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1 EXECUTIVE SUMMARY

11 Introduction

As part of Delivery Order #30, Industrial Energy Efficiency — Ukraine, the US Agency for
International Development (USAID) sponsored energy efficiency audits at 8 industrial plants that
met the criteria and were approved by USAID The purpose of this project was to develop Ukrainian
energy service company (ESCO) capabilities To accomplish this task, Burn and Roe Enterprises,
Inc, (the primer contractor) hired Ukramnian enginers These engineers were tramned in US
techniques of conducting energy audits and in ESCO concepts The industrial energy audits were
conducted to facilitate the ESCO training

This report details the findings of BURNS & ROE ENTERPRISES, Inc energy report performed at
LVIV Lamp PLANT (ISKRA)

In accordance with the sub-task of this Contract, 24 enterprises out of 90 potential ones have been
selected for audit Each enterprise has been considered from the point of view of project participants
selection criteria (approved by USAID) Such selection criteria included the following long-term
economic development forecast, financial status of an enterprise, export revenue share, relation of the
present product output to the maximum possible one, energy saving potential, the possibility to
extrapolate the project on similar enterprises and enterprise’s availability as demonstration site for
other enterprises

The majonty of the energy efficiency problems of the plant are typical for the most of Ukraiman
industnal plants, and solutions to these problems can be replicated in diverse industries

The objectives of the energy efficiency audits were as follows
e to conduct informal training in the energy management practices
e to create an 1nstitutional awareness of energy management

e to recommend specific steps for improvement of energy efficiency, including management
actions, low-cost energy saving measures and selection of equipment to be used for their
implementation

e to recommend medium cost and capital investments actions reflecting large energy conservation
opportunities

A project team consisting of
he team leaaer from USAID,

e Mr Volodymyr Mamalyga as an expert n the fields of electric engineering, electric mechanics
and economy,
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e Mr Dmuiry Kramarenko as an expert 1n the field of thermal engineering and 1n the processing
1ssues

performed an energy audit during November 25 to 29, 1997 Due to the objectives of the audit, the
energy auditing team prepared the following draft report

In performing the audit Mr Gassan Mustafayev — Expert, Mr Volodymyr Shestopal — Civil
Construction Engmeer and Driver, Miss Anastasia Leonova — Interpreter also took direct



participation The audit report was translated by Mr Valery Gool Mr Mikhailo Tamovsky and Mr
Yury Bykov participated in development of recommendations aimed at introduction of the energy
management service (Item 7 1)

12 Pricipal findings

o LVIV LAMP PLANT ISKRA 1s considered to be quite successful by the Ukrainian standards, but 1t
also has to rely on the bartering system when paying for the electric power supply

e The energy audit group have identified several quite attractive opportunities for improvement of
energy efficiency 1n the plant operation

e Despite a repeated nising of energy prices, currently their proportion in the structure of the
operation costs does not exceed 12 I per cent However, mspite of that the top plant management

pays a sertous attention to the 1ssues related to energy saving

o Availability at the enterprise of an internal economic self-supporting system should be considered
as a fact advantageous to stimulation of energy saving Under the conditions each self-supporting
structure unit shall pay only for the resources that were consumed by 1t itself

e 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 n detail
Therefore, the auditors failed to analyze and develop recommendations concerning how effective
1t 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 making
budgets of separate plant departments

e Out of the total cost of the energy resources consumed by the enterprise 49,6 per cent are related
to gas the major part of which (33,97 per cent) 1s consumed by R/IBBON glassmaking furnace The
total costs of the potable water and the sewage system are 26,4 per cent, while the electric power
costs are 24 per cent The main consumer of electric power 1s the compressor station (29,53 per
cent of the total consumption at the enterprise) The balance diagrams for electric power
consumption made during the energy audit 1dentified possible areas to save energy

o Significant decrease 1n the electric power consumption would enable mtroduction at the enterprise
would result from mtroduction of an energy momtoring and management system

13 Recommendations

Table 11 belowshows a list of possible energy conservation opportunities (ESMs) They are
arranged according to their importance for the enterprise The recommendations will improve the
efficiency of energy utilization at the enterprise and make 1t more competitive The issues of
implementation of the energy saving measures that cannot be financed within the frames of the given
project should be settled on the basis of the prionities of the plant and 1ts financial opportunities

}



List of Energy Conservation opportunities

Table 1 1

Measure

saving,
kW h x 1,000

[Electric powe 7 Saving of

atural gas
m3 x 1,000

Yearly
saving,
USD

Measure
costs,
USD

Smmple
payback
period,
yr

Item

1 the
given
report

Implementation of energy
management

631

875

114,587

110,032

096

71

Improvement of the schedule for the
compressor station operation

1,435

0

64,464

10,000

0155

722

Transfer of operation of the
processing equipment on the air
from the local compressor plants

1,693

76,063

86,500

114

73

Controlling the compressor station
production capacity by means of a
speed-variable electric driver

1,731

77,780

126,000

162

723

Replacement of the current
compressors with new ones,
economically more efficient

1,065

47,886

252,252

527

724

Improvement of the opreation
efficiency of DE-6 5 Boilers 1n the
steam boiler-house

80

6,640

5,000

075

75

Introduction into practice of infra-
red gas-fired heating systems 1n the
electroplating workshop

96

8,000

6,000

075

76

Utihization of the heat from the
combustion products leaving
RIBBON furnace

2,000

166,000

200,000

12

745

Improvement of the operation
efficiency of RIBBON glass-making
furnace by controlling the air supply
for burning

50

4,150

5,000

12

746

10

Provision of temporary msulation on
the furnace unit

190

75,000

5,200

007

743

11

Thermal msulation of the furnace
with the materials bought by the
plant

1,765

145,000

70,000

048

744

12

Provision of thermal wsulation on
the basis of light materials on the
glass-making furnace RIBBON

2,036

170,000

350,000

206

741

13

Provision of efficienct thermal
msulation on the basis of ceramic
fibers on the glass-makingh furnace
RIBBON

2,036

170,000

560,000

33

742




14 Operation and energy management

It 1s typical for industrial plant management to mainly think i terms of production, and to want to
mncrease 1ts output Therefore 1t 1s sometimes difficult to think of the importance of energy and
energy costs on the operation of the plant

For JSC “Lviv Lamp Plant”, as with most industries in Ukraine, 1n the past the energy costs were
significantly subsidized, therefore energy saving was not a major consideration in the plant
operations

With the nising energy costs during the past few years, the energy costs have now become very
influential part of the expenses The energy costs at JSC “Lviv Lamp Plant” are about 3 4 per cent of
the total cost of the products produced

Currently, at the JSC “Lwiv Lamp Plant”, like at other Ukrainian enterprises too, though the
problems 1n relation of the energy resources and energy costs are now well understood by the staff,
there 1s a tendency to think of implementing large projects with the mntent of saving large amounts of
energy And at the same time at the facilities a large number of small energy saving projects exist
that have short payback periods

Most industries 1n Ukraine have a person or persons who are referred to as energy engineers These
people are typically responsible for ensuring that there 1s an adequate supply of energy to the plant,
not to improve the energy efficiency of the plant But with the mse n energy prices and the
uncertainty of availability of all fuels, an energy manager to conserve energy becomes important
Each plant should seriously consider establishing an energy manager position as a mmimum, and for
large industries, possibly even an energy management section

These people should be regularly momtoring all operations, and especially reviewing monthly energy
consumption These monthly data should be graphed and compared to previous months and years to
determine any variations 1n consumption Where variations do occur, they should then determine the
cause of the variation and 1if remedial action 1s required For instance, 1f monthly consumption
increases, the reasons why should be determined and 1f appropriate, steps taken to correct any
problem

In addition, the energy management staff should also review each process, and look for energy
saving opportunities They should see that all cost effective energy improvements are implemented,
beginning with items 1dentified 1 this energy audit They should then also have responsibility to
review all proposed changes to the facility to ensure that each process 1s as energy efficient as
possible

A plant the size of JSC “Lwviv Lamp Plant’ should have several people working in an energy
management group As a mimmum, 1t would be good to have a thermal specialist (someone who 1s
knowledgeable about steam and gas supply systems) and a specialist in the electrical power
engineering 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 1s assigned an energy goal, such as “reducing 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 n industries in Ukraine, where
energy efficiency 1s just at its infancy, the percentage goal could even be higher Some industries also
have an incentive program, i which employees are encouraged to submit energy efficiency
improvement 1deas These 1deas, 1f accepted and implemented, would result in a small reward being
given to the employee



20 GENERAL BACKGROUND

Name of the enterprise — Open Jomt-Stock Company “LVIV LAMP PLANT ISKRA”
Chairman of the Board — Mr Pavlo Prystavsky
Tel (38-0322) - 21-91-66
42-40-96
Deputy Director General ~ Mr Mykhailo Vlokh
Tel (38-0322) -~ 42-81-13
21-91-08
Chief Engineer Mr Thor DRIBNYUK
Address 14, Vuletska Str, Lviv, 290066, Ukraine

2 1 Historv of Plant

Designing of the Plant was started 1n 1965, 1ts construction was started 1n 1967 The first phase of the
construction works was completed 1n 1972 Production of miniature electron tubes was started in that
year

2 2 Types of products

Currently LVIV LAMP PLANT ISKRA produces the following assortment of products

e general-purposed incandescent lamps for a voltage from 230 to 240 V, the output power 1s 25 to
100 W The designed production capacity of the plant in relation of the incandescent lamps 1s 220
million umits per year Currently the plant produces /80 ml general-purposed mncandescent lamps
per year,

e minature incandescent lamps for a voltage of 1 5V, 25 V and 6 3 V The designed production
capacity of the plant of the mmiature electric lamps 1s 750 million umits per year In the recent
years these lamps have been produced 1n lots of small number of units due to small demands,

e flasks for incandescent lamps The designed production capacity 1s 400 ml units per year Now
180 ml units are being produced for the own production facilities and 700 ml units per year are
being produced for sales to others (mainly to be exported),

¢ automobile lamps for lighting the driver's cab,

e automobile head-lamps,

e household lighting fixtures

2 3 Number of emplovees

Currently at Lviv Lamp Plant ("ISKRA") about 4,000 workers and officers are employed

2 4 Number of manufacturers of incandescent lJamps

Lviv Lamp Plant 1s the largest in Europe 1n regard of 1ts production capacity, and at the same time 1t
1s the only 1n Ukraine enterprise for production of general-purposed incandescent lamps



30 CURRENT STATE OF THE PLANT

31 Export possibilities of enterprise

The plant exports general-purposed incandescent lamps The largest source of incomes i hard
currency 1s sale of 700 ml flasks for general-purposed incandescent lamps per year The products of
the plant are sold to Poland, Yugoslavia, Chechia, Romania, Bulgana, Germany, Italy, Iran, United
Arabic Emirates

3 2 Significance of enterprise for Ukramian economy

The importance of the plant for the Ukraiman economy 1s determined by the fact that the enterprise 1s
practically a monopolic manufacturer of general-purposed incandescent lamps 1n the country Thus 1s
proved by the fact that, in comparison with 1991, the enterprise, as a matter of fact, has not decreased
the production level It can be accounted for very easily the price on the general-purposed
incandescent lamps produced at the plant 1s UAH 0 28 (USD 0 15) per umit The price on the similar
lamps 1mported from other countries 1s 78 to 30 times higher Even if the life-time of the imported
lamps 1s 10 times longer (which 1s quite doubtful for the Ukraiman electric power supply systems
with unstable parameters) and the discount ratio 1s 15 per cent, the price 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 enterprise should pay more attention
to mastering production of new types of products, to carry out regularly marketing surveys (and not
only within the Ukrainian market')

3 3 General outlay of plant

Lwviv Lamp Plant "ISKRA" includes the following buildings and structures

Main Building, the area 1s 36,288 m*
Engineering and household building

Glass Building, the area 1s 12,096 m?
Combined Building, the area 1s 2,304 m?
Building with Mechanical Workshops, the area 1s 7,128 m®
Electric Plating Workshop, the area 1s 5,184 m?
Canteen (530 seats)

ITM-GO

9 Storage #1

10 Storage Building #2

11 Oxygen Discharging

O 1N N AW -

The arrangement of these buildings 1s shown 1n the general outlay of the plant (see Fig 3 1)
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Fig 31 General outlay of Lviv Lamp Plant "ISKRA"




40 FINANCIAL STATUS OF PLANT

Lviv Lamp Plant ISKRA failed to avoid the crisis of non-payments that occurred n Ukraine, and the
enterprise 1s facing lack of the working capital, the wages have not been paid for 3 to 4 months The
top management of the plant tries to overcome the financial problems by using barter-based
operations, clearing and other financial instruments

Financial problems of the plant will improve in the near future, as 1ts products are 1n continuous
demand

The enterprise has good prospects That 1s why solving the energy saving problems are very
important, and that can only improve the viability of the plant under the market economy conditions

The structure of the costs on the production of Lviv Lamp Plant ISKRA products 1s given below

Expenditure items %

1 Raw and other materals, 341
including also

e tungsten wire 56

e molybdenum wire 39

e tape (steel, molybdenum) 63

» soda ash 26

e paper, cardboard 77

e other materials 8

2 Accessory materials 36

3 Energy resources, 121
mcluding here

o clectricity 29

® gas 6

e chemical gases 2

e water 12

4 Payroll Fund 141

S Charge on payroll 71

6 Depreciation 24

7 Other costs, 36

including the payment to the railroad 1

Total net cost 71

8 Income (profit), 11

including the income tax 33

9 VAT 12

The total mcome after sale 100

Fig 41 shows a diagram of the production costs for separate items The analysis showed that the
main expenditures are for the raw and other materials (34 I per cent), as well as on paying wages
with charges on them (14 1% + 7 1% = 21 2%) The energy costs are 12 I per cent Saving energy
resources 1s considered at the plant as a serious problem For example, a 10 per cent saving of the

10



energy costs will enable the of increase the wages by 5 7 per cent, or that of the incomes — by 11 per
cent Despite the fact that analysis of the economic indicators of production 1s not the main task of
energy auditors, one cannot fail outstressing that the costs of paper and cardboard (that 1s of the
packing materials) seem to be unjustly high 1n the total production cost These costs exceed the cost
of purchasing any other materials and raw materals directly used in lamp production Therefore, the
plant management should pay attention on possibilities of decreasing the costs on paper and
cardboard

BVAT

OIncomes

# Other expenditures
ODepreciation

B Charges on payroll
OPayroll FUND

O Energy recourses

B Accessory materials

4,1% [IRaw and other materials

0,0% 50% 10,0% 150% 20,0% 250% 30,0% 35,0%

Fig 4 1 Structure of production cost
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50 ENERGY CONSUMPTION AND ITS COSTS

51 Energy consumption data

Tables 5 1, 5 2 and 5 3 respectively show the data concerning consumption of electric power, gas and
domestic water

M N N N S O B B O S R S B R B B B S EE - e

Table 5 1a
Electric power consum?tlon
1995
Reported pertod Electric power consumption, |Cost, USD
kW h xI1¢#
January 2,1183 88,197 16
Quarter I February 2,007 84 83,598 06
March 2,012 76 83,802 91
Total 6,138 9 255,598 13
April 222024 92,441 52
Quarter II May 1,848 8 76,976 3
June 1,855 8 77,267 75
_ Total - 5,924 84 246;685,57
July 1,530 6 63,727 78
Quarter III | August 1,348 8 56,158 39
September 2,030 4 84,537 38
Total 4,909 8 204,423 55
October 2,063 52 85,916 34
Quarter IV | November 2,356 2 98,102 32
December 2,5254 105,147 09
Total 6,945 12 289,165 75
Total in 1995 23,918 66 995,873
1996 Table 5 1b
Reported period Electric power consumption, | Cost, USD
kW h x1,000
January 2,2056 99,114 62
Quarter I February 2,593 2 116,532 48
March 2,521 2 113,296 96
Total 7,320 328,944 08
April 2,454 24 110,287 94
Quarter II May 1,691 4 76,007 65
June 1,807 2 81,211 44
Total 5,952 84 267, 507 04
July 1,587 71,316 15
Quarter IIT | August 964 2 43,328 95
September 626 4 28,148 99
Total 3,177 6 142,794 09
October 351 15,773 14
Quarter IV November 1,780 2 79,998,12
December 2,448 110,007 53
Total 4,579 2 205,778 79
Total for 1996 21,029 64 945,024




Table 5 2a
Gas consumption data
1995
Reported period Natural gas consumption, Cost,
m’® x1,000 USD
January 5,283 408,044 74
Quarter 1 February 4,605 355,677 84
March 4,878 22 376,780 63
Total 14,766 22 1,140,503 21
April 3,753 32 289,896 36
Quarter IT May 3,098 239,281 21
June 2,954 79 228,220 05
Total 9,806 11 757,397 62
July 2,409 75 186,122 62
Quarter III August 2,223 37 171,727 13
September 2,672 0 206,378 11
Total 7,305 12 564,227 86
October 3,451 266,545 98
Quarter IV November 4,725 364,946 32
December 5,149 397,694 91
Total 13,325 1,029,187 21
Total for 1995 45,202 45 3,491,316
1996 Table 5 2b
Reported period Natural gas consumption, Cost,
m? x1,000 USD
January 3,637 301,871
Quarter I February 4879 97 405,037 52
March 4,174 2 346,458 51
Total 12,691 17 1,053,367 03
April 3,353 92 278,313,21
Quarter II May 2,227 17 184,855,31
June 2,092 05 173,640 2
Total 7,673 14 636,870 72
July 1,925 28 159,798 24
Quarter IIT | August 8723 72,400 9
September 912 29 75,720 07
Total 3,709 87 307,919 21
October 666 3 55,302 47
Quarter IV November 1,603 645 133,102 53
December 2,817 37 233,837 14
Total 5,087 315 422,247 14
Total for 1996 29,161,50 2,420,404
13
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Table 5 3a
l Domestic water consumption
1996
I Reported period Water consumption, Cost,
m3 USD
January 25,227 48,135 57
I Quarter I | February 23,658 45,186 78
March 23,391 44,676 81
Total 72,276 138,047 16
! April 19,773 37,766 43 |
Quarter I | May 23,009 43,947 19
June 29,768 56,856 88
I Total 72,550 138,570 5
July 27,036 51,638 76
Quarter Il | August 22,212 42,424 92
I September 7,496 14,317 36
Total 56,744 108,381 04
October 8,587 16,401 17
‘ Quarter IV | November 10,027 19,151 57
December 16,019 30,596 29
Total 34,633 66,149 03
l Total 1n 1996 236,203 451,147 73
1997 Table 5 3b
l Reported perod Water consumption, Cost,
m3 USD
January 27,129 5,1816 39
i - Quarter] | February 27,009 51,587 19
March 24,865 47,492 15
Total 79,003 150,895 73
I April 22,969 43,870 79
Quarter I | May 22,357 42,701 87
June 23,744 45,351 04
l Total 69,070 131,923 7
July 23,462 44,812 42
Quarter HI | August 25,658 49,006 78
l September 20 446 39,051 86
Total 69,566 132,871 06
Total for 3 quarters n 218,639 414,690 49
l 1997
I Fig 51 shows the monthly electric power consumption in 1995 and in 1996, Fig 5 2 shows the
monthly gas consumption, while Fig 5 3 shows the monthly domestic water consumption
i y
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Fig 53 Dynamics of the monthly domestic water consumption

52 Tariffs on gas, electric power and water

Lviv Lamp Plant Iskra buys gas, electric power and water and 1t pays for the sewage system

according to the following

- electric power (a two-rate tariff)

o for I kW of the nstalled power — UD $3 6 per month,
e for 1 kW h of the consumed electric power — US $0 034,

— natural gas
e US $83 for 1,000 m3,

— domestic water (supplied from the city water supply system — UAH 2,750 for 1,000 m3, the

sewage system ~ UAH 850 for 1,000 m3) Total UAH 3,600 (USD 1,945 9) for 1,000 m3

Fig 5 4 below shows the structure of the expenditures on energy resources

16



B Chemical gases
16,5% B Water

@l Electric power
24,0%

Fig 54 Structure of the expenditures on energy resources

53 Balance of energsy resources consumption

531 Balance of electric power consumption

Balance of electric power consumption versus the mam sorts of the equipment and workshops 1s

shownmFig 55

17'



Electricity

US $116,865 69

and others

21,029 64 th kW hiyr 6,209 757 th kWh | Compressor
US $945,024 US $279,065 58 station
9,268 294 th kWh Shop #26 1,853 659 th kW h Hydrogen
us $416,495 96 us $83,299 201 station
1,204 878 th kW h Turbme;u blowing
asification
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
2200846 th XV R Shop #22 374609 th kW h Exhaust fan and
US §130,627 02 US $25,821 616 blowng fan
473207th kW h Steam
US $21,264 841 |__oouler-house
236 604 th kW h Cycled water
— US$10,632443 |_SUPRLY Yt
2,74725th kW h
Shop #(ZEVS)
US §123,455 14
1,089 428 th kW h
Shop #14
US $48,956 406
934 532th kW h
Shop #11
US $41,995 733
798,49 th kW h
Shop #3
US $35,882 316
684,185th kW h
ShOp #4 Gen Service Dpt
UsS $30,745 711 Canteen
Shop #1
Shop #24
2,600615th kWh Shgg 23

Fig 55 Balance of electric power consumption for 1996

29 53%

881%

573%

2 64%

508%

273%

2,25%

1 13%

13 06%

518%

4 44%

3 8%

3 25%
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532

Balance of gas consumption

Balance of gas consumption for the workshops and equipment 1s shown in Fig 5 6 below

Gas

29,161 495 th m3per year

US $2,420,404
15,490 043 th m3

9,907,352 th m?3

US $822,310 21
3,995 084 th m?

RIBBON Fumnace

US $1,282,673 5

6,795 287 th m3

Shop #13

US $331,591 97
1,160 628 th m>

Furnace #1

US $96,332
427 512 th m>

LER (feder)

US $35,483 496
4,379 657 th m?

Glass semiproduct

US $564,008 82

2,097 936 th m?3

Shop #22

US §363,511 53
2,41563th m?

Water-heating
boiler-house

US $174,128 68

1,795 505 th m?

Shop #3

US $200,497 29

Steam
boiler-house

US $149,026 91

1,708 235 th m3

Shop #17

US $141,783,5

1,274 489 th m?

Shop #19

US $105,782 58

Fig 5 6 Balance of gas consumption for 1996

Other
uSers

436 237 th m?3
Furnaces
US $36,207 671
1,361 268 th m3
Walter
US $112,985 24
110731 th m3
Shop #4
US $9,190 673
493 639 th m?
Shop #11
US $40,972 037
112129 th m3
Shop #14
US $9,306 707
557,99 th m3 Shop #1
Area #10
US $46,313 17 Shop #21
Shop #23
Others

3397%

137%

3 98%

1 47%

1502%

8 28%

719%

1 5%

4 67%

586%

038%

1 69%

0 38%

191%
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533 Balance of domestic water consumption

Balance of domestic water consumption versus the basic users 1s shown in Fig 57

Domestic water

236,203 m? per year
US $451,147 73

3
145,802 m ST
US $278,481 82
54,986 m> e
US $105,023 26
10,558 m? General Service
US $20,165 78 Departement
2122 m Shop #11
US $9,783 02
3
3495m S
US $6,675 45
2822 m Shop #19
US $5,390 02
2323 m’ Canteen
US $4,494 23
3
2081 m Shop #14
US $3,980 44
3
L36om Shop #15
US $2,607 15
3
L322 m Shop #4
US $2,525 02
3
$0m Shop #23
US $1,604 4
3
Blm Shop #24
US $1,396 21
3
alm Shop #17
US $1,224 31
3
20 m “Iskratrans”
US $1,126,9
3
13 m Area #5
US $1,094 43
3
0o m Shop #21
US $1,079 15
236 m Shop #16
US $1,042 86
I 808 m3 Shop #1
Shop #25
US $3,453 28 Shop #25
Area #27

Printing house

61 73%

23 28%

4 47%

217%

1 48%

1 19%

1 0%

0 88%

0 8%

056%

0 36%

03%

027%

025%

0,24%

0 24%

0 23%

0 77%

Fig 5 7 Balance of domestic water consumption for 1996
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60 PREVIOUS ENERGY EFFICIENCY IMPROVEMENTS

Serious attention 1s paid at the plant to energy saving issues In particular, there was prepared
preliminary study to proving the reason for switching on supplying for the processing equipment the
air from turbine blowers with the pressure of 05 kg/cm? instead of supplying the air with the
pressure of 4 to 6 bar that 1s produced by the compressor station More precise calculations in Item
7 2 1n the given report showed that the payback periods for this energy saving measure was I § 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 msulation in the upper part of the furnace (the dome and the
side walls) The surface temperature of the walls 1n these places 1s 330°C The enterprise bought
basalt fibers to improve the thermal insulation of furnace vault, which will decrease the gas
consumption significantly (in Item 7 4, C, calculations are given concerning decreasing the heat
losses 1f basalt thermal fiber 1s used) According to the calculations done a the plant, saving of
natural gas will be 502,320 m3 per year, while the payback period will be 0 9 of a year The results of
out calculations are different so we present them with detailled explanations
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70 ENERGY AUDIT

While performing the audit, the audit team and plant experts made a list of possible energy saving
measures The items were selected for study by the team

NN AW -

=}

10
11
12

13
14
15
16
17

18
19
20
21
22

23
24

25
26

Controlling the production capacity of the compressor station

Installation of local compressor stations of low production capacity

Metering the high-pressure air consumption by the shops

Improvement the msulation of the glassmaking furnace

Utilization of the heat from the glassmaking furnace for heating the rooms

Make warmer the Building where the glassmaking furnaces are

Install a station for separating the air to produce oxygen, nitrogen and argon required in the
processing line

Decreasing the capacity of the motors used for the processing equipment

Adjustment of the gas combustion conditions 1n the furnaces and boilers

Automatic system for metering the energy resources flow to make urgent operation decisions
Replacement of the obsolete furnaces for burning the wires with new ones, more effective
Replace the burners 1n the automatic machines for filling the bases of the electric bulbs in the
electric bulb workshop

Replacement of the obsolete electrolysis units with new ones, more effective

Possibility to use infra-red heating systems in workshops and rooms

Install an automatic system for the internal and external lighting

Replace the steel window frames with ones of aluminum and double-glazed

Introduction of equipment for knurling the thread on electric bulb bases without using
compressed air

Introduction of oxygen cutting of the wire supports on an automatic machine for cutting the wire

lant
supports produced by the glass plant

Introduction of a system for checking the thickness of the glass tubes in the glassmaking
workshop

Replacement of burners on the stream water boilers

Installment a decentralized heating system

Transfer the compressor station on a two-shift operation schedule, and nstall at the same time
local compressors

Replace the plants for cleaning the high-pressure air and mert gases with new ones

Utilize the heat from the water cooling the compressors for heating water and for preparation of
gaseous oxygen, argon and nitrogen

Install measuring instruments for determination of the quality of mnert gases and of air

Install a system for controlling the air temperatures 1n the rooms

71 Inroduction of energy management

The proposal

Implementation at Lviv Lamp Plant "Iskra” of an energy management system
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The main mstrument 1n reduction of energy consumption and improvement of the efficiency of
energy utilization at industrial enterprises 1s energy management Energy management 1s a method of
managing the enterprise providing continuous study and, consequently, knowledge of the distribution
and conditions for energy consumption at the enterprise, as well as determining the optimal
utilization of energy resources for both the production needs, and for the non-production needs

Cycle of Energy Management

Introduction
of the planned
measures

Making energy Reading the data
consumption maps Jrom metering

1118 ¥Lmeni s

By implementation of energy management one can have a detailed picture concerning consumption
of energy, which enables him to compare the energy consumption levels at other enterprises in order
to determine exactly the energy saving projects that are planned for implementation at the given
enterprise

Energy management starts with appointment by the top management of the plant of an executive to

be responsible for introduction energy management at the enterprise — he 1s called the energy

manager The main functions of the energy manager are as follows

e participation 1n making maps of energy consumption at the enterprise (probably in cooperation
with an outside consultant - an energy auditor),

e collection of data concerning consumption of the fuel and energy resources using meters and
measuring 1nstruments and devices,

¢ making a plan of installing auxiliary meters and measuring mstruments and equipment,

e collection of data concerning the flow of raw materials, fuel and energy and finished products,

e calculation of the key data 1n relation of improvement of the efficiency of energy utilization - on
the whole and 1n regard of separate production lines or areas,

o 1ntroduction of new technologies for the existing and new energy systems to increase the energy
efficiency of the production,
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o the energy manager shall be aware of the current policy in the energy field (for example, the new
legislation on taxation, the existing limitations 1n regard of the energy consumption levels,
subsidies, 1ssues relating to the environmental protection, etc )

We propose to introduce at the enterprise an energy management system in full scope
Implementation of the given proposal 1s connected with a possibility of decreasing the energy
consumption rate at least 3 per cent

Implementation of energy management at the plant requires performing a modernization of the
existing system of metering the electric consumption rate with electric consumption meters at all the
transformer substations

There 1s necessary to modermze the system of metering gas consumption at the gas controlling
station with providing the readings of the flow meter to a computer, with installation of auxihary gas
meters n each department, which will enable to determine the dynamucs of the gas consumption
when producing products

Calculation of yearly energy saving

Currently the plant consumes 1n average during a year 21,029 64 thousand kW h of electric power,
29,161 495 thousand m® of natural gas and 236 203 thousand of all-purpose water, the total sum of
those 15 US $3,819,576 The world experience and practice prove that 1n case of implementation of
energy management guarantees a 3 per cent decrease 1n energy consumption

So, the cost of the saved energy resources will be as follows
- for electric power

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

29,161 495 thousand m® x 0 03 = 875 thousand m’,
- for domestic water

236 203 thousand m’ x 0 03 = 7 1 thousand m®

Calculation of a yearly saving of costs

The yearly saving of energy costs, and, consequently, the pernutted value of the cost of
1mplementation of an energy management system, will be

US $3,819,576 x 0 03 = US $114,587
Costs of implementation of the energy management service

With taking into consideration the fact that the energy users are different, we can recommend to
mtroduce at "Iskra” Plant an energy management umt that would be n direct subordination to only
the Technical Director or to the Director General (in the foreign practice the energy manager 1s
subordinated to only the enterprise manager)

Taking mto account the wages level at the enterprises in Ukrame, the following salaries for the
energy management service could be set

~ the Chief Energy Manager of the plant — US $300 per month,
— aspecialist 1n data bases and economic analysis — US $250 per month

Total  US $550 per month

Then the annual payroll fund with taking into account the taxation will be as follows
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(US $550 /mon ) x (12 mon./yr) x 1 52 = US $10,032 per year

Implementation of a monitoring and control system (including the auditing automatic controlling
equipment) costs USD 100,000

Total costs on impelmentation of an energy management service 1s USD 110,032
Simple payback of the energy conservation measure
The simple payback for this energy conservation opportunity 1s
USD 110,032/ USD 114,587 = 0 96 year

Conclustons An energy monitoring and control system represented by two employees should
be mtroduced with the yearly payroll fund of US $10,032

72 Improvement of operation schedule and modermzation of the compressor station '

721 General description of the compressor station

At the present time the compressor station 1s one of the main users of electric power at JSC “Iskra” l
Its share 1s 29 53% of the total electric power consumption at the enterprise, or 6,210,000 kW h per
year or $279,066 per year There are 6 compressors installed 1in the compressor station, they are of l
three size-types, their production capacity 1s 52, 100 and 120 m?® per hour (two units of each size-
type)

The compressors were equipped with the following electric motors

1 3-Phase synchronous electric motor of SDK-16-24-12K-type, the frequency of the supplied
voltage 1s 50 Hz, the output capacity 1s 320 kW, S1 operation mode, cosp, = 09, the stator
voltage 1s 6,000 V, the nominal stator current 1s 37 A, Y-connection of the stator winding, the
nominal rotational speed 1s 500 rot/min, the excitation winding voltage 1s 25 V, the nominal rotor
current 1s 270 A, the efficiency 1s 92 3 per cent, the weight 1s 2,460 kg

2 3-Phase synchronous electric motor of SDK2-17-26KU4-type the frequency of the supphed
voltage 1s 50 Hz, the output capacity 1s 630 kW, S1 operation mode, cosgp = 0 9, Y-connection of
the stator winding, the stator voltage 1s 6,000 V, the nominal stator current 1s 71 A, the rotattional
speed 1s 8 33 s, the excitation winding voltage 1s 36 V, the nominal rotor current 1s 255 A, the
efficiency 1s 94 1 per cent, the weight 1s 3,815 kg

3 3-Phase syncronous electric motor of DS-16-44-10KUHL4-type the frequency of the supplied
voltage 1s 50 Hz, the output capacity 1s 800 kW, S1 operation mode, cosp = 1 0, Y-connection of
the stator winding, the stator voltage 1s 6,000 V, the nominal stator current 1s 81 A, the rotattional
speed 1s 10 s', the excitation winding voltage 15 35 V, the nominal rotor current 1s 250 A, the
efficiency 1s 96 per cent, the weight 1s 3,770 kg

The following energy conservation opportunities out of the possible ones were chosen for their
further study

e 1mprovement of the operation schedule of the compressor station,
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e replacement of the current compressors with new ones, more economically efficienct

Let us consider these 1n more details

722  Improvement of the schedule for operating the compressor station

The proposal

To develop and mtroduce into practice the operation schedule of the compressor station on the base
of actual needs of the processing equipment 1n compressed air

Study results

Table 71 shows the data concerning the production level of compressed air by the compressor
station 1 October 1997 The actual specific energy consumption for production of compressed air n
October 1997 were 0 0786837 kW h/m3 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
underloading of the compressor motors

Due to the manufacturer's certificate the average value of the specific energy consumption 1s as
follows
0 1067 39852+0 105 (247 464+ 130914)+0 111 (207 27 + 13 806)
39 852+ 247 464 + 130 914 + 13 806 + 207 270
For production of 8,725 th m3 of compressed air practically produced in October 1997, providing the

averaged data from the manufacturer's certificate concerning the energy consumption rates (0 10718
kW h/m3), 1t would have required

8,125,000 m3 0,10718 kW h/m3 = 870 83831th kW h

As 1n the load range between (0 4 to 0 45) and 1 0 of the nomunal efficiency of the motor does not
change significantly (1n the range between I per cent and 2 to 3 per cent), an approximate averaged
monthly value for the capacity factor of the electric motors at the compressor station will be

639 306 th kW h/870 83831th kW h =0 734127 = 73 4%

Therefore, the averaged loading of the motors at the compressor station 1s within the permitted limits
(between 0 7to 0 75 and 0 9)

=0 107718 kW h/m?

The actual consumption of compressed air by the workshops of the enterprise in October 1997 was
7,354,200 m3 Then the losses of the compressed air in the air ducts between the compressor station
and the plant workshops were 8,125,000 m3 - 7,354,200 m3 = 770,800 m3 or 9 5 per cent of the
amount produced by the compressor station This 1s a good indicator, and 1t testifies to a satisfactory
conditions of the lnes for supplying compressed air, as usually up between 20 and 30 per cent of
compressed air are lost in the lines

The studied have shown that at the enterprise there are not available any sufficienctly well grounded
recommendations concerning determination of the required capacity of the compressor station due to
the needs for compressed air
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Table 7 1

Production of compressed air by the compressor station 1 October 1997

Day of the The number of the working hours of the compressor during 24 hours, | Amount of compressed air
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 o 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 3 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
Electric power| 39852 247 464 130914 13 806 207 270 639,306 th kW h/month
consumption
during the
month, th
KW h
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
kW h/m? 01067 0105 0105 0111 0111 durmng the month are
00786838
Motor capacity 320 630 630 800 800
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Table 7 2 represents possible combinations of the compressor plants operation in regard of the
installed capacity (see also Table 7 1)

Table 72

#H Installed capacity of the
motors 1f the compressors

Total installed capacity of the
motors if the compressors are

Diafference of the mstalled
capacity from 1ts closest lower

are operated at the same operated at the same time, value, kW

tume, kW kW

1

T———i

3

4 320 + 630

5 800 + 320

6 2x630

7 800 + 630

8 2x630 + 320

9 2x800

10 800 + 630 + 320

11 2x800 + 320

12 800 + 2x630

13 2x800 + 630 2230 170

14 2x800 + 630 + 320 2250 320

Average value 1 71,5

g 57 < T

The average electric power consumption by the compressor station in October 1997 was as
follows

(639,300 kW h/mon)/[(24 h/day) (30 days/mon)] = 8§87 9kW h

Therefore, the average value of the power consumed by the motors at the compressor station 1n
October 1997 amounted to 887 9 kW Then the average value of the descrete increment of the
consumed power was as follows

(171 5kW/887 9kW) =0 1932 = 19 32%

Taking mnto consideration the actually operated equipment, the number of combinations of the
compressor station operations will be somewhat lower (see the marked out part in Table 7 3)

In this case the average value of the difference between the installed capacity of the motors (the
discrete increment of the power consumed by the motors) 1s 143 kW or 16 11 per cent
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If there are no exact data concerning the operation schedule for separate compressor plants, the actual
descrete mncrement of the power consumed by the motors can be determined 1n the following way

The ratio of operation combinations of the compressors with the motors of 320, 630 and 800 kW that
corresponds to the marked out area 1n Table 7 2, 1s respectively as follows

320kW | 630kW | 800kW
1 2 18

In accordance with the data in Table 7 1, the ratio of the time of the actual operation of compressors
with the motors of capacities of 320, 630 and 800 kW, 1s respectively as follows

320 kW 630 kW 800 kW

1 5554 30935
(139 hours) | (544 hours + 228 hours) | (86 hours + 344 hours)

The average value of compressor station capacity equal m the marked out area 1n Table 72 to
1,372 7 kW, but actually (see above) that value amounted to 887 9 kW

The calculated descrete increment of the power consumed by the motors will be equal then to

w
=450 kW

-1
( (2—1) (630 kW= 320kW) +(2~18) (800kW — 630kW) ) .
1372 7TkW

(5554-1) (630 kW —320kW)+ (5554 —30935) (800 kW - 630kW)

Therefore, from here 1n average for overcoming the resistance of the damper there 1s used

(450 XW - 143 kW) = 307 kW or 23 1% (307 kW/1,372 7 kW = 0 231 = 23 1%) of the electric
power consumed by the compressor station

So, the annual saving of electric power 1n case of implementation of a reasonable operation schedule
for the compressor station will be as follows

6,210 0231 = 1,435 kW h per year
or
US $279,066 0231 =US $64,464

Implementation of the given ECO requires a two-week work of two energy auditors at the plant with
the following processing of the collected data and producing their conslusions The average cost of
fulfillment of such a work without the VAT 1s in Ukrane US $10,000 The payback period of the
energy saving measure 1s equal to

US $10,000/US $64,464 = 0 155 yr

Conclusions Development and implementation of more reasonable operation schedule for the

compressor station 1s one of the most quickly repaid energy saving measures at
Lviv Lamp Plant "Iskra"
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723  Controlling of the production capacity of the compressor station by means of a
controllable electric drwve

The proposal

Controlling of the production capacity of the compressor station versus the needs in compressed air
of the processing equipment by using systems for controllable electric driving

Study results

It was found above (see Item 7 2 2) that the calculated discrete increment of the power consumed by
the motors 1s 450 kW or 32 79% (450 kW/1,372 7kW = 0,3279 = 32 79%)

Using gradually controllable electric driving systems will enable to utihize the electric power, with
the efficiency of 0 85 to 0 9, that earlier was used to overcome the resistance of the damper (throttle)

So, the electric power saving after implementation of this ECO (providing using a compressor station
of 6,209,757,000 kW h per year that costs USD 279,066 ) will be equal to

6,210 03279 085-1,731,000kW h per year,
or
US $279,066 03279 085 =US $77,780 per year

An approximate cost of the transducer for controlling the rotational frequency of the synchronous
electric motor 1s US $126,000 (for more details see Appendix A)

The payback period for this energy saving measure 1s

US $126,000/US $77,780 = 1 62 years

Conclusions Controlling the production capacity of the compressor station by using a
controllable electric drive 1s an energy saving measure with the payback period
of 162 years, and 1t can be implemented providing a the plant 1ts own or
mvolved funds

724  Replacement of the existing compressors with new ones, more econonucally effective
The proposal

Replacement of the existing compressors with the production capacity of 700 m3/min each with three
new compressors with the production capacity of 66 m3/min each The 1nstalled capacity of the
driving motors will change after that from 2 x 630 kW to 3 x 370 kW

Study results

The proposed ECO enables to decrease the descrete increment of the compressor production
capacity However 1t does not allow to change significantly the difference between the mstalled
capacity and the closest lower value (see Table 7 2)

It 1s easy to prove that 1f the average loading of the compressor drive 1s not lower than 7,260 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 1ts driving motor 1s 630 kW

Hence, when calculating the electric power saving resulting from implementation of the given ECO,
one should be based on the following working schedule simultaneously for the three new
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compressors with the motors having the capacity of 370 kW 296 days (with taking into account the
days off and well-days), which corresponds to 7,104 hours per year

Then, a yearly electric power saving after implementation of the given energy saving measure will be
as follows

(2 x630kW - 3 x370kW) 7,104 hours = 1,066,000 kW h
The cost of the electric power saved 1n the result of implementation of the given ECO 1s
(1,066,000 kW h) (US $945,024 /21,029,640 kW h) = US $47,886,
where US $945,024 1s the cost of the electric power consumed 1n 1996,
21,029,640 kW h 1s the value of the electric power consumption in 1996

The three compressors of the production capacity of 66 m3/mn each cost (for more details see
Appendix A)

US$175)
—— kW = US$194,25
( ) 370K = US$194,250

Taking mto considerations the customs and transportation expenditures, the total cost for
purchasing the equipment will be equal to the following

US $194,250 13 =TS $252,252
Then the payback period for the given energy saving measure will be
US $252,252 / US $47,886 = 5 27 years

Conclusions Implementation of the given energy saving measure should be considered
reasonable only 1n case of the life-time of the compressors that are installed now
to have been over Otherwise, this ECO may be referred to the long-term ones

7 3 Transfer on starting operation of the processmg equipment using the air from the
local compressor plants

The proposal

Currently the compressor station of the enterprise works round the clock This can be accounted for
by the requirements of the processing technology Transfer of the procesing 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 might Besides decreasing thr energy
consumption, it will allow to decrease the air leaks in the pipe lines from the compressor station to
the processing 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 providing an
efficient thermal insulation on the basis of light materials

Study results

The analysis carried out jontly with representatives of “Iskra” Plant showed that the local

compressors can be installed in the following

e 1 the chambers of GVT-type glassmaking furnace — 3 turbine blowers of 35-kW power
consumption capacity, the output capacity 1s § m3/min and the pressure 1s 7 bar,
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e on the area of shaping the wire supports — 3 turbine blowers of 40-HP capacity (29,84 kW = 40
HP 0 746), the output capacity 1s 14 7 m3/min and the pressure 1s 0 5 bar,

e the sewage structures on the area “Burden” and for operating the “Ribbon’ furnace equipment for
production of flasks — 4 compressors of 50-HP capacity (37 3 kW = 50 HP x 0 746), the pressure
1s 6 9 bar and the output capacity 1s 6 I m/min
The initial data for the calculation are as follows

e the number of the working days per year — 113 days,

e the number o the days in a year 365 - 113 = 252 days,

e the operation time of the processing equipment on week-days — 16 hours/day,

e losses of compresed air 1n the pipe lines from the compressor station to the workshop — 9 5% (see
Item 7 1, A),

e losses of compressed air 1n the internal workshop lines 20% - 9 5% = 10 5% (20% 1s the average
value for the facilities in the machine building industry,

e withdrawal from operation of the compressor with a 630-kW drive, the actual capacity factor 1s
095,

e the toal capacity of the electric motors of the new local comprssors 1s

35kW 3Jumits + 29 8kW 3Jumts + 37 3kW 4 umts =343 6 kW,
the calculated capacity factor1s 0 70

The decrease of the compressor plants capacity resulting from implementation of the given ECO
18

630kW 095-3436kW 07 =358kW

A yearly saving of electric power resulting from introduction of the local compressors will be as
follows

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

So, the cost of the electric power saved yearly providing implementation of the proposed ESM 1s (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 1s US 86,500

There should be taken into account that compressors in the compressor station have worn out
physically and they are subject to replacement Approximate cost of one new compressor with taking
mnto account the cost of the electric motor with the capacity of 630 kW 1s US 126,000 So,
mntroduction of local compressors will allow to save on the cost of the equipment 1n addition

USD 126,000 - USD 86,500 =USD 39,500
The payback period for the given energy saving measure 1s
US $39,500/ (US $76,063 yr ') = 0 52 year

Conclusions Implementation of this measure will allow to save electric power (1,693,000 kW h
per year), due to 1ts simple payback period this measure can be recommended as
one of the most prospective measures
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Conclusions Implementation of this measure will allow to save electric power (1,693,000 kW h
per year), due to 1ts simple payback period this measure can be recommended as
one of the most prospective measures

74 Improvement of the operation efficiency of RIBBON glass-making furnace

741  Provision of effective thermal insulation of "RIBBON" glassmaking furnace on
the basis of light-weight mateials

The proposal

Decreasing the heat losses through external guardings obstacles (the walls and the vault) of
“RIBBON” furnace and decreasing the temperatures of their surfaces to the rated one by providing
effective thermal msulation on the basis of light-weight materials

Calculations were made with the aim to estimate the amount of the saved energy resources and the
costs on the implementation After fulfilling more detailed calculations some design changes are
possible 1n the proposed measures There 1s also possible, and 1n some places 1t 1s just required, to
use (after an additional development) an evapation or water cooling followed by utilization of the
removed heat The cost of an area umit of the cooling surface does not significantly from that of an
efficient thermal nsulation, so 1ts use will not influence the costs and the payback period for the
given measures

Study results

Aiming at finding how reasonable 1s provision of effective thermal insulation on “RIBBON” furnace
measurements of temperatures of the walls and vault of the aggregate were made Infra-red
Thermometer "Heat Spy" was used (DHS-26X Model) for measurements The measurements showed
that the average surface temperature ¢,,, 1s 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 guarding obstacles are
Q=gq S, (kcal/h),
where ¢ =a (t,, - t,,) kcal/m’ h — the specific thermal flux through the guarding,
S — the area of the guarding surface, m?,
a — the heat transfer coefficient, kcal/m* h °C,
ty — the average temperature of the surface of a guarding obstacle, °C,
t, — the average temperature of the air in the workshop, #,= 30 °C
Let us consider each guarding obstacle
¢ The furnace vault (the feeder including)
g=15 (330-30)=4,500kcal/m* h,

33



§=80 (110+30)+25=1370m’
O=q S$=4,500 137 0=616 500 kcal’h
¢ The furnace bottom (without the feeder)
g=15 (300-30) =4,050 kcal/m® h,
S=80 110=880m’
O=q $=4,050 880=356 400 kcal/h
o The furnace walls (including the feeder)
q=15 (310-30)=4,200kcal/m*h,
S=15 110 2+80 30+210 20=990m’
O0=q 5=4200 990=415800kcal/h
e The regenerator vaults
g=15 (300-30) =4,050kcal/m’ h,
$=30 100 2=600m’
O=q $=4,050 600=243 000 kcal/h,
e The regenerator walls
g=15 (250-30) = 3,300 kcal/m” h,
S=((50+30) 100+50 30) 2=1900m’,
O=q S$=3,300 190 0=627,000kcal/h
e (as and air ducts (between the furnace and the regenerators)
q=15 (300 - 30) = 4,050 kcal/m* h,
S =800m
O=q S$=4,050 800=324000kcal/h

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

Q=616 500 + 356 400 + 415 800 + 243 000 + 627 000 + 324 000 = 2,582,700 kcal/h

Calculation of the thermal balance and of the real efficiency of the furnace
The coming heat

e the chemical heat of the fuel (gas - the lowest operation combustion heat 1s @%, = 8,100 kcal/m?,
G = 1,500 m*/h 1s the consumption of natural gas by the glassmaking furnace) 1s

0,=07%, G=8100 1,500=12,150 000 kcal/h,

e the physical heat of the supplied air (the volume required for burming 1 m® of gas 1s 12 62 m® of
ar, at the flow ratio of I 4, the heat content at the temperature of 20 °C 1s 6 3 kcal/m’) 1s as
follows
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0,=63 1262 1,500=120 000 kcal/h,
Q.. =12,150,000 + 120,000 = 12,270,000 kcal/h
The outgoing heat

o the useful heat for melting the furnace charge and warming 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)
1S

Qo™= 700 4,500 = 3,150,000 kcal/h,

e the heat quantity taken away with the combustion products (the amount of the combustion
products 1s 13 65 m® per 1 m’ of gas, at the air flow coefficient of I 4, the heat content 1n the

combustion products at the temperature of ¢, = 600 °C per I m’ of gas, consumed by the furnace 1s
2,800 kcal per 1m®of gas ) 1s

0.t = 2,800 1,500 = 4,200,000 kcal/h
e thermal losses through the external guardings of the whole aggregate are
Oura= 2,580,000 kcal/h,
O50ien = 3,150,000 + 4,200,000 + 2,580,000 = 9,930,000 kcal/h
Then the losses not taken into account are
.ot account. = Qo O Siaken = 12,270,000 - 9,930,000 = 2,340,000 kcal/h,
which 1s less 20 per cent of the coming heat
The efficiency of the furnace 1s
(3,150,000/12,270,000) 100% =25 7%

Calculation of the hmiting temperature between the vault and the thermal insulation

To decrease the temperature of the external surfaces provision of effective thermal nsulation 1s
required

According to the samitary specifications and standards the temperature of the external surfaces of
high-temperature plants shall be 45 °C (SN 245-71)

Let us calculate the initing temperature between the vault and effective thermal insulation after
providing the latter

Fig 7 1 Temperature distribution 1n an msulated vault
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The thermal flux through the non-insulated vault 1s (Fig 7 1)

Q=a; (ty-t,),

where #,,=330°C - 1s the temperature of the external surface of the vault,
t,,=30°C  — 1sthe temperature of the ambient air,
a,=15kcal/m’h°C - 1s the coefficient of heat transfer from the vault to the air at these
temperatures

q,=15 (330-30)=4,500 kcal/m® h
The heat transfer resistance of the vault matenials

Ry = (tyn - ty)/q,y
where ¢, =1,500°C - 1s the temperature of the internal surface of the vault,
Ry, = (1,500 - 330)/4,500 = 0 26 m* h °C/kcal

ty,
tne
tsv
tyn

Fig 7 2 Temperature distribution 1n a vault thermally msulated

The heat flux through the vault after providing thermal insulation 1s
q:=a; (ty;-tg),
where t,,=45°C — 1s the temperature of the external surface of the insulation (Fig 7 2),

t,,=25°C — 1s the temperature of the ambient air after provision of insulation for on the
furnace,

a,= 6 kcal/m’ h °C — 1s the coefficient of heat transfer from the mnsulation to the air at these
temperatures

q,=6 (45-25)=120kcal/m’h

The limiting temperature between the vault and the nsulation (Fig 7 2) after its provision 1s
determined from the formula

4:= (tyn- ts))/Rgy,
tsy=tVN" qz Rsy=1,500-120 026=1’470 OC

Taking mto account the value of the received temperature the conclusion about need of a
multilayer insulation 1s made
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Method of calculating the thermal insulation of a furnace

The value of the required heat transfer resistance R, of a multilayer insulation provided on the
furnace 1s determined from the formula

q:= (tyy- ty)/(Rgy+ Ry
R, = (tyn- tn)/q;:~ Rg,= (1,500 - 45)/120 - 0 26 = 11 865 m? h °C/kcal

Knowing the heat transfer resistance and the limiting temperatures of the multilayer insulation,
one can choose thermal insulating matenials and make calculations of the thickness of the layers in
accordance with their effective temperature range, taking into account that

R,s=R,+R,+ +R, (m’h °Clkecal),
where R, R, ,R, - are heat transfer resistances of each layer respectively, R, = d/k,
(m* h °C/kcal),
d, — 1s the thickness of the z-th layer of the thermal insulation, m,

k, — 1s the heat conductivity coefficient of the matenial of the #-th layer in the thermal
nsulation, kcal/m h °C

Calculation of effective thermal insulation on the basis of hight-weight materials

We shall make the first layer of the thermal insulation with DL-1,2 Dinas light-weight material
(up to 1,550 °C) We shall determine 1ts thickness from the formula

q=(ts-t) kyd,
d;=(ts5-t) kyg

where ¢,=1,300°C - 1s a preliminary chosen temperature between the first and the second
thermal msulations,

k, =047+ 0000257 (t5,+1t)/2=047+ 0000257 (1,470 + 1,300)/2 = 0,83 kcal/m h °C,
d,=(1,470-1,300) 0,83/120=117m

We shall make the second layer of the thermal insulation with ShLLA-1,3 chamotte light-weight
matenal (up to 1,400°C) We shall determine 1ts thickness from the formula

q=(t-t) k/d,
d2= (tI' tz) kz/q:

where £,=1,200°C - 1s a preliminary chosen temperature between the second and third layers of
the thermal 1nsulation,

k,=04+000033 (t,+t)/2=04+000033 (1,300+1,200)/2=081kcal/mh °C
d,=(1,300-1,200) 081/120=068 m

We shall make the third layer of the thermal insulation with SALB-1,0 light-weight material (up to
1,300°C) We shall determine 1ts thickness from the formula

q=(t,-t) ky/d;
d;=(1,-t) kyyg,
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where #;,=1,170°C - 1s a prehmmary chosen temperature between the third and fourth layers of
the thermal insulation,

k;=027+00003 (t,+1)/2=027+00003 (1,200+ 1,170)/2 =0 63 kcal/m h °C
d;=(1,200-1,170) 063/120=016 m

We shall make the fourth layer of the thermal nsulation with SALB-0,9 chamotte light-weight
matenials (up to 1,270°C) We shall determune 1ts thickness from the formula

q=(-1) k/d,
d;=(t,-1) k/g,

where ¢,=1,150°C - 1s a prehminary chosen temperature between the fourth and fifth layers of

the thermal insulation,
k,=0233+000024 (t,+1t)/2=0233+000024 (1,170+ 1,150)/2 =0 51 kcal/m h °C
d,=(1,170-1,150) 051/120= 0085 m

We shall make the fifth layer of the thermal insulation with SALB-0,8 chamotte light-weight
matenal (up to 7,250°C) We shall determine 1ts thickness from the formula

q=(t,-t) kgd;
d;=(t,-t) kyq,

where #,=1,100°C - 1s a preliminary chosen temperature between the fifth and sixth layers
of the thermal sulation,

k;=0194+ 000019 (1,+1t)/2=0194+ 000019 (1,150+ 1,100)/2=0 41 kcal /m h °C
d;=(1,150-1,100) 041/120=017m

We shall make the sixth layer of the thermal insulation with SALB-0,6 chamotte light-weight
matenal (up to 1,200°C) We shall determine 1ts thickness from the formula

q=(t:-1) kyd;
di=(ts-1) kyq,

where ¢,=1,050°C - 1s a preliminary chosen temperature between the sixth and seventh layers
of the thermal msulation,

k;=0135+0000155 (t;,+t)/2=0135+0000155 (1,100+ 1,050)/2=0 3 kcal/mh °C
dy=(1,100-1,050) 03/120=0125m

We shall make the seventh layer of the thermal insulation with SALB-0,4 chamotte light-weight
material (up to 1,150°C) We shall determine 1ts thickness from the formula

q=(-1) k/d,
d,=(t;-t) k/q,

where ¢,=850°C - 1s a preliminary chosen temperature between the seventh and eighth layers
of layers of the thermal insulation,

k,=01+000014 (t;,+t)/2=01+000014 (1,050+ 850)/2=023 kcal/mh °C
d,=(1,050-850) 023/120=038m
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The eighth, external, layer of the thermal insulation is made from 7K basalt-based thermal
msulation cardboard (up to 950 °C) We shall determine 1ts thickness from the formula

q=(t,-1) kyd,
dy=(t,-t) kyq=(850-45) 005/120=035m

The calculation will give us a multi-layer thermal insulation made with the nationally produced
materals (Table 3)

Table 7 3
# | Matenal of the thermal | Heat transfer Layer | Limting temperature
msulating layer coefficient, | thickness, before the layer,
keal/h m °C m °C
1 DL-12 083 117 1,70
2 ShLB-1,3 081 068 1,00
3 ShLB-10 063 016 1,00
4 ShLB-0 9 051 0 085 1,70
5 ShLB-0,8 041 017 1,50
6 ShLB-0 6 03 0125 1,00
7 ShLB-0,4 023 038 1,50
8 X 005 035 0,85

1 m? of thermal msulation for a furnace costs US $500 (including the design and installation
works) 1n case of overlapping of provision of the thermal insulation with a planned reconstruction of
the furnace

If the total area of the thermal losses for the furnace 1s 700 m?2, the cost of providing thermal
insulation for the whole furnace will be

500 x 700 =US $350,000

The thermal losses from the plant after providing thermal insulation of the plant, if the average
thermal flux 1s ¢ = 120 kcal/m? h, will amount to

120 x 700 = 84,000 kcal/h
Heat saving will be equal to
2,585,700 - 84,000 = 2,498,700 kcal/h
Which 1s
(2,498,700/12,270,000) 100% = 20 4% of the total heat income
For a year
2,498,700 x 275 x 24 = 16,491,420,000 kcal/year
If to recalculate into gas volume (the heat value 1s Q@ = 8,100 kcal/m3)

16,491,420,000/8,100 = 2,035,978 m3 of gas per year
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The total saving will be (supposing the cost 1s US $83 for 1,000 m3 of gas) US $170,000 per year
The payback period 1s
US $350,000/GS $170,000 = 2 06 years

Conclusions The measure has a middle-term payback period There 1s 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 fulfilling
the reconstruction to provide a temporary msulation

Due to a large thickness of the insulation, there 1s possible replacement of some materials with more
effective ones while retaining the same value of the heat transfer resistance

742  Providing effective thet mal insulation for “RIBBON?” glassmaking furnace on the
basis of ceramic fibers

The proposal

Decreasing heat losses through the external guardings obstacles (the walls and the vault) of
“RIBBON” furnace, decreasing the temperature of their surfaces to the specified value by providing
effective thermal insulation on the basis of ceramic fibers

Study results (See Item 7 4 1)
Calculation of thermal mnsulation

We shall make the first layer with Unifrax-3000 ceramic fiber (192 kg/m’, 1,540 °C) We shall
determine 1ts thickness from the formula

q=(ty-t) k/d,
d;=(ts-1) k/q,

where t,, = 1,470 1s the imiting temperature between the vault and the msulation (see Fig, 7 3)
after 1ts provision (for the design calculationn see Item 7 4 1),

t,=1,340°C - 1s a prehminary chosen temperature between the first and second layers of
the thermal 1nsulation (see Fig 7 3)

k;=05kcal/mh °C
d,=(1,470-1,340) 05/120=054m

We shall make the second layer of the thermal insulation with Unifrax-2600 ceramic fiber (224
kg/m’, 1,340 °C) We shall determune 1ts thickness from the formula

q=(t,-1) k/d,
d,=(t,-t) k/g,

where ¢,=1,190°C - 1s a preliminary chosen temperature between the second and third layers of
the thermal insulation (see Fig 7 3),

k,= 03 kcal/mh °C
d,=(1,340-1,190) 03/120=0375m
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Fig 73 Temperature distribution 1n the vault
with a thermal insulation on the basis of ceramic fibers

We shall make the third layer of the thermal insulation with Unyfrax-RG ceramic fiber (258 kg/m’,
1,190 °C) We shall determune 1ts thickness from the formula

q=(,-t) kyd,
d;=(t,-1) kyq,

where #,=850°C - 1s a preliminary chosen temperature between the third and fourth layers of
the thermal insulation (see Fig 7 3),

k;=0 25 kcal/m h °C
d,=(1,190-850) 025/120=071m
The external layer of the thermal insulation 1s made of 7K basalt-bases thermal insulated

cardboard (up to 950 °C) Its thickness was determined above (see Item 7 4 1)

The calculation will give us a multi-layer insulation made of the materials on the basis of ceramic
fibers (Table 7 4)

Table 7 4
# Matenal of the Heat transfer Layer Linuting temperature
thermal msulating coefficient, thickness, before the layer,
layer keal/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 7K 005 035 0,850

1 m? of thermal msulation for the furnace costs US $800 (including the design and installation

works) 1n case of overlapping of provision of the thermal insulation with a planned reconstruction of
the furnace

If the total area of the furnace heat losses 1s 700 m2, the total cost of msulation for the whole
furnace 1s as follows
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800 x 700 =US $560,000

The thermal losses after provision of thermal insulation at the average thermal flux of ¢ = 120
kcal/m? h will be equal to

120 x 700 = 84,000 kcal/n
Heat saving will be
2,585,700 - 84,000 = 2,498,700 kcal/h,
which 1s (2,498,700/12,270,000) 100% = 20 4% of the total heat income
Yearly
2,498,700 x 275 x 24 = 16,491,420,000 kcal/year
If to recalculate that for amount of gas (the heat value 1s Q = 8, 100 kcal/m3)
16,491,420,000/ 8,100 = 2,035,978 m3 of gas per year
Total saving (supposing that 1,000 m® of gas cost US $83) will be US $170,000 per year
Payback period 1s
560,000/ 170,000 = 3 3 years

Conclusions The measure 1s a middle-term one concerming its payback period There 1s
recommended to carry out the design works, to prepare the documentation and
materials required for a planned reconstruction of the furnace Providing a
temporary thermal isulation before fulfilling the reconstruction seems to be
reasonable
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743 Providing a temporary thermal insulation on the furnace unit

The proposal

Decreasing the heat loss through the external guarding obstacles (the walls and the vault) at
“RIBBON '’ furnace by providing a temporary thermal msulation on the basis of basalt cardboard

Study results (See Item 7 4 1)
Calculation of a temporary insulation of the vault by means of 7K-basalt based cardboard

The thermal flux through the vault after making thermal insulation should provide the limiting
temperature between the vault and the insulation equal to #5, = 850 °C (See Fig 7 4) The resistance
to the thermal condictivity of the material for the vault R, = 0 26 m*> hour °C/kcal was determined
above (see Item 7 4 1)

g, = (t,n- )/ Rg, = (1,500 - 850)/0 26 = 2,500 kcal/m? h

Fig 7 4 Temperature distribution 1n the vault with a temporary thermal msulation

Then the temperature of the external surface of the insulation will be

ty=1t,+q/a,
where £,=25°C - 1sthe ambient air temperature,
a=15kcal/m>h°C - 1s the coefficient of the heat transfer from the thermal insulation to

the air after providing the thermal insulation on the furnace
ty=25+2,500/15=190°C

The heat transfer resistance required R4 for the thermal msulation to be provided on the furnace
shall be determined from the formula

q:= (tyy- 1)/ (Rgy+ Ryy))
R, = (ts,- t)/q,- Rs,= (1,500 - 190 )/2,500 - 0 26 = 0 26 m* h °C/kcal
The thickness of the thermal insulation to be provided on the furnace 1s
d=Ry k=026 005=0013m
After providing the thermal 1nsulation the heat saving from I m”> will be
q=q,-q,=4,200-2,500= 1,700 kcal/m* h
Then for the vault
Q=q §$=1,700 137=233,000kcal/h,
which 1s (233,000/12,270,000) 100% = 2% of the total heat income
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The annual heat saving (taking into consideration the routine stops and temporary underloading
modes, we set 275 days 1n a year) will amount to

233,000 275 24=1,537,000,000 kcal/yr
Providing the lower heat value of gas @”, = 8,100 kcal/m’, we receive the annual saving of
1,537,000,000/8,100 = 190,000 m’/yr

If 1,000 m’® of gas cost US $83, the annual saving after providing a temporary thermal 1nsulation
will be

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

The cost of the nsulation (7K /-5 and 7K 1-10) including the delivery cost, installation works and
other expenditures 1s US $8 for I m® of the 1nsulating area

Then the cost of the insulation for the vault 1s US $8 137=US $1,100
Payback period 1s US $1,100/US $15,770 = 0 07 year (less than a month)

When mstalling a temporary thermal nsulation 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 saving will amount to
9 per cent of the total heat income into the furnace, while the annual saving will amount to US
$75,000

The total cost of nsulating the whole furnace (7K /-5 and 7K I-10), including expenditures on
delivery, installation works and other costs, 1s US $8,650 = US $5,200

Payback period 1s US $5,200/$75,000 = 0 07 yr (less than a month)

Conclusions The measure 1s economically benefitial and 1t has a short payback period It 1s
recommended for implementation as a temporary measure before a planned
reconstruction of the furnace

744  Thermal insulation of the furnace with using the materials having been purchased
by the plant

The proposal

Decreasing thermal losses through the external guarding obstacles in regard of "RIBBON" furnace
(the walls and the vault) by means of a thermal insulation with materials having been purchased by
the plant

Study results (See Item 7 4 1)

Aiming at thermal 1nsulation of the furnace, the plant purchased thermal msulating basalt-based mats
TM-40 (RST of Ukraine 1981-87, Rev -1) They are supposed to be put in the intermediate layer of a
fire-resisting thermal mnsulator made of DL-1,2 Dinas hight-weight matenal (GOST 5040-68 TU 14-
8-73)

Let us calculate thermal insulation of the vault by these matenals
Calculation of thermal insualtion

The thermal flux through the vault after providing the msulation should be a sort of for the limiting
temperature between the intermediate 1nsulation and basalt mats to be 7, = 500 °C
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q=(ty- 1)/ (Ry+ Rp),

where t;,~25°C  — 1sthe temperature of the ambient air,
R,=d,/k, — 1sthe heat transfet resistance of basalt mats, m* h °C/kcal,
R,=1/a — 1s the resistance of heat transfer from basalt mats to the air, m* h °C/kcal,
d,=04m - 1sthe thickness of insulation of basalt mats,

ky=06kcal/mh°C - 1sthe heat transfer coefficient of mats,

a =8 kcal/m*h °C — 15 the coefficient of the heat transfer from the air after providing the
furnace with msulation,

R,,=004/0/06 = 0 67 m* h °C/keal,
R,=1/8=0125m* h °C/kcal,
g = (500 - 25)/(0 67 +0 125) = 600 kcal/m* h
Then the temperature of the external surface of the insulation (see Fig 7 5) 1s
ty=t,+q/a=25+600/8=100°C
The temperature of the vault surface under the nsulation 1s
ty,=t,ytq Rg=1500-600 026=1350°C

The thickness d, of the intermediate layer of the thermal insulation from DL-1,2 Dinas light-
weight matenials (up to 1,550 °C) can be determined from the formula

q = (tyy- )Ry d//k))
d=(tywty/q-Rs) K,
where Kk, — 1s the coefficient of heat transfer of the Dinas hight-weight matenal,
k, =047+ 0000257 (t,y+1,)/2=047+ 0000257 (1350+500)/2=071kcal/mh °C,
d,=((1,500-500)/600-026) 071=100m

To decrease the thickness of the intermediate layer of the insulation, this layer must be a
multilayer one

The thickness d, of the layer of the thermal nsulation from DL-7 2 Dinas hight-weight matenals
(up to 1,550 °C) can be determined from the formula

q=(t-t) k/d,
d;=(ts-t) ky/q,

where ¢,=1200°C - 1s a preliminary chosen temperature between the first and second layers of
the thermal insulation (see Fig 7 5),

k, — 1s the coefficient of the heat transfer of the Dinas light-weight materials,
k,=047+ 0000257 (t,,+1t)/2=047+ 0000257 (1,350 + 1,200)/2 =0 8 kcal/m h °C,
d,=(1,350-1,200) 08/600=02m

The second layer of the thermal insulation will be made with SALB-0 9 chamotte light-weight
matenal (up to 1,270 °C) Its thichness will be determined from the formula
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q=(1,-1) ksd,
dz = (tl" tz) kz/qy

where ¢,=1,500°C - 1s a preliminary chosen temperature between the second and third layers of
the thermal insulation (see Fig 7 5),

k, — 1s the heat transfer coefficient of the chamotte light-weight materal,
k,=0233+000024 (t,+¢t)/2=0233+000024 (1,200+ 1,050)/2=105 kcal/m h °C,
d,=(1,200-1,050) 05/600=0125m

Fig 75 Temperature distribution mn the vault with a multi-layer msulation

The third layer of the thermal insulation will be done with SALB-0,4 chamotte hght-weight
material (up to 1,150 °C) Its thickness will be determined from the formula

q=(t,-t) kyd,
d;=(t,-1) kyy,
where k, — 1s the heat transfer coefficient of the chamotte light-weight materal,
k;=01+000014 (t,+1,)2=01+ 000014 (1,050+ 500)/2=02kcal/mh °C,
d,=(1,050-500) 02/600=018m

The calculations give us a multi-layer thermal insulation made of the materials (7M-40) purchased by
the plant (Table 7 5)
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Table 7 5
# Material of the |Heat transfer| Layer |Limiting tepterature
thermal msulating | coefficient, | thickness, before the layer,

layer kcal/h m °C m °C
1 DL-1,2 08 02 1,350
2 ShL.B-0,9 05 0125 1,200
3 ShLB-0,4 02 018 1,050
4 TM-10 006 040 0,500

To decrease the weight of theintermediate layer of the thermal insulation 1t 1s possible instead the
chamotte light-weight materials (SALB-0,9 and ShLB-0,4) using fiber-based mullite-silica or
chamotte-fiber-based slabs (MKRPG-400 or ShShGT-450) and mullite-silica-based rolled matenals
(MKRR-130)

1 m?2of the furnace msulation (including the design and fulfillment of the work) — US $100

The total area of the heat losses from the furnace 1s 700 m2, so the insulation for the whole furnace
1S

100 x 700 =US $70,000

The thermal losses after providing a thermal insulation at the average thermal flux of ¢ = 600
kCal/m? h will be

600 x 700 = 420,000 kcal/h
The heat saving will be
2,585,700 - 420,000 = 2,165,700 kcal/h,

which 1s (2,165,700/12,270,000) 100% = 17 7% of the total amount of the coming heat

For a year

2,165,700 x 275 x 24 = 14,293,620,000 kcal/yr
If to recalculate 1t 1n gas units (the heat value 1s @ = 8,100 kcal/m3), 1t gives
16,491,420,000/8,100 = 1,764,644 m3 of gas per year

The total gas saving (supposing that 3a 1,000 m3 costs US $83) will amount to US $145,000 per
year

The payback period
70,000/145,000 = 0 48 year

Conclusions The measure 1s a short-term repaid one, but 1t requires fulfillment of some
additional design works Such works are recommended to be carried out with
the aim of perfect choosing the materials with the following direct providing of
the msulation
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745  Utiization of heat from the combustion products in “RIBBON” gas making

furnace
The proposal

Installation of a steam generator for utilizization with the following using the heat from the
combustion products to produce steam for the processing needs and for heating the space 1n the
buildings 1n winter

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 glassmaking furnace 1s
currently as follows (at the temperature ¢, = 600 °C)

0,=G 1

The heat tthat will be removed from the glassmaking furnace by the combustion products after
installation of a steam generator, at the temperature of the combustion products ¢,= 150°C

0,=G 1,

where G = 1,500 m’/h — 1s the amount of natural gas consumed by the glassmaking furnace (the
lower operation heat value Q%, = 8,100 kcal/m’, the volume of the combustion products 1s 13,65 m’
when burning I m® of gas, at the air flow coefficient of 1 4)

1, = 2,800 kcal/m’ of gas and 1, = 700 kcal/m’ of gas are the heat content of the combustion products
respectively at ¢,= 600 °C, t,= 150 °C per 1 m’ of gas consumed by the furnace

Heat saving resulting from 1t utilization when cooling the exhaust gases from the temperature of
600°C to 150 °C 1s

0,=0,-0,=G 1,-G 1,=G (1,-1,) =1,500 (2,800 - 700) = 3,150,000 kcal/h

Taking into account the efficiency of the steam generator equal to 80 per cent, the gas saving will
be

G.=08 0,/07,=08 3,150,000/8,100=311 nm’/h,
which 1s (311/1,500) 100°% = 20 7% of the total gas consumption by the furnace

The annual saving (with taking into consideration the regular repair and maintenance stops as well
as the temporal underloaded operation modes which we suppose to be equal to 275 days/year)

(311 m*h) (275 24 h/year) = 2,000,000 m*/year
The cost of the gas saved during a year 1s
(2,000,000 m*/year) US 0 083 per 1m* = US $166,000

The cost of an ESG Steam Generator and the required equipment, with taking into account the
transportation cost and the expenditures on certification as well as other costs, 1s US $200000

The payback period for the given measure 1s

US $200,000/US $166,000 = 1 2 years
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Conclusions The given measure is economically profitable and 1t has a middle-term payback
period It 1s recommended to consider the opportunities for purchasing and
mstallation of an ESG-type Steam Generator Plant

746 Improvement of the operation efficiency at “RIBBON? glassmaking furnace by
controlling the supply of air for combustion piocess

The proposal

Improvement of the operation efficiency of the furnace by controlling the air supply for the
combustion process by means of ENERAC 2000 Combustion Analyzer

Study results

The results after the tests carred out with the help of the combustion analyzer (see Appendix)
showed that 1t may be possible to increase the operation efficiency of the furnace by approximately
0 5 to 1 per cent

ENERAC 2000 Combustion Analyzer costs US $5,000

The consumption of natural gas by “RIBBON” glassmaking furnace 1s
B = 10,000,000 m’/year

Saving of 0 5 per cent of natural gas will be

05% 05
= 10,000,000 —— = 50,000 m*/year,
T007; = 1,000,000 < = 50,000 1’/year

or, 1f 1,000 m® of gas cost US $83, the saving will be US $83 50=US $4,150

B

The payback period will be
US $5,000/ US $4,150 =1 2 year

Conclusions The measure 1s economically profitable and 1t has a short-term payback period
There should be recommended consideration of opportunities for purchasing and
nstallation of an ESG-type steam generator

Final consluston  'While implementing energy saving measures aimed at improvement of
efficiency of the operation of “RIBBON” glassmaking furnace, 1t 1s possible to increase 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 in
decreasing the net cost of the products There 1s recommended to consider thoroughly the proposed
measures and to choice those that are worth their implementing

75 Improvement of operating efficiency of DE-6.6 Boilers 1n the boiler-house

The proposal

Increasing the operation efficiency of DE-6,5 Boilers by controlling air supply for combustion
process using ENERAC 2000 Combustion Analyzer
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Study results

The data received after the tests carried out with the help of the combustion analyzer (see
Appendices) showed that, maybe, ther 1s possible to increase the operation efficiency of DE-6,5
Boilers by approximately 2 to 3 per cent

Calculation of the proposal efficiency
The cost of ENERAC 2000 Combustion Analyzer — US $5,000
The consumption of natural gas by the steam boiler-house 1s
B = 4,000,000 m’/year

A 2-per cent saving of natural gas 1s equal to

2% _ 4 000,000 = = 80,000
1007  PUUHUIY qpg T OHTTO IIYRAL

and 1f US $83 1s to be paid for 1,000 m?, the saving will amount to
US $83 80=1US $6,640

B

The payback period will be
US $5,000/US $6,640 =0 75 year

Conclusions The measure has a short-term payback period, 1t accounts for why 1t 1s
reasonable to purchase a combustion analyzer to momnitor constantly the fuel
combustion quality

76 Operation of an mfra-red heating system 1n the workshop for electric plating

The proposal

Amming at energy saving 1n heating systems, nstallation in the workshop for electric plating an infra-
red heating system

Study results

The workshop for electric plating 1s on two levels and 1t has a water heating system The heat-supply
tubes are set along the whole perimeter of the building on the first and on the second floors At the
present time, as a result of the reduction of production levels, 1n the electric plating workshop only
50 per cent of the total area of the floor are used for the production purposes, as for the second floor
1s concerned, only 1/3 of that 1s used for production purposes

Under the conditions, operation of an infra-red heating system working on natural gas would lead to
a significant decrease of costs on heating of the building The saving resulting from using that sort of

a heating system would be in heating only the space where equipment 1s installed and the zone
needed for working of the operating personnel

The preliminary discussions with the top management of the enterprise showed large interest on their
side 1 1nstallation of an infra-red heating system

Calculations concerning using an imfra-red heating system in the electric plating workshop at
ISKRA Plant

Area of the building - 5,200 m?
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Quannity required for heating the building
o providing the current heating system
80 kCal/m® h x 5,200 m* = 41,600 kcal/h,
o providing use of 5 infra-red heaters 50,400 kcal/h
5 x50,400 = 252,000 kcal/h
Saved heat
(1 -252,000/416,000) 100 = 40%
or
(416,000 - 252,000) 4,400 hour/h = 721,600,000 kcal/h
Suppose that production of I Geal of heat requires using of 733 m3 of gas, which, 1f 7,000 m3
costs USD 83, will ampunt to US $11
The gas saving 1s
133 m3/Geal 721 6 Gceallyr = 96,000 m’/yr
Saving 1n dollars
USD 11 per Geal 721 6 Geal/yr = USD 8,000 per year
The cost of the infra-rd heaters 1s
for 1 unit — US $1,200
for 5 units — US $6,000
The payback period 1s 6,000/8,000 = 0 75 year

Conclusions Installation of infra-red hearters 1s a measure with a short-term payback period
equal in less than 1 heating season
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80 EFFECTS OF RECOMMENDATIONS ON THE ENVIRONMENT

Implementation of energy saving measures leads to decreasing the level of harmful emissions nto the
atmosphere due to decreasing the amount of the fuel and electric power IN accordance with the data
recetved at the plant, burning of 1,000 m? of gas results 1n emitting into the atmosphere the following

CO - carbon monoxide - 0 28 kg,
NO, - nitrogen oxides — 1,458 kg,

According to the data after measurements for the glass-making furnace (see Appendix B), when 1,000
m’ of gas are burned, mto atmosphere there are emutted as follows

CO - carbon monoxide - @ 4 kg,
NO, - nitrogen oxide - 14 kg

In 1996 the average amount of harmful emissions per Ha 1,000 kW h of the produced electric
power, according to the data from the Mimstry of Energy of Ukramne, was as follows

CO - 05kg,

NO, -2 2kg,
S0O,- 9 9kg,
Ash —4 4 kg

Implementation of the proposed energy saving measures will enable to decrease the electric power
consumption by 6,555 thousand kW h, which 1s equivalent to decreasing the amount of harmful
emussions into the atmosphere

CO (6,555 thousand kW h) (0 5kg/th kW h) = 32,785 kg
NO: (6,555 thousand kW h) (2 2 kg/th kW h) = 14,421 kg
S$0; (6,555 thousand kW h) (9 9kg/th kW h) = 64,895 kg
Ash (6,555 thousand kW h) (4 4 kg/th kW h) = 28,842 kg

Implementation of the proposed energy conservation measures will enable to save consumption of
natural gas at the boiler-houses by 380 thousand m?, at other areas (furnaces, feeders, etc ) by 4,757
thousand m* which 1s equivalent to decreasing the amount of harmful emussions nto the atmosphere
as follows

- for the boiler-houses
co 380th. m3 028kg/th m?>=106kg
NO:  380th m® 1,458 kg/th m3 = 554 kg,

- for the furnaces, etc
Cco 4,757th m® 0 4 kg/th m’ = 1,903 kg
NO. 4,757 th m3 14 kg/th m3= 66,598 kg
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In total, implementation of the proposed energy conservation measures will allow to decrease
emussions mnto the atmosphere by the following amount

CO - by 34,794 kg
NO; - by 81,573 kg
S$0; - by 64,895 kg

Ash -by 28,842 kg
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APPENDIX A ENERGY CONSERVATION OPPORTUNITIES (ECOs)
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Energy Conservation Opportunities

Table A 1

Measure

[Electric powe
saving,
kW h x 1,000

Saving of
atural gas,
m3x 1,000

Yearly
saving,
USD

Measure
costs,
USD

Simple
payback
period,
yr

Item
1 the
given
report

Implementation of energy
management

631

875

114,587

110,032

096

71

Improvement of the schedule for the
compressor station operation

1,435

0

64,464

10,000

0155

722

Transfer of operation of the
processing equipment on the air
from the local compressor plants

1,693

76,063

86,500

114

73

Controlling the compressor station
production capacity by means of a
speed-vanable electric driver

1,731

77,780

126,000

162

723

Replacement of the current
compressors with new ones,
economically more efficient

1,065

47,886

252,252

527

724

Improvement of the opreation
efficiency of DE-6 5 Boilers 1n the
steam boiler-house

30

6,640

5,000

075

75

Introduction 1nto practice of infra-
red gas-fired heating systems in the
electroplating workshop

96

8,000

6,000

075

76

Utilization of the heat from the

combustion products leaving
RIBBON furnace

2,000

166,000

200,000

12

745

Improvement of the operation
efficiency of RIBBON glass-making
furnace by controlling the air supply
for burning

50

4,150

5,000

12

746

10

Provision of temporary insulation on
the furnace unit

190

75,000

5,200

007

743

11

Thermal nsulation of the furnace
with the materials bought by the
plant

1,765

145,000

70,000

048

744

12

Provision of thermal msulation on
the basis of light materials on the
glass-making furnace RIBBON

2,036

170,000

350,000

206

741

13

Provision of efficienct thermal
msulation on the basis of ceramic
fibers on the glass-makingh furnace
RIBBON

2,036

170,000

560,000

33

742




The list of the equipment required for implementaiton of the energy conservation measure
“Transfer on operation of the processing equipment using the air from the local compressor
plants™

1)
e ecither a turbine blower of Blower Frame Size 55 type with the production capacity
0 f 547 CFM and the pressure of 7 PSI 1n a set with a spare
filter
Manufacturer’s address DRESSER INDUSTRIES, INC
ROOT DIVISION
900 WEST MOUNT STREET,

CONNERSVILLE, INDIANA 47331
Fax 317/825-7669
e or a turbine blower Model DRS15BQ72 with the production capacity of

14 7 m3/min and with the pressure of O 5 bar 1n a set with a spare filter and an
electric motor of 40-HP capacity, 3-phase power supply of 50 Hz, 380 V

Manufacturer’s address “PORTRON”
EG & G PORTRON, SAU GERTIES,
NY 12477 USA
Fax 914/246-38-02

The approximate cost 1s US $8,000 per umt Purchasing of 3 turbine blowers 1s needed, the total
cost 1s US $24,000



2)

e either turbine blowers

of 8-m3/min capacity, the pressure 1s I bar with an electric

motor of 35-kW capacity with a belt drive and a spare filter The power supply
voltage 1s 380 V, 3 phases of 50 Hz

Manufacturer’s address

e or turbine blowers

LAMSON CENTRIFUGAL BLOWE RS
GARDNER DENVER MACHINERY INC
P O BOX 4857

SURACUSE,NY 13206

Fax 315/433-5451

of Blower Frame Size 53 type with the capacity of 295

CFM and the pressure of 15 PSI, the rotational frequency 1s 2,850 RPM, with an
electric motor and a spare filter

Manufacturer’s address

DRESSER INDUSTRIES, INC
ROOT DIVISION

900 WEST MOUNT STREET,
CONNERSVILLE, INDIANA 47331
Fax 317/825-7669

The approximate cost 1s US $7,500 per unit Purchasing of 3 turbine blowers 1s needed, the total cost

1s US $22,500
3)

C50-type compressor with the production capacity of 6 51 m3/min, pressure of 6 9 bars, with a
spare filter and an electric motor of 50 HP, the voltage 1s 380 V, 3 phases of 50 Hz

Manufacturer’s address

ROTARY COMPRESSOR CORPORATION
329 NEWMAN DRIVE

COOCE VILLE, TENNESSEE 38501

Fax 615-528-92-77

The approximate cost 1s US $10,000 per umit Purchasing of 4 compressors 1s needed, the total

cost 1s US $40,000

The equipment required for immplementation of the ECO “Replacement of the existing
compressors with new, more economic ones”

e (500 Compressor from Rotary Air Compressor, 6 9 Bar, 70 79 m*/min, 500HP Motor (370 kW)



The manufacturer’s address ROTARY COMPRESSOR CORPORATION
329 NEWMAN DRIVE
COOCE VILLE, TENNESSEE 38501
Fax 615/528-92-77

The equipment required for implementation of the ECO “Controlling the production capacity of
the compressor station by using a variable speed drive”

e frequency converter to control the rotational speed of the synchronous electric motor with the
power capacity of 800 kW and the stator voltage of 6 kV

The manufacturers Open Joint-Stock Company “Kharkiv
Electro-Mechanical Plant”

Kharkiv, Ukraine

“Alan Bredly”

“ABB”
Approximate cost — US $80,000

The thermal msulating materials required for implementation of the ECO “Provision of effective
thermal msulation on “RIBBON”glassmaking furnace on the basis of light-weighting
materials”

e DL-1,2,ShLA-1,3,ShLA-0,410 1,0

Manufacturer’s address 3, Schmudt Str,
Krasnoarmeisk, Donetsk Oblast,
343100, Ukraine
Tel (06239)-2-04-10

Velikoanadolsk Combined Facility for Fire-Resisting Materils
Valdimirovka Settlement 1n

Donetsk Oblast,

Volnovakhsky Raion,

342331, Ukraine

Tel 33-03,33-20

Konstiantinovka Combined Facility for Fire-Resisting Materals
2, Miroshchmichenko Str,



o TKI-5,1-10

Manufacturer’s address

The thermal insulating matenals

Konstiantynivka Settlement,
Donetsk Oblast,

342007, Ukraine

Tel 33-03, 33-20

Chasiv-Yar Combined Facility for Fire-Resisiting Materals
1, Komsomolskaya Str,

Chasiv Yar Town, Donetsk Oblast

343440, Ukraine

Tel 23-01, 23-02

Open Jont-Stock Company “Teplozvukoizolhatsiya”
7, Stroitelnaya Str,

Kotsiubynske Settlement, Kyiv Oblast

255700, Ukraine

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

Closed Joint-Stock Company “Izoliatsiya”
7, Svitly Shliakh Str,

Donetsk, 340029, Donetsk

Tel (0622) 66-61-42

required for implementation of of the ECO “Provision of effective

thermal msulation on “RIBBON” glassmaking furnace on the basis of ceramic fibers”

o Uniofrax 3000, 2600, RG

Manufacturer’s address

e TK-5,1-10

Manufacturer’s address

Unifrax Corporation

Corporate headquarters

Open Jomnt-Stock Company “Teplozvukoizoliatsiya™

7, Stroitelnaya Str ,



Kotsiubynske Settlement, Kyiv Oblast,
255700, Ukraine
Tel (277)-77-23-50, 7-12-03

Closed Joint-Stock Company “Izoliatsiya”
7, Svitly Shliakh Str,

Donetsk, 340029, Ukraine

Tel (0622) 66-61-42

The thermal 1nsulating materials required for implementation of the ECO “Thermal msulation of
the furnace using materials purchased by the plant”

e DIL-1,2,ShLA-1,3, ShLA-1,3, ShLB-0,4, ShLB-0,9
Manufacturer’s address  Krasnoarmeisk Dinas Plant
3, Schmudt Str,
Krasnoarmeisk Town,
Donetsk Oblast, 343100
Tel (06239)-2-04-10

Velikoanadolsk Combined Facility for Fire-Resisting Materials
Valdimirovka Settlement in
Donetsk Oblast,
Volnovakhsky Raion,
342331, Ukraine
Tel 33-03,33-20

Konstiantynivka Combined Facility for Fire-Resisting Matenls

Konstiantinovka Settlement,
Donetsk Oblast,

342007, Ukrane

Tel 33-03,33-20

)



Chasiv-Yar Combined Facility for Fire-Resisiting Materials
1, Komsomolskaya Str,
Chasiv Yar Town, Donetsk Oblast
343440, Ukraine
Tel 23-01,23-02

The thermal 1nsulating matenials required for implementation of the ECO “Utilization of the

combustion products outgomng from “RIBBON” glassmaking furnace” —

o “CAIN” ESG- 62 FLI8CSS

The thermal msulating matenals required fior implementation of the ECO “Improvement of the
operation efficiency of “RIBBON” glassmaking furnace by controlling the air for burning”

o ENERAC-2000

The thermal msulating materials required for implementation of the ECO “Improvement of the
operation efficiency of DE-6,5 boilers 1n the steam boiler-house”

e ENERAC-2000
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\ Yo sal representative
|
H IOEJ;EL-AI\!FIB% i g',v._c,,;ﬁumancs Jam.s E Gasho & Associates
a 480 West Gay Street
s West Chester PA 19280
Page 1o0f2 Tel (610) 692-5650

Date 3/30/1998

Application Worksheet (Normal Condition)

Fax (610) 692-5837
jgasho@compuserve com

AMBIENT CONDITIONS

Reference/Quot:

Atmosphenc Pressure 14 700 PSIA

Ambient Temperature 70F

APPLICATION REQUIREMENTS

Gas AR Gas Properties

Molecular Weight 28 966

CP 0241 BTU/lb -F Duty Cycle more than 4 hours per day
K Value (Cp/Cv) 1398 Relief Pressure 15 000 PSIG

Inlet Temperature 70F

Iniet Pressure 0 000 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

14 928 PSIG (includes 0 226 PSIG silencer loss)

MODEL SELECTED FOR THE APPLICATION

Model Number

Materials of Construction
Seal Type

Lubrication

Rotative Speed
Discharge Temperature

Discharge Temperature @ Relier

Discharge Volumetric Flow
Required Input Power
Required Input Pow3r @ Relief
Estimated Blower Noise

SELECTED BLOWER OPTIONS

NONE
TESTING

Standard Mechanical Integrity Test

5507-85L3 PD PLUS
Standard

Lip

External Pressure
1949 RPM

324 F

325 F

205470 CFM

32 354 BHP

32 536 BHP

94 dB(A) at 1 meter open field



Performance Tables

In conjunction with our program of continuous testing and design upgrading all specifications 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)

2 PSIG SPSIG | 8PSIG 10PSIG | 12PSIG 15 PSIG 18 PSIG Max Vacuum
BLOWER | SPEED ‘ ‘ ;
MODEL | (RPM) | CFM | BHP CFM BHP BHP | CFM | BHP ' CFM BHP | CFM BHP | CFM BHP Hg | CFM BHP
1150 206 | 37 167 E 72 | 139 | 1 123 15 - - | ' 12 124 ‘ 83
5507 1750 349 | 56 310 | 11 282 16 | 266 | 20 | 252 24 | 232 29 1 — ’ - 15 | 234 15
3600 789 1 750 ' 23 | 722 34 | 706 | 41 | 692 49 | 672 60 ! 655 | 71 17 | 648 35
1150 252 | 41 207 84 L 175 13 157 16 — -~ 1 | | 13 | 148 10
5509 1750 424 | 63 379 13 |, 347 19 | 329 24 | 312 28 | 290 35 — \ — 15 | 292 | 18
3600 953 | 13 908 26 | 878 40 | 858 | 49 841 58 1 819 71 799 | 85 17 } 791 | 44
I
1150 311 | 48 258 10 219 15 198 19 178 22 | o— — 13 185 12
5311 1750 | 521 | 73 468 15 429 23 | 408 ‘ 29 1 388 34 362 42 - - 15 364 22
3600 | 1168 ' 15 1115 31 1077 48 10551 59 1036 70 1009 86 ' 985 | 103 17 | 975 50
i
1150 398 57 333 12 285 19 | 258 24 234 28 — — 13 ! 242 16
5514 1750 667 | 87 600 19 552 29 525 36 501 43 | 469 53 — — 15 | 321 1 27
3600 | 1489 | 18 1423 39 | 1375 60 | 1340 | 74 | 1325 88 |1292 109 — | — 15 | 1284 | 55
. 1 ]
1150 459 | 64 386 14 f 333 14 304 | 27 | 2717, 32 — — \ 13 | 286 | 18
5516 1750 765 | 97 692 ; 21 | 639 33 | 609 | 41 582 | 49 — — \ 15 548 | 3
3600 | 1706 | 20 1633 + 44 | 1580 68 | 1551 | 84 | 1524 100 ' — — ‘ 15 | 1490 63
1150 520 | 70 440 16 ' 383 24 | 350 | 30 | 321 3% | — — 1 13 | 331 20
5518 1750 863 1 784 24 726 37 | 694 | 46 | 664 54 | — — 15 | 627 34
3600 | 1922 | 22 1842 49 1784 76 [1752 | 94 |17e2 | w2 | — —_ l 15 | 1685 | 70
1150 583 | 77 497 17 | 438 27 — — l E 12 | 402 | 20
5520 1750 965 12 878 | 26 | 816 41 — — ‘ 12 784 31
3600 | 21411 24 2055 54 1993 84 — — ! 12 [ 1961 63

Shaded areas indicate operation above maximum allowable horsepower Applications in shaded areas must be factory approved

Dimensions

Certain dimensions for 64/67 double envelope gastight differ shightly from those shov n beloy

Certfied arav ings are available through your local M D representative
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—»

217495

50

MODEL{SERIES’ A t D | E F G
7 | oy | o T o ¢ e 4R
i
09 | a1 20m 73 l3dy rpps NPT 850 1100
w1 | i S s 55 U s e R
5 | Lo e e 5% 5% sra ww 2%
51 | loar (3681 D% r5a 1gps ©FLG 1000 2000
519 |l ey 210 o A% aric wm 2%
20 | 0% e mee 0T B2 sre e B0

Vaiues are approximate and should not be u~ed for construction
Cenrtified drawings are available throuah vour local M D representitne

Sernes 46/81 (Vertical Flow)

KTV~

75
A=

|

14 50—

\ O 555
AHOLES

LEADING THE SEARCH FOR NEW SOLUTIONS

TUTHlL‘

CORPORATION

4540 We tkeamey Street P O Box 2877
sannghe 1 A~ 1n USA 00501 0877
Tebwl™

ST s S S pA3T

Fax 417 8o~ 2950

I3

M-D Pneumatics
Division

//{/:\\

)

N
=/
4

15090011992

S~
~

b



TUTHILL

i ! E CCRPCRATION | Duvision

rPage 20of2
Date 3/30/1998

Normal Operating Point Curve for 5507-85L3

1eumatics

Yo zal representative
James E Gasho & Associates
460 West Gay Street

West Chester PA 19280

Tel (610) 692-5650

Fax (610) 692-5837
Jgasho@compuserve com

Reference/Quote
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50' ! |F‘ower Required
|
! ! |
40 ‘ BHP
‘ I; “\ ! 1
20; : ' |
| ] |
0o T500 20002500 3000 3500 4000
RPM
Performance Curve Based Upon The Conditions Of
Displacement 0 238 CFR
Atmospheric Pressure 14 700 PSIA
Gas AlIR
Inlet Temperature 70 F
Molecular Weight 28 966
Value 1398
Inlet Pressure 0 000 in H20 Vac
Discharge Pressure 14 926 PSIG
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Jodel 5500 Heavy Duty

-igh Pressure Industnal Blowers

Bi-directional Rotation

17 Series - Horizontal Air Fiow
46 Series - Vertical Air Flow

57 Series - Horizontal Flow Single Envelope Gastight
81 Series - Vertical Flow, Single Envelope Gastight

64 Senes - Horizontal Flow Double Envelope Gastight
67 Series - Vertical Flow, Double Envelope Gastight

#lodel 5500 PD PLUS heavy duty industnal biowers are
cesigned for high performance applications up to 18 PSIG
rressure boost or 17 Hg dry vacuum (24 Hg water injected)

17/46 Series

This series has wide application in pneumatic conveying -
vastewater treatment and the general process Industry where

nigh pressure high volume air 1s required Seal areas are

vented to atmosphere to relieve process pressure against the
internal lip seals and to provide ot free arr

57/81 Series (Single Envelope Gastight)

This series I1s utifized in such applications as closed loop
pneumatic conveying fuel or process gas handling or elevated
pressure applications up to 100 PS!G 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

84/67 Series (Double Envelope Gastight)

This series 1s bullt to laboratory standards where virtually
complete sealing I1s required In addition to the features shown

an the 57/81 series the drive shaft 1s mechanically sealed and the
oif sumps are plugged to provide an even higher degree of
leakage protection

MODEL | Max Max Max Nom Min RPM  Nom Max RPM | Disp!
SIZE | Press  Vac Comp @ Max Disch | @ Max Disch | CFR
PSt  (in Hg) Ratio Press Press
5507 | 18 17, 2311 2250 3600 235
5500 | 18 17 | 2311 2150 3600 282
5511 } 18 17 1 2311 2050 | 3600 | 345
5514 | 15 15 | 2021 1450 | 3300 445
5516 | 12 15 ! 2021 1150, 3600 509
5518 | 12 15 | 2021 1150 3200 572
5520 8 12 1841 1150 3600 636

Matenial Spec ticitiors

Hou-~ing Castiren
End Plates Castiren

End Covers Gearend Castiron
Free end Aluminum

Rotors Ductile iron
Shafts Ductile iron cast imtagrally with rotor
Bearings Gearend Doutle ro v ball
Free end and drn 2 shaft  Single row ball
Drive Shaft SAE 4140 forged alloy steel
Gears Heat treated alloy steel helical cut
Seals 17 46 Lip and labvnnth type on rotor shafts
lip seal on the drive shaft
57 81 Mechanical and labyrinth type on rotor
shafts lip seal on the dnve shaft
64 67 Same as 57 81 plus mechanical
sealing on the dnve shaft
Lubrication Ol splash system both ends

For elevated pressure applications 57/81 series and 64/67
series are available with high pressure sealing and testing
to allow discharge pressures as high as 100 PSIG (15 PSI
maximum pressure boost)

Blowers operating with a discharge pressure above 20 PSIG
require mechanical rotor shat sealing above 25 PSIG requires
hydros.atic testing and special high pressure seal leakage
testing

Optional Water Cooled End Plates

All vertical flow model 5500 PO PLUS® models are
available with M D exclusive optional water cooled end
plates to provide cooling of iubricating ol with less than 0 5
GPM cooling water for high performance applications
‘where exernal lubncation is not des ed or practical
Specify E suffix

Optional Lubrication Systems

All model 5500 PD PLUS® models are available with
external jubrication to provide positive bearing fubrication
and filtration of lubricant for extreme applications When
optional lubrication systems are specified the series
numbers change as follows

Standard Splash Lube Optional External
Pressure Lube
17/46 series 18/85 series
57/81 series 54/84 series
64/67 series 65/68 series

B65/68 series utiizes gastight external lubrication system rated
to a maximum pressure of 15 PSIG Consult your local M D
representative or factory if higher design pressure is required

LEADING THE SEARCH FOR NEW SOLUTIONS

TUTHILL | M-DPneumatics

CORPORATION | Division

4840 West Kearney Street P O Box 2877

Springheld Missoun USA €5801 0877 180 9001139

Tel 417 865 8715 800 P25 #3937 Fax 417 865 2950 @
%y
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ESG vs CONVENTIONAL FIRETUBE BOILERS YOUR AUTHORIZED CAIN REPRESENTATIVE
u '/3-12 the weight size & floor space

® 99%0 dry steam

= 100% turndown capacity

= 5-10 minute startup to full output

u Integrated full exhaust modulating bypass

» Explosion proof heat transfer exchanger

= Low friction loss for minimum static exhaust back pressure
= High circulating flow mimimizes scale buildup

u No thermal expansion problems accepting cold water boiler feedwater

s Lowest pinch paint (final leaving exhaust temperature minus—
operating steam temperature) offering greater thermal efficiency

et b eI A ST e e e e vy v p— e e — e - - e e

2z

ESG DESIGN MODIFICATIONS
8 { iquid Phase Oil Heaters

® Hot Water Boilers

m Steam Superheaters

APPLICATION DATA

m Source of Exhaust Gas

s Temperature of Exhaust Gas

8 SCFM or LBS/hr of Exhaust Gas
a Operating Steam Pressure

8 Desired Performance Output
either i
—PPH Steam
—BTU/hr Transfer
—Leaving Exhaust Temperature

Ry v
"
|“Eiiﬁﬁ§ﬁi----

Mequon Rd & Kleinmann Dr, PO Box 189, Germantown, Wi 53022,Tel 1-414-251-0051 WATS 1 800-558-8690 FAX 1-414-251

x10
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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 bvpassing waste heat optimum per
formance selection operating pressures
size weight and installation The ESG is
specifically designed to address these
concerns and more as standard design
features not found with conventional waste
heat botlers The timely needs of the project
eng neer and customer can all be achieved
accuJrately 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 rang:ng from 3 to 250
PSIG A packaged forced circulation water
tube design the ESG I1s manufactured
and tested in accordance with the require
ments 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
easily function as a supplemental or primary
steam output station For the very large
waste exhaust systems multiple generator
arrangements can eas!ly adapt effectively
without complex central controls

JVVV
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DESIGN N A OPTIONAL BOILER
» BF {
—
The ESG 1s a compact design including tnree basic sections the 3 ROOM ACCESSORIES

fintube heating surface steam flash drum assembly and a modulating
full port exhaust bypass prepiped and wired for ease of instaliation
and minimal customer connections An integral circulating pump
continually circulates water to the hea* transfer section recovering

B Boiler Blowdown Systems
a Boiler Feeawater Economizer
n Boller Feed Conaensate Return

BTUs from the exhaust and back to the steam drum assembly where Systems
superheated water flashes to steam
MINIMAL CUSTOMER CONNZCTIONS Exhaust
m4 2501b RF Flange Steam Outlet ﬁgggﬁfb‘y
mY% x2 x?2 ExhaustFlange Inlet & Outlet
m Main Power & Boiler Feed Connection .
n 12 NPT Main Blowdown 4
211s NPT Feedwater Inlet %
@i, NPT Conrol AL <t S
eam Sense
mlz NPIT Cooling Vvater inlet Transducer
& Outlet Controller
;"_ﬁ Double
3 insulated
DESIGN FEATURES Insulated
Steel Bypass
Modulating Feedwater
Valve Actuator oS Dampers
Thermocoupie Sensor (t ..._.—---——-.;3'_:‘1m {—— Inspection
P (tve) L . “ % = E ) Tube Removal
Steam Flash - . i omp e e EEC D Exit Doar
Drum Assembly e i@ ° ,
T o H T —
NEMA 4 Control Cabinet L — MY el N Modulating
Assembly < e P N He R = Pneumatic
'éa ;_‘?’m‘:ﬁfh e vl | i Shak Positioning
i * ot ST ! Damper
Circulating Pump Assembly o - 3 L i Actuator &
wdh b o e Fail Safe
it L A
! [P
) - ear SRR A i 5
P AT R
1 -
b et N ‘ 6 Structural

WASTE HEAT
EXHAUST
- CONNECTION

VASTE HELT
ENHAUS™
CONNECTIO

Stee! Skid




Recommended BIP 125 Model B12 6 FINS/INCH CIRCULATING OR CA‘IN lNDUSTRIES

PERFORMANCE CURVES PRLHECATING BOILER FEED
FUEL SAVING ECONOMIZERS
WATER FLOW BULLETIN NO 008
100 1000 5000 7000 9000 PPH
Mgl =, 7 2 5 6 17 1116 18 ___ 20 GPM 000 AP WATER
00 | I P i % 1o 30
0 ity ARRRRRERRE ! T T T T T
hid oo TR L) 7500 ' | f | |
e B i ool f ] |
‘ll L/,-"‘/ 1o o t 5 l } 1 1 |
1 - I i i | t | 1 t
i AR L 10 B | ' !
i pl i1 I - 10 000 (111 : } |
1o H | | M’__,,,..—w—’“"“"*' | 2000 —ap— . ! !
e X i | :
! /T Ty | ! 'l ! ! ; 7 »00 ! }‘ i ‘ i / { \
[ t l ———1‘_ , 1
IR gt = ol
! BEREEEEESS ey s R L A O | . :
$050) LT il s I ’ AL Url 1 ! !' - ' — e -
. :) ! | | | ! | f 1959 10 l“' . { ' t ! {
" A¥ RERSSSS 11220120 ,H/ i .‘ : ,
(/) ! ?__1__._--4——"-' s ' l 2 500 i‘::[ IIH 1 : ' '
- P =5 /T P L e B i
N z :
s 0 | 3719 |
H ! 15 I{ ‘I ! t § [ 1
= - 915 Lifh
Ny 200 - (i | L j '
o , PPH 0 5 10 15 20 25 30
= GPM HEAD (FEET)
m 2180 ¢
ﬁ +—+
! 610 FLUE
Q a P GAS
1
‘ 2500 1 -
100 f ! 1, e . g
' - 300 < I ! i 7
} 1 ]‘ ) l / ' t I
2000 '! - / i
{ ! . i i i t [
Eadh 160 alt ot il
| FPH . NS / ~ U
O L1 scrm iR TELI] I T l '
i 1 '
{‘l 1o /('{ | T : '
(ME3H) 1000 ]| “"/ ‘ : | |
Huaitipl by 9 6O Y0 Lo 11y I hh 133 .|l L ISR T ! | '
(F"("'t';‘r:“ "orn 100 200 100 L 10 100 500 LOO ‘;,‘V ' | '
! tltipl, b, (8 8 ab 1o 105 L 121 RPN ! {
(4wl e e Drop x 500 "i -~ ' ' I | I U
'y ll'; | l f
t t
" |l Il e Ty l !
IGO  lump Gu Out  1GI ((BTUMR  SCFM)  10815) SCFivY ﬂs AL IR Y O B i .
o femp Watar Out TH + (BTU/HR PPH Water) o 1 . - ¢ 7 & a (o1t 12
e e e e e et— - R e P INCHLS W (




_ 8 ' s f YR e fon v N5y |1 DU i HEIGH
Wyt 100 | 4313 | 220 264 2las 4959 | 465 323 24 190779 239973 PN R
Gas I+ 75 | 3235 | 220 265 146 3719 | 460 315 13 146 720 184553  |*r | .
£ b [as 50 | 2157 | 220 265 70 2480 | 445 301 06 97180 123012 A I
L 25 | 1078 | 220 264 20 1240 | 420 280 01 46,989 61024 *2 . - X
6 vl IR - 18| 275" H
@F ¥ e | 100 | 4313 | 220 264 245 5154 | 465 323 24 191122 230 267
NO 2.7 75 | 3235 | 220 266 146 3866 | 460 315 13 145020 175782 DIAR
NSl ~-| 50 | 2157 | 220 265 70 2578 | 445 301 06 97897 119386 , W
; 25 | 1078 | 220 267 20 1288 | 420 282 01 50499 63 123 R
— —_——— ——— —_—— —— — - —_— Y
g 100 | 4313 | 220 253 245 4959 | 465 359 16 142 259 179812 :
Gas | © ¢| 75 |93285| 220 254 146 a719 | 460 351 09 110566 139076 -
tall 50 | 2157 | 220 254 70 2480 | 445 334 04 74345 94108 R
4 25 | 1078 | 220 254 20 1240 | 420 310 o1 36928 47958 N NN
' 100 | 4313 | 220 253 245 5154 | 465 360 16 142 510 171699 Y e
75 | 3235 | 220 254 146 3866 | 460 351 09 11176 134 759 ¥ o
3 " "
NO 2/ 74 | 50 | 2157 | 220 | 255 70 | 2578 | 445 | 335 04 74 880 oray | 1611 275" | 36% .. 830
ol 25 | 1078 | 220 257 20 1288 | 420 313 01 39599 49498 ' § %
¢ - R ——— i A
el 100 | 4313 | 220 253 245 5145 | 465 360 16 142 009 170070 5 | e
N‘(”) ‘6 75 | 3235 | 220 254 146 3859 460 351 09 110041 132 579 ™~y
sEss (Y v | 50 | 2157 | 220 254 70 2573 | 445 335 04 74167 89899 v
L 25 | 1078 | 220 254 20 1286 | 420 310 01 36837 45760 :
ECONOMIZER MODEL NO B12 \
MRS RIS s 'EES,;),‘,&( €
DIMENSIONAL LAYOU e e
-

STANLESS STEEL \
DAMIEA D PASS PANEL

D tie 1 LIOUID INLET COMM STAINLESS STEEL
HINGED ACCESS PANELS
| I
] _:v—_-LI— I - . Tt [L_
Ul —h -

' ]

1

| i

: i BaD)
C ] !

: 4 ORAIN CATCH ¢

| \ <, RuGASSY ;

{ J
- " 'l""T“" M ! = 1ISLEATION

| | i L TONAL)Y
- A0 D)/ e NI T CONDLNSATE DRAIN CONN
e r v ounereoun D T~ NI T CONDENSATE DHAIN CONN
=7 ANGLE FLANGE (BC) T
DAY WT EAT NO BO
WEIGHTS AND DIMENSIONS (INCHES) t6d’ A B c D $5ATNE | wbles | NG
260 36 16 275 1 218 8 18




SUBMITTAI

DATE PEF ¥ FOR
B~ /2 c/0
Bul #10012
1
6 B—SERIES
<
A2
PEPFORMANCE
Wr‘ \3) AND
f ‘,,:@‘“ - : @ DIMENSION DATA
£§ A E
E H @ @E:; 8 B F
z\ c ry
;’l’;(; (-] D i
>
e ! E 0AD
F 0AH
G NPT
> H 1D
ANWGT
HS
) PSIC
TEM®
!
0
FILLET OR L B ®
BU’I"I‘-“ELD‘\
TO STACh =< LIQUID INLET

Ve !
h: oA CONNECTION

PAPTS LIST
(SEE DESIGN DATA FOR CONSTPUCTION

AL

HINGED STAINLESS ACCISS PanCe
FIN-TULBE ASSEMBLY

STAINLESS FLUE GAS BYPASS
LID ASSEMBLY

SELF-LOCKING TEANSION LATCH
SUPPORT BRACE ASSEMBLY
DAMPER SHAFT

\(ODULATING DAMPER

ACTUATOR (OPTIONAL)

WATING FLANGE (OPTIONAL)
(SEE MATING FLANGE LIST FOP
DIMENSIONS)

10 GASKRET {OPTIONAL)

11 ASME STAMP (OPTIONAL)

[2 MANUAL BYPASS ADJUSTING ASS?
13 INSULATION (OPTIONAL)

14 CAIN INDUSTPIES LOGO

15 LIFTING LUG

o 16 DRAIN CATCH RING (OPTIONAL)

1 1~ 1 NPT CONDENSATE DRAIN

o ~1 G h b L D

w0

Y M LRI

D
1 I
LIQUID OUTLET
l A l CONNECTION
GAS FLOW

Camn Industrics Inc PO Box 189 Germantown,W1 53022 414-251 0051 WATS1 800 558 8000 FAN1 414 251 01l

BEST AVAILABLE COPY /
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SUBMITTA

PUMP KIT ASSEMBLY

PUMP KIT ASSEMBLY

Bul #1100
/P/N NPT A | c D E F
Ao 29830 1 55321 ] 5,316 | Lu316 | 55308 55154 20908
P9840 1 1/Z7| 55330 | 851307 | S1040 2484 | 55154 55509
0968.0 z 20340 | 55308 | so421 | 55340 5,154 5 900
99860 z 55350 |} 55309 | 55421 | o 340 | $51.4 909
99082 | 1 1/Z} 5 63 155307 {51040 | 52340 | 55154 | 54900
A CIRCULATING PUMP @
1
SEE BUL.§10020 FOP PrPFGPMANCE GRAPHS P I
P/N ¥GT HP YOLTS ANPS l
55321 | 12 1/12 1s 185
V1 55330 15 1/8 115 215
55340 | 44 1712174 0R 1/3 1 y15/22d 48 [al
55350 | 49 1/8 1/2 OR 3/4 | 11,7220 85 - U
55668 | 42 1/3 L15/220 4 6 _ —_

HIGR TEMP (MAX DNLET TEMP 3307)

B FLOW CONTROL VALVE, Biass

L~ P/N | NPT

s L5315 | a/4

55316 1
55207 1 1/7
55309 z

P
1
(®)
C CHECK VALVE, Brass Tﬁl' v % =i

H Y )
" P/ | NPT
55315 | 3/4
55318 :
51040 | 1 172
50421 7

D RELIEF VALVE, Bronze

‘ =
P/N INLET | OUTLET PSIC b e 3 50 APPROX
b

! LUE
3,308 | 3/4  |3/4 125 _J
55332 1 1 125 m ° -
7 55104 3 11 15 L ECONOMIZER FLUE [%@ﬂ
55340 1 1 150 L.L_ COLLAR OUTLET e \/,,:”,
35348 1 1 300 PLWP OFF ™ 5F
TEMPERATURE 210F € 125 PSIC T SNAP 0% COVER "50F
{(ADJ STADLE)
E PUMP CONTROLLER
SR (E)
[" 55154 | 13,5 | €25 'r. L -
I m
F (2) THERMOMETERS Gas F PR <N
e g

/l/ p/N L

— IS 4
ir‘:wrr — === ) 3 12 i =
s 55909 35 | 50 / B RS
-TP 304 STAMNLESS STEFL ‘ "‘;\_/Q‘
55662 7| 1000 -ETRMETICALY SEAFD ]

55085 s 1200 BINETALLIC HELIY COIL acTiaTion L 7
2 ~ACCURACY #1- RANGE

Cain Industries Inc P O Box 189 Germantown, W1 53022 414-251 0051 WATS1 800 538 $690 FAN1-414 251 O11%

Ab



SUBMITTAL

VERTICAL PRESSURIZED STORAGLE TANK

Bul =21832

SELECT TANh SIZE BASED ON ECONOMIZER BTL/HR PECOVERY

BTU/HR .
ECOVOMIZER MQDEL § CAPACITY s woe
RELOVERY TArK CWLLONS ¢ O N e
38 000 171 15 13 oo
83 cGQ 19_2 D 1 - i
75.000 ozt Etel 1 2!
100 000 142 40 14 63 159
15G 000 TRt &0 15 72 210
200.000 20-1 780 A &2 253
250.000 202 100, - 77 283
300, 42 4o 120 ~. § EF)
350.0Q0 24=2 140 24 kxa 333
450,000 30-1 180 h%) 66 328
550000 n=3 220 %) o8 43
675,000 Tmo ) 270 2n o) ang
800 000 36=2 370 in 8> 5%9
937 000 T3 375 S 1 €1
1. 060000 T — 4 ) T ~ ]
1,.00,000 1.5 480 1
135300 J-1 & N L7 QR =z
SCN NGO w2 0 s “

DESCPIPTION

THE VERTICAL PRESSURIZED STORAGE TANK IS APPLIED IN
SYSTEMS WHERE STEADY WNATER FLOW THROUGH THE
ECONOMIZER CANNOT BE CONSTANT OR SOMETIMES DROPS
DOWN TO AN UMNACCEPTABLE FLOW PATE  THE
APPLICATION OF THIS SEPARATE SYSTEM ALLO /S ABSOLUTE
CONTROL OF ECONOMIZEP OQUTLET FLUE GAS AND W-TER
TIMPESATURES WHICH CaN BE MAI 'TAINED IN ADDITION
TO THZ MaXiHUM BTU/RR RICOVERY  MmXIMUM
STU/HR RECOVERT IS ALWAYS POSSIBLE BECAUSE WATER
1S CIPCULATED FROM THE BOTTOM OF THE TaN¥ OR COLD
WATER ZONE (NHERE NEW WATER ENTERS) TQ THE
ECONOMIZER AND BACK 7O THE TOP OF THE TANK OR
“HOT WATER ZONE™ (WHERE HEATED WATER LEAVES) THIS
ALLOWS THE GPREATEST ENTERING TEMPERATUPE DIFFERENCE
TO OCCUR FOR MAXIMUM HEAT TRANSFER EFFECTIVENESS
AT ALL TIMES  THE TANK BECOMES THE NEW HEAT SINK
OR "BULGE IN THE WATER FLOW LINE® AND IS SPECIFICALLY
USED FOF

1 PROCESS WATER CONTROL

2  PREREATING MAKEUP WATER TO THE CONDENSATE

TANK OR DEAERATOR
3 PREHEATING BOILER FEEDWATER LEAVING THE BCILER
FEED PUMP TO THE BOILER

THE PPESSURIZED TANK SYSTEM WILL ELIMINATE ANY
POTENTIAL FLASHING IN THE ECONOMIZER AND FOF
ON/OFF BOILER FEEDWATER SYSTEMS AvOIDS MAJOR
FEED#ATER PIFING AND CONTROL CHANGES  THE
EXISTING WNATER FLOW SYSTEM WILL NOT BE AFFECTED
EfCEPT FOR THE CONTROLLED INCPEASE IN WATER
TEMPERPATURE AS A RESULT OF THE BTU PECQVEPED FROM
THE WASTE HEAT COMBUSTIOW SOUPCE

NOTES
1 MANUTACTURED IN ACTORDANCE WiTH SECTION will
ASME PRESSURE VESSEL COOE
2 LECS APE FURNISHED WITH ALL TAMKS
3 MaTEPIALS OF CONSTRUCTION BLACY STEEL
a RELIEF VALVE INSTALLED IN TEE AT

HEATED WATER QUTLET CONNECTION UPOM INSTALLATION
5 © 3iGN PRESSURE 200 PSIG

1

|
‘ 177 NPT vEU

—— e s —

i TN
5 ,/ HOT N

o0 g "_, \'l 'E\TEP _J
G Re N 7Z0NE
7 et (]2 »
HEATED Wa ER FPOM
¥ ATER woUR
CITLET ECC Owi
OAH
{
. ER ‘w cors ot~ P
o i L
ErGr ozl 'l
P COLD 1z =
] WATEP
A S

Cain Industrics, Inc P O Box 189 Germantown,WI 53022 414-251-0051 WATS1 800 558 8690 FAX1 414 251 0118




15 1997 3 =F=PM CAIN INMDUSTRIES

MO 612 P19

/V"MAMJFADTLIHING WARTE HEAT TRANSEER PRODUCTE YO SAVIE EMERIAYT

Bo ler Exhmust Econornizers-incinerator Exnauat Economizere~-Diacs! & Gas
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TRANSMITTAL COVER SHEET

COMPANY DRIES ASSOCIATES

ATTH: MR BILL DRIES

PHOME HO- 608-231~2556

DATE: 12715797

FRX NO* 608-238-0495

PAGES 9 (including cover sheet)
SUBMITTED BY JIM ROZANSKI

SUBJECT: ISKA ELECTRIC LAMP FACTORY
REFERENCE#* 00-259 (Cawn computer printout}
HMESSAGE-

AS REQUESTED, ATTACHED IS YCUR PROPOSAL

12~-14 WEEX OELIVERY
THE QUOTED PRICE 1S F 0 B CAIN INDUSTRIES

I S B

PROPOSAL

industries
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Inquiry
[ 1 Phone
{X]} Fax
{ 1 Masl

[ 1 Fax ONLY

[ ] Fax, File

[X} fax, Ma11, File
[ 1 Hail, File

[ ] OVERNITE, File

OUR TERMS OF SALE, BUL #25500, AND "BOILER TERMS™ FORM PART OF THIS

K PO Box 189 Germantowe W 53022 PHONE 414-2851-0051  WATS 1-BDE-5S38-8690 FAX 1-414 251-011B /
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FURNACE EXHAUST STEAM GENERATOR
Re-Circulation Design w/ Exhaust Bypass

Ref# 00-259
Date 12/15/97
Page 1
Rev#. 0

Engineered for:

Dries Associates, Inc Attn Mr B111 Dries
1600 N Highpoint Rd Ph (608)231-2556
Middleton, WI 53562 FAX. (608)238-0495

System Description.

Cain Industries 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

The ES6 1s packaged and skid mounted It has a modulating exheust gas
bypass that controls steam production 1n relation to the steam demand It
1s compact in design, and is prepiped and wired for ease of installation

Quotation:
qry PART # UofM DESCRIPTION PRICE
1 EACH ESG-B27L18CSS
~INCLUDING
Full Modulating Exhaust Bypass
Skid Mounted Packaged Design
- — Packaged Boiler Control Trim
Factory Insulation
Modulating Water Level Conirol
g Low Exhaust Friction Loss
10 Ga Steel Exterior
Stainless Steel Inner Lining
ASME & Nat’1 Board Stamped
4" Thks Factory Insulation

- e o o ot st

TOTAL PRICE § 102,207 00
ANNUAL RETURN ON INVESTMENT % 164
5 YEAR SAVINGS . .4 838,798
10 YEAR SAVINGS .5 1,677,587
PAYBACK PERIOD, MONTHS 73

k PO Box 183 Germantown W1 S30282 PHONE 414-R51-D081  WATS 1 SCO-5S3-05690 FAX 1-414-251-0118 j
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Re-Circulation Design w/ Exhaust Bypass

Ref# 00-259
Date 12/15/97
Page 2

Rev# 0

Terms of Sale

Delivery 12-14 weeks

Payment Scheduje See Boijer Terms of Sale

See Bulletin 25500 including *Warranty and Performance Guarantee®

resenta* ve 1,4€?7

J1m Rozanski
Cain Industries

k PO Box 183 Germantown Wi E302E  PHONE 414-231-005 WATS 1-800 5529890 FAX 1-A14-251-0118 )




¢ 15 1897 3 F7RM CAIM IMDUSTRIES MO 612 P 4,5
~— —— y

.‘-L - ) il AR
HAMANUFACTURING WARTE HEAT TRANSMER PRODUCTRE TOD BAVE ENERGOY ’ c aln

Aoder Exheugt. Econaomzero-nomeretor Cxheust Ecornomusre ) nacl & Cas

Engne Heat Recavery StenceraWante Heat Bleam Ganaresore-Fionad Tubing iﬂgﬁ?‘fﬁﬁﬁ

FURNACE EXHAUST STEAM GEMERATOR
Re-Circulation Design w/ Exhaust Bypass

Ref#+ 00-259
Date 12/15/97
Page 3

Rev# 0O

Waste Heat Exhaust:

Primary Fuel Type Natural gas c a in

Exhaust Gas Flow Direction Horizontal {ndustries

Heat Source Description furnace Heat Recovery Systems
Heat Sink Description Steam load

Model. ESG-627L18CSS

Overall Length, inches 150 Customer Connections

Overall Width, inches 112 Exhausts, 2x2 Angle 67x30
Overall Height, inches 112 Steam, RF Flange 4
Dry HWeight, 1bs 12760 Boiler Feedwater, NPT 1
Wet Weight, lbs 13770 Blowdown Manifold 2
Surface Area, Ft2 3634 Steam Safety Valve, NPT 2z
Design Pressure, PSIG 150 Pump Cooling Water, NPT 172
Operating Steam Pressure, PSIG 100 Control Air, NPT 3/8
Hydrostatic Test Pressure, PSIG 225 Circulator Motor HP 10
@ Design Temperature, ’'F 680 Voltage 230/460

l Maximum Entering Temperature, °'F 12580 Phase 3 Hertz 60

Performance

Exhaust Flow Rate, SCFM 10075
Exhaust Entering Temp °*F 1080°F
Exhaust Gas Leaving Temp ’F 417°F
Pressure Drop * ¥ ¢ Max 107

*Equivalent Evaparation, ib/hr B581

*BoiTer Horsepower, BHP 249
Boiler Feedwater Flow, GPM 17 2

Heat Recovered, MBtu/hr B326

(*Steam Capacity from and at 212°F)

savings

Heat Saved, ( x 100,000 BTU/hr ) 83 264
Fuel Cost per 100,000 BTU 0 23
Annual Hours of Operation 8760
Savings per load $ 167760
ANNUAL SAVINCS $167,769

\._ PO Blax RS Gevmwntown W EBGRR FHONE 414-251.0051  WATE  800-558-88380 FAX 1-4142510 !‘3)
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SUBMITTAL

DATE, 12/15/97
MODEL* ESG-627L18CSS

REF#

259 fOR* Dries Associates, Inc

C/0. Cain Industries

Bul #86235

PARTS LIST
(8RE DESIGN DATA FOR CONSTRUCTION)

1
2
3
4
5

8
”
8
9

LIFTING LYE

STEAM MANIFOLD

MODULATING FEEDWATER VALVE
ASME STEAM BAPETY VALVE

ESG

PERFORMANCE
AND
DIMENSION DATA

11

STEAM OUTLET FLANGE
{STEAM STOP AND CHECK VALVE A 1080°F
SUPPLIED BY OTHERS) 8 317'F
STEAM FLASH DRUM/DRY PIPE
EXCESS STEAM PRESSURE SWITCH 100 PSI
mmhgwmgu }ll'ltﬁ?r?f%n CUTOUT 248 BHP
" "
LOCALIZED PIPING CONNECTIONS 8 112"%‘;’2, gAﬁ“L
PEEDWATER, BLOWDOWN MANIFOLD, . .
100 PSIC CONTROL AIR & E 4" CONN
CIRCULATING PUMP COOLING WATER F 67x30" CONN
TUBE REMOVAL ACCESS DOOR 127604 WaT
€ STRUCTURAL STEEL BASE 3534 1S
150 PSI6
1250 TEMP

12
13

14
16
16

EXHAUST BYFASS
FIN,UBE HEAT
TRANSFER SECTION

MAIN BLOY DOWN VALVE
CIRCULATING PUMP
CONTROL PANEL ASSY
FUSE DISCONNECT
MAGNETIC STARTER
STEPDOWN TRANSFORMER

ALARM LIGHTS
STEAM CONTROLLER
LOGA CARBON STEEL
EXTERIOR

1?

18 CONTINUOUS SURFACE

BLOWDOYN

PNEUMATIC MODULATING
DAMPER ACTUATOR
STAINLESS STEEL
INSULATED DOUBLE

1a
20

b

I

& .

o f

-

HEIATT 21 INSPECTION DOORS

4
e
4T
H 3
, E
n
e e
fooe .
fomm o
\
“‘
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b ]
<
)
1
1
| S
1
I3
L]
o
|
1
~, !
-~ 1
P ol o
i
o

DAMPER ASSY

*'
4_’

e —— ~

1—

-
4

NOTES

A 3 THKS INSULATION i
4' {OPTIONAL)}

8" {OPTIONAL)

EXHAUST FLANGE CONNS

2 x 2 ANGLE (STANDARD)

VoS
1
L}
o
H *
i
]
[
-
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1
|
:
g
i
]
H
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!
1!
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1
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§ 1
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9 x 3 * [} (OPTIONAL) |
ASME & NAT'L BOARD

CAIN INOUSTRIES
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Ref 00-259

EXHAUST STEAM GENERATOR (ESG)

=t BENERAL DESIGM e m e T San ST TEET T =
manufactured and tested in accordance with the requirements of Section I,
Division 1 of the ASME Boller and Pressure Vessel Code, and stamped to the
appropriate Section,

Tﬁe ESG shall have the capacity to operate as a supplemental or primary
steam generator The ESG shall be designed to produce full output steam in
approximately 15 minutes from a cold start and to operate fully
automatically under fluctuating steam loads and/or exhaust volumes

2.0 CONSTRUCTION

2 1 The design shall be made up of three basic sections mounted on a 6"
structural steel skid, including all necessary integral piping and wiring
for ease of installatfen and shall not require field assembly

2 2 The sections shall include the fintube heating surface, steam flash drum
assembly, and a modulating full port exhaust bypass as standard design
components

2 3 An antegral circulating 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 Sufficient velocity flow shall serve to reduce
sediment buildup in the tubes.

2 4 Al water and air connections shall be lecalized within a common manifold
assembly for ease of piping installation.

2 5 Exhaust volume connections shall be interchangeable to serve the ease of
instaliation

2 6 Heat Exchanger Section The explosion proof heating surface shall be
standard brazed/welded fin to tube, for high heat transfer (SA178 grA

109" wall thickness x carbon steel 030" minimum fin thickness)

2 7 The fin tubwng section shall be designed vn multiple sections for ease of g
tube replacement

2 8 The heat exchanger section shall cantain a main inspection door for tube
removal and (3) inspection access ports for cleaning and/or inspection.

2 9 The reinforced enclosure of the heat exchanger section shall be Tined with
4" thickness high density fiberwall insulation, designed to operate with
exhaust temperatures entering © 1250°F maxtmum and shall be clad with a
10ga carbon steel exterior, primed and painted with high temperature
metallic blue

2 10 Modutating Bypass Assembly The modulating bypass assembly shall also be
constructed with 4" thickness high density fiberwall insulation, 1l0ga
cxterior, and bolted to the heat exchanger section

2 11 The section shall contain a double damper bypass assembly, controlled by a
modulating pneumatic positioning actuater & steam pressure dial controller,
for controlling the volume of waste heat exhaust as required

2 12 The dampers shall be insulated and constructed of reinforcing stainless

1.2

R

\ PO Box 103 Ge~ma xown W S3082  PHONE 414-251-0051  WATS 1-800 SS5-8530 FAX 4 414 25 0148 /
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( MANUFACTURING WASTE HEAT TRANSEER PRODUCTE TD SBAVE ENERGYY

Boler Exhaust Ecoromizerns- noinerator Extaust Sconomzeca-Dipeol & Gas
Engns —esc Rotovory StencaryWasate Hast Stesr Generstora-Fnned Tucing

steel for maxsmum service conditions
2 13 In addition the damper assembly shall be designed for tight seal during the
full bypass or full operating position
2 14 The damper shafts shall contain high temperature bearings and packing
glands to seal exhaust leakage

N 1L Y dtha w acd: O .o
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/‘ MANUFAGCTURING WABTE HEAT TRAMNSAED PRODUCTE TO SAVE BNERGY™

Bouwr Exnaust Ecoromizerr nomerator £ xha mt Econuruuur-e-Dincge & Gae
Engine Haat Rocovery Blencera-Womee Heat Steorn Generocore-Fnrnod Tuotry

steel for maxamum service conditions
In addition the damper assembly shall be designed for tight seal during the
full bypass or full operating position
The damper shafts shall contain high temperature bearings and packing
glands to seal exhaust leakage
In the event of an air pressure or electirical failure, the modulating
bypass assembly shall contain a fail safe operating mode, whereby the
damper assembly shall automatically move to the full exhaust bypass
osition
gteam Flash Drum & Control Assembly. The steam flash drum assembly shall
include as standard components c¢irculating pump and motor, drum blowdown
valve, surface hlowdown valve, and water level control blowdown valve
manifolded for a single connection; low and high water cutouts, Modulating
boiler feedwater pump level control and valve assembly, red Tine water
level sight glass with drain cock, all required oil filled gauges for
steam, feedwater, pump cooling water, and air indication, (1) ASME code
steam safety relief valve
The steam flash drum shall contain infernal baffles and dry pipes for 99%
dry steam output and shall be insulated with 1" thickness insulation with
16ga carban steel shell
The contirol panel shall be designed to accept a single main power
connection with main fused disconnect and starter, fused stepdown
transformers, power on ndicating light, run indicating light, f111
indicating 1i1ght, low & high water alarm indicating lights

\pO Sox 188  Germentown Wi S30BP2  PRONE 914-251 00=1  WATE 1-800-S58-8830 FAX 1-414-251 C118
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\ PO Box 83 Geemantown W 53022 PHONE S14-251-0051  WATS 1-800-885-8630 FAX 149122510118
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STANDARD ESG BOILER TERMS OF SALE

The ‘Terms of Sale’ #25500 form a part of this proposal.
Purchase order shall be issued directly to Cain Industries

. Payment Schedule:

10% w/written erder

10% w/rece1pt of approved drawings

30% 6 wks after receipt of approved drawings

30% prior to shipment

Balance due 30 days from date of invoice or US Dock which ever
pceurs first,

man Ty

. Approval drawings are submitted 10 working days after receipt of

written purchase order.
Startup 3600 per day, per man, plus expenses upon receipt of
completed Pre-Startup form

. Delivery 12-14 weeks upon receipt of approved P 0

This quotation 1s valid for 60 days from the cate of this proposal
1 year warranty from date of shipment shall form part of this
quotation (See "Terms of Sale” byl 25500 for warranty information )

J
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Y TERMS OF SALE

Bul 25500
OFFER EXPIRATION TERMB-ESTABLISHED ACCOUNTS
Al ofters sapb Shify days from the guotslion dals uniew cihersies saled and M sublest et 20 deys from dete of irvolos.
:'umhh‘q .wm: Aunirtes, L. al ary line priar 0 the toreal sceaptercs of out otter
e o o TERMS-NEWACCOUNTS o
TAXES OR SURCHARGES: "“M ..lm"::.’“p.m.."" croet i comptad Crvch SppRestion Jorer H oo Fbd
wm&mﬁm&hmmm?mm mmm« urdl e R has baan selsbdekumd)

TERMS-ORDERS QUTSIDE THE UNITED STATES
tratied Qedad-_oftet of Crodi wilh purchano order Al Osdars-Payment to Ul prior to shipmant
MINTMUM BILLING: outsite e Unted Suates.

Ordars fox §25.00 Net o It W b ksiond ot 826,00 phus renapriafion. PROGRESS PAYMENT SCHEDULE FOR ORDERS

EXCEEDING ESTABLISHED CREDIT LIMIT
Emmnfccg\“ m“moiggucybzmsmas.u of adjunied 0 order’ orce Bo- From $20,000 16 550,000 X% whh puichass Ofdel, 30% with stum of 2pprored submifs
paptad And acknowdedgad by Osin Indusisies, Inc. e nol subject o change of canosdation BrIings of PUor 10 Shipma, Baiants 2% Ukeount Within 10 diys of invelos tats of NET 30

wihowt $40c consent of Cain industriss inc. Drder quantdy redudions or cancelisflons, if daye, e et 48 cagn of
granked, wiit Ds Bubieci ¥ Canosliastion Chargee aorsittent with componernbe ‘restocknbilty Mdmhmﬁﬁwmﬁ“&m“m"w;mu%mm»%
varwm mads (0 Drder spackications’ pecess of prockction compleon, akc. ning= md.;f;""‘*li e or HET 5 .

Defivery firnee an oh o
Dair rehiskios, nc. wil, in good feith, EBeime i afct dedwry wihi the fime cuoled. in o ACOUTIS st crels it wl be on & 'Cash wih Order bacis Lt sosount B EeLON bost
cass shad Caint indusbies, inc. be Rahie fof inciderdal o camages resulling ta baigw wwwm:nmmwa;‘ mey
Hom taliurs 1a maet reqUesed or Huctad dellvery achedules, hb-dwm&;ﬂ Justed for companies with paxt esed Nstoly oalataciofy 1o Caln induzrian e
g'unmwmmmwumwduddw Mg AppIovad
produsion whe v SERVICE CHARGES.
A 3% per month sanice charga wil e assersed on 3 past due EMOUE.
SHIPMENT OF COODS.
Unlsss citvirwiss apacYically sgreed all shilpmenie are made F.O8. F va best
cuhmmim.mpm!bl%mummm e oar A bo00s  OEM QUANTITY DISCOUNTS.
BECOME LOST CR DAMAGED N SHIPMENT THE CR RECPAENT OF THE A Total Cacourt Eachy o%
0003 M RAEDIATELY NOTIY AND PLACE CLAM WITH THE N @8 gﬂ Total Discount (3.9
INDUSTRIES, INC. O ANY DAMAGE OR DISCREPANCY AND MITHOAZA 9 c 01 Totwd Cecourd Each 1%
RETURN Aa o coutesy Caln industies, Ine. wil assist b trecing Gnd 9D Tois) Dlacount Each 7%
boat goods and the cotection of just S.alma, bk cannot guaitntss sad's 9 E Total Dlecoud 20%
m-aqhﬁpnmdmrdm tom peymen| of the totat bn- DF 100-246§ Total Dhacourd Each 2%
voloe. @ a Tok Omcound Each 25%
g {s ;mnlbuoou\lhm %
£00 +) oA Oiscourd Each
RETURN OF GOODS FOR WARRANTY REPAIR,
REPLACEMENT OR CREDIT OEM DISCOUNT PROVISIONS
Authorteation o peturm Sor Ay reason muat ba obiained trom Cain indunities, inc. prkor o&umumhwwmr ordet A orea Bched.
0t miuoy spment mada All eene retumed for repals, replacement of credit bhall sk 2ieo ba Inciuded es requied. Relensa diriea o mulipls unit order muet St udinin {
o metumed ireight prepaid, Freight cofiect shipmants vl not be acoepied. A meadocking from duie of s ordes 1o hotd cum  OEM Inddual twaicing for s
chmrge of 0% minim.nr’ Wl be ME0R 07 &l ST Fatumad for crecil. Pl unit roases begin & hem A of the quanlty dscount schadule And profats Frougr 1
B i
[ a
PROPRIETARY DATA. o an ctmrrirad  the ol o Cancadaton Gependent o T work I prooess. uan-Tes
L1 drodnge., spucilicationt end \schnical maleral sibmilad by Cain In siraady chippad 50 the poin of canceliation shall be Reusd an addiond invalos kor the I
Suskion, tng, Are the prodany of Cain [ndut s, Inc. Ree propdetery and e to be conpkdersd ferencs N Sece bresks betreen T Siigirial quanity ertered srd the ‘otal shippoed 1o B the
a0 comfidamial, poirt of cancelsbon ABrimum relsssy par thipment b {10, unita. Epecial prototyps oroe

Cuiuary sequiremerts ol sbie URON 1qUINR.

WARRANTY AND PERFORMANCE GUARANTEE

Cain Indutttes tne. warmrds all producis mantdeciured 1o bo free iram dulects in matetel or woraansiip LGS ROIME] Lse and ponaitiona for & pertod of one year from ite dats of ship-
et om our tactory, Cain industries Babfity undet this warmwity 1o the buysrshall be maed to Cain's decision © of reptace ol By faclory temo cearmnad colteciive Bllar nspacion
d

by actual meazuremact, I practicel, of by caiculstions 8§ neceessty All lacian of CO2, wmacoes s fult irgaut, Rlituds and the opemting eficHncy of s pAmary direct Aned unl, shai be -
corporabed 1 tha e, deteminean And calolietion of e rolume of the e pas. Payman for such lesl xhad Do 1ha responekxiiy O B pufchnear and 8 copy af the et proceduses con
thucted, detn sccutraled kNG cOaBoNt Used 10 avtve &l The Bnal reaulte ahadl ba submited bo Cain dusities, ing, &1 the ysts expensa

Cain Industries, lnc P O.Box 189 Germantown,WI 53022 414-251-0051 WATS1-800-558-8650 FAR1-414-251-0118
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Duraboard" Products

Duraboard RG
Mursboare PG (Refrac on Grader nsu 2wy s a cost-oftect ve
nsuiating board manufact ed with the specific requ rements
of the telractory 1 cus ry mmind 1t has a rofled rgrdized sur
face whnich @ives it a high modulus of riptite and compressive
S reGIN as well as high abrasion and bo gas eroaig Y rews arce
These properties make Luraboare R rsdlaton deally
~ted for use Lud @5 & backup 10 ¢e 1se refrac ares sach as
thase aeed nihe 32 ncus v adasah tate p olerve
la o 2/ rblunhetbimings sihe @ e g dized sut-Ce uds in
dust suppressit du ing nothia~ allatonendcpe awn

Duraboard LD
This product possesses the sa ne dansity 2nd temperature

a ng as Duraboard RG insutat on but1s manutactired to
ughier dimensional tolerances and has an excellent tirighed
surface These charatlenstics make it ldeally sunec o7 use
2s a sand vwh or o e 1 dler gl or for gse ir the manutacture
af cempenen s where aestistc cuahty <o ol @3 uriformity
~nd performance ¢ imponan

Itis a alabler avanet, of wtonda d bt 1etse. arang

e in2
Durabodrd HO
Tiiabuard HO isuldliun o e Mign CRasity buard prodice bat

flers the same Wy el af Gl e nel dr d sarace Wnnerm ty
a3 Dureoa o LD nsulation ot proades ehia wed LO 1 pressive
atrength anc & highe modulus of ruptu e This tnghier vensity
12 acnicved through the inclusion of clay additves du nig e
marufacturing process

e Migher ¢ rength makes Duraboard HE inoulaon par cularly

ol suted to waigrt cad suppert agohcasons suen 1, ref actory
5 ra ackur or tor cavening targar ansuppona fegars

GH Board
TiH Boeard insulation oossg=szs thie ighust densily and modul s
of rugture of tre no5, g pesdus nily This g o0ard s miznu
actured using 1ne gams oinding agens and 1s post soahed
e rnpart 1 s gh density

Due toits nick modulus of rupture s deal for uss 0
areas experiencive vibra ion machanical st @55 and strong
ergsive forces

Duraboard 2600
Duraboard 2800 rsulation 1S & high temperature insutating
soard des gned 0 proinue Tigh slab ity at elevated tempera
uree Thic capabiity 18 achie ed b, matufactunng o board
formlated vi b a blend of Fiborrac © aluming silica five ¢
and Fivarmey * Uinifrax Corporat o, paerted 0l scr sstatine
wlte thers
Trrs unique formula ion cunt 0 5 “hinnkAace te a level o only
5% after 168 hou s at 2600 F/1427°C

[

Duraboard 30u0u
Dorabiy 11¢ cLQU ins 112 101 tte P CRaat @ Mperatore ratec hoAard
manutactied Ly Umifr e Corpera 1o provides maximum high
tompa atare stazifiy end shitcth2ye esis aice Also formulaed
from a bled of Miberttax alun ig-siliea fibers and Fibermax
Uafrax Cornaranon s oat=ntad poly . ystdllir e mullite hicers
Durabenrt 2000 incula iun de& 1 €5 > escepl 0 bigh tempera
wre capadiht from aninerease 1 Fibermans hber v onee itration
n the ~lend

This Lhigue o mudaton ~ont ls shrnkaye o ale Ll aronly
1 2ne aftar 168 hodre 3L 2700 F 1.8 C

Typical Chemical Pioperties
The Fiberfra, Duraboaid emly exti bity excerlent chemical
stabuty ro. otng attach Oy most currosive ayents Exceptions
are Pvarg-luoric phosshoric hydrochlone and solunc acids
ag woll as concont ated alkalica Ficerf ax Duraboard progucls
also resist oxidaton and cducton I wet by water steam or
ol thermal and physical proog tor are completel, estored
upon dry no
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whien color

Inorganic Boards
Durahoard prodac 5 a ¢ manufactured using a combination
of nott argan ¢ ard organic bire rg agen®s In certain applica
one e presence n orgar ic o nders and the lo  tempe ature
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REST AVAILABLE COPY
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Availability
- Thickness
V) /a /e 1 1> 2

Shest Size 3 mm 6 mm 13 mm 25 mm 38 mm 51 mr

12728 Gt o (e

205y 914 mm g ne

/ 13 ¥ 18 2500 2600 280

<57 x 457 mm 2000 o000 300

24 x 74 2600 2890 260,

610 # 6.0 mm 3000 3000 3077

74 ¥ 6 {n D D Lo Lo

610 x 814 mm 44D HD HD

24 £ 48 PG R«

iy (120 mm LD (R3] .0 LD LD
D HD HD
20600 2600 2000
3010 3000 310

42 % 43 LD L3 LD

Duruboarc;"’ HD & Durckboa d LD wre avoiluab ¢ 3 & 4’ thic< Yv soocil order
Product Properties

D ner Jizes by apeoci reques

Board
Properties RG LD HD GH 2600 3000
Mom nal Dansity ot kg'me 16 258 16 258 26 .19 35 560 14 221 12 g
Cont avous Use Limit FeC 2300 1200 2300 1260 23006 12G0 z309 1260 2600 1427 3000 17
Product el ing Poln = C 3200 1760 3200 1760 320C 1760 L2060 760 3309 1816 3 00 -
MOR PSS! (2 een (lva, 2aU 200 olu 300 10 120
Tred (e b o B cont bl 10 &0 5 s 63 55
LOU (% bv £ 57 ¢ 67 5 G7a 0 4 5 4 6%
Dielectric Streng n - 27volsmt 27 \oltsrmil 27 volty mil — —_
Ccelor C earr totan Creamwhte CLream whie wream C eam
Shrinkzge el
24 Hrs @ Cont Use Limi, ok 4 57 15% 5% 15(163hrs 1 3) =
Z4 Hrs & 1600 F617 C — — — Qe ~
21Hre C 80CF Q20 C — 13 73 —_— — —_—
24 Hrs € 2540 ©13-3 C — — — -— - 10%
Z4Hr S 2600 F 1427 C — — — — — 104% —
24 R 2700 F 1882 — — — _— —_— 12
18- . 2450 71342 C - — 1 120
compressive Strangtt 1ban Gernfuad Green [ ed GeenTired G ee~ Fuca  Green Firzd  Gree- © N
N A wmat~n & £Q 1% L5 (] 2 ~Q IR —_ —— eyl 1Q an -
10ve &1 25 50 22 7¢ 39 - — 25 18 a4 -
J e ™ 5 37 23 81 3o — — 27 13 47 -
Fiber Conte~t
Fiberfrar® 100% 100% 10C% 1007, 75, 50%
F bermax 25% 50%
Thermal Conducy ly ™ Tomoerature Bumn wrf *F
600°F 316°C JRA2 462 062 074 50 047
{000°F 538 C 285 085 085 107 071 073
1.00 F760 C 112 14 1 144 102 116
1200 F 382 C ud 1A/3 1S3 83 13c 170
2200°F 1093 C — — - — &3 2.0

Fioe Tred s Unitmaxs 2a ered 2300 £ 261°C a~ orphious ~lam ia s'wa fher
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Fiberwall”
Bonded
Module

Systems

Introduction
Sithenwall~ Bonded modulc
sstems provide fas ard
s« mple techniques for eftec bl

Necda Mg ltvoe s o heat
- ocessing equirment Banree moautes can be ns e d
th Herty Lec® rard varg 3s 7 fal kimt e

Bowded moru'es a e tyoic=1, au~~ ~dinto olacs over evasting
fractery uoira 928 kg o 1 Ao kg 2 1o 5bs) ot Fiberstck !
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Jraces in su ahle conartior Relpttupret o atfram vother “ey ad aaon
F oer all Borded mogules ar. ot olraz J with fald-d Forrees 1 endon sonce ire o =Yat 2o = Jules retar

a1 dughtiy compressec Duratlan ef S D1 rablanket 4P S or
Surab'arhket 2600 ceramic fiber clarket They ars avat able 1n
<farge o gensi es anc tnichny 52500 Nach a ade va 1ely
cf the ma requirements i apphcatisrs up 0 2-50 F Athigh
ermperatures this foldec ~onstruct on takes «Gva tage of e
nnareq shrinkage p esent e 2ll ceramic f ber blanket produ.ts
oy causa @ thc layers at the hot face folds tu s2al ega rst one
another therepys p ever 1ng hearf 5 10 the shal
Fien all Barded 20 moauiss are dajigred for Aot f=ce

eruering wve enldn il sl irINgL A e Iera Lies Ug
o 11805°C (2700 M) The feh usew 1 Cunded 3¢ moduies 1C
mnade from a 50 53 blend »f U be frag* ughr ourily bull “ipers
and Fibermax? Urifrar s oa e ted aulycystalire inull @ fibers
Tne Lee ¢ Fibermaxin tae telt forrr ale wor produces ¢ roduc

~uch exh bit. ¢ ¢ erely 19 7 shinnkage acele ated err e aturay

Bonded Moduie Instaliation
Ceramic Fiber Module Veneer

tn hie Fte~ 3l zt=laton mancel Torm & 723

Manv furra.e ooar-tois t 1se Shol2n h o mgthad (of
iperding e perforrianc2 of wvis ne Inngs o—~cause ol the
Ppase snred Aresmoicitys o rotallaton And a corameo ibe
veneer 1= ofte 1 1 more a  actne aile ~atne it an completely
relinng 1 41 duo to the lover ~rcl ana snorter downtime

Advantages of Fibertrax Ceramic Fiber Veneer
Lo /erbhactiocses
FP-dicura 1 Leeralibie oy tor-oe

= Fase hest goan eooldoen ~ur

* Lov ineallert cst

+ Easy repairs

» Thermal sheek reaistance

* High neat refiectarce

* Gocd saund absarpticn

= E<cellenl cermrosion resistanc e

Typical Veneering Applhiuations
= Soabing pr coverz

* Fo ge furraces

+ Hefractnry, kilns

* Linings o /~r fiber

* Reheat furrarec

= P, olvsis furpaces

» Ceramic kur 3

* Boder ire bosrs

= Brick kins

¢ Heat reaning furraces
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Hefty-Loc™ Module System
Sibarfru® Bonded module. and Hafa Lo oy 2teet hud
vore comprise the Hetty Lo i xdilar = 2 amowhich provides
rING INsulation ‘o a vanety o 1eatl progces<INg &quipmen
The Hefty Loc sys e consists o t 0 components a base
michis seldeat rec ly W& the tinace casirg ang a ine vhich
Jasses through tre Bonded modute and locks into the Dase
Hefty-Loc fasterers are stocked in v v0 allov grades ooth
23S 304 ane SS 310 with Incorel 801 available on raquest
For recommended installaticn p oceduras raterio t1a
Sinernall mstallatien marwal Unt ax o C 729
The Fitensall HE=/ Lag moct I2r system provides many
istaltaliorn and des gn advantsdaes
Hhgh ot er Jthes vell as reststance QO Conoar e atnosoheres
Unidireemeon~li patte n of .inotaliea reodulec allo ve forma rum
camp RSO 23d resuhs e nght ne orm mings wreeh 3 ve
Jnsurpassad thermat perfarmanca
* The design provides a tight seal he-ween he “iber ang shal
This 1sures no tea* channelirg or convaction currents vaill
develop
« Alavered beckup ining of Durablanket 8 or Duraback
neulotion g easily installec bemind e medwar hot fece This
practice is 2n aconomical methne of ircreasing he thermsl
pe-farmance of e hining As an ada taral advantags he
layered bachua ing acts as a gaf2> g whicn v di o act
he caoingf mechameal d-mage ¢ con 2 0n e morialdr
o face
S ld e tirg of wcules for sosar b peuo curphfica dict
trim the Bonde2 module to the desircd contour Herly Loc
fasteners 2 @ lad cut 0 accomnacate ne hot 202 madute
desiygn This pracudce comaoietely eiminates the need to cut
the antachment tardware
When linirg orocess equipment firec by high su uruels a
stainless s*eel laye of foil 1s easily instailea over the backup
wlankey insutatior "His layer acts as 2 zpor varmier el minatiry
corrosion to the ¢asing 2nd ae d hase of he archors
2uicr'y 1 stalled Srnoy sbp he Bomw=d mad ile ntop siticn
den ock the tne © the p fosit oned base oint by irnalrg
tre module
In epp iLabonas vihere higt velociies are present the folded
—ocule 15 installec v ith he edge gran tlanket o1 the hot
face Thig 2dgc gramned meris pungtyred wih 2 Nl bozrd
trer coated with TopCozt?® M cr TopCoa* 3070 tup ¢ de
a suties coat rg resisant to velor ity ar ack
In~t3llatior equirment s readily o a1 cble
Bonded modules dsed N the Hefty Loc sy stem offer the
~ame advatages &s F ber all Ancho Loc¢™ module inings
and layered Fiher sa 1 genstruchicn v ben compe ed Lo refractory
CONS ruc 10N
These advantages are
« Fac ar remperature cychrg
Lower heat Ltorage
Lower tuel costs
» (ncreased productinvily
Arsisldiice 1o tierms shock and avauling
» Lower msta lec coat
= et repairs
Reduced rmamtenarce
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“Meghae O N
%) 446 Unilrax Corpo at or
I Are RIcee e
rae nJ%a

Tre Hefty Lee sve amis used for 3 wda range of tharmal
raquiremar < Apphcatc s up Y 100 F TV p e3f apphcatinns
tor the Hefty Lou sveter are oo ‘01l &

e Stress rauaving farracos

Avwealing LY ees

= Cubottomhaw troatng ur ee.

* Process Neae s

= Furnace «iln ond boder tming~

¢ Incirerat 2n 73U pMent 23d 5l | Mgs

» Field steam gonerawors
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Hefty Loc Modular System
Typical instalfation

A Instaliation Note
Bases o beiy Lo
archors a e welded o
tne steel caging by man
ual electne are welding
or by are stud weiding
Cor are s ua welding
the acceeno 128 heted

]
1
T € el are rerisred
I KSM
Description Part No
Female Chuc~ Q0Q 303
" A 3hveld G 000 185
\ gt
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Avaifable Bonded Modulas - 305 mm x 305 mm (12 x 12 }

Desiyn Recommended
Madule Type Temperature Limit Opcrating Temperature Construction Nodule Density
Bendey' 22 1204 C 2200 F 1093 C {2000 +) Folied Durablanket S 112 (Tladt)
149 kg ™ (A 2 ibvft )
Bsngeo 24 1316 C2400°F, 1232°C (2280 F) Folded Duraoianket HP § 149 hg/m* (9 3 1b foy
o 171kgm (107 Ib ft)
Boded 2600 1327°C (2600°F, 1343 C (2450 F) Fo ded Durablinke 2600 129kgm (9310 tt)
171 kam (107 ipfft)
Bonded 30 16-C°C (3000 7 18R387C 12800 F: Edge Graned Bonoed 20Feit 1 21 ha v (" Ib &Y
Fiberwall® Bonded Modules
Thermal Conductivity vs Mean Temperature (per ASTM C-177)
L i
]!/ ' Altheatfioa cacllatons
Aef2s p————— - g e a e based on a surfage
0 res i = ’ /7 oot ermisgiity far~tor of €0
. e . 1 - - , Enambiert erpera ure of
= esei@t - - | 5 < - 2 27°C 180 F) and ze o wind
£ ‘ // J’,}/ -~ T Ve otV LN ess aherv ise
€ s pn - = ~tgted Altherm=lcorduci 1y
E! i - values for F berraxe mate ials
Y- s ~ove been measured in
z acegreance v ith ASTM Test
i 0~ Procedurc C 177 whan
LI cormrparing —ienidd data ¢t
= - 15 arf/1sasle 1o chieek the
5 - va ey of 5 the Al conduc
3t 3 y
g viy valdes @na casure tha
S 1t oa recultra beat fiu ¢ caleul o
= ArC Dasec on the same
1& ¥/ {0 ¢nnciion tzctors Variations
& T | , Imany ot these 1acto s will
LELTLEY /':' t ‘ T T, resultin signifcan diffe ences
025102 T _' inthe calcu atad @a 2
¢ =
201 316 < £33 % 70 a7 -a
1400 oG # 0 110 1204 rag 1t N A~y

Maan Tamrp- tare = (b
— e Borded 22 TPCF =  S0ncPde2 24 2600 93RCF smm= B¢ deC 3y " PCF == = 8,ngeg 24 2 N7 PLE

Fiberwall Bonded Modules — Ceramic Fiber Veneer

Fiberwall Bonded 22/Fireclay Brick Folded Modules 112 kg/m? (7 Ib/4t?)
Cold Face Temperature °C { F)
Hot Face Insulation Thickness -~ mm (in) (/1)) 51 (2) 76 (3} 102 (4)
C (°F) _Refractory Thickness — mm {in) 228 (9) 228 (9) 228 (9) 228 (9)
6£9 (1200) 187 (369) 97 (207) 81 (177) 70 (158)
871 (1600) 236 (456) 142 (288) 119 (247) 104 (219}
1093 (2000) _ 282 {539) 183 (372) ~62 (324) 143 (289)
Fiberwall Bonded 24/Superduty Castable Folded Modules 149 kg/m? (9 3 Ib/ft?} :
Cold Face Temperature °C ( F)
Hot Face Insulation Thickness — mm (in) o 51 (?) 76 (3) 102 (4}
*C (F) Refractory Thickness — mm (in) 223 (9) 228 (9) 228 (9) 228 (9)
1093 {2000) 203 (392, 156 (212) 137 (279) 123 (253,
1149 (2100) 210 (410, 164 (328) 146 (294) 131 (267)
1232 (2250) 219 (426) 177 (350) 15 (317) 143 (289)
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Fiberwall® Bonded Modules — Ceramic Fiber Veneer (Contd ) ‘
fx_b_erwa" Bonded 2600/Superduty Plastic Falded Madules 148 kg/m3 (9 J Ib/ft?)
El‘"d Face Temperature “C (°F)

Hot Face Insulation Thickness — mm {in) 0 (0 51 (2) 76 (3) 102 (4)_ I
¢ (‘M Relractory Thickness -~ mm {in) 228 (9) 228 {9) 228 (9 228 (9)

1232 (2250) 226 (433) 17Q (354) 159 (319) 144 (291)

1288 (2350) 232 (450) 187 (329) 168 (334) 152 (306)

1343 (2450) 238 (487) 18= {383) 177 {350) 161 (321)
Fiberwall Bonded 30/Superduty Pliastic

Gold Face Temperature °C (°F) - l

Hot Face Insulation Thickness — mm (in) o (0) 51 (2) 76 (3) 102 (4)

€ (°F) Refractory Thickness = mm (in) 228 (9) 228 (9) 228 (8) 228 (9)

1343 (2450) 238 (461) 194 (381) 175 (347) 159 (318}

1427 (7600) 247 (477) 205 (401) 187 (368} 171 (340

1538 {2800) 258 (498) 220 (428) 202 (398) 186 (367)
Fiberwall Bonded Modules — Hefty-Loc™ Lining I
Fiberwall Bonded 22 Folded Modules 112 kg/m? (7 Ibt?)

Hot Face _Cold Mace Temperature C (°F) _

c (N Insufauon Thickness — mm (n) 102 (4) 152 {6} 203 (B) 254 (10) l

549 (1200 64 (148) 5% (128 48 (118) a4 (111)

982 (1800) 104 (220) 83 (182} 72 (161 64 (147)
1993 {2000) 126 (259) 101 {213) 85 (187) 76 (169) l
Fibarwall Banded 22 Folded Madules 148 kg/m? (9 3 b/ft%}
Hot Face ’ Cold Face Temperature °C (°F)
°GC  (°F) Insulation Thickness — mm (in) 102 (1) 152 (6) 203 (8) 254 (10) l

649 (1200 51 (142) 51 {124) 26 (114) 40 {(104)

582 (1800; 26 (205) /7 (171) 67 (152) 56 (133,
0233 (2000) 110 {230) g4 (183) 72 (162) 84 {148) l
Fiberwall Bonded 24 Folded Modules 149 kg/m (9 3 Ib/ft?)
Hot Face Cold Face Temperature “C (“F)

C (°F insulation Thickness —mm (11) 152 {6) 203 (8) 254 (10) 305 (12) l

871 (1600) 67 (153) %9 (138) 50 (122) 49 (121)

1638 (1900, 82 (180) 71 (180 59 (139) 58 (137)
1204 (2200) 94 (202) 81 (177) 72 (1861) 66 (150) l
Fiberwall Bonded 24 Folded Modules 171 kg/m® (10 7 Ib/ft?)
Hot Face Eold Face Temperature °C (°F) o
‘C (*F) Insulation Thickness ~ mm (3n) 152 (6) 203 (8) 254 (10} 305(12)

871 (1600) 59 (138) 52 (125, 47 (117) 4 (112)

1038 (1900) 71 (160} 62 (143) 56 (132) 52 (125)

1204 (2200) 85, (185) 73 (163) 65 (149) 59 (129) l
Hler(.. 13%% Unilraz Corparation W
Zone hufrax naisn ’ CD pofr?l‘g H‘W’?’(’II/?{'HI.‘:
T Hosavad ! 2351 Whalpoo! Steet——
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Te1 33-3479 9-3237

H31¢e 115 BolcORO™THHO3EMITICTBIE,
TerAOBECHBIE T2 OH30TAUHOHHbIE
OTHS\TOpHbIe

BI1-10 BIr1-1 BI'1-14
13121147 NOPVHIOBbIE TeTROBECHblE,

TEM 101304 UHOR ~ble, OTHEVIIOPHbIE
KI-11 KJI-13 K1-18

KpacHoapyeHehHI
AUHACOBBIN 32BOI

343100 YnpauHa,
r KpacHoapmeiick
JoHeunoit 061
1 Mvaiara 3
(06239)2-0410

1131e 11 JHHacoss ¢ 1erROBECHBIE
TEMTTOH30TALHOR ~ '8 OTHEVIIOpHBIE
J1-12 J1-14

HM31e 119 wamo~=52 TeTROBECHbIE
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~
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T 2o~
OTHEVTIOPHBIH 32804

342007, YrpauHa,
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(06272)9-8303 9-8250

TT-0,6 MI-0 4

Yacos-Spcnii | 343420 “ppanuHa r Yacos-dp | WI1-1-04
OTHEVTIOPHbIH ' JToHeunoit 061
rOMOHHAT vs1 KovcoMoabcekas |

ten 23-01 23-02
Beun0aHan0 1bCKHH 342331, YrpauHa, II71A-1,3
OTHEYTIOPHBIH noc¢ B1aIuMupoBha
KoMOUWHAT ? Bo1HoBaxckoro paltoHa

JoHeuko# obi ,

ten 33-03 33-20
Boctouno-Cubupcruit | 665448, moc Muxait;ioBra mi-13
OTHEVYTIOPHBIH HpxvTchoit 061 ,
KOMOHHAT ten 1-10 1-123, 1-16, 1-40
BHyxoBCKMH 143000, r OnMHLIOBO [J1-1,0
OTHEYTIOPHBI MockoBcKoi 0611, iKJI-1,3
KOMOMHAT v BepxHe-TIposnetapckas, 29,

ten (095) 593-0821,

593-2162 593-4645

IMonoabcKui 142101, r ITomonsck 11-1-0,4
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JloHeukom 001 ,
nip JleHuHa, 6,
ten 5-2713, 5-2235

TEMUIOU30JISILLHOH - nl€
IIBTI-1150, HIETI-1350

OAO
«Teru103ByKOM30IALNS»

255700, YkpauHa,

rnoc KouwbuHcKoe
Kuesckoii obn ,

yi CrpouTenbHas, 7,

ten (277) 7-2350, 7-1203

KapToH Tennon3o 12 UKHOHHbIH
TK-4-6

TK-1-5

TK-1-10

3A0 «Msonauus»

340029, Yxpauna, r JloHeux,
yn CBeTJIOro IyTH, 3,
ten (0622) 66-6142

TK-1-5




J43330 Mepunin t Cenepen lodunkon oo
On\{n 110G IRIONEPHOC 00U 130 «CUBUPCRHH KOMOHH LT»
cictann Cesep 330622 dane (06274) 3-459]
Royvisnvt niop somonn iy (06274) 5-22-33 S.21407
P lLuC HbI el N 26()(1()3012»25211 B APICMOBLROM 01 18 e AR
Ib \l(l)b 334383 ORIT10O 00191841
(1 Cenepen Joncunon U w0 1493004
E-mul victora ¢k mor donetsk na

Yeaxaembie cocnoda !

0OAQ  "Cepepchiiii  noMOItHAT" npeanaraet  Baw BLICOROIPDERTHBHBIC
TLITOH3O TALIOHHbIE  OTHE\TOPHbIE BOTORHICTBIE MV THTORDPEMHE3LMHCTBIE MATEPHA B! 1
H3e THS 13 HIN

OHi1 VCTOMYIBBL k BBICOROIT TEMIMECPATVPE  HMEIOT HI3RVIO YIS TLHVIO TENTONPOBOIHOCTS
HIBROE  ARKYMVIILIDOBAHHE  Tenid, ekl  BeC, NPEBOCXOIHVIO ROPPO3HEVCTOlIHIBOLTL
BOII10Ra

\CTOMUIBBE Rk TEPMON IAPAM NPERPACHOE 3BVKOMOTIOLIEHITR )
b k detpa  do 1130°C
-430, mint MKPIIT-400 - no 12350°C

TevinepaTyvpa  TMpHMEHEHUS P\ TOHHLIN  MATEPHAIOB
WAMOTHO-BO TORHHCTHRIN nayT LTI

ITpiveHsArOTCA  BO BCEN OTPACAN  MPOMBILUIEHHOCTH  OT ObITOBBIN Ta30BbIN H
JICRTPONEYCH, XOJOMIMTbHHAROB 0  MOUHBIA  TCIJIOBBIX arp€rdaToB B METATTVPIHH lvl
MAUIHHOCTPOEHHH MaTepuabl 3hOJOTHYECKH YHCTbIE, MPEKPACHO 3aMEHAKLINE BPEIHbII]
J714 310p0BbA 4COCCT, CTERJIOBATY H MHHEPAJILHYIO BATY

TEXHHUYECKASL XAPAKTEPUCTHKA BOJJOKHUCTEBIX MATEPITATOB H W3 IEJIIA

HauvienoBauune Hopma nns mapok

napavierpa MKPP-130 | MKPII-340 | MKPIII'-400 | HIIITT-450

FOCT wm TY 23619 79 23619 79 TYY 322700 TYN 322700
19053 06> 96 19053 065 96

MiccoBnd 1014 HA MpOkaneHHOe 51 50 40 40
selecTso %o Al O,, He MeHee
Vaccosas 1o AO,+S10- o He MeHee 97 97 90 &5
H3venenne wacen! npu
npoxanusaHiu % He Gonee 0,25 6 8 03
Kaaywascs nnotHoc b Kr/M3 He Gonee 130 340 400 450
TevnepaTypa npumenenus,”C 1150 1150 1250 1250
TennonpoBomHOCTH NpH CpenHeR
temnepatype 600°C,Bt/(v K) ne — 023 0,28 028
boitee
[Mpemen npouyHocTH npu u3rkbe, H/vwv2,
He vMeHee — — 0,25 0,4
CpenHuit MaMeTp BOTOKHA, MKM,HE
Bonee 4 — — —
ConepKaHHe HEBOTOKHHCTRIX
BKJTIO4YEHHiT,% pasmepoM 0,5 MM u Bblle 3 — — —
Ilena 3a ToHHy 6e3 HOC USD* 1170 1790 1550 1600

) Llena ¢panko cxnas OAO «Cesepckuii KOMOHHAT» (D€3 TPAHCMOPTHBIX PACXOA0B) OPHEHTHPOBOYHbIE
MOLYT ObITb H3MEHEHbI B 3aBHCHMOCTH OT 0O'beMa 3aKaza

d3Mepbl (ng JJ1sl pyfloHHoro mateprdata MKPP-130,
Hanna - 5000-15000, wnpuna - 600-1400, TonwuHa - 20,30,40 Bec pysnona ot 10 no 14 xr
Pazvepsl (Mv) piia niut MKPIT-340 MKPIII'-400
Hnuna - 530-730, mnpuHa - 400, Tonmuna - 40
Pazmvepb! (MM) A5l 1epVM000PabOTAHHDIX (0604 xeHHbx) naut LHTITT 450
glde 00, mupuna - 500, 250, Tonuwurua - 100
a3MePbl MOI Y1 ObITh M3MEHEHB! M0 COTMTACOBAHKMIO € MOTpebHIENEv
Oanyaxa T10DLIM BH0M TPaHCIOPTa MO COTIACOBAHMIO C Mo IpebuTesie
rpy30BHKe 00LEMOM 05 M3 MOKHO IPaHCIOPIMPOBATH
PYJIOHHbIE MaTEpUarbl - 6-710HH,
TUIATH - 8-12 ToHH
B x a Barone - 10-13 Toun
Ynakoska pyJJOHOB B MOJIMITHIEHOBLIE aKerbi N0 8-16 kr [1WThl ¥ BCTABKM - B
JlepessHHoi obpelneTke 160 B KOHTeHHepax

[lo sonpocam npucbpemerusi Npodykuyuu obpatiamscs
[ciepd 1bHBIM AHpekTOp  Hypunos Biuaauvnp Bacunbesny

(06274) 5-26 61

[naBubi nikeHep escpuH Braaumup AsiekcaHaposny (06274)5-27-13
3dM ILH AUpEKIOPA MupoHoB Baajimmup UBaHosuy (06274)5 41-63
HauanbHuK OT/1€518 MAPKETHHI A

U CObITd Kpanusua Msdan Muxaitnosuy (06274)5-22-35
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Anyescxuu 33803 CTOMTEFbHBIYX KOHCTDYKUMH BCTBen Poxp 350
‘ Marbi MM 83T _apow ¢exknoxoncT M3 7200
i CNUTa LB KL CTXOCTH 13 MUH BATDI NS 162 00 cher norce csanvow.ee Tonw bimm
I
Y Benauuckuu 32801  Tennoasvkowionsyia BCTS cn Kr 344
ot BCTS oo «r 324
! ECT8 . » Kr X
Kapron TX 1 10 Mo 552
KapTon TK 1 3 M2 312
Kap~on TK =~ & 12 276
MaTtki 53 11CC0 1CCQ 180 wr 2580
matht 53%1 1CC0O 10C0 €0 wrr 1872
| mats 5311 1CC0O 500 S0 wr 1280
faw T 015 wr 1058
wats T 12 L wr 1104
| Mrama MKTE 14 L ougoo M2 16 05
: Mrura NATC 9 rmasocoed M2 1808
| |
r71\ _[oHeyknu 33803 U3ONALUUOHHLIX MAT f108 MaTsi MUHeDanosatHbie Apow | M3 ! 504 523 pynoH B ocepToyHoW Bymare
— KaptoH TK 1 5 | M2 417
! Batud bazanbTobin | M2 6 85 _pynoH 3 ofepradyHoun SyMare
! Marsi npow Tennows az MTMB P M3t 125 00! 6e3 obrnadku
Martei noow Tennows das MTNE m3 ! 288 20 8 obxnaake
MNoNoTHO AMrONPoD C~eKNOBOMOKH M2 560
XoNcT CTeX  0BONOKHACT bV t M2 036
[1AWT~ rescnonueT 1~onsnabie 25 A3 1250 140
\ECa 25C0 0CO 65 M3 204 00
S HATOMMPCKVM 3 3 MWH _BaT_WU3AEMuUv Mnatative sar M 125 M3 50 00 Wnax + Eaganer
N Bara M3 12 50 CT¢oumi a1
S 3a3n0DOXCKAW K T TENNOUIONTIYNOHHBIX M NC8 1NATHI MUH _aTHbie Ha §uT CBA3 M3 70 50 OrpaboTka U3 J0M NeYed Harpes palays
{1aTbl MYH BATHLIS NDOWMBHbIE | M3 65 13ltonw SOMM
i Mate: MuH BaTHbIE Ha IDORON CETXKE | M3 1 435911
i 3 Mnursi neHononueTyponbHbie 25 | M3 | 160 50!
| 1 ]
Kt NobBeaa BCTB cn | oxr o 450’
ECTB crp | kr 370!
tatel 53 4 1600 10C0 100 wr 2300
Aarei 53,4 1600 1000 50 wr 2100
f Matet 531 1000 500 S0 L ur 1032
! Mnwuta NIMTB | M3 ! 498 00! soj00TT2N1KVBAOLLER
| 'MBEBMN M2 | 708l
| MB[Ma M3 | 216 00!
i | |
3 'Kocrononsckuu 3 4 Gazansyosbix Tennous M nos  [BCTB cynep M3 | 400012
MarTbi 633 NpowWMBHbIE B CITKaHW M3 | 60 00
Math 623 nNpowwnsHbie | !
1aThi CTROATAbHbIE | M3 70 00 nnotrecTs 70kr'3 2200 L0 50
! 1aTh! CTP rochbupos CTDYKT. | m3 0 81 _nnotHocTs S0xr/M3 2270 1CCQ SQ
! ]
3 Mapuynonbckuy 3 4 M30OSILUNOHHEIX M 108 1MaTbi MyH BaTHbie npowl M3 ! 53521000 x 2000 x 65
Matbt MAH BaTHBI2 NpOW B C/TKaHW M3 | 275 0011000 £ 2C0Q x 85
| TInuThl neHononueTEpoNbHble 25 M3 | 184 00!
|
|

0 MepedhaHckun cTeknoaason
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] Tt OO CON- L/ 17% BCTR (tomxve 15 mem) I kr | 278!
i { ! Fapton TK 1 10 142 1 6,501
! | ]
3_YepHoBUUFUY 3 4 TENMOMIONTYMOHHEIX 1IASNKN ECTB cn Xr i 3,40
~ '6CTB c1p xr_| 2 43|
| Martei TM 10 20 wr ! 7201
1| Kapron TKF 4 5 M2 3,431
! 1tMEBMa m3 | 142 00iTonuy 40MM  1M3=25M2
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ARLIOREPRE

TOBAPHCTZO

Einuubky 3a80n
TENNO3IBYKOIZONAUIA

255700 cMT KourouHcske Kpiscoxa o8n Byl BygisensHa 7

Ten/daxc (04497) T2-300 T2-847 - KoMBpLIHHWA Blaain
T bee NEPENIK MPOOYNLIMK g MAPKA BHPCBY on f LIHA
a {pasmion) BUM {rompH 3 yo TOB)
1 XOneT CYMERTCRKE xr ‘ 444
BASASILTOBHM BYSISENLAE ar 374
2 KAPTOH Tn 15 1180x8%0x5S M 312
i TEMNCIBYKOIIONALIFHMA T« 110 1180x850x 10 o 552
! ~{35 100C0x 1000x S 2’ 2™
3 1100 1CCO x10C0x4 00 wr X0 [
150 1600 x1000E0 e 1872 !
: 1-E0Ex 1000 x 1IC0 1 50 wr 1872
| 130 0C0x 1000 % 20 wr 15,80
1-30 6x 1000 x 1000 x 30 wr 1184
2100 1000x530x 100 wr 1812
230 1000 xS0 x50 IThi 1280
MATH 3BYKCHQMMKMHA'CHI 2508 1000 xS0 R W 1080
E3M 220 1000XSC0x20 wr 1352
Z2-20¢8x 1000 xS0 «0 [Wad o972
120 100X 1000 % 20 wr 18 42
: o 480  1000x1000x S0 u 1933
450 8 1000 X 1000 % 50 wr 1500
S50 1000 X500 % S0 uT 1212 p
i. 550 On 1000 x SCO % 50 oL 1032 !
850 S0 xSCOx 50 wr 8«5 J
&S0 5% SOOXTLOLSC ur s34 4
70 £C0 x E00 x SO wrt 1224
7-S06xk €0Ox8COXS0 wr S0
B-5C 1000 X €CO X0 wr 13,92
4 T MATH TM 10-15 11C0x 600 x 15 wr 1068
TEIUIOSBYKOIZONALIAHI TM 1020 1100 x 80 20 wr 1104
5 IJIUTA XOPCTKA VT3 14 1115%x850x 14 m’ ‘608
TEMNO3B YKOIBCNRUAHA MLKT2 10 1115%880x19 m? 1908
NOPCOOEU30BAHA
S GCCO X 1C0x 20 wm .28
SO0 x 100 x 20 wn 264
5000 x 200 x 20 M 3B4
5000 X 00 x 20 M 492
XV %30 x 0 Mn 812
CMYTA TEMVIOIBONALMHA 000 x 40 % 20 M 768
ngrc E000 x 400 % 30 win g 64
2000 x 400 x A0 m [s3rpd
000 x 500 x 20 tun 840
SO X ECO XX wn o926
S0 ECO A0 rafit o Bg
00 x 500 % S0 Mn 1062
L0000 x T X U M1 12,93
7 P/MUNRAA _ MATEPNAT FOMB ©-0 " 1178
BAJANLTOBBLIN POMS ~ C50 u’ 1380
8000 % 1000 x POMB C 70 u? 10 &8
_ _PCMB_C 1CQ o 220
a LHYP TENNCIBONALAHARN BTW 10 wn c48
BTW 20 wn 080 :
ETW 20 M 084 |
g 1H /P TERNORGNARLIWHAR WETH 50 wmin 0%0 i
HABMBHUA i
10 HUTKA KCMIAEKCHA KHE B0 RT g 72
11 ABTH 0100 xt 852
YT WBTH Q-150 rr 73
SA3ANLTOBUM WOTH 6000 Kr 636
HBETH 149840 xr 8,56
Banklsckl  peksisuty  nignpuemctea  Plpaxynok Ne 26003313492 B
Byuarceromy AK YCE noc byda Kuircbkor o6n, MO 3211685,

koA nlanpviemcrea 00292729, MH 002927210283
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I TEMNMO3BY alaladl|
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235700 oMt R 0L S munke KO. " u"DtEMCTBa OC2G2720
N 4iBS58 31 COML BYP, 5 B8 AbRa n2a CT B 322303
Ter {("=~87) 72280 P PaxyrOn Ny 2~c73E5 8 IpniHcbromy
Tt G e e~ S ey . B stenH wN YCE MOO 321835
- lnd -
Cake NweCT EEeES S T- 00 CM”™ SvH3 RMIBCBAOI D61
Blms <
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AO Benvewca.d 3¢gox " TENJO3SDYEKOQOHWIOTFLUMFET"

npexjcrcerT
BRCOKOICOSKTVI~AE, 3 0J0CALECH OCE3IBPEILAE M30T "LnO==%8 MITEDHUAIL =G
0CH0EsE C&3a~.~CBa\  BOJOAOR, OJJNCEIREUAY MEIOFA Ol:8MHOH MaCCos,
OBECTIS/ECONAE  [10SaY 0 MC¥APHyYs® G830IACHCC ™5, HAXEhavd V3O0AALUARD  OT
BYARCav=SCKOS ~CPA W KOCMANSECKODO XOJOZd, HE BhEZ2AF+ ™ 3 BO3IJUWHYE v
BOX*{VR CPEAh BPEAANX &JA 3I0POBLE COS8LAUHEAUN

OGnac™» nprMedeHAR WIOCNALWA CTSH, IOJCE, [OTOJNKOB, METANIMYECKUX MK
ZOYDAX [1I0BEPAAOCTEY PASJAMUHON KOHSHMIYpALMYM, TENJNOSHX CCPEerdTOoB, TD/C
¥  TpvyBONpOEOX0B, d TAXRE B KAYBCTBE 3BYXKONOCJCIUTINSCO CROS

¢ vy RC™OJHS-w" B RKOHCTPVRUU"X C ZABOJHOW C™2w0l ) = CrposTeabC™3e
dspa- A CYZCCTPO8ndd , CBTOMOCANGCTPOERAN 308~ "00TEXH AnECKOF v
XAMAGECKSF  [1POMAwS8RA0CT <

)\

TEsry “ECKUE  ZAHHE kA R

PATKY

821

t++ 528 57030E CYIZPTO~AOE BOJIOK~0 BCTLD »»+

Coorse~c~ByeT PCT YCCP 1%970-86 uzm 1

Cpeinuil zraMeTp SO0JOKHA, MKM, ke Golee 2,0 - 3,0
IlnotHoC™5, KLC/M KyG 20,0 - 25,0
BrnaF~oc~», & ,HA8 GoJee 2
Tenac—pcEcinoctb rpd 25 rpax C, Dr/(M K), ne Gornee 0,038 - 0,04C
TerMnepa~ypd NpvMsdénun ,Cpaz C c— -260 zo +70C

IlpuMe<reTCF B KAWBCTEBE TEenJao—~ Y IBYFOUIOArUWM, XZNr UICOTOBJIGHUA
TENIO3BYKOMIOA "LMMOHAHX , 3BYKOIIOrAOWANUMX W SUILTPYLULX MATEPHAJIOB
M 3Zeanid, KOTOPHE 3P$EKTHWEBHO UCNOJAB3YWTCF B dBTOMOGKHISCTPOECHUMU,
aBUACTPOCHMU CpaRZaHCKOM U IIPOMRWISHHOM CTpoOUTS8NIECTBE
TennosHepreTure , a Taxxe Zan rpyGow O4YUCTKY BO3ZyXda
EazaasTozoe BOJIOKAO NpUMEHFE™CA W Kar apMvoyeial Marepudan

»rx FAPTOR XECTKMU TE[IJIOMZO0JAUHMOHHHD TK-1-5 , T7-1-10 #*#++

CcoTeercrtByeT TY YvpauHH 02323 018-95

QOpHMC™ , MM ANUHA 1150
W praa g&
TCAWAHG 5) O
IlnotHCcCTy KO /M FYG HE Cojes 150
PvrpocrorisdHOC™b 3¢ 24 4Yacda, Hae GoJaee X 0,38
Tenaonpoeoknoc~s ripun 25 rpaa C, Br/(M K),He Gonee 0,048
llpezer npouykoc—v np. pactryeHuy Hlla, (rvrc/cr KB ) une remee 0,32¢3,2
Terrepar,/pa rprrenceHirr,Cpaa C orT —260 A20+700

ABnrReTcsn 3¢¢eFTUBHuM JAMEHUTSIEHM dAdCGOKAPTOHAJ



see 77 Ty FEIZTLETETCOHSS TFAMO~ =T TETD eee
Coemrae~cmsie™ TY-88 VYipasnHn CZZ 20 93
Poaveps YV  Impnag 14485
LUPHHG 850
~oNWHHEE 14, 19
Jlno—HOC™> ,XI'/M KYG,HS GoJsae 280
CopGLUrCHHO8 YBIARRERMS (%, hE CONE 5,0
Tenaonpes0X-0C™s Npu TeMneparype 25rpax C, B~/(m K) -2 Gonee 0,040
lpexent ~po-yoc—u rpu uaruce , llla,Hs Med=e 0.5
lIpexer ~poyqocTH Lo pacTaxeHud Mla,dus re-ss 0,005
Tednepc~ypa npuMedeHun,rpaa C o~ -260 =¢ +700

[ipe2HCC ~aw8Yy AN1 V3IONALMU XOJOSHNX M LOP“uLMx [MOBE2L\-0CT8H B  Crpos-
Teabcmra, cyIoctTpoenuy ( EAN9 UBLCOTOBJAG-~»= Pg-ere’™ ¢-IZgrFu  CVIAOShX
MOMEMmME~ A7+ B XE4WECT22 TEelJ0304 WM ZBVKOBCS »307 7L . ) YIUMROCT™PDOEH, v,
"Dv 00 3BOXACTBE 378XTPOGKTOBAX [[PUEOPCE, MILV/H SYCpEX 0GracTex,
L =E27CKC -~5 3aM8HUTENb G~ "CC., whhX CZI88C™0BAY T AT

t

-~
-
—

M
r

~
Sl Uy -

sxe 10Ty 3. AOJNODVIOUARUWME TEINJOUIOAAUMORRaZ  B3M *x»

CoorasrcrByeT PCT Ykpaudn 1977-87 vau-:

FPazMeph MM ZT4HHG 500, 600, 1000
Ll DHRD 500, 600, 1000
TONLMHG 0, 50, 100, 200
lnorroc™s ,XC/M KY¥G oT 34 =0 264
Teraorpc3os-cc~p B~/(M K),we Goree npv 25 rpax C 0,037
rnpu 128rpcz C 0,068

Hopranrvali ro39dULAYT 3IBYKOMNOCNOWERUF MGTOB [PM TC .+ e 15 MM
¥ npu wactoTe 500-2000 I'u 0,35-0,78

CpezHeGPAPME™AUEBCK VY PEBEPGCEPALMORHEI FO3O$VIUINEHT 32/KONOCJNOLEHUA
rara TOﬂwVﬂOﬁ 15 MM,HE MEHE6&6, B ZAMANA30-e 4YdacToT

CPEEAHEHYACTOTHHM’ 0,6
BHCOKORACTOTHH 0,8
MIpyuMe~rF37C* B KAd-8C™EE 3BYFOWYMONOrJIOUAVLEIC MOKCL™+7 (UANION~S4/R)
roe PMATH TEGAOUBOAFUUOHRUE BASAJDTOBRE TH-"0 ++»
CoorBetTcmayeTr PCT Ykpauuu 1951-87 wusr-:
PazMepn ¥ 1 " 4H " 1100
F e 600, 700, 800
O T At 5, 10, 15, 20
[InoTHOCTD AT /H K yG oT 41 xZo 66
TennonpoEOAHOCTy Npu TeMneparype 285 rpaxs C,Bt/(m K), He Goaee 0,057
llpezenbHa g TeMneparypd rpuMeHeHuA, Cpaz C + 450

lipyMevyre™cAa ZX° VPROAFIIMY YOJNOAHHX I COPRAYMX nozepxHoCcTed B
CTpOov™gilbdHY COLER~d+, ABMACTPOEBHMY, CYIAOCTDOEHU., Vv MQUWUHOCTDPOEHUHU

»»» [I0JOCH A/MHHOMEFPHHNE TENJOUIOJAUUOHHKE TLZTC *=»

CooTeeTcTEYET TY-88 YKpaunu 023 015 %<

PazMepu ,MM ZJMHA He MeHee 5000
WupUHa 100, 250, 300, 400, E00
TOJNLUHA 20, 20, 40, 50, 60
TennonpoBoAHOCTS ,BT/(M KD 0,040
IllpeZzensHaa TeMnepdTypa npuMeHeHuA ,rpaz C + 450

JIonoCH [NPUHEHARNTCF AR MUIONALUMM TpyC, TENNOBLA GrperdToE, CHUCTEM

oGUBr0 M CNepMaiNbLOCO HA3HAUSHUA B PASJMYHHY O~5ACHAX HAPOAHOLO
X03xHCTBA

ol
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1200° Mineral Fiber Board Insulation

Description

1200 Board is a high qualty board
type insulation manufactured from long
rugged mireral fibers tightly bonded
together with a thermosetting resin
The result 1s a product of exceptional
uniformity ard density not found in
other mineral fiber board insulations
State of the art fiber forming processes
have contributed to this new age
quality The boards are lighter in weight
and have excellent thermal and
acoustical properties

Avatable in vanous densities from
semi ngid to ngid in thicknesses from
1 to7 in¥v2 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
extended range coupled with rugged
strength corrosion and fire resistance
properttes makes 1200 Board an
extremely versatile all purpose insula
tion for many industnal uses Typical
are
Storage tanks columns towers
Cat crackers and cokers
Chemical vessels
Bucting breeching chimneys

precipitators
Turbines boier walls
Exhaust stacks and headers
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Benefits

Lower fuel bills — excellent thermal
efficiency and no shrirkage heat loss
due to open insulaticn joints

Lower installed costs — beards
fabricate easily with 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

Recommended Minimum Thickness (inches)

Performance Characteristics
Thermal Performance (ASTMC 177
ASTM C 158)

Btue n
Thermal Conductivity (k) m
Spec: ec
Type gi"‘;yr 50 | 150 ! 300 !500 | 700 :
cub ¢ 1t !
1240 4 4 4 " ',
1260 - R i
1 80 a s
1210 ) n !
12 2 4 '

Tre abeve dersit es are &s spect ed
by ASTM C 612 De'vered Cers es
may vary For more r‘crmaton certact
your Certa nTeed represertative
Service Temperature (ASTM C 41 1)
1200 ccnuruous temperature
Moisture Adsorption (ASTM C 553)
Less than 2%

Corrosion Resistance (HH | 5588
443 ASTM C 665) Does not
accelerate corrostion of steel copper
or alumirum Non corrosive to
austenstic stainless steel

Shrinkage (ASTM C 356) 0% at
1200 F

Combustibility (ASTM E 138)

Non combustible

Specification Comphance

1200 Board insulation has physical
properties that regularly meet the
requirements of the following
specifications
ASTM C 612, Class 4 — Mineral fiber
board spec, 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

Operating Temp
F

150 [250 |350

450

550 |650 |750 }850 {950 (1050 1150

Flat Surface 2 3| 4

4

Insulation Thickness

5% |82 | 9% 10 | 10 | 10 | 10

The Thermal Insulation Manufacturers Asscciation (TIMA) compiled these tables based on the
application of the TIMA Economic Thickness of Insulation (ET!) computer program to obtain
economic thicknesses of the insulation types over a wide range of operating temperatures and an
average set of general economic and ambient design cntena The economic thickness 1s defined
as that insulation thickness which yields the lowest annual cost of ownership and operation This
Energy Saving Guide does not replace ETI it reflects the results of multiple applications of ETI
based on current economic and typical design conditions

W



CertainTeed also manufactures fiber
glass insulation for Mechanical Sys
tems and Commercial and Industrial
Buildings including
Ultralite Duct Liner — used as an
acoustical liner in sheet matal ducts
Standard Duct Wrap — blanket type
vapor retarder faced insulation used for
wrapping heating ventilating and
cooling ductwork
Ultra»Duct Board — ngid board faced
with foil laminate air barrier and molded
male and female shiplap joints for
fabrication into duct sections

Certaflex — flexible insulated remn
forced air duct with choice of two outer
jackets used for HVAC runouts

Metal Building Insulation — MBI 202
1s a fiber glass insufation with laminator
applied vapor retarder that meets TIMA
specifications MBP! unfaced fiber
glass insulation i1s used as a filler
insulation and applied as a second
laver over MBI 202

Wall and Panel Insulation — semi
ngid-fiber glass boards plain or with an

FSK 25 vapor retarder facing used in
wall construction

15250/CE
BuylLine 372

In addition CertainTeed also offe
wide range of thermal and acoustic
insulations for Light Commercial anz
Residential applications including
Unfaced Building Insulation
Kraft Faced Buillding Insulation
Fou Faced Building Insulation
Sound Control Batts
Insulation with Flame Resistant Foul

Facing
insul Safe 11"

Masonry Wall Batts
Sill Sealer

Ultratherm Suspended Ceiling Batts

BT
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1200° BOARD
INSULATION

Description:

200 Board s 2 hig~ cuahty board
vpe insulation —anu.actured from
ngh temperat. e esistant mineral
10ers tightly bonaea together with a
hermosetting resin The result1s a
p oduct of exceptional uniformity and
density not founa in other mineral wool
hoard insulations S‘ate of the art fiber
Jrming processes rave contributea o
"N's new age al=ity The boarcs are
2nterin v eigh 2~C have excellent
~e mal and acc.s ca' properties

- glas'einva ous gensities f o
=mtngdtorcc » mcknesses f o™
27 1n 1INz =—2ns Board
=1g'ns are 36 &~z -3 wviaths are 2~
2ng 48

Uses:

200 Board has an exte~1ed tempe a
Jre range from amo ent to 1200 F
This extended range coupled with
rugged streng:h co osion and fire
~$ siance proo—~ =s mahkes 1200
Zzard an ext eme  sersatle thermal
~sulation for ene ¢, conservation p o
cess control arc e sumnel protection
Typical uses are

Storage tanks columns towers

Cat crackers and cokers

Chemical vessels

Ducting breecning chimneys

precipitators

Turbines boiler vialls

Exhaust stacrs and headers

Benefiis

Lower Energs Costs—Excellent
hermal conduc &nre

Lower Insta'=z Crsts—Boards fabn
rate easily prov 2 nqg easy installation
In addition there 1s less waste due 1o
t earage The insulation fits snugly
around obstacle”

Low Fire Hazz ¢ /é"f 4
C assification—!inn combustible o

rnaracteristics mave 1200 Board a
rarticularly su teble insulation to use
as added protechon agamst fire
damage to contents

No Heat Up Reguirements—
Unlke some other insulations that
require @ heat up schedule 1200
Board can be appli=d directiy to hot
~urfaces or brought up directly to
MaxIMUM Opf ra ing te mperaturcs
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Specification
Compliance

1200 Eoard insulation has onysical
properties that regularly mee the

requirements of the follow ng
specifications

ASTM C612, Class 4—Mineral

- op Lt fiber board spec inciuaing density
. ‘fz_;;k’l':f}";:é“ AT P and shot ge.ermination
.v v ¥ F ooy 2
",!-:’; ‘E_ﬂ_x "if’ _;-:m:{, - Pei’fon riarnce ALSTM C795—Stress co rosion and
Pieors 3 1 5004 > ) ! |
SE.2 A Ch chemical analysis
SRR e aracterisiics
A hapian L Tt - x, NRC 136 —Stress corrosion and
LB Rl :de’; PR Therma: Performance (ASTM C177) chemical analysis
VR O Al 3N TRy (ASTH C158
PRy == B 3 b, | s123]
PR de _ox -l an - Sp= eguiements aoply V& 'L 1es ng
T L Thermal Conductivity (k) £ e /0 neiolioy 0 fmteoE o RSne el
- e~ C SRV - v = a l
F 4 Spe 1he | PR ¢
t Denst
ey 4. TYPE | e DeY 50 | 150 | 300 |50 | 700 I
7ot gt cubl ft teu 12
R Tl : 2 1. ze ‘ the custr~ ~ra.laro
T I 1280 ao | 2e2 | 270 1 ¢0 | . ceacop ofthecustr—-  umrada
kol TooA 1250 YT = tme g8 fca 0 I the 0 oF
e d, T r: > - ' 2C 120 Cneruce 4na = S -ss
TR, ‘L 1280 1 228 | 20o | 5% | Ce  son Cracking
"?5 87 w0 1 [z | 2 | 3. | RST C7¢ Cnermic A e S ess
? [1212 2. | . zs ~Cacw ¢
3 £, > oy ~ - = ¥~
v N F e e2C Zue " e .- FhOeR
L. Tne z_0 = gegnsiies are as -c a-¢ ce
. - by nSTt Cs 2 Delhveesce . - o - . el
! Mmay\é F2 MoreIng csist Lon - “ec -
&2 voo C- anleecrecesene <
Se e Te~poe ature (AST Ceon
1200 ¢om ~uoustempe g u &
. Ma sty & ~os0 ption (ASTH C553)

Lessnagr 2 o
Corrosnity {(HH 1 558B 4 4 C)(ASTM
C665)
Does not accelerate corrosion of
steel copoer oraluminum Non cor
rosive 10 austenitic sta n ess stee!
Fire Haza d Classification UL 722
(ASTM E 8+
Flam= sz ead raung ro evces
23 anc =Tone cevelopac T
exc2ean1c 50

-~

PENS)

) ¢y

c N2 N

Recommendzd Thickness—CT1260 Mineral Fiber Board Insulation
65 amben 2 75mphwna
Ful S» ¢»—8780hs 0= vea

T—Rs mmem1en Tyt oss m_—mnt s BT 0t F

§7—8 - - Temper=. -

: OPERATING TEMPERATURE

;150 250 350 | 450 550 650

T HL ST T HL ST T hwL ST T HL ST' T .HL ST T HL ST
120 "~ 1 48 88 T O 88 C 52 @) 3 57 @1 5 0 &9
7 850 ___ 950 1050 _

" - - - - an - = a
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EQUIPMENT, TANK INSULATION
850° Fiber Glass Boaid Insulation

description

CertainTeed 850 Fiber Glass insulation
Board is a semi nigid board msulation com
posed of glass fibers bonded together with a
special binder This hughly efficient insulation
1s usually applted n 2 x 4 sizes but larger
sizes upto4 x 10 are available for large
surfaces The product is available in thick
nesses from1 to4

The glass fiber 1s not affected by moisture
will not corrode metals and 1s permanent
850 Board will permit expansion and con
traction of the heated surface without
cracking or shrinking The nsulation will not
slump or disintegrate under normal vibration
conditions

uses

850 Board s saving energy and installation
cost in power process and commercial build
ings for such uses as breeching boilers
ducts precipitators chimne, liners and other
heated equipment The hghtweight boards
are usually installed directly to heated sur
taces and fintshed with iInsulating 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
Efficient larger size boards up to 4 x 10
mean less joints to leak heat Dimension
ally stable boards will not slump or disin
tegrate in the presence of vibration
Thickness remains constant because of
board compression recovery

* More comfortable working conditions
Efficiency of CertainTeed 850° Board
keeps areas around heated equipment
cooler

s Installation cost savings
Larger sized boards cover area faster
Lighter weight and structural integrity
permits handling of larger boards with no
breakage loss Boards may be cut with an
o dinary knife to fit tightly around appurte
nances

* Reduced maintenance cost
A properly installed CertainTeed 850°
Board insulation job requires little or no
maintenance The strong dimensionally
stable boards are permanent They will
not slump or crack The only maintenance
required 1S o keep the surface covenng in
good condiion for appearance or
weather protection reasons

thermal performance
(ASTM C 177) after exposure to 850°F

Mean Temperature F

70
L 60 A
u
25"’ 50
535£
FEc a0
oD /
o
30 /f
20

0 100 200 300 400 500

performance charactenstics
Fire Safety
Meets requirements of (ASTM E 136 73)
flame spread not exceeding 25 and smoke
developed not exceeding 50 (UL 723 or
ASTM E 84)
Service Temperature
Recommended for temperatures up to 850 F
(ASTM C 4171)
Thermal and Vibration Shock Reststance
Will not crack spht shrink or crumbie
Moisture Adsorption
Less than 1% by volume (ASTM C 553)
Corrosion Resistance
Will not cause corrosion of aluminum steel
or copper or stress corrosion cracking
of stainless steel (HH 1 558 and MIL 1
24244B)
Resistance to Fungi & Bactena
Does not breed or promote growth
(ASTM C 665 86)
Alkalinmity
Less than 0 6% sodium oxide pH of 9 1
(MIL 1 22344B)

specification comphance

850 Board has physical properties that
regularly meet the requirements of

MIL 1 15475C (Ships) (except tor vibration)
HH [ 558B Insulation Blocks Boards
Blankets Felts Sleeving (Pipe and Tube
Covering) and Pipe Fitting Covering
Thermal {Mineral Fiber Industrial Type)
Form A Class 3 (waiver needed on com-
pressions strength) ASTM C 612 70Class 3
(1o 850 F) For compliance with MIL |
24244 contact Customer Service In Valley
Forge

Note 8.9 ® acoc edtocomply wthany ane ol the

avoes e a Ors sno id ngcate tnal req rement on
t e pu crase e

installation

CertainTeed 850° Board s usually applied
directly to metal surfaces by tmpaling over
welded pins or studs secured with washers
or cips The insulation surface s then cov
ered with metal mesh insulating cement
and canvas or fimshed with a metal cover
ing sheet

Pins or s ucs should be spaced on center
not exceedng 16 Pins ai the insulation
edges should not be more than 4  irom the
edge

Multiple layer installaton with broken joint
construction should be used for service
temperatures above 600°F

Designers are cautioned 1o consider thermal
bridging when using pins studs framing
and supports made of metal Limit maxsmum
insulation surface temperature to 150 F

i\



Certainleed

FIBER GLASS EQUIPMENT, TANK INSULATION

Industnal Insulation Board

description

CentainTeed Industrial Insulation Board

{1B Board) 1s composed of glass fibers bonded
ogether with a thermosetting resin ltis
avalablein 2 x 4 standard sizes either faced
with a vapor barrer facing or plan in thick
nesses of 1 to 4 depending on density
Special sizes up to 48 x 120 are available
with Foil Scrim Kraft or All Service Jacket The
Foil Scnim Kraft (FSK) 1s a glass scnm rein
‘orced laminate of aluminum foil and kraft
oonded together with a fire retardant adhesive
The foil side 1s out 1o p esent a neat metallic
surtace finish All Senice Jacket (ASJ} 1s
.omposed of a reinfo ced white kratt and

< uminum foil laminate with the white kraft
acing out

uses

18 Board s a general purpose msulation
used to insulate hot or cold tanks vessels
equipment ductwork plenums as a lining
for equipment rooms or wherever a neat
fiished insulation job ts des d 18 Board is
made in varying densities imparting ngidity
charactenstics from flexible (1B 150) to ngid
(1B 600) There 1s a degree of ngtdity for
rearly any application requiring conformance
3 curved surfaces or resistance {0 compres
sion or where sharp square edges are
required

IB Board plain (unfaced) is used primarnly
for heated application (up to 450F) and for
acoustical treatment it may be subsequently
fimshed Faced {B board in either FSK (me
tallic foll appearance) or ASJ {clean white
krait appearance) 1s used where a neat
appearance 1s desired and/or a vapor bar
ner 1s required on cold surfaces Matching
foil or ASJ tapes are available to fimsh o

VWhen IB Board is faced the insulation must
be of sufficient thickness to maintain a
surface temperature not exceeding 150 F

benefits

* | ower fuel bills
Exceptional thermal efficiency of IB Board
helps save more energy than many board
or block type insulations used inindustrial
or commercial apptications

s Conforms to srregular surfaces
Fiber gltass composition permits conform
ance to curved surfaces or where surface
irregularities exist

e Dimensionally stable
Strong fiber glass resn bonded boards
retain thickness and structural integnty
under severe service conditions that will
cause other insulations to compress
compac! crack or crumble Recovers
thickness after being compressed

* Lower installed cost
It 15 easier to cut and fit and is iess weight
than other insulations No breakage under
ordinary conditions means less waste

e Neat finished appearance
Board type insutation cuts cleanly with
neat square corners Availablein achoice
of factory applied vapor barrier facings
for metailic or crisp white surface
appearance

performance characteristics
thermal conductivity (ASTM C 177)

K Factor

Board Density at Mean Temperatures

Type Ibs cu tt. 75 100 200 300
1B150 14 25 26 ki 43
18200 2 23 25 32 40
1B250 2% 23 24 30 38
1B300 3 23 23 28 36
1B420 44 22 23 28 35
1B60Q [ 22 23 27 33

BTUnHRSF F

sound absorption (ASTM C 423 unfaced
board)

Coeticients at Frequencies

Thick
Type | ness |12 250 500 1000 2000 4090 NRAC
18150 1 19 62 712 82 88 89 75
18200 1 15 55 73 86 92 94 75
18250 1 25 52 7N 83 89 95 75
1B300 1 19 43 €9 87 92 94 75
1B420 1 33 40 70 94 100 98 75
1B60OO 1 12 52 68 87 93 99 75

No se Reduct on Coetlicient
F25 Mounuing {formerly No &)

Fire Safety (ASTME 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

The mal Ehock Roe ctance W It nat crach
spht shrink or crumble

Moisture Adsorption (ASTM C 553) Not
exceeding 1 3% by volume

Corrosion Resistance  Will not cause
corrosion of aluminum steel or copper as
tested 1n accordance with the Method in
HH } 558

Resistance to Fung: & Bacterta (ASTM O
2020 Method A) Does not breed or
promote

Vapor Transmission (Facings) {HH B 100B)
02 perm rating puncture resistance
{beach units) 50 ASJ 25 FSK

specification comphiances

1B i8 1B B8 B I8
150 { 200 | 250 | 300 | 420 | 600
HH B 1008
Type 1 {Facina) x x x X x X
HH | 558 B
Form A
Class 182 x X X
Form B Type 1
Class 6
B-4 x
85 x
B6 X
Form B Type |
Class 7 x x X x
Class 8
MIL 122023C
Type1& 1l
Class 4 X
Class 5 x
Class 6 X
ASTMC 55370
Type! B4 X
BS x
ASTM C 61270
Class 1 x x x x
Class 2 x x X
NOTE
All products ordered to comply with any one of the above
specifications should indicate that requirement on the
purchase order The product has physical propertes that
meet the physical requirements section of the referenced
specthcaton

installation

CertainTeed 1B Board Insulation is usually
applied drectly to metal surlaces by impal
ing over welded pins or studs secured with
washers or ciips The insulation surface 1s
then covered with metal mesh insulating
cement and canvas or fimshed with a metal
covering sheet or faced boards are neatly
taped at the joints For cold apphications a
vapor barrier facing 1s required with all joints
taped to assure a continuous vapor barrier
Rub pressure sensitive tapes with a nylon
sealing 1oo! to assure positive bond Apply
only if temperature I1s between 35 and

110 F Qutdoor applications regquire addition
of weather protection Facings may be
painted with a water based pamnt Consuit
your CertainTeed representative for special
conditions

Pins or studs should be spaced on center
not exceeding 16 ' Pins at the insulation
cdgea ot vuld mot be morc than 4/’ from tho
edge Cover all pins and washers with a
matching vapor barrier patch

Designers are cautioned to consider thermal
brdging when using pins studs framing
and supports made of metal Limit maximum
insulation surface temperature t0 150 F

p@’



guahfications for use

The maximum use temperature of an insu
lating material is that temperature above
which 1t no longer provides satsfactory or
efficient service as a thermal insulation
when appiied under condiions of normal
usage A normal conditton implies low
applied loads hmuted vibration moderate
thermal stresses and a nondestructive
atmosphere

There 1s no single test for determining the
maximum use temperature appiicable io ali
types of insulation or even to one type of
insulation under all possible conditions of
use The maximum use temperature of
850°F for 850° Board has been estimated
tfrom product performances n the foliowing
{est procedures

1 ASTM C 356 Linear Shrinkage of Per
formed High Temperature Thermal Insu
lation Subjected to Soaking Heat 850°
Board has negligible hnear shrinkage
and or warpage after 96 hours exposure
and the loss in weight does not exceed
4% by weight ?

2 ASTM C 411 Hot Surface Performances
of High Temperature Thermal Insulation
B50° Board does not flame glow smol
der crack warp or delamminate when
applied to the hot surface and exposed
for 96 hours During in =t heat up the
controlled decomposition of the bonding
maternial may result in smoke having an
acnd odor If natural convection 1s not
adequate in confined areas forced ventt
lation should be provided

3 ASTM C 177 Thermal Conductivity of
Materials 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 deterioration
from the thermal conductivity of the spec
Imen measured before the exposure

4 ASTM E 84 Surlace Burning Characterns
tics of Building 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
steelrod¥% x2 at1450°F s placed
between two specimens (12 x 12 x
nominal thickness) mounted on a flat
surface under a load of 2 pounds for a
period of one hour

The information heremn 1s accurate (subject
to normal production and testing variations)
and rehable to the best of CertainTeed
Corporation s knowledge However since
CertainTeed has no control over installation
design installation workmanship accessory
matenals or conditions of application no
express or inplied warranty 1s made as to
the performance or results of an installation
containing 850° Board

Code No 303150 10M 788

recommended thickness

Certainleed

CertainTeed Corporation

P

O Box 860 Valley Forge PA 19482

Service Temperature
500 600 700 800
Indoor Qutdoor Indoor Qutdoor Indoot Qutdoor Indoos Ouidoor
Thicknass | HL ST | HL ST HL ST HL ST | HL ST HL 5T HL | ST | HL ST
bare 1567 | 500 {4185 500 | 2299 | 600 | 5519 { 600 | 3231 } 700 | 7068 | 700 | 4400 | 800 | 8865 | 800
50
10
15
20
25 S8 | 115 &5 21
30 49 [ 110 54 18 67 | 120 73 23
3as 42 | 106 471 16 581115 63 ] 20
40 3 103 41 14 511111 55 18 €8] 120
45 33 {10! 36 13 45 108 49 17 61 ] 116 64 21
50 30| 99 33 12 41| 106 44 15 551 113 58 15 71121 74§ 23
55 27 S8 30 1 3 104 40 14 S0 ¢ 110 52 18 65 ( 118 67| 1
650 25 So 27 10 34 | 102 37 13 46 ] 108 48 15 58 | 116 61 20
65 23 95 25 10 32 {100 34 12 42 (106 44 15 55 113 57 19
70 21 L] 23 9 30 99 31 12 39 1105 41 15 5111 53 18

legend & nputs
HiL—Heat Loss Btu ft hr
5T-—Surface Temperature F

outdoor—Q F ambient ar 20 mph 4 enussivity
indoor—80 ambient ar 0 mph 9 emussivity

No paralle! heal flow paths considered

apphcation details

Canvas Finish

Metal Fin sh

Insulated Metal Panels

Insulat on \Vielded Pns ! sulaton
a ¢ Speed Cips
Expanded Metal Laih vielded P ns and
W e Mesn Speed Cips
Welded P ns or E panoeg
and Speed Clps M 1ai Lath tetat Co e ng
Insutatng Ceme t Metal Co e ng~
8 oz Can as and Corugaeg Bc Ro
Pam or Fat Sheets
! s taton
Sales Regions & Offices
Eastern Region Office  Southern Region Otfice
4756 Tndeni Count 4360 Chamblee Dunwoody Road
Baltmore MD 21227 Suite 230
301 247 2170 Atanta GA 30341
Central Region Office 404 455 4750
103 Funston Road Atlanta District Sales Otffice
Kansas Ciy KS 66115 4360 Chambtee Dunwoody Road
913 342-0094 Suite 230
Western Region Office  Atiania GA 30341
17775 Avenue 23% 404 455 4750
Chowchilta CA 93610 Houslon Disirict Sales Othce
209 665-1318 9896 Bissonnet One
Sutte 677
Houston TX 77036
713988 4411
Inasmuch as CertainTeed has no control over installation design installation workmanship accessory (

matenals or conditions of application CertanTeed does not warrant the performance or results of any
installation contaimng ther products This warranty disclaimer includes all imphed warranties including
the warranties of merchantabiity and htness for a particular purpose

€ Copynght CentanTeed Corparal on 1986

Punted in US A

0



recommended thickness

Certainlee

CertainTeed Corporation
P O Box 860 Valley Forge PA 19482

Hot Surfacez—Indoor Conditions—80 F ambient stiil air (No paralle! heat flow paths considered)

Searvice
Temp 200 300 400
Energy Energy Energy Energy Energy Energy
Thick Loss Loss Surface Loss Loss Surtace Loss Loss Surtace
ness Bare thaul Temp Bare Inzul Temp Bara Insul Temp
(in}) (btu/sq 1t) (btu/agq 1t) ( F} (btu/sq tt) {btu/aq ) { F) (btu/ngq f) (btu/sg t) { F)
1 282 26 97 641 52 112 1126 85 127
2 282 14 80 641 28 99 126 45 108
3 282 8 a7 641 19 94 1126 3] 99
4 282 7 86 641 15 81 126 24 96
5 282 ] 85 641 12 89 1126 19 93
6 282 5 g4 641 10 88 1126 16 91 -
7 | - — - . 9 86 128 14 90
8 - —_ - — - - 1126 12 89
9 — — —_ — — — — —_ —_
Hot Surfaces—Qutdoor Conditions—0 F ambient 20 mph wind
Service
Temp 200 340 400
Energy Energy Energy Energy Energy Energy
Thick Losa Loss Surface Loss Loss Surtace Loss Loss Surlace
ness Bara Insul Temp Bare insul Temp Bare Insul Temp
{in}) (btu/sq ft) {btu/sq ft} { R (btu/sg ft) {biu/sq tt} {F) (btusq ft) {btu/sq R} (F}
1 1375 43 15 2358 72 20 3517 105 N
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
& 1375 8 4 2358 13 ] 3517 19 8
7 -— -— — 2358 " 5 3517 16 7
8 — — — - - - 3517 14 6
[ — — - —_ — —_ —_ —_ —_

cold surfaces

Thickness options based on permissible relative humidity (RH) and heat gain (HG)}—80 ambient (3300 hrs ‘yr operation)

Operating Temperature 60 F 50 F 40 F N F oF

Insulation Thickness HG RH HG RH HG AH HG RH HG AH
1 20 a9 26 86 33 B2 39 79 58 72
1% 14 91 18 90 23 87 27 85 40 79
2 11 92 14 91 18 90 21 88 an 82
2y 9 93 12 92 14 91 177 90 25 86
3 7 94 10 93 12 92 14 91 21 89

AH tigures shown are maximum pe misside hom
HG Hea Gain = MK BTU caned 1000 sg t

application details
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CertairifeedH

IB Fiber Glass Equipment,
and Tank Insulation Board

Description

CertainTeed Industrial Insulation
Board (IB Board) 1s composed of glass
fibers bonded together with a thermo
setting resin It s available In 2 x 4
standard sizes either faced with a
vapor retarder facing or plain n
thicknesses of 17 to 4” depending on
density Special sizes up to 48 x 120"
are available with Foil Scnm Kraft or All
Service Jacket The Foil Scrim Kraft
{FSK) is a glass scnm reinforced
laminate of aluminum foil and kraft
bonded together with a fire retardant
adhesive The foil side 1s out to present
a neat metallic surface finish All
Service Jacket (ASJ) 1s composed of a
reinforced white kraft and aluminum foil
laminate with the white kratt facing out

Uses

1B Board i1s 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 finished
insulation job is required IB Board 1s
made in varying densities imparting
ngidity characteristics from flexible (1B
150} to ngid (IB 600) There 1s a degree
of ngidity for nearly any application
requinng conformance to cuned sur
faces or resistance to compression or
where sharp square edges are required

1B Board plain {(unfaced) 1s used
primanly for heated apphcations (up to
450 F) and for acoustical treatment It
may be subsequently fimished Faced
1B Board with either FSh (me.aliic toil
appearance} or ASJ (clean whie hraft
appearance) is used where a neat
appearance is desired and‘or a vapor
retarder i1s required on cold surfaces
Matching toil or ASJ tapes are avail
able to Timish off and seal joi~

12

tion must be of sufficient thickness to
maintain a surface temperature not
exceeding 150 F

Benefits

Lower fuel bills — exceptional thermal
efficiency of 1B Board helps save more
energy than other board or block type
insulations

Conforms to wrregular surfaces —
fiber glass composition permits con
formance to curved surfaces or where
surface irregularities exist
Dimensionally stable — strong fiber
glass resin bonded boards retain thick
ness and structural integnity under
severe service conditions that will
cause other insulations to compress
compact crack or crumble Recovers
thickness after being compressed
Lower installed cost — it 1s easier to
cut and fit and weighs less than many
other insulations No breakage under
ordinary conditions means less waste
Neat fimished appearance — board
type insulation cuts cleanly v ith neat
square corners Available in a choice of
factory applied vapor retarder facings
for metaliic or cnisp v hite surface
appearance

Performance Characteristics
Thermal Performance (ASTM C 177)

W facio
Boa d Dens ty at Mean Tempe atures
Type Ibs cu ft 5 100 | % | 300
= & [ 1 3 I 4
—
th 0 { 3¢
[ISGTN b | RE]
13 3 ‘ i
{ [ - t | “
| ! ¢ l I
- - —1 _—
N

Sound Absorption (ASTM C 423
unfaced board)

coeflicients at

frequenctes
Board|{Thick 9

Type | ness | 120 ¢o0| w00} 1000 2000 { 4000 | Him

1e1so| 1 19| €2 7e| e | 88 | ay |
1B200] 1 15 55 75| 86| 92 | 94| 7
e250) 1 ' 25) s2{ 71| 83§ 89| 95| 7
18300] 1 19] 4s| 69| 87| 92| 84| 7
iga20f 1 33{ 40| 70| 94 (100 98] 7 |
1Be0o[ 1 121 .2| 68| a7 | 93| 99 l

No se Reduct on Coetficient F2 Mounting (forme ly No t

Fire Safety (ASTM E 84 or UL 723)
Fiame Spread rating not exceeding 25
and a Smoke Developed rating not
exceeding 50

Service Temperature (ASTM C 411)
Recommended for use from —20 F to
450 F

Thermal Shock Resistance Will not
crack split shrink or crumble
Moisture Adsorption (ASTM C553)
Not exceeding 1 0% by volume
Corrosion Resistance (ASTM C 655)
Will not cause corrosion of aluminum
steel or copper as tested in accordance
with the method in HH 1 558
Reststance to Fungi & Bactena
(ASTM D 2020 Method A) Does not
breed or promote

Vapor Transmisston (Facings)

{(HH B 100B) 02 perm rating puncture
resistance (beach units) 50 ASJ 25 FSh

Specification Comphiances®

1B150§ 18200 | 182508300} 1BA20 |1BE6
=~ 5 1008 ® x % x x
Tvoe 1 (Fac n~
H~ 1555 B
Fc~A
Cast1&2 x x
F ~—5 Tyne
Cacsb

NOTE All products ordered to comply with iy
one ¢ the above speciatns should ndicate
th require ment on the p. hise © det The
Procd hasphiysica v e tes thl mee the
PAVS 3 Iegu eMmen s s S0 the refefen e
5% wl 0

W



Installation

CertainTeed 1B Board insulation 1s
usually applied directly to metal sur
faces by impaling over weided pins or
studs secured with washers or clips
The insulation surface 1s then covered
v ith metal mesh nsulating 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 1s

Recommended Thickness

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 i1s between
35 F and 110 F Outdoor applications
require addition of weather protection
Facings may be painted with a water
based paint Consult your CertainTeed
representative for special conditions
Pins or studs should be spaced on

Hot Surfaces—Indoor Conditions—B0 F amb:ent still air (No paraliel heat flow paths considered)

Service
Temp 200 300 400
r
] Energy Energy Energy Energy Energy Energy
Thick Loss Loss Surface Loss Loss Surface Loss Loss Surtace
ness Bare insul Temp Bare Insul Temp Bare Insut Temp
tn} |{Btursq tt}[{(Btusq R} { F} {Btu sq ft)}(Btusqg f} { F) {Blu/sq M )i(Btu/sq M} ({F)
282 ) 9 Y 112¢ 8>
282 - 93 n k| -G 16 4 £
3 232 a 8 6 “ 1" - 31 9
4 28 8o E} “ 1" e 1 P
3 282 L] 85 ndl 2 5 Y128 19 Q
El 282 2 84 641 10 88 1126 16 a
_ - — — [} E6 112F 14 0
'
. s - - — - - 1126 12 [
Hot Surfaces—Qutdoor Conditions—0 F ambient 20 mph wind
Service
Temp 200 300 400
Energy Energy Energy Energy Energy Energy
Thick Loss Loss Surface Loss Loss Surface Loss Loss Surface
ness Bare insu! Temp Bare Insut Temp Bare insul Temp
tn) [{Btussq f}|{Btussq ) { F) (Btu/sq # )| (Btu/sq f1) ( F) (Btu/sg #t)](Btu/sq #1) (F)
| 1 3 15 23 8 2 r 3 105 il
|« 13 2 9 2328 3 13 317 54 18
195 15 7 23 8 23 16 3517 37 14
13 5 19 8 23 8 22 10 3o 39 13
135 9 5 23 8 1 > 3517 22 9
| 13 5 ° 4 238 3 ) 1 13 3
: — — 23 1 17 16
! -~ — - — - - 3217 V4 ‘
r
L — - - - — - — - -

Cold Surlaces

Thickness options based on permissible relative humidity (RH) and heat gain (HG)—90 F ambient

(3300 hrs 'yr operation)

Cperating Temperature 60 F 50 F a0 F 30 F 0F

insulabion Thickness HG RH HG RH HG RH HG RH HG AH
1 20 89 26 86 33 82 39 79 58 72
1, 14 9t 18 90 23 87 27 85 a0 79
2 " 92 14 91 18 90 21 88 31 82
2 9 93 12 92 14 91 17 90 25 86
3 7 94 10 93 12 92 14 91 21 89

15250/CES
Buyline 3227

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 bridging when using pins
studs framing and supports made of
metal Limit maximum insulation sur
face temperature to 150°F

Application Details

Canvas Finish

insulat on
£ panded Metal Lath

‘e ded Pns
ang Speed Clos
Insuta ng Cement

8 0z Canvas and
Pa nt

Metal Finish

Welded Pins
and Speed Cips

Wre Mesh
or Eapanded
Metal Lath

Metat Cover ng —
Corrugated Bo Rb
or Flat Sheets

Insulat on

Insulated Metal Panels
Insulation

Welded Pins and
Speed Clips

Metai Covering

AH figures shown are ma mum permissible humid ty (%) to prevent condensation on the insulal on surace
HG Heat Gain = MM Btu gained/1000 sa H/3 300 hr operat ng year For informalion on subrzero appl cations contact

CentainTeed representat ve

13
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treesrer INNOvVA Temperlite' 1200
“aﬂﬁﬁﬁan ~
so@Gnse s Number ITI-IC-SS-1¢
2 8 ¢ ® .
@@@?2@9: . Effective June 30, 1994
TE®FarER S Supersedes Mm-1C-55-1b,
¥ 2 8 » B 9 4 & ¢
A P &6 &« & ®w & ¢ ¥ Augusf'l?‘n

' Submittal Date

Desaphon Tamfrlﬂa‘ 1200%s a ngxc!, hagh temperature, waler resistant molded ?erlife thermal insulation
avaikable in erther block, pipe or molded ﬁi‘hng form The producl 15 a bght gray matenal with dark
heat stabilized Becks ihroughoul the produd for easy idenhfication as an insulahion which does not
coniain asbesios

Uses. The proclucf ha. an ap licalion lemperalure range up o 1200°F, even under cyclxc conditions lis
unique waler resistant E:rmu!ohon makes 1f especmuy suifable for those appllcohom where waler
incursion 15 a considerahon and where cellular Elass or other foam insulohons have prewousfy been
the ?nfy viable ophon The procluci 13 nclum”) lgh n slltcuies, making 1t the prel:erred choice for
those oppllcohons where sress corrosion 15 a considerahon Because iEe matenal will not relain
motsfure, tf does not coninbule o premature corrosion of protechive |ocl<chng systems

Features and Benefrts

Mosshure Tcmperllfe 1200° 15 odremc]y resistant ko waler (ﬂ)sorphon Mechanical sfrcng}h and therma! per

Resislance formance are preserved and the insulahon will not act as a reservorr for jacket corrosion as 1s com
mon with many other ngid insulabons

Corrosion Because Temperhie 1200° 15 non W1d<mg and hlgh in stheates, it will not cause or promote stress

Resistance corrosion crockmg of austenihc stainlest sleel

Theemal Temperlrfe 1200° prcmdea excellent thermal lnsulolmg properhes Il‘uroughoul its ol range of use

Effiaency 1 thermal eHacnency resulls in reliable temperature control for crical process operations

Fire Temper‘lnle 1200° vall not burn or carry flame 1t has a Flame Spread of zerp and a Smoke

Resistance Developed of zero when fested per ASTM E 84

Heat Unlke some other ngid in.ulahon., Tcmpcrhic 1200° will maintain ik integnity and nsulahng h
ciency even

Sfablhly under condilion. of .»ockag heat up ko its full 1200°F recommended operating range

Rigidhty Temperhie 1200° 1, de.igned and manufactured fo provide the strength required o withstand per
sonnel traffic and other common nstallation and apphcohon obuses

- r r [} 1AAAS ] ' ] § [ | ' - I ] f3



Specriicotion ASTM C 810 Type Il “Standard Specification for Expanded Perlite Block and Fipe Thermal Insulahon™*

Compliance ASTM C 795 “Standard Specificahion for Wicking Type Thermal Insulaton for Use Over Austenitic
Stainless Steel”

MIL | 24244C (SH) "Inwlahion Matenal with Special Cormosion Chloride, and Fluonde Requirements”
NRC Reg Guide 1 36 “Nonmelallic Thermal Insulation for Austenihic Siainless Steel”

DuPont “Dana” Accelerated Shrass Corrosion Test after 700°F Socking Heat

USCG 164 009/308/0 "Noncombusitble Matenal”

*Warver required on lumbling fnability

Physkal Properhes.
Property Test Method Value
Density ASTM C 303 120 1 4 pcf
Woter Absorphon ASTM C 209 2 hrs 1 2% max 24 hrs 3 8% max
Flexural Strength ASTM C 203 48 56 pst
Compressive gfrengiﬁ ASTM C 165 60 70 pst {5% deformation)
Lineor Shrinkage ASTM C 356 2% max (1200°F for 24 hrs)
Surface Buming ASTME 84 Flame Spread 0
Characlerishes Maxamum Smoke Developec' 0
Acid Resistance 7 Jc:ys - 10% Hd No visible chunge
7 dqys - 10% H SCu No visible chcnge
24 hrs - 25% HA No visible chonge
24 hrs - 25% H:SO. No visible chonge
H MiIL-1 24244C (SH) 104107
%wm'xzf Conduchvity ASTM C177
100°F Mean Termp 0 44 BTU in/hr FEF
200°F Mean Temp 048 BIJ in/hr FPF
400°F Mean Temp 0 57 BIU in/hr FEF
600°F Mean Temp 0 &8 BIU in/hr FPF
Kvs Mean Temperature Notes
o The chemical and physical er
1B{°C) 5 93 204 316 427 hes of Tcmpcrbk{.' FI*Z),OO" ln%mlon
represen! ypical averoge vaives
100 144 degermma n occordrc?r?ce with
accepled test methods The data 1s
90 130 wb,ed 1o normal manufactunn
>~ Vﬂrlohorﬁ The &'0 155U 'l Qs a
5 = g0 — 115 lechnical service and i supgleci o
Ly, chcmge withoul nohce References ko
B 70 101 p numerical lame spread ratings are
LSJ é \E\ not intended o retlect hamr?; pre
— o 640 087 3 sented b) the.e or any other
E S S rrr:xieng: urllder }:Jc?ual F}n(re cc[mdl
8 53 tons Check wil r Knaut region
= =2 50 072 al office o aswrey::fjormahon 15 cur
40 057 rent
30 043

0 {(°F) 200 400 400 800
Mean Temperature

Knauf Fiber Glass 240 Elizabeth Shreet Sheﬂ)yw“c, indiana 46176 (B00) 825 4434 FAX(317) 398 3675
Reglonal Offices Eastern One North Revmont Drive Shrewsbury, New Jersey 07701 (908) 389 3131
Western 240 Elizabeth Street Shelbywille, IN 46176 (3|7¥ 398 4434
Southern 1170 Corpomie Dnive We.l Suife 203 Arlington, Texas 76006 {817} 640 8986
Conada 88 Univer.ity Avenve Suite 800 Toronlo, Onlario M5J 1T6 (416) 593 4322

Innova Technof;gles, Inc s wholly-owned by Knauf Fiber Glass Knauf has founded Innova Technologres in order ko

pursus the development and manufackuring of non fibrous insulaton moterials Innova products are availoble excly

sively through Knouf Fiber Glass

\\4
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reeecertlINNOVA  Temperlite PC
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chafwens e Number [TI-IC-55-3

% O & & & e »

*%®§§&Qo~ Effective June 30, 1994
TESeRE DL Submitial Date

¥ % o 5 D o) & ® &

Temnperhie® PC 15 a precision cul, v-grooved prpe and vessel insulahon manufactured from
Termperlits® 1200°, a ngid, high temperalure, waler resistant, molded perlite thermal inculahon It 1
projuied o ht precise pipe ond vessel sizes for indudnal OPP‘!ICO})OHS from BO°F ko 1200°F
Temperhle PC s supphed with @ gloss mal adhered 1o the preasion cut segments for ease of han
ding and installshon When compared ogainst more hme consuming cllernatives such as molded
curve segments or scored block Temper'lle PC can repre.ent a slgmﬁconl field labor savings

The producl has an ap| licaton lemperalure range up ko 1200°F, even under cycl:c conditions lis
unique water resistant E:rmulchon make, it e.pecxaﬂy suilable for those opp!rcal-ons where waler
incursion 15 a conuderation due to either boss of thermal « CIENCY OF COrTosIoN The proc!ud 1 natu
ro”y high in su'»co}es, molnng it the prc[crrcc] choice for those apphcation. where siress corro.ion 1s
a consn%erohon Because the malenial wall not retain moi ture, if does not centribule ko premature
corrosion of protechve lackehng systems

Feakrres and Benefits

Mousture
Resistance

Corrasion
Ressstance

Thermal
Etcflaency

Fire
Resistance

Rigidity

Fo.e of

Installaton

At iernﬁerotures up ko 700°F, Terrperhle PCis extremely resistant fo waler obsorphon Mechanical
strength and thermal performance are precerved and the msulahon will not act as a recervorr for
|acket corroston as 15 common with many other ng:d insulahons

Becau.e Tempa!lfe PCas }ngh in ulicales ond non Mcl:mg, if will not cou e or promole shre.. corro
5100 crarkmg ol oustemtic dainless steel

Temperh!e PC provndes excellent thermal 1n u‘chng properties ﬂm:ughoui it full range of u.e This

ermal e”:cmncy results in relidble lemperature conh'corﬁor criheal process ralions Because it1s
precison v groovec] o exacl azes, it cloes b "1“7 around ifs intended vcssﬁl:mmahng uncbosed
spaces or cracks which are common with Hcﬂ installabions of cther scored producfs

Temperlite PC will not burn or carry flame Ten'pedde PC has o maximum ame spreod of 10 ond a
maximum .moke developed of 10 when te ted per ASTM E 84

Terﬁjperlxie PC 15 de ngned and manufaciured ko provnde the sfrengfh reqwred o with.and per.onnel
trathc and other common installation ond apphcahon cbuses

Temperhile FC insialls quickly and eauily, mnimizing feld labor and breakoge It also stores com
pactly af the (ob ite due to its “in the [él‘" }nppmg conhgurahen

chhonany distributed I:)y
Knaut Fiber Glass

© 1994 lonowa Technologmes Inc

(W



b DESCRIPTION

Kreauf Blevatied Temperature Blanket
Ihsulation i1s e ightweight thermal insu
lahon blanket made from Fighly
resthent, inorganic glass fibers bonded
by a hughrtemperature thermosettng
resin

v EXCELLENT THERMAL
FPROPERTIES
Knauf Bevated Temperature Blan

ket insulation has low *harmal con-

ductvity it provides for increased
system efficiency ae it decreases
fuel usege

e [OW COST INSTALLATION
Knauf Hevated Temperature Blan
kat Insudation ts hghtweight and
easy to handle and fabnceate its

fievble charactenstce msks it ideal

for fat or rregular sarfaces
o DAMAGE RESISTANT
Knauf Beveted Temperature Blan

ket Insulation 1s tough and resihant

k resiste damage in shpment as

well 85 during and after installation

Knauf Fiber (Glass GmbH
240 B zabsth Strest
Shetbpilie IN 45178
{ROD) 825 4434

FAX {317) 328 3675

DUl Ty
KNAUF ELEVATED

T
!
Worm No IC DS BG Effective 4/85

Supersedes IC DS 8F Dated &/93

Insulation 18 used for mdustrial heat-
ng equpment to 1000°F {537°C)
Ppplicabons include industnel fur-
naces panel systemns marine appl-
cationa and wregular surfaces

@ RESISTS MOLD GROWTH
(ASTM C 655)
Knauf Blevated Temperature Blan-

ket Insulation doee not promate the

growth of fungi or bactena H# will
not rot ot sustain vermin

s NON-CORROSIVE (ASTM C 665)
Knauf Elevated Temperatu e Blan-
ket inaulaton will not eccelerete
corrosion of steel It complies to
sress coOrrosion requirements of

MIL-F24244C

E~STERN
One North Revmont Dnve
Shrewsou-y NJ 07701

(808) 389 3131

WESTERN

240 B zaebeth Sreet

Shatbyvilie, IN 45178

{317) 388-4434

SOUTHERN

1170 Corporate Dnve West
Suie 203

Anington T 76006

(817) BA0 898G

CANADA

88 Un~iversity Averue Surte 800
Toronto Ontano M5J 1T8B

{416y 683 4322

DA T A }
EMPERATURE BLANKET 1000°F

TION COMPLIANCE.
HH-! 558C Form B Class 7 8
MIL 1-24244C

ASTM C 795

FRC 136 Reg Guide

USCQ@ 164 009/255/0

ML 1 22023D

Type |, Class 3

Type ll, Cass 3

N CANADA.

CGSB 51T GP 11M

DND 15280 02 £-2

CCG 100/F1-172

The chemica and physicel propertes of

Knauf Elevated Temperature Blanket
Insulaion represent typical ave-age val
ues determined m acco dance with
ascepted test methcds The data s
subject to normal menJfactunng end
test ng vanabons The data s supphed
a2 a technucal eenvice and i eubject to
change without notice References to
numerical flame spread mtings are not
ntended to reflect haza ds presented

1 by iness o any other matenals undsr

astusl fire condtions Gheck wi h your
KraU' regional office to sssue nifo ma
ton 13 current



Knauf Blevated Temperatu e Board e a
Ightwerght ns dation made fom nor
ganic fibers bondad with a2 hgh t=m
perature thermosetting resn The nsu-
lation 13 N & semi ngd board-ike form
with supenor handing preperbas and

nsuating effectveness at mmmum
cost

Knauf Bevated Temperature Board
complies to the property raquire-
mante of the following ececnca-
hons

USCG 164 009/214/0

Canaa an Ceast Guard 100/F1-109
MIL-1 24244C

ASTM C 765

NRC 7 36 Reg Guxids

Knauf Fiber Glass GmbH
240 Sizebeth Syeet
Sheloyville ¥4 48176
(86D 825-4434

FAX (317) 328 3€75

KNAUF ELEVATED TEMPERATURE BOARD TO +8B50°F

Form No IC-D5~4H Effactve 4/85
Superseden IC DS-4G Dated 1/92

Knauf Blevated Temperature Boerd s
designed to be wutdized &5 an devated

temperetre Iight deneity meueadion for

boiler walls hot precipratore hot durt
work cylindrical tanks towers stacks
ndustrr) ovens, snd manne spplica-

vons The product 18 designed for appli-

cations 1o maxmum operabonsl tem-
perature of BSO°F {454°C) and thick-
negses not to exceed 6 (152 mm)

MIL [ 15475C (SHIPS)
ASTM C 672 Type tA IB |Ii
HH { 558C (Amend 3)
Form A Cleas 123

1AL 1220230 Tvpe N

") CANADA

CGSB 57 GP 1004

oD 15280 02 E 2

CCG 100/F1-170

EASTERN

Cne ho th Bevmont Drive
Snrewsbury NJ 07704
(©08) 363-3131

WESTERN

240 Blizebeth Street
Snelbyvile IN 46178

(317) 388-4434
SOUTHERN

1170 Co porate Drve Wast
Surte 203

Admgicn TX 78008

{£17) B10-8988

CANADA

88 Unve sty Avanue Suite 80D

Teronto Ontanio MEJ 176
(416) 533 4322

[ZCR =2

o ENERGY CONSERVATION

Krauf Blavated Tempe atws Board
ctiers excellent resistance to heat
loss which saves ene gy snd lowers
operabng costis

o {ARGE SIZES

Szesupto 4'x 10" (1219 mm x
3048 mm) reduce the number of
joints reduce nstallabon tme and
diminate potential sources of heat
leskage

Knaut Bevated Temperature Board 1
peduced in kengths of 24 through
120 {810 mm through 3043 mm) n

1 (25 mm) merements vidths of 24
end 48 (510 mm anc 1220 mm} end
thicknesses fom 1 to 4 25 mm to
102 mmim /s (13me) ncrements

The chemical end physical properties
cf Knaf Bevarted Temperaure Board
repreasn typical average veuss de er
mn=d in accordance with ercepted
test memods The data s subject to
no mal vanatons The data © suppled
23 a techucal sarnvice and 1s subject to
change without notice  References to
numencsl fame spread rsinge are not
mte~dad to reflect hazards presented
by thase or any othe” ma.wena under
a*el b e conditons Check v th your
koauf regioncd office to essare nforma-
bcn s current
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“TPLATE NO 20 ZC / o

3
. 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-appled
Jjacketing 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 22A) and (2 One coat finishing cement reinforced
with wire mesh and corner bead (See Plate No 22B] Chaoice of
finis 1s dependent upan 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

Rectangular duct

Fibrous board insulation (corners may be straight or kerfed)
Adhesive spotted to assist the installation (optional)

Mechanical fasteners as required to secure insulatian (starting
3" [maximum] from the butt joint)

Vapor-retarder tape over joints, breaks and penetrations of the
vapor-retarder jacket

Weather-barrier mastic reinforced with fabric or mesh (for
outdoors applications)

Jacketing applied for mechanical abuse protection, appearance
requirements or weather protection (shown as metal secured
with screws)

8 Standing seam (optional)

~d a) &) O -
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FIBROUS BOARD DUCT INSULATION
RECTANGULAR/EXPOSED

SUBMITTAL DATA
MATERIALS
(1) sysTEM
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PLATE NO 26

VESSELS, TANKS
AND EQUIPMENT

Curved Surfaces
Rigid Board Insulation

Boards of cellular glass mineral fiber or glass fiber are used
primarily on flat surfaces such as breeching and flues However
if scored or beveled, rigid boards can be made to conform to the

surface curvature of vessels, support legs, skirts and other
irregular surfaces

Materials Rigid boards, corrugated or smooth sheeting sheet
metal screws or pop rivets and bands and mechanical fasteners
Vessel wall

Insulation board scored or beveled to fit the curvature of the
vessel surface

A method of securement 1s impalement of insulation on
mechanical fasteners (Optionall

Bands (specify type, size & centers) and S’ clips as required
(See Plate No 25 for detail ) Provide for expansion if
necessary

Bottom tier of insulation 1s cellular glass in potential splash,

wash-down or flood areas where water absorption and wicking
may occur (Optional)

Corrugated or smooth sheeting secured with sheet metal
screws, pop rivets or adhesive

Head flashing
Caulking/flashing at fittings (Optional)

1/88
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PLATE NO 29

VESSELS, TANKS
AND EQUIPMENT

Extreme Temperature Vessels
Block Insulation

High temperature (above B00°F) and/or refrigerated (below
32°F) installations such as boilers, refrigerant tanks and
power/praocess equipment may require double layer block
construction, securement of the insulation with bands and the
design of expansion/contraction joints High temperature
insulation 1s tllustrated Similar methods are employed on
extreme low temperature surfaces as noted

Detail A — Expansion/contraction joint {typical)
Detail B — Double layer staggered joint 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 (Materal
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, detall D-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

8 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 —detaill A& D)

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)
7\ 333
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EXTREME TEMPERATURE
VESSELS BLOCK
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TUDINVEIDIN [

AILY | MAN- 1993 BARE COSTS o1
155 600 | Heating System Access. CREW o?mur HOURS | UNIT WAT TB0R | EQUP ToTAL INCL ;Lv
g40] 0620 90 fb per hour a5 | 3 [533] & 3300 132 3432 380 T
0640 1201 per hour | | 250 |s400] | 4325 158 4433 505
0660 180 b per hour vl 28]+ 5125 198 5323 5950
07¢0 With blower
0720 101 per hour 05 [5% [299] B 2500 72 2512 2850
0740 17 1b per hour 475 | 3368 2575 83 2658 2950
0760 30 1b per hour 375 | 4267 262 105 2730 30%
0780 601 per hour 350 | 457 32 113 3338 372
080 90 b per hour 275 | 5818 4575 144 4719 5250 ]
QB2B—~120 I per hour 2 3 59%0 198 6148 6850
0840 1801b per hour v | 150|067 o 6375 263 6633 7425
Fof 22—
% 0010 msuw ,66'/’ L L5 ¢
(R0l Ry umb as a parcentage of total mechanical costs Job 10%
1000]  Boer 1 1/2" calcwm silicate 1/2 cement finish Q4| %0 | J20] sF 343 755 1098 155
1020 riedesS Ly GVEN ) | o im) o | /am an 587 94
2000 Breeching 2 calcium silicate with 1/2 cement finish, no lath e
2020 Rectangular Gl 50 | 320 sF 479 755 1234 175
2040 Round 30 | 400 530 940 1470 2
2300 Calcium silicate block, + 200°to + 1200 F
2340 1 thick TR 271 1255 1526 3
2360 11/2 thick 25 | 640 {1 295{ 1505 18 7%
2380 2 thek - < P 2 | 1 374 1710 2084 ey
20| 7" Ayl ‘7‘4'}2:) 5/;5”’//’4&? y | 18]|89] y 595 2l 2695 4
2900]  Domestic water heater wrapkut “— ¢ = 7 AL e ] ﬂ 7Ll G
2920 1172 with vinyl jacket 20-60 gal 1Pum| 8 | 1 | & 2550 2750 53 69
3000 Ductwark
3020 Blanket type liberglass flexible
3030 Fire resistant liner black coating one side
3050 172 thick 21b densty Q4| 380 | 042 ] SF 3 99 137 2
3060 1"thck 1172 Ib densty 350 | 046 50 108 158 221
3070 1172 thick 1 1/21b densty 320 | 020 9] 118 180 2%
3080 2 theck, 1172 b density v (0] 03] & B 125 211 25
3140 FRK vapor bamer wrep 73 b density
3160 1 thick GL8 |30 [ 0do | SF 22 108 133 2
3l 1112 thick 320 | 00 4 118 152 2
3180 2 thick 300 | Ca3 41 125 160 45
319 3 thick v | 260 2| & 62 145 207 9
3210 Viny! jacket, same as FRK
3280 Unfaced 11b density ]
310 1 thick Q14360 | 044 ] SF 24 10 129 19
32 1172 thick | 130 o] | B 1w 150 2
3330 2 thek v (0] 02f 4 ] 121 169 2
3N Board type fiberglass, 3 1b density
3500 Fire resistant black pigmentsd 1 side
3520 1 thek ol 150 | 107} sk 14 251 395 5fy)
3540 1172 thick 130 [ 13 178 289 467 660
3560 2 thick v | 120]133] ¢ 215 314 529) 1Y
3600 FRK vapor bamer
3620 1 thick @14 | 150 | 107 § SF 125 251 376 540
3630 1 1/2* thick 130 ] 123 154 289 443 63
3640 2 thick v [120] 133] 180 3 464 1
3680 No finsh
3700 1 thick Gl4{ 170 | 0% | sF 19 221 3 80
10 1172 thick 140 | 114 % 269 367 53
3720 2 thick v | 130]13] 4 162 289 451 64D
194

Sea the Reflerence Section for refersnce number information Crew Listrgs and Cy Cost Inde$




1353 BAPE COSTS
CREW |oUTPUT| HOURS | UNIT | mAT Leop | Equip 0T INCL 0P
4 Fo nocooling deduct 2 25% 10% 7]
R 477 RED UNIT 45}
" | | (. fred unvented ele tnc igation 100% shuto’f Piping and
¥ winng ot included
; i nput 15 MBH g5 1 7 |2286] Ba 30 k€ 50 36650 425
;S 30MeEH 6 | 2667 EE) £ 3% 265
R 45 MBH 5 1320 350 bi 429 505
. * 50 MBH 450 | 35855 380 g7 468 555
kl 50 MBH 4 4 410 Ly 503 600
.
r 75 MBH 3 15333 445 132 577 6%0
__,.I 90 MBH 250 16400 495 153 653 785
o 105 MBH 2 8 700 198 898 1075
; | 120 MBH v 2 8 v 740 193 938 1125
.;1'1' fw~r single or three phase
8 1- ! £ KW 20478 BTU 1fect 3 2667 E2 310 71 3 445
f 1 13 5 KW 40926 BTU 25" | 200 585 Ea20 57059 665
L! 24 KW 81912 BTU vl 24| % 985 107 1092 1225
100 27 two stage pump controls so# advalve venter
o ' 117 000 BTU one b me Q5 | 250 | 6400} Ea 2375 158 2533 2875
u.: 234 000 BTU twobi~—e 225 [ 7111 4400 7o 4576 5100
¢ 351 007 BTY th—b e 2 | 8 6600 15¢ 6797 755
! ZEBO0JETUT S & - v | 5 | mT 560 | o T 10100 g
e 1. Fres an nle! petb 7 2 135 13, 149
2 {1 Prepurger per un 2dd v 5650 55 62 -t
|| <
- A WAYE UP AIR UNIT 451 2
¥ |- f b suspension naturalLP g2s € o fied =
dt g2 dadcontre’ Forfieses ¢ 59410 68 5
i *, /™t ~peratute ise M2 E:;
! 2000 Crb¥ 168 M™- ¢ | s ] 81t LR/5 L 470 535) Lt
l . 3003 CrH 202 M- 2 12 £ 57y 1y 58 557 E
! i N0 Crtt 3o M- P VIR 4115 3 %] 5800
) 6700 CFM 572 1 = ! i€ 5745 L0 £ 1€ 6575
! 8330 Cr}* 670 S~ 147 1,7 143 6323 ) £7 7625
l , 10020 Cr)? 838 112 32 7125 5.0 7 €30 8600
: 12 000 CFH 1005 ME= 1 24 7175 £ 717% 8825
¢ 14 000 CFM 1183 N34 G4 10832 7275 635 7950 9000
m 18 000 CFM 1340 NZ2H 8y 127697 7350 715 80~ 9150
1 20000 CFN 175 M3~ v 76 {31579 Q050 gi0 981 11200
{ 25000CrM 2D, Man Q7 l 32 9350 81 1016 11600
' _ J0000C Mg Qv | | e 5 o <00 10 » 1190
| 2000 CFM 28 Tpic- @2 ) 1M €3 tsn 14700
4 SJ 000 CrNM Zomu bi2- S e 1740 c 13, 15100
} 4500 Cri 3770 VB~ od | 20e 20 | 180 LA 1550
I, ' 50000 CFM 418 1 M3- 8| 1090 | 1 156 15700
RN 55000 Crit 450, N3- 5 | 6o a0 | 11 17 e 19700
* ; - 89000 CFM 5020 M4 70 {45714 17100 | 1% 18 20 600
l i 65000 CrN Aa_s NiE- 8% |55 0% 7200 | 1&v S 21000
§ _ 750V CrM B2 = MR- v w1 | R1010 - Al 17500
! Csedy Il me ¢ = 10
. Foeoam gug 2
j N Fya shtgv g & 3o 10%
! Fo vertia Lt a4 v 10%
i L
J Lor agsger w RSp; 1y
r *\Qrc [ SACNTENEN
W
| 185
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GAS FlRED ]NF?A R‘:D HEATERS

' do gt

TSI ST

Py 85

| S MATSE AR s

IIIREYCY S
. camputer aided cesign service offers & mult Lce ot irper
~ ‘ac's comparative fuel costs hife cyc'e coss accurate heat
s> daa etc providing you with the mos econc~ucal heating
= 2m avalable We will also previde yeu cusicrmizea eguio
=" plans ard laycus AT NO EXTRA CCST wren you inves
. reaung dollars in a SUNTUBE Infia S2a sys em Ou fac
= cngineenng exgerts are ready to o7e 'her nelp in evalu
~3 vour designs cr plans and offer anv zssistance you may
-3.12 SOLARONICS is ready to he'p ycu stan savirg hea,
3 ccllars now!

1nAT 1S INFAA RED HEAT?

JNTUBE heat 1s produced by Infra Red rays an energy form
~uar to #s ble ight Trus energy travels a. 186 CCO miles per
=.ard n a sraight line without {oss of hea. to the air it can be
~ed reflected or focused by matenals *hat have a highly
- 22 se surtace such as Bright aluminum ¢r example When
= 2d Suikés an aocsorotive objecy such a3 cctc s e Jood
= caint SaN Grcetungitis cenv/erel ~o ez a, e sar
2 Surrounding air s then warmed by ccrduc ¢n ard cen
~. on Tne tes. example of this trans 2 5 hez 1s from re
-~ ¢ the earih vathcut loss of heat 0 ou = spacs

(y 12

"TANDARD FEATURES

eTEMS
~¢z's 10 153 2C 25 30 35 40 -3 37 3% 22 85¢ 70
eet long svaight design with 20 30 42 30 €0 or 70 fezet
=ng compact U tube design Easly adaziable o permeer
arza span or spo. heating arrangemen:s

7 inouts of MBTUH 40 45 50 55 60 €65 70 72 80 85 90
S35 100 105 110 115 120 125 130 135 140 145 150
i35 180 185 170 175 180 185 165 190 195 and 200
Available in either Natural (NAT) or Propane {LP)

7 P.eassembled in 10 and 5 sections jus hang and connect

7 Cus*omizing for most any layout 1s achigsabls #nh the use
ot 457 and 90° elbows

~ integral turnbuckles and a sliding hanger for ease of
leveling and to help in compensating for expansion

JENEFITS

~ Since infra red heaters warm objects and peoole directly
zrd do not require air movement as a means of heat
ranster severzl benefits are prowided 1n comganson ~ith
conventional forced arr heaters fuel savings of 30% to
50% payback periods of one to three years equal or
grzater employee comfort at 5° to 10° lower thermostat set
tings reduced heat losses lower celling ar temperatures
cuicker recovery a cleaner and quiewer working environ
ment zone control without partitions and warmer floors
and surroundings

3URNER AND OPERATION

~ SUNTUBE has been field proven for over 25 years This
has resulted In exceplional quahty reliabiity and service
free maintenance

v Certified by International Approval Services (IAS) for the
American and the Canadian Gas Associations

Fata Yot Sy

v Dry no condensation of flue preducts durning sieady s.ate
operations

v Direct spark igniion 100°: sa.e shut off

v Positive pressure tlover with pre purge cycle

- Sirple chain hanging arrangement

/120VAC 1 Phase 60Hz

v Amax of 147 {full load amps

v 125 kP blower motor with a max or 148 CFM fres air

7/ 12 FPT gas inlet

# Three prong grounded power cord 26 long

7 Electronic flame monitoring for safety

v Air pressure switch for air flow safety

v Three system validation lights for safety

v Spark and flame observation windows

v Fixed combustion air orifice for sea level cr high altt ude

COMBYSTION CHAMBER
s/ Heavy duty 14 ga (083) Aura Tnem (A
Titanum sieel} 4 O D tubing 13 ‘cr
emissivity rated corosion res s an

‘Lrrinized
Jih = high

lack coaung

g ~1stec
[
b

HEAT EXCHANGER(s)

»~ Rugged and durable 12 ga
tubing 5 or 10 long

v The las. or markea heat excharger has a fac'ery ins.alled

i~ e ~ mad

{109 ) black siseld4 OD

Lnlgn fr pmassed a¥icancy

REFLECTORS

v 91 77, Reflectional Eriicency (s.d reflector das gn)

v Mirror Brite Aluminum finish {highly polished)

v 5 or 10 long and free to expand Sc entifically designed for
optimum infra red dispersion Patented adjustatle reflectors
each section adjusts individually for any angle or honzontal
mounting Allows lor/er mounting heights and perimeter
location without the use of reflector side extensions

v Removable without tools (Snap in Snap out)

STAMDARD REFLECTOR CROSS SECTION

<

' of rignal

cergy 9170937
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SIMULATED PARABOLIC REFLECTOR CROSS SECTION
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CUT HEATING COSTS UP TO 75% OR MORE
WITH SOLARONICS GAS INFRA-RED HEATERS

X-SERIES

.ot or Area Heating

Sutort

.. 000 0 200000 87U
_)Velt « 24 volt » 4 nthiyolt

> 2ct Spar< 100°, Safe
Q

» MNaturdlor P cpane Cus
7 0°te 30%Angle louna-:
v Simple Chain «launtne

SUNTUBE IV

» 30000 tc 200 G330 BTU
» 0O ar 800 T farery Modals
» 10 to 70 Long Ssstems

» Ingpanda Rowting
Railectors
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TYPICAL BUILDING LAYOUT
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Sz 5 /18 a typical penmeter layout of a warshouss or smal manufacturing bui'ding +s1th a Solaronics g2z mire rec iga rg
srsiem installed  Tris system uses both our SunTube ('o 7imensity) and our K Senies (figh intens.t  bazters

- il be pleased o offer our hecting exca™se 7 helt ro scu fayout your bl cing Rganrg raguir-7-" 5 = z2s2 2al s :
.t frag fax jour speC 11CaNONS Or contac. LS or g N "zt as Indicaizd bealery

See us on the Internet

SOLARONICS INC

PO Box 217

Rochester M| 48308 0217

1 B00 223 5335 FAK (B10) 651 0357
In Canada PO Box 7487

Ancaster ON Canada L9G 4G4

(905) 648 3741 FAX (905) 648 7766
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INTRODUCTION TO INFRA- RED HEATING }

+ adintra red hea ers are highiv effic ent precuce s
= rad ene gy tha. can te used in rur-ercLs
~g applicaucns Trew greatest Lses o daig rave
-~ the heaung of industnal and commercial
cngs spot and area heating ccmmerc al feed
~g and cooking ard In process heatrg overs

S:‘:romcs installaticn & GM s Inland Divis on plart
chid Chio siashed energy costs 75% curning a
; 2 healing season Fror energy costs in the
=~susa wera runnirg arcund $106 0CO par year
ar installing Sclaronics gas inira red heaters,
=rgy costs plummeted to $27,000 *

ansier of heat frcm a warm ogjsct to a cocler
- a~zsplace bscne of three me hods ¢cra corbi
-~ thereof Tness methcds are corcuchen
- zz*lon cr radiation

CONDUCTION
~duction of heat occurs when faster moving
'zcyles pass on some of their energy to acjacen
sz.les which are slewer moving 1e gt alg ver
-~czrature  Trus may occur within a soud or be
.en a solid and an adjacent fluid such as air In
¢ heated building or enclosure heat s concucted
ransmitted from the warm inside air to the inside
~zces, then through the wall or roof, to the cooler
- de surface and ¢n to the cutsice arr

CONVECTION
~szction transfer of heat involves the mixing of
m and cool particles of fluld  The mixing may
~a as a result of density differences due to
~serature differerces which is natural convection, ¢r
-z miking 18 produced by mechanical means forced
~/zction

2 heated building convection losses cceur when cold
s.Ce arr enters a bullding mixes with the warmer

ce arr, and then exits through an e«hauster or

sugh doors, cracks etc

RADIATION
at '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
usually termed infra red This is just one of the
saral forms of radiation (see the electromagnetic
ectrum, Figure #1)} Infra red Is transmitted at the
ead of ight, 186 002 miles per second 1n a straight

Eoually important was emcioyes ¢er

oid forced ars stam coirplairs: ¢

After installatcn rreralg irproved gigaly Sotne
comebination of Solarcnics and el cient gas nct orly
celiverad energy savings tut emp'oyes cemiont as
vell And with a payback penicd cof less than 15
rcrihs

Guls Inland Division is just cne ¢ many insia'la’ ens
raahzing increciole savirgs by s curg o Sclarcm s
2rs can

¢as infra red heaters Most infra rad
expect to rezlize 30 50% averags fue
when compared with conventional hea

(.Q
w
<<
u
o
=
n

Case History #19 avallab'e Locn reguest

ra atn minimzl loss o the arr Locen ce aimed
reflected or fccused by mawenals »at hase a b ghly
reflective surtace Bright aluminum ior examgple When
intra red strikes an abso ptive object such as cenc e g,
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{ aneR el T NLCLzA% PAcCossIs J

wood water paint skin or clothing 't ts converied irto
neat at the surrace Surrounding air is then warmed by
conduction and convection The best example of this
transter of heat 1s from the sun to the earth without loss
of heat to outer space

Radiation or infra red energy 1s emitted by all matter
that is above absolute zero ( 460 F) Tne net transter of
heat 1s from one object to a cooler ceject

Warm objects including people irside 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



HOW INFRA RED WORKS
~-~a amount of raciation prcducead bv a pereact raciawor
s expressed by the Swephan Boltzman Law  vhere

1t

a7

Quartwy ¢ ~eat raciateld per -
S.ecnan Scitzman consaéant
Acsolute temperature { F ~ 480)

~t - (O
i

]

=_r ordinarv obiecis non perfect radiz ors Q15
2zuced oy multpication or the ocjec s emissive gover
aivays less than cne) Thus at normal temceratures

the arcunt ¢ infra red raciz ¢n preduced By an object
1s relativelv low but as the e~ gerawre 1s inc eased
radiation irc 2ases s,gniticartly

Farexarce A~ crec & m:\E J acsciu e
ETpera urey i hEnermiss 2cocvercer Q3
groecuce 2L BTJUH S Wher s zosclute erceraw e
ts doutlea «© 1080 us cutputis.nc easad six.een feid
to 1,864 BTUK 12 If its absclute temcerature 1s
quadrupied 0 2160 #ts output inc eases two tundred
ard firty s ¢ ‘oid to 31 744 BTUR f2

Jl(‘
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HEATING WITH INFRA-RED

Sclaronics gas Infra red heaters, high and lcw intersity
convert a high rate of their input to infra red output
'rout energy not ccnverted into infra red 1s released as
scnvected heat ard water vapor Unvented units hign
2 'ow Intensity re urn a total of 82° crmnput to the
-nace they occupy Vented units only low mtensrty may
== yented rz LM ub to 0% of irput ¢ the soace ey

ccooy Tnelcrger e urt the highe e cercer 2ge
“-~2 most frequent use of Solaicnics irf a r2d hez'zsrs 8

=r comfortable heating in builldings Tnis may ental
n2ating of the entire space or just spot or area heating
Although it may be tempting to use ru's of thumb

metnods to determine reguirements it s strongly
.zcommended that standard ASHRAE heat loss czlcula
zn methods be used These methods ars cuthrsd in
-2 Total Building Heating Des gn Guide (Ferm # GG 1)
Srot and Area Heating Design Guide (Form # DG
SPOT) and Protection of Stored Maternzl Heating Design
Cuide (Form # DG PSM 1)

Zor heating entire spaces a Solarcnics infra red system
raally provides several systems inone One ortnese is
/ery similar to a floor radiant system The infia red

srmitted by the system 1s absorbed by the flcor, material

- -~ o ———— — e

A ne heart of Solaronics hi intensity heaters Is an

z mospheric type 100% primary arr burner utiizing a
cerforated ceramic combustion surface Tne burner,
a'cng with a heater frame, reflector means of ignition
and controls comprise the entire heater Tnese heaters
are certified by the Amernican Gas Association
Canadian Gas Assocciation and are described by
separate literature

HI INTENSITY BURNER
Tne burner 1s made of a 1/2" thick ceramic tile surface
#ith 235 perforations per square inch, minmum of
0 045' diameter, a one piece aluminized steel plenum

a spun metal venturt pan diffuser and stainless steel
retainer chps

and equipment These objects tecome warmer than the
surrounding air and act as lew level heat exchangers
heating the air They also re raciate thewr energy and
provice g hrgher Maan Radiant Temperature (MRT)

Tne products ¢f cecmbustion released by indirectly
vened uris 1se anc nelp cise the uccer well and
CGCirea 'cssesardasc er C emperir i &gc &
In this resoect e Sys 2m &C § &5 & warm ar system
Ce a's «mgy csver rua red energy
airectly to people s nody suriaces This subsantially
ncreases the mean radiant temperature and grovides
comfort yet ar temperture can be lower than (at
needed with conventional heating

Weolle g ~az er

22273

v

O

A well des gred infra red heahrg system l cycle on
and orf most of the ume as il any cher sysiem Wren
the temperture outside falls to design levels all heaters
will operate and at this ime the system will act as a
large area heating system

Tnese ad/antages and many cthers arz iliusrated ard
desciced in the How to Cut Feating Cests brochure
(Ferm # 25K)  for additional information phone Solaron
ics TOLL FREE at 1 800 223 5335

SOLARONICS HI-INTENSITY HEATERS

- Figure #2




=~ers the burner \hreugh the orifice part of the
~anifold assembly which 1s centered at the
~ rg of the ventun (See Figure #2) Pnmary
c.sten airis aspira 2¢ by the flow of gas f cm he
2 .Jmowugn the convarging section of the verwi
2 he cesign of the turrer compenens saccrcary
~ct required Tne gas s thoroughly mixaa vt h
cusdon air in the verturt and mixing tube ara the
. 2 is distributed by the plenum chamber to the
ot the ceramic tiles The mixture then enters e
~oles in the tile ang as it exits from he hores it
> ¢n the surface of the ceramic As a result the
= czLses the ceram ¢ surmace to reach temeerature
soroximately 1700 to 1850°F (an incandeseant) with
cvirg and a high rate of inira red energy Is
= aed

CESAMIC INFRA RED GENERATOR
ceramic infra red generator used in the Solarcnics
znsity heater is cordierite based grooved ceramic
2z ures an exclusive design whereoy ghernate
=1 holes terminate at the bottom of siots
= cra one half of the flame s well telow he
~ ¢ surace (See rgure =3) This fea ure provides
~gr ceramic surface temperature with a low gas
zsulting n more heat transier surface and mcre
2 e contact between flame and the ceramic This

Ny LT Figure #3

.s 1n nigher radiant outputs than any other similar

—Sghive barne

OPTIONAL WIRE GRID

~.rner radiation may ce increased by the adcition
cotional wire gnd A wire grid can te installed
'71n front of the ceramic combustion surface

<e temperatures are enhanced by hindering the
ze of products of combustion and preventing any
~g or secondary ar to come In contact with the
~uc Infra red generator

~cmbustion products (primanly hot mtrogen and

sn dioxide) leaving the ceramic surface must pass
gh and heat the wire gnd The grid increases its
tion suvustantially and its area can replace much of
s rachation areas of the ceramic holes Heat also
tes back to the ceramic surface thereby increasing
eramic temperatire

REFLECTORS
Irfra red heat that 1s preduced by the burner must be
directed into the space to be heated Figh intensity

Fgurezd || Fgureds —
— | [
{

— A

units are AGA ard CGA cesign certined to ke meunted
horizontally or at an argle up to 30° Tnese attitudes
plus a standard shallow straigh. sided reflector insures
that infra red ocutput 1s not directed to the walls The
standard reflector reduces dispersion to the sides and
produces a conical spread of apcroximately 80° A
parabolic reilector extension mav be acded to the
standard reflector to preduce a deep (concentraung)
reflector Tne ex.ensicn 1s used fer concentrating

infra red energy usually for sgot heatirg or higher
mounting height zoplicaticns (see Figu e #5)

SOLARONICS K-SERIES
Solaronics gas fired infra red K Series heaters are
Ces gned tc save fue' Ir marwiac 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 uer to select the best heater fer a
perucular apohication whether a modern low callinged,

well insulated building or an older poorly insulated one
with high bays

Figure #6

Solarenics gas fired infra red K Series heaters are
avallable in many different input capacities American
Gas Association and Canadian Gas Association
certified heater capacities range from 30 000 to 200 000
BTUH and are certified for operation on Natural or
Propane gas Sixteen different control arrangements
feature 100% safety shut off, 120V, 25V or Mitlivolt
operation, direct spark spark to pilot, glow coil or
manual burner ignition, concealed pilot that 1s protected
from drafts and 1/2 FPT gas inlet

[

T
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SOLARONICS SUNTUBE LOW-INTENSITY HEATERS - =

~_ aronics Surtute 'ow intensity heate:s aie cowered
= positive 2resswe burner whicn fires ing 4 diarre
- oy 5 or 10 long s.eel tubes Burner 'gniticn is
-complished by pilctless direct spark Combustion air is
_cplied to the system by a centrirugal blower and fixed
nle. onifice A s andard 4 diameter inlet air collar
o s for connect cn to cutside air withcut (he use of
_zoly fans  Tne s,s.em is approved for either cirectly
=~.ed or Inci ectly venied operaticn withcut the use of a
az.um ourp  The power burrer aleng witn ccmbus
-n chamber, heat exchangers and reilectors comorise
<e entire heater Tnese heaters are design certiled by
~e Amercan Gas Association, Canadian Gas
1ssociation and are described by separate literature

LOW INTENSITY BURNER
“~z lovv 1ntensity burner utilizes a 1/25th HP 120V AC
~gle orase 80Hz moter and cenwnfugal tle rer which
- des 143 CF- oz arrwith 2 1 47 ull icag ~MP
;on A &B Ssnes and 138 CFH freg an wstha 133
'‘cad AME drav cn C Series A fixeq air zrice plate
ulates the approcrate air required for ccmeusdon
is Introduced to [hie burner by a two stage redun
~.gas velve Gas s then regulated by two crifces,
_1 easily accessible subsidiary orifice sized for the
coropriate length and BTUH rating ot the burner and a
«ed main onfice Air and gas are thoroughly mised in
-ziral motion by the burner core assembly and are
~z1 1gnited oy direct spark at the igniucn medule
zee Figure #7)

B
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3urner operation 1s monitored and controlled by an
znition detection control - When the thermostat calls for
sat power is applied to the blower mctor A dual ar
5 7 switch continucusly monitors the air supply  When
~cequate inlet air and flue back pressure are present
~g 1ignition detection control 1s energized and institutes
- 15 second pre purge cycle This 1s followed by a 35
zcond trial tor ignition during which a spark i1s devel
ced at the igniticn module and the gas valve is
~ened 0 the first step of its two stage operaticn Gas
~ hen ignited and approsimately 5 seconds later the
as valve stages 10 its second and final operation posi
sn A flame rod part of the ignition module senses
ame presence and the ignition detection control shuts
~1. the spark current and monitors continued flame
resence Should flame faiure blocked flue or blocked
~let air occur durning ignitton or normal operation the
Jnition detection control will close the gas valve and
sck out the system  The system will remain locked out
ntil the thermaostat is cycled to off position
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T-ree s/s*em rcnitorng highs indicate normal turrer
coeraucr  Wnen it these rerucrng lighs incicate
rc malczne cns for power cr irlec ar ard ilug tack
C.es5Lres and gas valve cn A burner Inspection s gnt
giass aiso allows for visual inscecuen of the ilame ard
igrtien module

COMBUSTION CHAMBER AND
HEAT EXCHANGER(S)
The flame produced by the burner heats the cambustion
cnamber and heat e«xchanger{s) ard causes them to
rezach temperatures in the range of 200° to 10CO°F
Infra red generated 1s in the range of 300 to 6300
BTUH/ft? thus the term low intensity

Tne combustion chamber 1s made of 14 gauge (0 083 )
aluminized steel or 12 gauge (0 109 ) black steel Tne
heat exchanger(s) is made cf 12 gauge black steel or
14 gauge aluminized steel Both provide 1 052 per
square feet of radant surface per linear foot Tne last
heat exchanger In each system incorporates a spiral
turbulator for increased efficiencies

Tre 10 and 5 sections are |cined by standard compres
s on cousling «ube clamps Tnese clamps are mace of
b 'zges of 18 gauge (0 052 ) aluminized steel Tne
inner slesve has precision meshing teeth for even dra./
and pressure Each tube clamp Is closed with three
5/3 , 65lb torque zinc plated carnage bolts A #5
malleable Iron turnbuckle-5/8 eye to eye Is also
standard



REFLECTORS

= cauced ntra red neat must be directed into
~c2 ‘o te heated <Since heat s genera.ed

re entire crrecurtersnce of each steel tube s
= 2'ecler desgnis extramely ¢ itical r accem
3 "> goal Asarcz d{discersng) 2 'ecteris
=2 (Retlec crai = cent) Tary.esoutcr
2z 2 crrectea into ~e heated soace rct back
2 ube (see Frgure #8) A simulated rarabelic
~ .zt ng) retlector usually usec for highar
~Z regh apclica crs, directs 23 or C8 rays .rto
sefioma 28 mcurong heigr (see Fgure #9)

7]
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—zcrantin dirgcurg n€at Into the space s
ctation Sola crics utilizes 2 paerted
28) design o cirest the heat in any directicn
-u einstalling the system Each 5" or 10 long
-~ agjusts individually for any angle ar hanzontal
~g (see Figure #10) which allows for lower
~2 reights and germeter lccz ron wit~cut side
. 2rs Tnis design &'soc mekes retlecters
azle without tocls for easy clezning
z"a"cs er sarvee

wotug 3 oC rardLiac a
94l whefe yCu wart 1

rcacencer 'y acjustable
orsacn ( sectcn
ol Lze

yacura olcewy 31 Y Fgure 20
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SOLARONICS SUNTUBE
Solaronics gas fired infra-red Suntube systems are Ideal
for any commerc al or industnal bullding Inlet air capa
cilines make nem particularly well adapted for buildings
with high negative pressure or aircorne contaminants
such as dust over spray and degreasing fumes Directly
vented units are an ideal choice for buildings with low
infiltration or where condensation is a problem  Although
not explosion procf Suniube has no open flame

Solarorics gas fired infra red Suniuce systems are avail
able in many diferent input capac ties system lengths
ard conngurations AGA and CGA design certified
heater capacities are 40,000 thru 200,000 BTUH every
5,000 BTUH Tney are avaliable in 10, 20 25, 30, 35',
40',45 50 55,80, 65, and 70 system lengths in both
strarght and compact U tube configurations Each
system comes factory preassempled in 5 or 10' long
sections to eliminate loose hardware and for ease of
field installation Suntube 1s design certified for either
directly or indirectly vented operation and for use with
inside or outside combustion air

UV,

U

N



SOLARVAC

SCLARONICS SOLARVAC

LOW INTENSITY FEATERS
Soaronics Solarvac low .ntensity heza ers are ¢f the
~=gative pressure ype (vacuum) dry nen cerdersrg
=g gn arc unlizs ewher & single burner or multiple
S_rrers on & VacLlm oure  Igniien s accomolisted
- aslicen carcice not sur'ace ignuer

~ e burrens) sha' nave ovo system renitcring higris
=~2 a ture mnsgection signt glass trizug whicn oo
~& flame and the spark may be observed Burner
cceration inc'udes ore purge cycles and can be con
.cilea by a 24 volt thermmosat  Tne bumer housing is a
NMema 1 enc'csure 18 gauge steel with pelysster ceat
~g and & tctellv sealed ringed cover

SVS AND SVU SERIES
CAS IMFRA FED HEATZSS

!
1
~i el
!
‘ |
)
1
i
i
| ‘
I ‘
\
| Reflec cr Burnar Inspec icn Cas irlst Sysem l
Sigri Clasa Monmirrrg
| Lights

e vacuum purc fora EVS and S /U series singie
curner system is arr cccled mith sealed teanngs a
~ermal overload swmtcn and 1/20 horsepc wer moter

Tre vacuum purnp for an SV senes muliiple burner
ssstem is totally enc'osed externally fan ccoled witn
<suble shiglded pralubricated ball cearirgs esternaly
ccated capac tcr factory nalanced 18 gauge stainless
-~ eel wheel 16 gauge aluminized ste<l hcusing and 1/3
norsepower reversible motor capable of operating at
3450 RP M

Tre coruct za~elsra Ce zcz~ crewred coreee Cle
with mulicie rermcs &s Wren i EGUIrEQ iy Zora et ©
and include 1.3 24 VAC trars ormer and three giorged
power cora Tne ccn.cl parse ncusingis a Nerma 1
enc'osure 1€ gauge awurirized sieel wuh polysser

cterg < /sez ez -rged cover

!

irg ccrcus. C

CD 2y 5 or 10 icng anc have

Peflecters are consaucted o 0 025 gauge brgnt
polished aluminum certined for C to 45 deg angle
mounting

Heaters z = design ce~n ed oy e Amercan Gas
Asscciaticn and by the Canadian Gas Assccration

SV SERIES
GAS INFRA RED HEATERS

e

Burner Inager ion

Syotem

Radiant Tubs ‘Agniter rg

Gas Inlet
Sight Glass Lghts

.,m...
N
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R L THE LEADER IN QUALITY INFRA- RED PRODUCTS - .
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SOLARONICS DESIGN SERVICE
~ our custom corrguter backed design service you
2 mulmude of imperiant 1acts such as comparative
osts life cycle cosis, accurate heat loss data to

v cu the most eccremical heating sysiem avallable
~ 5 plus cystcmized equiement clans and layouts
cg yours at NO EXTRA EXPENSE when you

= your dellars in a Solaronics infra rec heating
=™ Factory encinesring experis are ready and
"¢ to evaluate desicns or plans and offer any
s.ance you reguire  So let Solaronics snow you
‘acts

zronics has been a leader in quality infra red
x.Cts since 1862 Cur ccmo'etz line ¢ nigh ard
~ znsity infra red resters are diswibuied through

'A # INTRO 3 49001

b At

cut Nerth Amenca by manufactuis s (gcresertatives
with integral terntories  Trese precuc's are ¢t e
highest quality in the industry and possess many
exclusive features and benefits

Solaronics world headquarers is Iccaec In Fcchesier,
Michigan Tnis fac lity in additic.: to our Canadian
plant houses almost 70 0C0 square fee. of preducten
and ouice scace In all, Solaronics employs some 100
recole each with the knowledge and skl required to
put them at the foretront cr their respective fields In
addition to soace heating products, we manufacture
make-up heaters gas fired door jet heaters process
ovens for specialized appiications and an array of gas
fired Infra red process anc cocking burners

SOLARONICS, INC

PO Box 217
Rochester, Ml 48308-0217
1 800 223-5335 FAX (810) 651-0357

In Canada 2140 Winston Pk Dr #13
Qakviile, ON Canada L6H 5V5
1 800 387-0300 or (905) 829 0300

~
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APPENDIXB MEASURED AND COLLECTED DATA



Below the results of making measurements of combustion gases

“RIBBON” Glassmaking Furnace
at ISKRA Plant
Measurements data after the regenerator

SERIAL # 11003246
ENERAC MODEL 2000
COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 11 43 25
DATE 11/27/97

FUEL NATURAL GAS 21870 BTU/LB

COMBUSTION EFFICIENCY 518 %
AMBIENT TEMPERATURE 23 °C
STACK TEMPERATURE 624 °C
OXYGEN 097 %

CARBON MONOXIDE 54 MGM
CARBON DIOXIDE 063 %
COMBUSTIBLE GASES 000 %
STACK DRAFT (INCHES H20) -0 7

EXCESS AIR 77 %
OXIDES of NITROGEN 1356 MGM
SULFUR DIOXIDE 0 MGM

CARBON MONOXIDE ALARM 200 PPM

MODE MGM OXY_REF = 0%

“RIBBON” Glassmaking Furnace
at ISKRA Plant
Measurements data after the regenerator

SERIAL # 11003246
ENERAC MODEL 2000
COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 11 57 54
DATE 11/27/97

FUEL NATURAL GAS 21870 BTU/LB

COMBUSTION EFFICIENCY 559 %
AMBIENT TEMPERATURE 23 °C
STACK TEMPERATURE 727 ©C
OXYGEN 054 %

CARBON MONOXIDE 36 MGM
CARBON DIOXIDE 088 %
COMBUSTIBLE GASES 000 %
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” Glassmaking Furnace
at ISKRA Plant

SERIAL # 11003246
ENERAC MODEL 2000
COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 12 18 35
DATE 11/27/97

FUEL NATURAL GAS 21870 BTU/LB

COMBUSTION EFFICIENCY 537 %
AMBIENT TEMPERATURE 21 °C
STACK TEMPERATURE 604 °C
OXYGEN 095 %

CARBON MONOXIDE 0 MGM
CARBON DIOXIDE 065 %
COMBUSTIBLE GASES 000 %
STACK DRAFT (INCHES H20) -0 7

EXCESS AIR 74 %
OXIDES of NITROGEN 1579 MGM
SULFUR DIOXIDE 0 MGM

CARBON MONOXIDE ALARM 200 PPM

MODE MGM OXY_REF = (0%

‘RIBBON _ Glassmaking Furnace
at ISKRA Plant

Measurements data after the regenerator

SERIAL # 11003246
ENERAC MODEL 2000
COMBUSTION TEST REKORD

FOR BURNS & ROE

TIME 12 24 59
DATE 11/27/97

FUEL NATURAL GAS 21870 BTU/LB

COMBUSTION EFFICIENCY 580 %
AMBIENT TEMPERATURE 21 °C
STACK TEMPERATURE 637 °C
OXYGEN 067 %

CARBON MONOXIDE 0 MGM
CARBON DIOXIDE 080 %
COMBUSTIBLE GASES 000 %
STACK DRAFT (INCHES H20) -0 5

EXCESS AIR 42 %
OXIDES of NITROGEN 1183 MGM
SULFUR DIOXIDE 6 MGM

CARBON MONOXIDE ALARM 200 PPM

MODE MGM OXY_REF = 0%
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APPENDIXC MEASUREMENTS UNITS



CURRENCY EQUIVALENTS

| hm - a Ukraimmian money umt
1 hrn = 0,5x US $1 (the state on April 1998)

CONVERSION FACTORS
HEAT

1cal=418717

1 keal = 4 187 kJ = 3 968 Btu

1 Geal =4 187 10°MIJ =4 187 GCal

I Btu=1,055T=1055kI =105 103 MJ

POWER

I1W=36 103J=36kJ

1kW= 36 103kJ=36MIJ=2860kCal
IMW=36 103MJ=0 86 GCal
lkcal=1163 1073 kW

1 Geal = 1163kW =1 163 MW

lkw =136 HP

1kW=134hp

PRESSURE

1 kgf/cm? = | barg

1 barg = 101 325kPa=0 | MPa

1 bar = 105Pa = 100 kPa= 0 | MPa

LENGTH UNITS

I mm = 00394 1n =0 00328 ft
lem= 039371 = 00328 ft
1 m=3937mn=328Ift

WEIGHT UNITS

1g=22046 1021b

1 kg =220461Ib

1t=1000kg = 22046 103Ib
AREA UNITS

lcm2=0155m2=1076 1073ft2
lm2=155 1031n2=1076 ft2

YOLUME UNITS

I m3=3531ft3= 10001
11=3531 10-3ft3
11=0 264 gal (US)

HEAT CONTENT

1 kl/kg = 0 43 Btu/lb
1 kJ/m3 = 26 84 1073 Btu/ft3

1 MJ/m3 = 26 84 Btu/ft3

1 keal/m3 = 4 187 kJ/m? = 0 112 Btu/ft3
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ABBREVIATIONS

APPENDIX D



ABBREVIATIONS
ESCO - energy Servicing company
ECO - energy conservation opportunity,
Fig - figure,
hrn - hryvnia,
tel - telephone,
USAID - United States Agency for International Development,
VAT - value-added tax,

barg - atmosphere gauge
BTU - British thermal unit
°C - degrees CelciuS
cm’® - centimeter squares
°F - degrees Fahrenheit
g - gram

Geal - gigacalorie

GJ - gigajoule

h - hour

kcal - kilocalorie

kg - kilogram

kef - kilogram-force

kV - kilovolt

kV-A - kilovolt-amper
kW - kilowatt

kW h - kilowatt hour
Lm - lumen

m - meter

m? - meter squared

m’® - meter cubed

min - minute

MIJ - megajoule

mun H20 - millumeters of the water column
MW - megawatt

t - tonne

t/h - tonnes per hour
W - watt



