4\q,4wmW !;tmSAW9WJWh2§$*1'MtBMtMJtM!Q'M
---- _~:.::::&::::1/!;j't:";;tt' 1 ih$ xXWWtRt:1&':&" aN;'? fel j&P?': \::tH:t351HWE4iiUY@riSWP@f4i®f d "tM dfB1

'
UWm&2

~y;s,.."':Ji\j an fl! '"f~ ? 1. UtX4.* £;:;1 to'2 \, , 'fI(r;:C'j21fIt,!:~ if.I:=-:tta'1" :1 n"lt fOMS" ¥G 1&1'«"4'

introduction to
infra-r d heating

I
I
I

@ COPYRIGHT 1994

I
•
..



INTRODUCTION TO INFRA-RED HEATING

HEATING PRINCIPLES
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::: ,ed Inrra red hea ers are hlghv e'f,c 8'lt ~rCCLC2 5

:: red ene ~'J tha, can ce used In rLrerCLS
-9 appllca"ons Tre'r greatest L.ses () da,e rave

-~ 'n tre healing of industrial and commercial
.: ngs spot and area heating ccmmerc 21 fccd
~g and COOKing ard In process heat rg ove"'s

:.:I:ronJCS installatIon a1 GM s Inland DIVIS on plart
=_C'ld Oh,o s:ashec energy costs 75°~ cunng a
:: e heating season Pnor energy costs In the
:;~:)use were runn,rg around $106 oeo per year

ef Installing Solaronlcs gas Infra red heaters,
:;r:;,y costs plummeted to $27,000 •

2.nsfer of heat frem a warm oeJ8ct t:J a c::c:er
- '::"\8S place b I ene of tr,res rre hoes or a CCf'"'t:1
:-. thereof Tnese methods are corcuc"cn

- sc'lon cr radiation

CONDUCTION
-ductlon of heat occurs when faster rrovlng
'ecJles pass on some of their energy to adjacent
:;:vles which are slo'ver moving I e at a Ie ler

-::erature Tnls may OCCUf Within a SOlid or be
_en a solid and an adjacent flUid such as air In
I heated bUilding or enclosure heat IS conducted
ransmltted from the warm inSide air to the inSide

-aces, then through the wall or roof, to the cooler
:: de surface and on to the outSide alf

CONVECTION
- teetlon transfer of heat Involves the mixing of
m and cool particles of flUid The mIXIng may

-e as a result of denSity differences due to
-cerature dlffererces which IS natural convection, or
-e ml,<tng IS produced by meCh2ntCai means forced
- Isellon

2 heated bUilding convection losses cccur when ccld
s.ce air enters a bUilding mixes With the warmer
ce air, and then eXits through an e,<hauster or
~ugh doors, cracks etc

RADIATION
a' 'ransfer by radiation differs from the transfer of
at by conduction or convection In that It does not
ed matter to accomplish the transfer Radiated heat
t..sually termed Infra red ThiS IS Just one of the
I"'ral forms ot radiation (see the electromagnetic
r:;ctrum, Figure # 1) Infra red IS transmitted at the
eed at light, 186 000 miles per second In a straight

- ..._,

I..
E=;t..ally Imr:ortant was eme/eyee ecr or: L:rcer I'"'e
CIG forced air s stem CCiT~131r,S' e e '"'LliTe,CL.S
After Installat en iTOrale IrTf::rovec 9182.,'y So the
c:::mblnatlon of Solaronlcs and elf c,ent gas nct orlj
cehvered energy savings 'cut emt::'oyee comfort as
\ '8il And With a payback pencd ef less th;::n 15
rorths

G"l s Inland DIVISion IS JLSt ene CI iT.any Jnsla'la' ells
reali:mg If~Cfeclole sa Jlrgs by s c~drg ,0 Sc la'c ~ cs
gas Infra red heaters t-.lost mfra red users can
expect to realize 30 50% a'/erage fuel reeuc' ens
when compared With convenliOnal heating systems

Case History #19 availab'e l.oon reC;l.est

Ire /Itn mlnlnal loss ,0 the air It ca, ::e a,rred
ref1c:c'ed or fccJsed by rraleflals .'la t ha Ie a r ghiy
rerlectlve SUrTace Bright aluminum ,er example 'Nh e'1
Intra red strikes an abso ptlve object such as cenc e 8,

IIcod water paint skin or clothing ,t IS converted !rto
neat at the SUrTace Surrounding air IS tren warmed by
conduction and convection The best e,<ampJe of thiS
transfer of heat IS from the sun to the earth WIthout loss
ot heat to outer space

Radiation or Infra red energy IS emitted by all matter
that IS above absolute zero ( 460 F) Tne net transrer of
heat IS from one Object to a coole' aDject

Warm Objects including people Irslde a heated bUilding
lose or radiate heat to the cooler inSide surfaces of the
walls The walls conduct heat to the outSide surface
and then lose heat by radiation conduction and
convection to the outSide

1
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HEATING WITH INFRA-RED

HOW INFRA RED WORKS
-~e amount 01 raclatlon prcdLced bv a pereet racla,or
s expressed by tre Stephan 6olt:man Law vhere

Q'"' errl

2 '"' OLart,,'1 C, ~eat racJate':: ~;::' ,t­
T '"' Slecnan Bc,t:'1lan conSlant
T '"' Acsolute temperature t F - 4£:0 )

=_r ordlncJv ob/ec,s non perfect radla ors Q IS
2:Lced oy mult'p Icatlon or the oOJec S emiSSive po'ver
21days less than cne) Thus at normal temceratLres

SclaronIcs gas Infra red heaters, high and lew Interslty
convert a high rate or their Input to Inrra red output
Ircut energy not ccnverted Into Infra red IS released as
:::::nvected heat ard water vapor Unvented UnIts hlgn
:; lOW mtenslty re urn a total of 92°~ or Input to the
::Jace they occupy Vented Units only low Intensity may
:~ ve'lted re Lri LO to 90°0 of IrCL.t 0 the scace l"ev
:cwc'J Tne IcrGe' ,re Lrl t tre hlGre he c:e'ce r a;je

--e most frequent use of Sola,::)nIcs wf a fee re:a.'ers s
::r comfortable heating In buildings Tms may enta I
iieatmg of the entire space or Just s~ot or area heating
-\Itrough It may be tempting to use rule of thumb
ietnods to determine rec;ulrements It IS strongly
,eeommended that standard ASH RAE heat loss calcula

::n methods be used These methocs are cutllred In
-:J Total BUilding rieatlng Des gn GL.lde (Fcrm if CG 1)

2;::ot and Area Heating DeSign GUide (Form;; DG
SPOT) and ProtectIOn of Stored Matenal Heating DeSIgn
CUlde (Form :# DG PSM 1)

:::cr heating entire spaces a Solaromcs mfra red system
really proVides several systems In one One or tnese IS
lery Similar to a floor radiant system The Int. a red
emitted by the system IS absorbed by the floor, matenal

the ar'CLnt or mira 'ea racl':: en p.::duce.:! by an object
IS relatlvelv low but as the le""pera,ure IS Inc eased
radiation Irc eases slgnllicartly

F,Jr exarc e .l.. .... cc ec a,.3<.. :: \::-J acsolL e
,er-r:e·a _rei II h 2.... er'lss ::::::.:: ver or 0 35 II
c·cc ...ce ':.1 31" ~If-J ,- Wher s a::solute er::eralU e
IS coublea ,0 1080 I,S OUtpLt IS ,nc eased Slx,een fCld
to 1,98.1 BTUf-J rt2 If ItS absolute temoerature IS
quadrq::lec lO 2160 ItS oLtpLllnc eases two rLndred
arc flr.v s ( 'OIC to 31 7.14 BTUl- ft2

and eC;U1pment These objects tecome warmer than the
surrounding air and act as lew level heat exchangers
heating the em They also re raclate their energy and
~rovlce a h'~her ~lean Radiant TemperatLre (\lRT)

Tne products of ccmbustlon released by Indirectly
V2'l,eC uri S Ise a"d ne1p c-;se tre uccer Nail and
cc, rea Icsses ard a so he;:; C 8mpe' Ir tIl aled a

In thiS reS:Jeet lne SjS em ae s as a warn air sjster'l

"'1"1 1e "8 "82. e's eee a'e l"ej ce Iver ,rlla ra:: ene'gj
alrec+ly to people s Dody sur.aces ThiS sJbs,antlally
Increases the mean radiant temperature and prOVides
comfort yet air temperture can be lower than lhat
needed with conventional heatmg

P "/ell des gred mfra red heat'rg system 1111 cjcle on
and or! most or the lime as dill any cLher sjs,em 'Nren
the temperture outSide falls to deSign levels all heate's
Will operate and at thiS tIme the system Will act as a
large area heating system

Tnese ad lantages and many others are IIILs,rated aid
desc"ced In the How to Cut l-eatlng Costs brochure
(Form;; 25r<) for additional information phone Solaron
ICS TOLL FREE at 1 800 223 5335
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SOLARONICS HI-INTENSITY HEATERS

).l Lne heart of SolaronlCs hi mtenslty heaters IS an
8. r'losphenc type 100°1

0 pnmary air burner utilizing a
;::erforated ceramic combustion surface Tne burner,
a'ong with a heater frame, reflector means of Ignition
and controls compnse the entire heater Tnese heaters
are certified by the Amencan Gas ASSOCiation
CanadIan Gas ASSOCiation and are descnbed by
separate literature

HI INTENSITY BURNER
Tne burner IS made of a 1/2' thick ceramic tile surface
tilth 235 perforations per square Inch, minimum of
o045' diameter, a one piece aluminized steel plenum
a spun metal venturi pan dlHuser and stainless steel
retainer clips

2
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,,"~u~rs the burner \hrough the onflce part or the
~anlfold assembly which IS centered at the
~ rg of the ventun (See Figure ~2 ) Pnmary
:: ~st on air IS asplra ec: bv tre flow of gas f Cri .he
2 '~ICLgn the converging section of tre ve'"'\uiI
2 ~e ceslgn or tre 8urrer compcnen.s seccrcar/
~ot required Tne gas IS thoroughly mlxea \II h

:LJSdOn aIr In the vertun and mixing tube ara the
_ e IS dlstnbuted by the plenum chamber to the

or the ceramic tiles The mixture then enters \he
"'oles In the tile at'G as It eXits frOri .he ho'es It

~ cn the surface of the ceramic As a result the
-;; :21.ses the ceram c SJriace to reac1 temcerature
.:::rox,mately 1700 to 1850"F (an Incandesent) with
:' Irg and a high rate of Infra red energy IS

:: c\ed

CFM:"IIC INFRA RED GENEtlATOR
:eramlc Infra red generator used In the Solarcnlcs
2'1Slty heater IS cordlente based grooved ceramic

ea ures an exclusive deSIgn whereoy ai\ernate
er holes terminate at the bottom of slots

s ere one half of the flame IS well belo"l \he
- C SLlrace (See r gure =3) Ths fea ure prc'Jlces
-e r ceramic surface temperature with a 10"1 gas

esulttng In more heat transrer surface and mcre
a e contact between flame and the ceramiC ThiS

..
I
I
I

~
I
I

-Ii ,
I
I... I

l,.., I
I
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I
I
I

'..; Figure #3

,s In nigher radiant outputs than any other SimIlar
-:e t1 tl\'8- bJrner

OPTIONAL WIRE GRID
- Jner radiation may oe Increased by the adcltlon
cctlonal wire grid A 'Nlre gnd can be Installed
'J In front of the ceramic combustion surface
sa temperatures are enhanced by hindering the
:e of products of combustIon and preventing any
~g or secondary air to come In contact With the
"'lIC Infra red generator

~Gmbustlon products (primarily hot nitrogen and
]n diOXide) leaVing the ceramic surface must pass
gh and heat the wire grid The grid Increases ItS
lion sU.Jstanlially and ItS area can replace much of
j// radIation areas of the ceramic holes Heat also
les back to the ceramic surface thereby Increasing
eramlc temperat'Jre

REFLECTORS
Irfra red heat that IS produced bv tre burner must be
directed Into the space to be heated t-<Igh Intensity

\

units are AGA ard eGA deSign certlTled to be mcunted
hOrizontally or at an angle up to 30° Tnese attitudes
plus a standard shallow stralghl Sided reflector Insures
that Infra red output IS not directed to the walls The
standard reflector reduces dIsperSion to the Sides and
produces a conIcal spread of aooroxlmately 90° A
parabolic rerlector extension mav be aeded to the
standard reflector to produce a c:eep (concentradng)
reflec'or Tne eX,8'lSlen is used fcr concentrating
Inrra red energy uSJally for spot heatlrg or hgrer
mounting height aopllcatlcns (see Flgu e 7f5)

SOLARONICS K·SERIES
Solaronlcs gas fIred mfra red K Series heaters are
ces gned te sa Ie fue' Ir mar",ac unrg facIlities ware
houses aIrports hangars and other buIldings They are
espeCIally SUited In spaces With high negative or
POSitive pressures A Wide range of BTUH Inputs
enables the scec der to select the best heater fer a
particular apollcatlon whether a modern low ceIlinged,
well Insulated bUilding or an older poorly Insulated one
With high bays

Figure #6

Solaronlcs gas fired Infra red K Series heaters are
available In many different Input capacIties American
Gas ASSOCiation and Canadian Gas Assoclallon
certified heater capaCitIes range from 30 000 to 200 000
STUH and are certified for operatIon on Natural or
Propane gas Sixteen different control arrangements
feature 100% safety shut off. 120V, 25V or Millivolt
operation, direct spark spark to pilot, glow Call or
manual burner Ignition, concealed pIlot that IS protected
from drafts and 1/2 FPT gas Inlet

3
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::_ .::>ronlcs Surtute 'ow Intensltv heate,s a,e cowered
::: CCSltlve ::res",-"e turner whc'1 fire::, IntO..l dlarle

- 'Cy 5 or 10 long s,sel tubes Burner 'gnltlon IS
:compllshed by pilotless direct spark Combustion aIr IS
_::plled to the system by a centrifugal blo",er and fixed

nle, onflce A Sandard 4 diameter Inlet air collar
C IS for connec' on to olJtslde air without ,he use of

_::oly fa'ls Tne s]s,em IS approved for either directly
e-,ed or Indl ectly vented operation \1,1,hout ,he use of a
2.: .... um OUrT'p The power burrer along wltn combus
:n c1amcer, heat exchangers and redec'ors comonse
,e entire heater Tnese heaters are deSign certltled by
,e American Gas ASSOCiatIon, Canadian Gas
~ssoclatlon and are deSCribed by separate literature

LOW INTENSITY BURNER
--9 101 1 Intensity burner utilizes a 1/25th HP 120V AC

-:::Ie crase 60f-lz rioter and centnfugal tiC' Jer "/hlC1
:-J'des 1.13 CCr se air With 2 1 4.7 ,ulllcc.c ...·),lP
2. I on A 8< 6 Se'les and 138 CFrl free ai, II th a 1 33
I 'oad M,lc craN cn C Senes A flxea air cr'lIce f:late

e:ulates tre aoprocr'ate air required for comcustlon
::'~s IS Introduced to lhe burner by a two stage redun
-:::-, gc.s \,c:lve Gas IS then regulated by two cr,f.ces,
_., easily acceSSible SubSidiary onflce Sized for the
soropnate length and BTUH rating or the burner and a
<ed main onflce Air and gas are thoroughly ml,<ed In

:;:Iral motion by tre burner core assembly and are
~e1 Ignited oy dlrec' spark at the Ignition module
.see Figure #7)

3urner operation IS monitored and controlled by an
~1ltlon detection control When the thermostat calls for
::!

S:lt power IS applied to the blower motor A dual air
c; I SNitch contlnL.ously mOnitors the air supply When

::c:equate Inlet air and flue back pressure are present
'"e Ignition detection control IS energized and institutes
:: 15 second pre purge cycle ThiS IS followed by a 35
~cond tnal for Ignition dunng which a spark IS devel
c~d at the Ignition module and the gas valve IS
:ened \0 the first step aT ItS two stage operation Gas

- hen Ignited and appro,<lmately 5 seconds later the
as valve stages to ItS second and final operation POSI
en A flame rod part of the Ignition module senses
a'"'1e presence and the Ignition detection control shuts

-II the spark current and monitors continued flame
r~sence Should flame failure blocked flue or blocked

'1let air occur dunng Ignition or normal operation the
1nltlon detection control Will close the gas valve and
':lck out the system The system will remain locked out
ntll the thermostat IS cycled to off pOSition

F gura ;;7

~ T'k#IU't!OfII-
H\X.1I tr«>U"I4T1 "'"'

r
..!
......

.... [II'G()oo(j .... t,oC-

1II'fN :if(' -Joe'" cc-a

T~ree Sjs'em rCnltor'ng Iigr.s Indicate nor'11al turrer
C::eradCr Wne'1 III these r-crllcr ng lighls InClcate
rc mal ccnc ens for f:ower cr Irlel air ard dL.8 bacJ<
[, eSSL.res and ;;as \/al'l9 on A burner JnsoectlOn Sgnt
g'ass a,so allo./s for vlsuall'1SCeC"cn of the flame ard
Igr'!Jon rT'odule

COMBUSTION CHAMBER AND
HEAT EXCHANGER(S)

The flame produced by the bL.rner heats the combust,on
c'larr,cer and heat e.<changer(s) ard causes them to
reach temperatures In the range of 200 0 to 10CO°F
Irfra red generated IS In the range of 300 to 6500
BTUH/fF thus the term low Intensity

Tne combustIon chamber IS made of 14 gauge (0 083 )
aluminized steel or 12 gauge (0 109 ) black steel Tne
heat exc1anger(s) IS made of 12 gauge black steel or
14 gauge aluminized steel Both prOVide 1 052 per
square feet of radiant surface per linear foot Tne last
heat exchanger In each system Incorporates a spiral
turbulator for Increased effiCienCies

Tne 10 and 5 sections are JOined by standard cQrT'pres
son coucllng ,ube clamps Tnese clamps are made of
t IS 'a/e,s of 18 gaJge (0052) aluminized steel Tne
Inner sleeve has preCIsion meshing teeth for even drad
and pressure Each tube clamp IS closed With three
5/d I 651b torque ZinC plated carnage bolts A #5
malleable Iron turnbuckle-S/8 eye to eye is also
standard

4

I
I
I
I
I
I

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



I

rc~nCer 'f .lC:lusto1tlo
or eJ.et1 a sec-en

01 "~.

'"" ..... fJ.tl ~ eo;:- t.ltd .... 1 ec: a
t'I.J.{ 'lrrr'15(8 )CU ...... .1rt 1

Figure ':;12

Figure #10

Solarorlcs gas fired Infra red Suntuce systems are avail
able In many d'fferent Input capac ties sJstem lengths
ard conllguratlons AGA and eGA deSign certified
heater capaCities are 40,000 thru 200,000 STUH everj
5,000 STUH Tney are a'fallable In 10,20 25,30,35',
40',45 50 55, 60,65, and 70 system lengths In both
straight and compact U tube configurations Each
system comes factory preassemoled In 5 or 10' long
sections to eliminate loose hardware and for ease of
field installation Suntube IS deSign certified for either
directly or indirectly vented operation and for use With
InSide or outSide combustion air

SOLARONICS SUNTUBE
Solaronlcs gas fired Infra-red Suntube systems are Ideal
for any comrT'erc al or industrial bUIlding Inlet air capa
ollllles ma\<e (lem particularly well adapted for bUildings
with high negative pressure or alrcorne contaminants
such as dust over spray and degreaslng fumes Directly
vented units are an Ideal chOice for bUildings with low
infiltration or where condensallon IS a problem Although
not e,<ploslon proof Sun tube has no ope'1 flame
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F gure #9

) .....co I".('.l ?fc~ f...-I ')1 ....

el" Ol.. I) 4,.JIJ(

• c"o

f"'f ra-=1eod concentr:!tlcn
15 afS I"" r..,ceJd to
r( ~I a 10' r:r
~ a 2S
~ f} .."ll

REFLE:CTORS
-: cOLced Inrra red neat must be directed tnto
~ce '0 ce heated Since heat IS genera,ed

re entire Clrcurrte r 9'lCe of eaC1 steel tuce s
<: e,'ector des,gn IS e,<trerT'ely C Itlcal r acccm
; '-'::' ;;oal A s,a"'::2. j (dlscers ng) ,:: 'ec'or IS
=:: \Rerlec eral:: cent) 11 ry li',e:? out cr

::: 2. e clrec'ea mto "'e heated SQace ret bac!<
-9 ube (see F'gure =18) A simulated ;::arabellc
- ,2.t ng) rerlector usually usee for hlgrer
-~ re'gh\ apellca ers, directs 23 or :e rays ,rto
S 9 ',om a 25 meL"', ng helc;;rl (see F gl.re =19)

-:crant In dlrecl,rg '1eat Into tie sj:C:.ce IS
~ otatlon Sola CriCS utilizes a pale"'te:::l
~ 25) deSign to clrest the heat In any c,rectlen

_I ernstallmg the system Each 5' or 10 long
'" aCJusts IndivIdually for any angle or hOrizontal
"'9 (see Figure =110) WhlC1 allows for 10"/er
-~ re'ghts a"'d j:e r meter Icca 'on Wlt"CLJt s,de

_ :"'S Tnls ceslgn 2.'SO makes retlectcrs
2.:le without tools fer easy cleaning
=-2.-C8 or serl ce
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"'1 r-

Gas Inlet 'AQnllor rg
Lghts

E ~ I"'al
C -"" r

SV SERIES
GAS INFRA RED HEATERS

...., ~ \"
R.... - ""r

J .. \ to
" - "., ......-..

f-lealers =. e ces,gn ce-I, es cJ ,he Amer can Gas
Asscclatlcn a'1d by the Canaclan Gas AsscclaLon

Tie CCrCL.SL Cfl c'larce, he2- e c1angel\s) a,e
cors,ruc ec c, 16 ~aL.~e alLr '11=ed steel utiliZing a
sNedgec Lte ceslgn 4 OD:y 5 or 10 lcng er.C he'le
1 C52 sC;Lare ,eet or raclant s... riace per I,rea, ,cct

Peflectors are cons,rLc'ed or 0 025 gauge br,gnt
polished aluminum cer,illed for 0 to 45 deg angle
mounting

CONTROL PANEL

T1e CJrl,::1 :::a-el ::>1'2 te 2C:::~ :::re w re:: corca cia
Wid' mL.l, cle ierrrc:o 20,S ,r",-" eC;L.Ireo fc, =ore C::~ ::1
and ,nclL.ee 1 ,52.1 'v,.lC trars ::wner and three f:,ar~ej

f:ower cera ine ccn ,cJ pare nous,ng IS a Nerra 1
enc'os ... re 1C ;;auge 2-,Ur'1r l=ej s,eel \'1I,h f:01yes,er
C2a r~ :: 2. I S22. e:: '"' rgec ::c'Ier

/\
Cas Ir'~t S/5 ~...,

Mom ~r rg
Llgrts

Burn~r Inspee ,on
S,grt Claso

Reflee er

-"e vacuum purrp for an SV senes multiple burner
sjstem IS totally enc'osed e,<ternally fan ceoled wiln
C:0uble shielded prelt..br,cated ball oeanrgs e,<terna ly
Gcated capac tor faclorj oalanced 18 gauge stainless
- eel wheel 16 gauge aluminized steel hOUSing and 1/3
norsepower reversible motor capable of operating at
3450 RPM

..... = ....... ;: c'" I:: .:ii

SVS AND SVU SE,IES
CAS 1~It:H ~ FED l-lEAT=':1S

--e vacuum purc for a SVS and S /'J senes slng,e
c'_mer system IS air cecled Nlth sealed beanngs a
- ermal oveload sNltcn and 1/20 horseco tier motor

- e burrer\s) sr.a': nave 1'''0 Sjstem rcnllcnng Iigrls
",-:: a tur'le Ins;:;e:tIon s,gnt glass tr,:L.gl whlcn COli"'

-e flame ane the spar\( 'ilay be observed Burner

::ceratlon Includes ore purge cycles and can be con
,.:lleo by a 24 volt therrrostat Tne burner housing IS a
~Je'ila 1 enclosure 16 gaLge steel w,th polyester ccat
-g and a tetall'l sealed ringed cover

SOLARONICS SOLAR'/AC
LOW INTC:\JSITY l-EAT2:;S

2-:laronlcs Solar,ac low ,ntenslty hea ers are or the
-=;;atl\le pressL.re t'fr::e (.;acuurl) d;y nen cerders rg
:es gn arc u'Ili=e 9',her 2 s,ngle burne' or multiple
=_'rers on a vac~L.'i1 CL-rTC Ig'1I IC" s aC::::17101Is'"'e:
- a s,llcon carclCe 'lot SJr'ace Ignltcr

I
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SOLARONICS DESIGN SERVICE
~ ..:::ur CJstom cor.pLte r bac!<ed design seNlce you
2. Multitude of Impcr.ant racts such as comparative
c:::sts life cycle cos;s, accurate heat loss data to
\ cu the most eccrcmlcal heating syslem available

- S piUS cJstomr:ec ec;ulDment clans and layouts
:2 yOLrs at NO E'(TRA EXPENSE when you
~ your dollars In a Solaronlcs mfra ree reatlng
",'I Factory englneenng experts are ready and
i; to evaluate deSigns or plans and offer any
s,ance you reqUire So let Solaromcs snow you
'acts

2.romcs has been a leader In quality mfra red
::~cts smce 1962 OL.r ccmolete line c, '1lgh ard
- enslty mfra red ,-eaters are dlslnbLl",d through

'11 II INTRO 3 49001

. -~l-, .
J, 1

CLt North ';menca bv manufac·.... ,e s ,e:r,;;sertatNes
with mtegral terntor,es Trese proGL.c·s are or lhe
highest quality In the Industry and possess many
exclus,ve features and benefits

Solaromcs world headquarers IS lccc,ee m Fccres,er,
l'vllchlgan Tnls fac lity m addltlod to our Canadian
plant houses almost 70 000 squar,;; feel of prccLct'on
and O,dce saace In all, Solaromcs employs some 100
cecole each With the kno'vledge and skill required to
put them at the forefront Of their respective fields In
addition to soace heating products, we manufacture
make-up heaters gas fired door Jet heaters process
ovens for soeclallzed apollcatlons and an array of gas
fired Infra red process and cocking burners

SOLARONICS, INC

PO Box 217
Rochester, MI 48308-0217
1 800223-5335 FAX (810) 651-0357

In Canada 2140 Winston Pk Dr #13
Oakville, ON Canada L6H 5V5
1 800387·0300 or (905) 829 0300



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

APPENDIX B MEASURED AND COLLECTED DATA



Below the results ofmakmg measurements of combustIOn gases
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"RIBBON" Glassmakmg Furnace

ill ISKRA Plant

Measurements data after the regenerator

SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 114325

DATE 11/27/97

FUEL NATURAL GAS 21870 BTU/LB

COMBUSTION EFFICIENCY 51 8 %

AMBIENT TEMPERATURE 23°C

STACK TEMPERATURE 624°C

OXYGEN 097 %

CARBON MONOXIDE 54 MGM

CARBON DIOXIDE 06 3 %

COMBUSTIBLE GASES 0 00 %

STACK DRAFT (INCHES H20) -07

EXCESS AIR 77 %

OXIDES of NITROGEN 1396 MGM

SULFUR DIOXIDE 0 MGM

CARBON MONOXIDE ALARM 200 PPM

MODE MGM OXY_REF = 0%

"RIBBON" Glassmakmg Furnace

ill ISKRA Plant

Measurements data after the regenerator

SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS &ROE

TIME 115754

DATE 11/27/97

FUEL NATURAL GAS 21870 BTU/LB

COMBUSTION EFFICIENCY 55 9 %

AMBIENT TEMPERATURE 23°C

STACK TEMPERATURE 727 °C

OXYGEN 054 %

CARBON MONOXIDE 36 MGM

CARBON DIOXIDE 08 8 %

COMBUSTIBLE GASES 0 00 %

STACK DRAFT (INCHES H20) -07

EXCESS AIR 31 %

OXIDES of NITROGEN 1172 MGM

SULFUR DIOXIDE 0 MGM

CARBON MONOXIDE ALARM 200 PPM

MODE MGM OXY REF = 0%



"RIBBON" Glassmakmg Furnace

ill ISKRA Plant

SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 12 1835

DATE 11/27/97

FUEL NATURAL GAS 21870 BTU/LB

COMBUSTION EFFICIENCY 53 7 %

AMBIENT TEMPERATURE 21°C

STACK TEMPERATURE 604°C

OXYGEN 095 %

CARBON MONOXIDE 0 MGM

CARBON DIOXIDE 06 5 %

COMBUSTIBLE GASES 0 00 %

STACK DRAFT (INCHES H20) -07

EXCESS AIR 74 %

OXIDES of NITROGEN 1579 MGM

SULFUR DIOXIDE 0 MGM

CARBON MONOXIDE ALARM 200 PPM

MODE MGM OXY_REF = 0%

'RIBBON Glassmakmg Furnace

ill ISKRA Plant

Measurements data after the regenerator

SERIAL # 11003246

ENERAC MODEL 2000

COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 122459

DATE 11/27/97

FUEL NATURAL GAS 21870 BTU/LB

COMBUSTION EFFICIENCY 58 0 %

AMBIENT TEMPERATURE 21°C

STACK TEMPERATURE 637°C

OXYGEN 067 %

CARBON MONOXIDE 0 MGM

CARBON DIOXIDE 08 0 %

COMBUSTIBLE GASES 0 00 %

STACK DRAFT (INCHES H20) -05

EXCESS AIR 42 %

OXIDES ofNITROGEN 1183 MGM

SULFUR DIOXIDE 6 MGM

CARBON MONOXIDE ALARM 200 PPM

MODE MGM OXY REF = 0%
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APPENDIX C MEASUREMENTS UNITS

C -1



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

CURRENCY EQUIVALENTS

I hrn - a Ukramlan money umt
I hrn = 0,5 x US $1 (the state on Apn11998)

CONVERSION FACTORS

HEAT

I cal =4187 J
I kcal = 4 187 kJ = 3 968 Btu
I Gcal =4187 103MJ =4187 GCal
1Btu =1,055 J =1055 kJ =1055 10-3 MJ

POWER

I W =3 6 103 J = 3 6 kJ
I kW = 3 6 103 kJ = 3 6 MJ =860 kCal
I MW = 3 6 103 MJ = 0 86 GCal
I kcal = I 163 10-3kW
I Gcal = I 163 kW == I 163 MW
I kW = I 36 HP
I kW =I 34 hp

PRESSURE

I kgf/cm2 = 1barg
I barg = 101 325 kPa = 0 I MPa
I bar == 105 Pa = 100 kPa = 0 I MPa

LENGTH UNITS

I rom = 0 0394 m = 0 00328 ft
I em = 0 3937 m = 0 0328 ft
I m = 39 37 m = 3 281 ft

WEIGHT UNITS

I g = 2 2046 10-3 Ib
I kg = 2 2046 Ib
I t = 1000 kg = 2 2046 103 Ib

AREA UNITS

I cm2 = 0 155 m2 = I 076 10-3 ft2

Im2 =155103 m2 =1076ft2

VOLUME UNITS

I m3 =35 31 ft3 =1000 I
I I = 35 31 10-3 ft3

I I = 0 264 gal (US)

HEAT CONTENT

I kJ/kg =0 43 Btu/lb
I kJ/m3 =26 84 10-3 Btu/ftJ
I MJ/m3 = 26 84 Btu/ftJ
I kcaUm3 =4 187 kJ/m3 = 0 112 Btu/ft3



TEMPERATURE

°C =0 56 eF - 32)
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APPENDIX D ABBREVIATIONS
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ESCO

ECO

FIg

hrn
tel

USAID
VAT

ABBREVIATIONS

- energy servIcmg company

- energy conservahon OPPOrtunIty,
- figure,
- hryvma,

- telephone,

- Umted States Agency for IntematlOnal Development,
- value-added tax,

barg - atmosphere gauge

BTU - BntIsh thermal umt

°C - degrees CelcmS

cm2
- centimeter squares

OF - degrees Fahrenhelt

g - gram

Gcal - gigacalone

GJ - glgaJoule

h - hour

kcal - kIlocalone

kg - kIlogram

kgf - kIlogram-force

kV - kIlovolt

kV-A - kilovolt-amper

kW - kIlowatt

kW h - ktlowatt hour

Lm-lumen

m - meter

m2
- meter squared

m3
- meter cubed

mm -mmute

MJ - megaJoule

mrn H20 - mIlhmeters of the water column

MW - megawatt

t - tonne

tJh - tonnes per hour

W - watt


