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1 EXECUTIVE SUMMARY
11 Introduction

This energy audit was performed 1n accordance with the program financed by the United States Agency
for International Development (USAID) according to Delivery Order #30 The given project provides
making energy audits at 24 industrial Ukrammian facilities The aim of the project 1d setting-up
mdependent Ukrainian energy servicing companies (ESCOs) To implement the said task the company
Birns and Roe Enterprises, Inc (General Contractor) invited Ukrainian engineers These specialists were
taught to the methods of making energy audits in the USA and to the principles of orgamzing operation
of ESCOs Making energy audits at industrial facilities contributed to practical preparation of ESCOs

Energy audit making included visiting for a week an enterprise by a group of engineers that usually
consisted of two or three people So, one week was not enough for making a complete energy audit at the
plant, as mainly large plants were chosen for making energy audits In many cases there occurred a
necessity to focus the energy audit works on one processing line or on one plant department Hence, the
given audit 1s based on what we really managed to do for a week Though the audit already includes a
whole set of recommendations for the plant management, 1t 1s expedient to make a complete integral
energy audit of the plant It 1s desirable that the plant management should mvite specialists prepared
within the framework of this project to continue the work, which must bring to improvement of the
whole situation with energy consumption at the plant and to making the full list of the measures to be
used to improve the energy consumption at the plant

12 Principal Findings

During November 17 to 21, 1997 a group of energy auditors performed an energy audit at the Open
Jont-Stock company “Irpin Combined Faciity PROGRES”

The basic products of OJSC “Progres” are bricks of M75 and M100 types, basalt belts and, on the basis
of the latter ones, thermal 1nsulating cardboard, mats, plates

The plant has 1ts own main and ancillary production units providing a completed production cycle, but 1t
has no 1ts own sources of thermal energy supply

While making the audit, there were found a lot of attractive opportunities for improving the energy
efficiency of the enterprise, both by improving the energy efficiency of the production, and at the cost of
short-term measures (up to 1 year) that do not require large investments, and by implementing the
middle-term measures (up to 2 years) that require capital investments

Implementation of the proposed measures without taking into account interaction of the projects will
make 1t possible receiving the following savings

s saving of electric power - 494,500 kW h,
e saving of natural gas - 947,000 m?

The costs on energy resources 1s USD 98,334 per year, providing that the costs of commaissioning and
1mplementation of the proposed measures are USD 78,963

At the same time the amount of emissions of harmful substances into the atmosphere (CO, SO,, NO, and
ash) decreases by 18 9 tonnes per year



After choosing by the plant priorities concerning implementation of energy conservation opportunities
(ECOs), when mailing financial estimations of the measures to be implemented, interaction of the
projects should be taken into account

The plant has got reserves for further energy saving, their implementation will require a more detailed
energy audit

13 Recommendations

The below table shows a list of energy conservation opportunities (ECOs) 1dentified for the enterprise
The table shows the estimated energy savings, the expected decrease 1n the costs and the simple paybacks

for the proposed energy conservation opportunities

To encourage the facility to implement energy efficiency and energy conservation, USAID 1s
contributing energy auditing equipment to the plant This equipment consists of standard energy auditing
instrumentation and meters that will enable them to implement an energy saving activity This item 1s
shown 1 the table as ECO #l This recommendation 1s for the plant to implement an energy
management section that would be responsible for recommending changes or improvements in any
system that would result in energy savings

Typically, an energy management team or section would consist of the mimmimum of three persons, an
engineering supervisor, an electric engineer and a thermal engineer The supervisor would be a part of the
upper plant management, and should report directly to the plant management This 1s so that energy
usage and energy are elevated 1n importance, and that the plant manager 1s aware of potential changes to
save energy

The main directions concerning the energy conservation at the plant that are recommended after gaining
the energy audit data as follows

e 1mprovement of the combustion of natural gas (ECOs #2, 4, 7 and 9),

e 1mprovement of the efficiency of utilisation of thermal energy (ECOs #5, 6 and 10),

e decreasing electric power consumption (ECOs #8 and 11),

e repairing the compressed gas leaks (ECO #3),

The measures with short payback periods (ECOs #1 to 9) are recommended for their
implementation 1n the first order The 1ssue of implementation of the other ones (ECOs #10, 11)
should be considered when financial opportunities for that appear



Energy Conservation Opportunities (ECOs)

Cost Project Payback
ECO Description Saving Energy costs, period,
saving, USD year
USD

Electric power, | Natural gas, | Steam, | Hot water, | Water,
x 1,000 kW h x 1,000 m3 GCal | x1,0’m? | x10°m3

01 | Introduction of an energy management
program 2455 270 32,230 30,446 09
02 | Optimization of burning gas

147 12,226 8,000 07
03 | Reparring gas leaks
147 12,226 2,000 02
04 | Provision of the temperature mode 1n the
laln 33 4,407 3,000 07
05 | Steam trap assembly for a heater 1n the
heat supply system 34 2,790 2,512 09
06 | Steam trap assembly for a heater n the hot
water supply system 17 1,395 1,104 08
07 | Instruments for momtoring and adjustment
of the temperature mode m the kiln 216 17,895 16,005 09
08 | Monitoring and optimization of the
capacity of the motors 64 2,560 1,000 04
09 | Monitoring of the state of the kiln lining
46 3,818 3,000 08

10 | The hot water temperature controlling
valve 17 1,395 1,696 13
11 | Boiler speed-variable drivers

185 7,392 10,200 14

Total 494 5 947 98,334 78,963 08




2 GENERAL BACKGROUND

Chairman of the Board Mr Valery Nikolayevich
Rosstalnyi
Chief Energy Engineer Mr Valery Petrovich Beshentsev

Tel [38-044971- 57139
Fax [38-04497]- 55336
Irpin PROGRES Brick Plant, 1 Dzerzhinsky Str, 252710, Irpin, Ukraine

21 History of Plant

The plant was commuissioned 1 1955 as a basic enterprise for construction works in Kyiv,
and 1t was designed for production of 70,000,000 bricks per year The designer of the project
was “UKRPROMPROJECT* Institute with the Ministry for the Construction Materials
Industry

In 1968 a second workshop for production of basalt superthin fiber was commaissioned

In 1972 Irpin Plant for Wall Materials Production was renamed 1nto “PROGRES” Combined
Facilities Plant

In 1975 the assortment of the products included 55 items

In 1975 and 1985 there were carried out reconstructions of the facilities 1n accordance with
the project of the technological bureau with the Trust for the Industrial Construction
Matenals under Kyiv Municipal Executive Office There was built up a block of tunnel
dryers including 9 tunnel dryers, the tunnels were made longer and the process of pushing the
cars with brick was mechamzed

The reconstruction resulted in the productivity level of the combined facilities reaching up to
94,958 thousand bricks per year

Smce 1977 at “PROGRES” there has been operated a workshop for production of heat
insulating cardboards on the basis of glass staple fibers from rocky raw maternials

In 1982 at the combined facilities they started to sew heat insulating products that were used
1n tractor driver’s cabs, and 1n 1986 - they started producing long heat insulating belts The
latter can be used at temperatures up to 700°C, which allowed to use them at Chornobyl NPP
after the accident there

Brick production 1s done at 4 processing lines by plastic moulding spondyl clay and
admixtured fire clay

In 1986 there were mechanized the processes of brick cutting and their loading into the tunnel
dryers

The enterprise has

e 6 producing workshops
e aquarry



a compressor station

a boiler-house

drinking and technical water pump stations
other units

In January 1996 the enterprise was re-organized into the Open Jomnt-Stock Company
"PROGRES Irpin Combined Facilities"

22 Types of products
Currently the enterprise has two main production lines a brick production line to produce

M?75 and M100-type bricks with the size of 250 x 120 x 65 mm, and a line for production of
basalt belts as well as of heat mnsulating cardboards, mats and pieces on thewr basis

Table 2 1 Types of products and their percentage in the total sale

1996 10 months 1n 1997

Type of product Quantity, % Quantity,
hrm x 10° hm x 10° %
Brick 5,180 6 79 4,583 0 795
Basalt belts 899 0 14 9212 16
Other products 460 8 7 2595 45
TOTAL 6,540 4 100 5,763 7 100

(5 3,535,350) ($3,115,510)

NOTE US$1=185hm
23 Number of employees

The brick production line operates continuously, so the plant works 1n three shifts There total
number of employees at the plant 1s 972, this includes

engineering personnel - 171 persons
main production workers - 662 persons
auxihary production workers - 139 persons

The combined facilities have a completely finished production cycle and 1ts own
infrastructure

e aquarry for obtaining clay
¢ transportation means
e dnnking and technical water pump stations

The combined facilities have a stable personnel, 1t 1s engaged in housing construction, 1t has a
sanatorium for preventive treatment and a policlinic for the employees
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24 Number of simlar enterprises in Ukraine

PROGRES Combined Facilities are one of the largest enterprises in Ukraimne There 1s a set of
enterprises with the similar products Concerning brick production there are about 20 of them,
concerning products on the basis of the basalt fiber - about 10 of those

25 Significance of the sector to economy

The mam customer of the brick produced at the enterprise 1s “Kyivmiskbud™ Joint-Stock
Company providing about 60 per cent of the civil construction works 1n the city of Kyiv (the
population 1s about 3 million people) The demand variation 1s of a seasonal character, but on
the whole the product 1s quite sellable

Production of basalt belts 1s more dependent on the changes on the market, however, the high
quality of the product guarantees demand for it on the domestic market of Ukraine both 1n the

construction, and 1n the industrial branches

The given trend of the activities 1s prospective n the economy of Ukraine



3 CURRENT STATUS OF PRODUCTION

31 Total Capacity of Plant

Providing a continuous operation of 5 kilns, the total production capacity of the plant 1s
68,438 thousand bricks per year and 480 tons of basalt belts per year

32  Real production capacity of plant

Below there given tables sowing the brick and basalt belts production levels mn 1995, 1996
and during 10 months 1n 1997

Table 3 1 Brick production rate in 1995, 1996 and 1997, thousands of bricks

Month 1995 1996 10 months
m 1997
January 5,938 1,031 0
February 4,356 2,700 2,357
March 5,586 4,272 3,439
April 3,518 4,211 3,101
May 3,001 3,438 3,500
June 3,375 3,359 4,266
July 3,475 3,540 4,434
August 3,888 3,506 4,467
September 4,236 4,173 4,703
October 3,801 4,504 5,003
November 3,381 3,668 —
December 3,462 3,412 —_
TOTAL during the year 48, 017 41,814 35,303
Monthly average 4,001 3,485 3,530

Brick production
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The largest drop 1n the brick production level was 1n 1996 In 1997 the brick production level
rose and 1t 1s practically on the level of 1995 indicators, which 1s of about 66 to 70 per cent of
the design production capacity of the plant The increase in the production level of 1996 1s
accounted for by spreading the construction scope 1n the city of Kyiv and by the increasing
demand There are preconditions for stabilization of the production output on the level of
45,000 to 50,000 thousand bricks per year

The brick production varies seasonally declining in the production level 1n January and
February 1s accounted for by a decrease in demand and by performing repair works on the
processing equipment (kilns, dryers, etc) The enterprise has technical opportumities for
increasing the production output up to the design value providing a sale market

Table 3 2 Rates of basalt belts production 1n 1995, 1996 and 1997, tonnes

Month 1995 1996 10 months
m 1997
January 70 4 0 0
February 350 0 187
March 670 0 385
Apnl 470 378 323
May 320 427 246
June 62 4 59 377
July 260 0 0
August 209 0 0
September 68 3 10 9 372
October 65 4 286 409
November 333 309 —
December 271 300 —
TOTAL during the year 554 8 186 8 230
Monthly average 46 2 156 230
10



Basalt belts production
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Basalt belts production 1s less stable than the brick production, which 1s accounted for by a noticeable
instability of the demand for this sort of product

The level of production of basal belts decreased in 1996 as comparing 1t with that in 1995 by 66 per
cent and was 187 tons, while 1n 1997 the production level started to increase In 1997 there 1s
expected a production level of about 280 tons of basalt belts, which 1s 58 per cent of the nstalled
capacity of the enterprise

The enterprise has a possibility to increase 1ts production level to the designed one providing
availability of a market

33 Current Trend

In the beginming of 1998 installation of a line for production of a face brick 1s planned with the
capacity of 22 million bricks per year (the total cost 1s about DM 1 2 million)

There has been ordered a project for installation of a new equipment for a line for production of thin
basalt fiber (the total cost of the equipment with the project cost and the installation works cost 1s
about 200,000 hrn ( ~ US § 100,000), the expected decrease of the price on the basalt cardboard 1s
from 446 hm /m’ to 300 - 320 hrn /m?

Negotiations are 1n progress concerning credits for purchasing from the American Company
“I C STEEL & SONS” a line for production of face brick (17 5 thousand bricks per hour, the cost 1s

~ US $2,460,000), for production of dry plaster mixtures and for production of plastic pipe lines and
fixture for water supply systems

11



34 Export vs Domestic production

The combined facilities products are almost completely sold on the domestic market of Ukraine m
1997 prices

Table 3 3
Product Measure unit Price
M?75-type brick 1,000 bricks 1253 hm (US $677)
M100-type brick 1,000 bricks 141 7hm (US 76 6)
Empty 1nside brick 1,000 bricks 163 4 hm (US $88 3)
Super thin basalt belts, 1 ton 2,650 hm (US $1,432)
Basalt belts for construction works 1 ton 2,850 hrn (US §1,541)

NOTE US$1=1285hm

The exports are 0 5 per cent of the sale on the results of the activities n 1997

35 Basic energy consuming areas and equipment

Table 3 3 Natural gas

Basic consumers during the 10 months in 1997 Amount of the
consumed gas, %
m3 x 1,000

Brick production line (tunnel kilns) 7,410 82
Basalt belts production line (basalt melting furnaces) 948 11
Boiler-house (DK VR-10/13 boilers, 3 units) 554 6
Other consumers 85 1
TOTAL 8,997 100

Basic consumers of natural gas durmg 10 months in 1997

Boiler- Other
Basalt belts house constlmers
production 6% 1%
1% Brick
production

82%

Fig 33
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The basic consumers of natural gas that determine the efficiency of its use and have a potential for
energy saving are the following ones the brick production line, the basalt belts production line and
the boiler-house

Table 3 5 Electric power

Basic consumers during 10 months in 1997 Amount of electric
power, %
kW h x 1,000

Brick production line (fans, cars, vacuum pumps) 3,770 46
Basalt fiber products production line (fans) 1,001 8 122
The compressor station (piston compressors - 5 units) 849 104
Basalt belts production line (fans, exhaust fans) 812 99
The boiler-house (pumps, fans, exhaust fans) 550 67
Pumps stations (pumps) 432 53
Other consumers 769 6 94
TOTAL 8,184 4 100

Basic electric power consumers during 10 months 1n 1997

Other
Pump consumers
stations 9% Brick production
47%

5%

Botler-house
7%

Basalt belts
production
10%

Compressor

station Basalt fiber
10% products
production
12%
Fig 34

The basic consumers of the electric power that determine the efficiency of its use and have a potential
for energy saving are the following ones the brick production line, the basalt belts production line,
the compressor station and the boiler-house

Analysis of the consumption of natural gas and electric power by the basic production areas of the
facility during the 10 months 1n 1997 showed that the brick production line consumes 1 average 82
per cent of natural gas and 47 per cent of the electric power of the total consumption by the facility
The hne for production of basalt and products on 1ts basis consumes correspondingly 11 and 32 per
cent

The specific weight of the energy cost in the net cost of the products in 1997 (10 months) was as
follows bricks - 35 per cent, basalt belts - 39 per cents

13



36 Brief characteristic of gas consuming equipment

361 Kins

The enterprise has 5 kilns of the tunnel type

e thelength of the kiln — 1022 m

e the width of the kiln —41m

e the height of the kiln —385m

e number of the entrances into the kilns —32

e number of the gas burners —22

e the gas pressure —0,2 kgf/m?

e the air pressure — 180 kgf/m?

o the gas flow rate per burner ~— 14 to 16 m’/hour
o the distance between the burners —3m

The maximum load of the kiln — 80,000 bricks
The maximum production level durmg 24 hours — 45,000 bricks

Each kiln 1s equipped with the following

e the blow air fans — 2 units
e the cooling fans — 1 unit
¢ the exhaust fans — 2 units

The average capacity of each kiln, depending on the electric motors provided for 1t - 93 kW The
actual operation mode for each kiln - 37,500 bricks per 24 hours (83 %)

The hot air and some of the exhaust gases are used for drying bricks

The kiln operates 24 hours continuously round the year Every 96 minutes a process of "push-pulling”
the cars with bricks to be fired 1s taking place that lasts 10 minutes Each car goes through Position 1
to Position 32 passing the Preparation Zone, Firing Zone and Cooling Zone for 51 2 hours The
processing 1s very critical to observation of a thorough temperature and air dynamic conditions along
the axis of the kiln, they must correspond to the charted processing schedule Breaking the processing
schedule results 1n an increased amount of the wastes and in deterioration of the efficiency of the
energy utilization

14



Temperature mode for firing 1n the tunnel kiln

Temperature, C
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Fig 35

Aerodynamic schedule required n the tunnel kiln

Pressure, mm H20

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Position along the kiln axis

Fig 36

As 1t can be seen from the charts, the operation mode of the kiln 1s complicate and 1t requires a
constant controlling of the temperature and pressure

15



362 Basalt melting furnaces

The enterprise has 4 plants for production of belts from basalt fiber, the production capacity 1s
15 kg/hour Each plant includes the following

¢ two furnaces for melting basalt
¢ adevice for blowing-out the fiber

The gas pressure —027to 03 barg
The air pressure —300 to 350 mm H,0O

After each furnace there 1s a recuperator to cool the exhaust gases and to heat the air supplied to the
burners

To decrease the temperature of the gases supplied to the exhaust fan to 220°C after each recuperator
there 1s an eject plant solving the exhaust gases and decreasing their temperature Removal of the
gases from the furnace 1s fulfilled by a joint DN-9 exhaust fan with a 13-kW electric motor

363 BRoiler-house

The source of heat supply for the combined facilities 1s their own boiler-plant operating on natural
gas

Short charactenistic of the boiler-house

e DKVR-10/13 steam boiler — 2units
- steam production capacity — 10 ton/hour
- the pressure of the saturated steam — 13 barg
- efficiency (the designed value) —91 8%
- the gas flow rate (calorific value net = 8,000 kcal/m®)  — 770 m*/hour
e DKVR-10/13 steam boiler being redesigned for the water heating operation mode
- heat capacity — 5 7 Geal/hour
- the water temperature after the boiler —115°C
- the water temperature before the boiler —70°C

Each boiler 1s equipped with a DN-10 exhaust fan with a 22-kW electric motor, and with a VD-10 fan
with a 22-kW electric motor

Analysis of operation of the boiler-house 1n 1997

There 1s no metering consumption of the steam produced by the boiler-house
The pressure of the steam produced by the boiler-house -2 5 to 4 0 barg
The mam steam consumers are as follows
- steam and water heaters 1n the heat supply system
- steam and water boilers 1n the hot water supply
-the processing lmes (brick moulding, production lines of basal cardboard, basalt foam
plastic, heat insulating matenals, other consumers)
The boiler load varies significantly, depending on the season and on the processing needs,
ranging from 2 0 to 6 0 ton/hour

16



Table 3 6

January | February June October
Monthly gas consumption, m3 120,600 104,800 12,400 63,000
Gas consumption per hour, m3/hour 162 156 17 85
Average steam production capacity of the boiler per
hour (the efficiency = 85 %, the steam pressure = 3 0 1,990 1,920 210 1,045
barg, the temperature of the feed water =
=100 ¢C), kg/hour
The pressure of the steam at the boiler output, barg 3to4 3to4 3to4 3to4
Utilization of the installation capacity of the boiler 20 % 19 % 2% 10 5%

The conclusion

The boiler steam capacity varies depending on the processing load from 250 kg/hour to 6,500

kg/hour

Gas consumption during 10 months 1n 1997 was 554,000 m3, which is equivalent to

US §$50,000, electric power consumption was 550,000 kW h, which 1s equivalent to US $24,200

Approximate steam consumption balance for 1997

Expected boiler-house gas consumption
Calculated annual steam production

W W=

Steam consumption by the processing lines ( 40 % )
Steam consumption by the hot water supply system ( 20 % ) — 2,060 tonnes

— 840,000 m3
— 10,300 tonnes
—4,120 tonnes

~3

Steam consumption by the heat supply system (40 % ) —4,120 tonnes
6 Average annual steam production capacity of the boiler-house
e per 24 hours — 28 2 tonnes
e per hour — 1,175 kg
Average steam pressure — 3 barg
Return of the condensate — 60 %

o0

17



4 FINANCIAL STATUS OF PLANT

41 Currency vs Barter

The ratio of the operations 1n hard currency versus the barter-based ones 1s 54 6 per cent (due to the
data for the 10 months 1n 1997)

42 Viabihity of plant

Due to the data of operation for 9 months 1n 1997

e profitability — 145%
e 1ndebtedness 1n payments for gas — 350,000 hrn
18



5 ANNUAL ENERGY CONSUMPTION AND COSTS

51 Annual consumption of natural gas and electric power in 1995, 1996 and 1997

Table 51
Gas Electricity
(m’ x 1,000) (kW h x 1,000)
Month 1995 1996 10 months 1995 1996 10 months
m 1997 m 1997
January 1,794 6 4,343 1314 1,839 8 582 4 2,940
February 1,262 1 768 5 7581 1,360 3 785 4 8335
March 1,509 4 1,048 5 9355 1,338 3 1,048 5 1,049 3
Aprl 961 6 9736 8191 1,017 9 9351 8273
May 6631 883 6 972 4 724 9 747 9 728 7
June 9333 792 0 1,035 8 1,057 6 6839 966 7
July 8801 783 6 9256 979 5 624 2 664 5
August 949 4 7799 1,022 1 953 4 600 7 6959
September 1,214 3 1,056 1 1,163 8 1,198 1 792 3 989 0
October 1,078 8 1,096 6 1,233 6 1,277 1 924 2 10,1355
November 991 2 971 8 — 1,250 6 1,005 1 —
December 1,093 4 990 5 — 1,083 7 941 2 S
TOTAL 13,3313 10,579 8,997 14,081 9,671 8,184 4
for the
year
Monthly 1,1109 8816 899 7 1,173 4 8059 8184
average
Cost, US$ | 1,106,498 878,057 746,751 563,240 386,840 327,376

NOTE 1,000 m® = US $83, 1,000 kW h = US $40

19




Annual consumption of natural gas
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Fig 51

Annual electric power consumption
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Fig 52

Seasonal vanations m the products of the plant directly influences the electric power
consumption So, the plot

of the natural gas consumption (Fig 5 1), as a matter of fact, 1s similar to the plot of the brick
production (Fig 3 1)

20



The significant decrease in the consumption of natural gas and electric power in January and
February m 1996 and 1997 1s accounted for by the absence of the brick production in that
pertod Some decline in the energy sources consumption n July 1997 1s accounted for by the
absence of basalt belts production 1n that period

Currently, due to rising of the brick production level typical for the autumn months during the
analyzed period, a corresponding increase in the natural gas consumption 1s observed

The specific weight of the energy sources cost 1n the cost of the products mn 1997 (10 months) was as
follows brick production - 35 per cent, basalt belts production - 39 per cent

52  Current tariffs on electric power and fuel 1n 1997

1,000 m’ of natural gas cost US $83 (without VAT)

The electric energy 1s delivered on a contract basis with the Ukrainian Energy Consortium represented
by "ELECTROCONSULTING Ltd " Company according to the common contract tanff - US $0 04
per 1 kW h, including payment for the nstalled power (2,500 kW)

53 Structure of the total electric power consumption and its cost 1n 1997 (10 months)

PROGRES Open Joint-Stock Company utilizes for 1ts production needs power energy and natural gas
of the lowest calorfic heat the average value of which 1s between 7,960 to 8,000 kcal/m?

The structure of the power consumption, costs and the specific cost of 1Gcal of heat from the
energy sources are shown 1n the table below

Table 5 2
Energy source | Consumption Gcal % Cost, % Cost of 1 Geal,
US$ US$/Geal
Natural gas 8,997,000 m’ 71,976 91 746,751 70
10 4
Electricity 8,184,400kWh | 7,039 9 327,376 30 46 5

TOTAL — 79,015 100 | 1,074,127 100 —

NOTE Data for calculations

1,000 m* = 8 0 Geal 1,000 m* — US $83
1,000 kW h =0 86 Gcal 1,000 kW h—US $40

54 Metering consumption of natural gas and electric power

The enterprise has fulfilled large work aimed at organization of commercial metering of natural gas
and electric power consumption as well as at orgamization of the interplant metering the energy
consumed by the main processing lines and equipment

Thus allows to introduce a system of controlling and planning the energy costs per umit of a product,
as well as to assess the efficiency of the implemented energy saving measures

Metering the amount of the natural gas supplied to the plant 1s performed by a computer-based system
working with narrowing devices

21



Metering the electric power energy supplied to the plant 1s performed by "Alpha" meters (USA) at
the plant substations on the borders with the energy providing company

22



61

6 PREVIOUS ENERGY IMPROVEMENTS

Measures aimed at decreasing consumption of fuel and energy resources 1 1997
that were implemented at the enterprise

1 There was 1installed a varied-speed drive for the peak pump of the drinking water (the

electric motor capacity 1s 7 5 kW)

2 There was implemented a plant system of commercial metering the electric power sources
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on the basis of "Granite" automatic system There 1s no automatic interplant metering, but
the daily metering of consumption of the electric energy resources 1s performed by reading
the data from displays of the meters and entering them into the register with the following
inputting the data into a computer This allows to analyze the current energy consumption
and provide measures m case if the energy consumption does not correspond to the
designed value

A plan of measures developed at the plant and aimed at saving energy resources

Main measures

Improvement the efficiency of fuel combustion 1n kilns and boilers

Fuel saving - 7to 8 %
Use of a utilizing boiler 1n the workshop for production of superthin basalt fiber

Heat saving - 600 Gcal
Installation of a frequency drive for controlling the revolution speed of the drinkimg and
technical water pumps

Electric power saving - 224,000 kW h/yr
Heat msulation of the kilns at the brick production area and in the workshop for basalt
fiber production

Gassaving - 25%
Improvement of the operation modes of the fans for the kilns, drying furnaces, basal
melting furnaces, etc

Electric power saving - up to 10 %

The proposed measures are associated with the energy saving opportunities available at the plant,
however, the expected economic effect from their implementation has an optimistic character 1f not
being supported by proving calculations There are no calculations of costs of implementation of the
proposed measures, which does not allow to estimate their payback period and to identify the most
important quickly payback projects
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7 ENERGY AUDIT

71 Specific energy consumption mn 1997

At the enterprise there 1s metering the specific gas and electric power consumption per product unit
The analysis shows that the specific energy consumption depends both on the production level, and of
the technical status and as well on the operation mode of the stmilar equipment

Table 71 Companson of the specific energy consumption per 1,000 bricks at different production
levels

for 10 months

Production level, | Specific heat consumption, | Specific electric power
bricks x 1,000 Gcal/1,000 bricks consumption,
kW h/1,000 bricks
February 1997 2,357 192 136 3
October 1997 5,036 154 103 5
Average value 35,303 168 106 8

Deviation of the specific consumption from the average value for gas - 23 %, for electric power -

31%

Table 72 Comparison of specific gas consumption for firing 1,000 bricks m kilns # 1, 2, 3, 5 from

011197t017 11 1997

Kiln Production level, | Specific gas consumption, Specific heat consumption,
bricks x 1,000 m3/1,000 bricks Gcal/ 1,000 bricks
Kiln #1 660 1 200 160
Kiln #2 660 1 177 6 142
Kiln #3 6501 2061 165
Kiln #5 6501 2149 171
Average value 650 1 199 7 16

Dewiation of the specific heat consumption from the average value 18 %

1,000 m® of gas = 8 0 Gcal
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Table 7 3 Specific energy consumption by the brick production line 1n 1997

Month Production Gas Specific Electric power Specific power
level, consumption gas consumption consumption, consumption,
bricks x 10° per 1,000 bricks kW h x 10° kW h /10° bricks
md x Geal m? Geal
10°
January — — — — — 120 —
February 2,357 566 2 4,530 240 2 192 3213 136 3
March 3,439 701 8 5,614 204 1 163 402 1 116 9
April 3,101 648 7 5,190 209 2 167 340 6 1100
May 3,500 798 0 6,384 228 0 182 360 6 103 0
June 4,266 869 3 6,954 203 8 163 456 5 107
July 4,434 9121 7297 | 2056 165 4559 102 8
August 4,467 938 3 7,506 210 1 1 68 436 6 97 8
September 4,703 1,006 6 | 8,053 2140 171 463 5 98 6
October 5,036 969 4 7,755 192 5 154 5210 103 5
TOTAL 3,5303 7,4104 | 59,283 | 2119 168 3,770 0 106 8
NOTE 1,000 m3 of gas = 8 0 Gceal
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Specific gas consumption vs the production level
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The specific electric power and gas consumption per 1,000 bricks depend on the production rate, on
how well the processing schedule for firing bricks 1 kilns 1s observed, and they are basic indicators
for assessment of the energy efficiency of the facility From the above given data one can conclude
that there are good reserves for decreasing the energy consumption by loading the kilns to the utmost,
implementing energy conserving opportunities, providing continuous control and analysis of the
energy data

72 Energy conservation measures with short-term payback periods

Introduction of an energy management program (ECO - 01)

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

For Progress Irpin Combined Facilities, as with most mdustries in Ukraine, m the past the
energy costs were sigmficantly subsidized and plentiful, therefore and energy saving was not a
major consideration in the plant operations

With the rising energy costs during the past few years, the energy costs have now become very
influential part of the expenses

Currently at Progress Irpin Combined Facilities, hike at other Ukramnian 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 intent of saving
large amounts of energy by saving energy sources And at the same time at the facilities a large
number of small energy saving projects exist that have short payback periods

Most industries in 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 rise in energy prices and
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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
minimum, and for large industries, possibly even an energy management group

These people should be regularly monitoring all operations, and especially reviewing monthly
energy consumption This monthly data should be graphed and compared to previous months
and years to determine any variations in consumption Where variations due occur, they should
then determine the cause of the variation and if remedial action 1s required For instance, 1f
monthly consumption increases, the reasons why should be determined and if appropniate, 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 1tems identified m 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

It 15 proposed to provide the enterprise with the required measuring instruments 1n order to 1dentify
and quantitatively estimate the energy conservation opportunities, independently determine the energy
conservation opportunities, decrease energy consumption and keep under control energy saving

Expected saving
- electric power - 245,500 kW h,

- natural gas - 270,000 m?
Project costs - USD 30,446
Payback period - 11 months

Optimization of gas combustion (ECO - 02)

The combustion process 1s assessed at the plant visually, without analyzing gases in regard of the
contents 1n them of O, and CO, the gas-to-air ratio 1s not supported

It 15 proposed_ to introduce at the enterprise mto practice a portable combustion analyzer and to tramn a
specialist who will be every day or every other day to make measures of the combustion efficiency
and correspondingly adjust the optimal combustion mode

Expected annual gas saving 147,300 m’®
Project cost US $8,000
Payback period & months

Identification and repairing natural gas leaks in the gas distributing lines (ECO - 03)

The 1internal gas distributing systems are branched and they have a large number of stop valves Due
to an msufficient quality of the threaded and flanged connections the gas leak 1s 5 to 6 per cent

It 15 proposed to use at the plant a portable detector of gas-and-air mixture leaks, which will enable to
carry out regularly (one or two times a week) checking the reliability of the threaded and flanged
connections as well as the quality of the sealing fits and to ehminate the leaks in due time This will
decrease the gas losses at the plant by 1 5 to 2 0 per cent

Expected annual gas saving 147,300 m’
Project cost US $2,000
Payback period 2 months
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Optimization of the kiln temperature schedule (ECO - 04)

The operation of the kiln requires a thorough observation of the temperature schedule 1n the following
zones the heating zone (30 m), firng zone (33 m), cooling zone (33 m) Breaking the schedule results
in deterioration of the brick quality and increasing the percentage of the wastes At the plant there 1s
no daily check of the temperature along the axis of the burners in the firing zone There are no
controlling instruments

1t 1s proposed for controlling the temperature along the length of the kilns to use a portable infrared
thermometer with the temperature range up to 1,200°C This will enable to make every 8 hours
measurements and control the temperature schedule, which will decrease the level of the wastes by 10
per cent

Expected annual gas saving 53,100 m®
Project cost US $3,000
Payback period 8 months

Installation of a steam trap on the heater in the heat supply system (ECO - 05)

The steam and water heater 1n the water delivery system has no steam trap assembly, which results in
steam flashing and deterioration of the heat operation efficiency

It 1s proposed to install a steam trapping assembly with a floating steam trap As 1t 1s known from
practice, this measure will increase the efficiency of operating the heater by 10 to 15 per cent

Expected annual gas saving 33,600 m’
Project cost US $2,512
Payback period 11 months

Installation of a steam trap on the heater in the hot water supply system (ECO - 06)

The steam and water heater for hot water heating has no steam trapping assembly, which results 1n
steam flashing and 1n deterioration of 1ts operation efficiency

It 1s proposed to install a steam trapping assembly with a floating steam trap As 1t 1s known from
practice, this measure will improve the efficiency of the heater operation by 10 to 15 per cent

Expected annual gas saving 16,800 m’
Project cost US $1,104
Payback penod 10 months

Installation of instruments for the kiln operation mode adjustment and control (ECO - 07)

In the kilns there are bumt about 82 per cent of the natural gas consumed by the enterprise The
operation mode of the kilns 1s characterized by a high specific gas consumption for firing 1,000 bricks
and 1ts significant variation i a wide range from 170 to 240 m*/1,000 bricks

On the burners (22 1 each kiln) there are no instruments for controlling the gas and air pressure,
which does not allow to keep under control their optimal operation mode It 1s impossible to provide
an even air and gas distribution 1n regard of the kiln sides, as there are no controlling valves 1 the air
ducts
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It 1s proposed to install on each burner and 1n the joint air- and gas ducts from both sides of the kiln
mstruments for controlling the air and gas pressure (correspondingly from 0 to 0 6 barg and from 0 to
300 mm H,0) and controlling valves 1n the distributing air ducts from both sides 1n the firing zone At
the same time there 1s proposed to install from the both sides of the kiln instruments for controlling
the low pressure - the pressure along the axis of the tunnel - to optimize the air dynamic mode of the

kiln operation, as well as to imstall thermometers for controlling the temperature of the sucked out
gases and air

As 1t was shown from the experience of the practical adjustment works, the proposed measures will
allow to optimize the load of the burners, control their adjustment, create conditions for setting the
temperature and air dynamic modes both during the firing process, and 1n the periods of "pushing-
out/pulling" the brick cars The expected decrease of the specific gas consumption per 1,000 bricks 1s
7 to 8 per cent

Expected annual gas saving 215,600 m’
Project cost US § 16,005
Payback period 11 months

Monitoring and optimization of the electric motors capacity (ECO - 08)

The main power consuming equipment 1s electric drives of exhaust fans, fans, pumps While the
enterprise has been operated for a long time (more than 40 years), the failed electric motors were
replaced with no taking into consideration the mimimum required power capacity Even for the
similar equipment there are operated electric motors of different capacity that 1s more times lugher
than the required one

It 1s proposed to use at the enterprise a set of portable meters for metering power of electric motors -
clamp on digital watt-meters - and a power factor meter The proposed measure will enable to carry
out within 1 to 2 months monitoring of the real loading of the electric motors, to analyze the
efficiency and to make a plan of their replacement with more powerful ones of a lgher efficiency
The electric power saving after implementation of the measure 1s not less than 1 per cent every year

Expected electric power saving 64,000 kW
Project cost US $1,000
Payback period 5 months

Momitoring the kiln himing status (ECO - 09)

The data of the fulfilled measures showed high temperatures of the external surface of the kiln lining
1n the zone of location of the burners, their values amount to 190 to 207°C Thus testifies to the lining
failure and to increased losses into the environment which, due to estimation, 1s 3 5 per cent

As at the enterprise there are no exact data in regard of the state of the kiln lining, the attention paid to
the lining repair and restoration 1n due time 1s msufficient

It 1s_proposed to introduce into practice at the facility using a Raynger ST6 portable infra-red
thermometer This will enable to arrange at the enterprise a regular control (one or two times a day) of
the temperature of the external surfaces of the limings of the kilns, linings of the gas ducts and steam
ducts, as well as to 1dentify the failed areas and fulfil in due time their repairing The results of the
carried out measurements should be taken 1nto consideration when making the schedule of the kiln
repair works
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Elimination of the mcreased temperatures 1n the firing zone by repairing the lining of the burners will
enable to decrease the losses into the environment and mmprove the efficiency of the kilns by 03 to
0 5 per cent and, 1n the future to keep the heat losses 1n to the environment on the minimum level

Expected annual gas saving 46,000 m®
Project cost US $3,000
Payback period 10 months

Installation of the valve controlling temperature on the steam and water heater in the hot water
supply system (ECO - 10)

Controlling the temperature of the hot water at the output of the steam and water heater in the hot
water supply system 1s done at the enterprise manually

Taking mnto consideration a non-stable water consumption schedule, there 1s proposed to install in the
steam duct to the heater a "direct activation" valve for automatical keeping the temperature of the hot

water As 1t 1s known from experence, implementation of this measure will give steam saving of not
worse than 10 per cent

Expected annual gas saving 16,800 m’
Project cost US $1,696
Payback period 15 months

Installation of variable speed drives for the induced draught fan and the fan of DKVR-10/13 boiler
(ECO -11)

The enterprise boiler-house 1s equipped with two steam boilers with the maximum steam production
capacity of 15 ton/hour each (the steam pressure up to 10 barg) Each boiler has an exhaust fan and a
fan with the capacity of the electric motors of 22 kW each The steam load of the plant 1s provided by
one boiler operating with the steam production capacity of 2 0 to 6 0 t/h The measurements of the
consumed power showed availability of an opportunity to decrease the consumed power by 50 per
cent

It 1s proposed to install at the boiler variable speed drives for the exhaust fan and for the fan with
mnstallation at the same time of the low pressure sensors for automatic keeping the required
parameters This measure will enable to decrease the consumed power by 50 per cent, and 1n addition
to decrease the total cost of the electric power consumption by 5 per cent resulting from introducing
automatic controlling

Expected annual electric power saving 184,800 kW __
Project cost US $10,200
Payback period 17 months
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80 EFFECT OF IMPLEMENTING THE RECOMMENDATIONS ON ENVIRONMENT

Saving energy resources 1s directly connected with decreasing the harmful emissions into the
environment According to the data from received at the enterprise, there are set the following
permitted levels of the emissions while burning 1,000 m® of gas for brick production and for basalt
fiber production, these levels are regularly checked by an inspector from the regional environment
protection administration

CO - carbon monoxide - 8 9 kg
No, - oxides of mtrogen - 2 1 kg
SO, -sulphur dioxide - 0 032 kg

The average amount of the harmful emissions per 1,000 kW h of the produced electric power m 1996
according to the data from the Ministry of Energy of Ukraine was as follows

CO-05kg
No,-22kg
SO,-99kg
Ash-44kg

Implementation of the proposed measures will enable to decrease the annual consumption of natural
gas by 947,000 m’ and that of the electric power - by 494,500 kW h, which 1s equivalent to decreasing
the level of the harmful emissions 1nto the atmosphere as follows

CO - 947,000 m* 8 9 kg/10° m®+ 494,500 kW h 0 5 kg/10° kW h = 8,676 kg
NO, - 947,000 m* 2 1 kg/10° m’+ 494,500 kW h 2 2 kg/10° kW h = 3,077 kg
SO, - 947,000 m® 0 032 kg/10° m®+ 494,500 kW h 9 9 kg/10° kW h=4,926 kg
Ash - 494 500 kW h 4 4 kg/10° kW h =2,176 kg

The total decreasing of the harmful emissions - 18 9 tonnes per year
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APPENDIX A

ENERGY CONSERVATION OPPORTUNITIES
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Energy Conservation Opportunities

ECO-01 Introduction of an energy management program

ECO-02 Optimization of gas combustion

ECO-03 Identification and repairing natural gas leaks 1n the gas distributing lines
ECO - 04 Optimization of the temperature schedule in the kiln

ECO- 05 Installation of a steam trap on the heater in the heat supply system
ECO-06 Installation of a steam trap on the heater m the hot water supply system
ECO-07 Installation of instruments for the kiln operation mode adjustment and control
ECO - 08 Monitoring and optimization of the electric motors capacity

ECO-09 Monztoring the kiln lining status

ECO-10 Installation of the valve controlling temperature on the steam water heater 1n the hot
water supply system

ECO-11 Installation of variable speed drives for the exhaust fan and the fan for DKVR-10/13 b
boiler
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Energy Conservation Opportunities
ECO-01 Introduction of an energy management program

Descniption of the opportunity

The basic nstrument 1n decreasing energy consumption by using 1t more effectively 1s energy
management Energy management 1s a management system based on fulfilling typical measurements
and checkings providing such an operation of the plant when there 1s consumed only the amount of
energy required for the processing needs The plant management I very well aware of the benefits
given by the energy efficiency, but there are no technical facilities for quantitative assessment of
financial advantages of the energy saving measures

While performing the audit there were found a lot of costless and low-cost energy saving
opportunities that can become of a sigmficant benefit

For example, estimation of the efficiency of operating the melting furnaces, fans and other equipment
of the similar will allow to operate the most efficient equipment and to withdraw out of operation the
inefficient one

Providing availability at the enterprise of a measuring system for a quantitative and qualitative
assessment of energy saving opportunities, introduction of an energy management system 1s possible

It 1s proposed to provide for the enterprise the required measuring mstrumentation to identify and
quantitatively assess the energy saving opportunities, as well as mndependently determine the priority
of the costs on energy saving and to decrease energy consumption and monitor energy saving

The set of the equipment that would be useful for the plant should include the following

a combustion analyser

a contactless thermometer

a wire thermoanemometer

a three-phase energy analyzer

a tachometer

a digital contact thermometer

an 1llumination meter

an ultrasonic contactless flow rate meter
a power meter

a power factor meter (coso)

a portable thermometer/humidity meter/”dew pont” meter,
a computer with a printer

If a set of portable devices 1s available, there 1s proposed to introduce at the plant a position of the
energy manager It 1s reasonable for the energy manager to undergo a special traiming course 1n the
Energy Managers Traming Center (Kywv City, National Technical University of Ukramne “Kyiv
Politechnical Institute”) The basic task of the energy manger 1s monitoring of energy using systems,
development of real rates with the aim of continuous monitoring for their observation by the energy
users and decreasing the total energy consumption at the plant

The 1ssues to be 1 charge of the energy manager work with the plant personnel should be included
concerning the following aspects
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¢ traming the plant personnel to the energy management practice,

e stimulation of the plant personnel 1n finding energy conservation opportunities at their production
areas and 1 their workshops,

e awarding the plant personnel for finding out potential energy conservation opportunities,

e quantitative estimation of the economic effect for each of the energy conservation opportunities
and of the payback period for the corresponding investments,

e planning and correction of a 5-year strategy plan of the energy management development aimed at
implementation of energy conservation opportunities,

o applying for allocation of funds for on energy saving projects,

¢ 1mplementation of energy conservation opportunities 1f they are financed or costless,

o following-up of the energy conservation opportunities after their implementation and a quantitative
assessment of the actual saving of the costs,

o dissemination of the successful experience of implemented energy conservation projects as well as
their lessons,

o repetition of successful energy conservation projects at all production areas and n all workshops at
the given plant

Calculation of a vearly saving of costs

The world experience and practice prove that implementation of an energy management system by
using the above equipment can give a yearly energy saving between 2 and 3 per cent

The energy saving will be as follows

1 Electric power 818,000kWhe+12.0025=245500kWh
2 Natural gas 899,700 m*« 12 . 0 025 = 270,000 m’

Calculation of a vearly saving of costs

1 If 1,000 kW h cost USD 40, the saving of the electric power cost will be
245,500 kW h « USD 40 =USD 9,820

2 If 1,000 m’ cost USD 83, the saving on gas will be
270,000 m® « USD 83 =USD 22,410

The total saving of the energy costs will be
USD 9,820 + USD 22,410 =USD 32,230

Commuissioning costs

The approximate cost of a set of the measuring instruments 1s USD 24,000
The costs of implementation of an energy management system, as 1t 1s shown by practice, are about
20 per cent of the expected saving, or USD 32,230 « 0 2 = USD 6,446

The total costs USD 24,000 + USD 6,446 = USD 30,446
The simple payback peniod USD 30,000 USD 32,230 =0 9 year ~ 11 months
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ECO-02 Optimization of gas combustion

Highly efficient combustion of gas in kilns, basalt melting furnaces and in the boilers require
supporting an optimal gas-to-air ratio, its pertodic checking and adjustment

The combustion process 1s assessed at the plant visually, without analyzing gases 1n regard of the
contents 1n them of O, and CO that determine the fuel combustion efficiency

Scheduling the operation modes of DKVR-10/13 steam boiler #2 and that of kilns with the help of
ENERAC-2000 combustion analyzer showed a real opportunity to gain 2 0 to 2 5 per cent saving of
the gas supplied for burning

For example, at Steam Boiler #2 when the air pressure after the blow fan decreased from 20 to 10 mm
H,0, we managed to increase the efficiency by 2 6 per cent The content of the carbon oxide at the
same time decreased from 376 to 24 mg/m’

It 1s proposed to introduce at the plant into practice a portable combustion analyzer, to train a
specialist who will have to measure the combustion efficiency every day or every other day and
correspondingly adjust the combustion mode

Calculation of the expected fuel saving

1 Improvement of the equipment efficiency (set on the basis of
measurements and from the practical experience) - 15%
2 The average monthly gas consumption during 10 months m 1997 - 818,400 m’
3 Annual gas consumption at the plant (12 months)
818,400 12 =19,820,800 m’
4 The expected annual gas saving
9,820,800 0015 =147,300 m*
5 1,000 m®of gas cost US $83
6 Annual cost saving
147,300 m* $83 =US $12,226

Suggested equipment and 1ts cost

The portable combustion analyzer ENERAC-2000 with sensors of O,, CO, NO,, SO, and with 12- and
48-inch sample-taking probes as well as with taking into consideration the transportation costs and
the custom fees 1s about US $8,000

The simple payback period is $8,000 $ 12,226 =0 65 yr = 8 months
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ECO-03 Identification and repairing natural gas leaks in gas distnibuting lines

At the plant natural gas of the middle pressure of 02 to 0 3 barg 1s used 1n kilns and 1n the basalt
melting furnaces, while gas of low pressure of 0 04 barg 1s used 1n the boiler-house

The mternal gas distributing systems are branched and they have a large number of stop valves

For example, the kilns (5 units) are equipped with 110 bumers, each of which has three stop valves
with threaded connections, or, 1n other words, 1t 1s only the kilns that have 660 threaded connections
in the middle-pressure gas pipelines

Taking into consideration the quality of the seals of the threaded connections and that of the flanged
connections, the gas leaks, according to the estimates of the plant itself and n accordance with the
experience, 1s 5 to 6 per cent The leaks are eliminated only 1n case of a strong smell of a gas with a
typical odour, or due to the results of checking the quality of sealing by sapomfication of the
connections, the latter being done once or twice a year

It 1s proposed to use at the plant a portable gas leak detector, which will enable to carry out regularly
(one or two times a week) checking the reliability of the threaded and flanged connections, the
quality of the sealed fitting and to eliminate 1 due time the leaks This will decrease the gas losses at
the plant by 1 5 to 2 0 per cent

Calculation of the expected fuel saving

1 Gas consumption decrease - by 1 5%
2 Annual gas consumption - 9,820,800 m*
3 Expected annual gas saving
9,8208 0015=147,300m’
4 Annual costs saving
147,300 m* $83 =US $12,226

Suggested equipment and 1ts cost

The cost of the portable gas and air mixture leaks detector with taking into consideration the
transportation costs and other costs 1s about US $2,000

The simple payback period $2,000 $12,226 =0 16 yr = 2 months
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ECO-04 Optumization of the temperature schedule 1n the kiln

The operation mode in the tunnel kiln with the length of the active part of 96 m requires a thorough
observation of the temperature schedule in three zones

. n the heating zone (30-m length) - from 30 to 70°C
. 1n the firng zone (33-m length) - from 700 to 1,020°C
. in the cooling zone (33-m length) - from 1,020 to 20°C

In each zone the temperature must be observed strictly according to the processing schedule

It takes 51 2 h for a car with bricks to go through all the zones The temperature schedule depends of
the operation mode of each burner in the firing zone and the operation modes of the cooling fan and
the exhaust fan

Breaking the schedule results 1n deterioration of the brick quality and increasing the percentage of the
wastes - The wastes after finng during 9 months n 1997 was 1,895,100 bricks or 5 4 per cent of the
production level At the plant there 1s no daily checking the temperature along the axis of the burners
in the finng zone There are no temperature controlling mstruments

It 1s proposed for controlling the temperature along the length of the kilns to use a portable infrared
thermometer with the temperature range up to 1,200°C Thus will enable to make every

8 hours measurements of and controlling the temperature schedule, which will decrease the level of
the wastes by 10 per cent

Calculation of the expected fuel saving

1 Increase of the percentage of the wastes by - 10%

2 The amount of the wastes during 9 months - 1,895 thousand bricks

3 The annual amount of the wastes - 1,895 (12 9)=2 527 thousand bricks
4 A decrease of the amount of the wastes - 2,527 01=252 7 thousand bricks

5 Specific gas consumption for firing 1,000 bricks - 210 m*/1,000 bricks

6 Annual gas saving - 2527 210= 53,100 bricks

7 Annual costs saving - 53,100 m’ $83 =US $4,407

Suggested equipment and 1ts cost

The cost of the infra-red thermometer with the temperature range from 700 to 1,200°C with taking
into consideration the transportation and other costs 1s US $3,000

The simple payback period $3,000 $4,407 =0 7 yr = 8 months
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ECO - 05 Installation of a steam trap on the heater in the heat supply system

In the energy balance of the boiler-house the heating system consumes about 40 per cent of the gas
consumed by the boiler-house The steam and water heater in the water delivery system has no steam
trap, which significantly deteriorates the efficiency of operation of the heater and results i steam
flashing with the condensate and its further secondary boiling

It 1s proposed to install a steam trapping assembly with a floating steam trap As 1t 1s known from
practice, this measure will increase the efficiency of operating the heater by 10 to 15 per cent

Calculation of the expected fuel saving

1 Improvement of the heater efficiency (set) - 10%
2 Annual gas consumption at the boiler-house
(estimated on the basis of the data after working during 10 months

mn 1997) - 840 thousand m®
3 The share of gas consumption for the heating system
( according to the energy balance for 1997) - 40%

4 Annual gas consumption for heating
840 04 =336,000m’

5 Annual gas saving
336 01=33,600m’

6 Annual costs saving
33,600 m* $83 =US $2,790

Suggested equipment and 1ts cost

The steam trapping assembly including the following equipment (Spirax Sarco)

o DN 50 Spirax Sarco FT 43 - 10 TV Steam Trap

Flanged BS 4504, PN 16, Cast Iron - US $1,150
. DN 50 Spirax Sarco Fig, 33, Strainer,

Flanged BS 4504, PN 16 with stainless screen 0 8 mm perforation - US $160
° DN 50 Spirax Sarco DCV wafer Check valve,

Stainless steel to fit between BS 4504 flanged - US $160
. Spares - US $100
TOTAL

US $1,570

The total cost of the equipment with taking mto account a 30-% addition for the transportation
services, msurance and other additions
US $1,570 13 =1US $2,041
Costs of the 1nstallation works (it 15 set as 30 per cent of the equipment cost)
US $1,570 03=US $ 471
Total cost US $2,041 + US $471 =US $2,512
The simple payback period US $2,512 US $2,790=0 9 yr = 11 months
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ECO-06 Installation of a steam trap on the heater in the hot water supply system

In the energy balance of the boiler-house the hot water supply system consumes about 20 per cent of
the gas consumed by the boiler-house The steam and water heater for heating the hot water has no
steam trap, which significantly deteriorates the efficiency of 1ts operation and results in increased
losses with the flashing steam

It 1s proposed to install a float steam trap As 1t 1s known from practice, this measure will improve the
efficiency of the heater operation by 10 to 15 per cent

Calculation of the expected fuel saving

1 Improvement of the heater efficiency (set) - 10%
2 Annual gas consumption for hot water supply system
840 02=168,000m’,

where 840,000 m® -the annual gas consumption by the boiler-house,
0 2 - the share 1n the gas consumption for the hot water supply line due to the energy
balance of the plant for 1997
3 Annual gas saving 168 01=16,800 m’
4 Costs decreasing 16,800 m* $83 =US $1,395

Suggested equipment and 1ts cost

The steam trapping assembly including the following equipment (Spirax Sarco)

o DN Spirax Sarco FT 14 - 10 TV Steam Trap

Flanged BS 4504, PN 16, SG Iron - US $440
o DN 25 Spirax Sarco Fig 33, Strainer,

Flanged BS 4504, PN 16

with stainless screen 0 8 mm perforation - US §110
o Spirax Sarco DCV wafer Check valve,

Stainless steel to fit between BS 4504 flanged - US 90
o Spares - US $50

TOTAL

US $690

The total cost of the equipment with taking into account a 30-% addition for the transportation
services, insurance and other additions
US $690 13=1US $897
The nstallation works costs (set as 30 per cent of the equipment cost)
US $690 03 =US $207
Total costs US $897 + US $207 =US §1,104
The simple payback period US $1,104 US $1,395 =0 8 yr = 10 months
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ECO - 07 Installation of instruments for the kiln operation mode adjustment and control

In the kilns there are burnt about 82 per cent of the natural gas consumed by the enterprise per year,
which means 88 9 million m® costing US $739,000 The operation mode of the kilns 1s characterized
by a high specific gas consumption for firing 1,000 bricks and 1ts significant variation 1n a wide range
from 170 to 240 m*/1,000 bricks Varying of the characteristics for Kilns #2 and #5 1s very large - +18
per cent of the average value

It does not seem possible to control the optimal kiln operation mode, to carry out analysis and to
determine the cause of the low operation efficiency of the kilns, which 1s accounted for by a complete
lack of instruments for checking the pressure of the gas and air coming to the both sides of the firing
zone, and to each burner The operation mode of the burners 1s assessed visually, the optimal gas-to-
air rat1o 1s not fixed by the readings from mstruments

It 1s impossible to provide an even air and gas distribution 1n regard of the kiln sides, as there are no
controlling valves and instruments for checking 1n the jomt air and gas ducts

It 1s proposed to install on each burner and 1n the joint air-and-gas ducts from both sides of the kiln
instruments for controlling the air and gas pressure (correspondingly from 0 to 0 6 barg and from 0 to
300 mm H,0) and controlling valves 1n the distnibuting air ducts from both sides 1n the firing zone At
the same time there 1s proposed to install from the both sides of the kiln mstruments for controlling
the low pressure - the pressure along the axis of the tunnel - to optimize the air dynamic mode of the
kiln operation, as well as to mnstall thermometers for controlling the temperature of the sucked out
gases and air

As 1t was shown from the experience of the practical adjustment works, the proposed measures will
allow to optimize the load of the burners, control their adjustment, create conditions for setting the
temperature and air dynamic modes both during the firing process, and in the periods of "pushing-
out/pulling” the brick cars The expected decrease of the specific gas consumption per 1,000 bricks 1s
7 to 8 per cent

Calculation of expected fuel saving

1 Decrease of the specific gas consumption
for firing 1,000 bricks (set) - 75%
2 Average annual gas consumption
(on the data for 1997) - 210 m*/1,000 bricks
Gas saving per 1,000 bricks
210 0075 =15 75 m*/1,000 bricks
24-hour productivity of the kiln
(15 cars with 2,500 bricks each) - 37,500 bricks
Annual gas saving (365 days)
37,500 bricks 15 75 m*/1,00 bricks 365 = 215,600 m*
6 Cost saving
215,600 m* $83 = US $17,795

(8]

i

(9]

Suggested equipment and 1ts cost

e Pressure gauges with a siphon and a crane,

0 to 0 6 barg, diameter of 100 mm - 24 umits  $80 =US $1,920
¢ Draught gauge
with the range of O to 2 5 kPa - 24 units  $50=US $1,200
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o Draught gauge
with the range of +12 5t0 -12 5mm H,O0 - 10 umits  $50 = US $500

o Chromel] - mickel thermometers
the length 1s 1,000 mm (0 to 600°C) 4 uynmits $150 = US $600

o KSP-type automatic multi-point potentiometer 1 umt $700=US $700

e Air dampers, diameter of 350 mm - 2 units $500=US $1,000
TOTAL

US $5,920

The total cost of the equipment taking mnto account a 30-% adding for the transportation services,
msurance and others

US $5,920 13=US $7,696
The cost of the installation works (set as 30 per cent of the equipment cost)

US $7,696 03=US $2,309
The cost of adjusting for setting the optimal operation mode of the kiln (set, with taking into account
the VAT, as 20%) - US $6,000
The total costs US $7,696 + US $2,309 + US $6,000 = US $16,005

The simple payback period US $16,005 US $17,895 =09 yr = 11 months
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ECO-08 Monitoring and optimization of the electric motors capacity

The brick production line, basalt production lime and the boiler-house consume 65 per cent of the
electric power, consumed annually by the enterprise, which 1s about 6,400,000 kW h and costs

US $255,400 The main power consuming equipment 1s electric drives for the induced draught fans,
fans, pumps While the enterprise has been operated for a long time (more than 40 years), the failed
electric motors were replaced with no taking into consideration the minimum required power
capacity Even for the similar equipment there use operated electric motors of different capacity that 1s
more times higher than the required one

The 1nstalled capacity of the electric motors for fans at Kiln #5 1s 103 kW, that at Kiln # 3 1s 77 kW
This 1s on condition that the kilns have the same technical characteristics The measurements carried
out during the energy audit by means of a clamp-on digital watt-meter showed that the real load of the
electric motors 1s 50 to 80 per cent of the installed power

It 1s proposed to use at the enterprise a set of portable electric motors power meters - clamp on digital
watt-meters - and a power factor meter The proposed measures will enable to carry out withm 1 to 2
months monitoring of the real loading of the electric motors, to analyze the efficiency and to make a
plan of their replacement with more powerful ones with a lgher efficiency The electric power saving
after implementation of the measure 1s not less than 1 per cent every year

Calculation of expected electric power saving,

1 Electric power saving (set) - 1%
2 Annual electric power consumption
by drives (according to the balance) - 6,400,000 kW h
3 Expected annual electric power saving
6,400,000kWh 01=64,000kWh
4 1kW hcosts - US $0 04

5 Cost saving
64,000 kW h x US $0 04 =US $2,560

Suggested equipment and its cost

The cost of the portable instruments "2000A Wattprobe" and "Power Factor Meter, TIF 2300" with
taking 1nto account the transportation cost and other costs - US $1,000

The sumple payback period US $1,000 US $2,560 =0 4 yr = 5 months
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ECO-09 Momnitoring the kiln hining conditions

The measurements of the temperature of the external surface of the tunnel kilns #1, #2 and #5 carried
out 1n the course of the energy audit mn the location of the burners showed that the average
temperature of the wall was as follows

Kiln #1 - 109°C
Kiln #2 - 130°C
Kiln #5 - 122°C

In some zones of the kilns the wall temperature achieved 190 to 207°C

This speaks of a failure of the lining and of increased heat losses into the environment

Calculation of the losses into the environment

¢ Heat stream by emutting through the lining
(from a reference table) - 1,603 W/m’
o The area of the cross-section of the emission
1n the firng zone
33m 2 1m=66m’
¢ Energy losses during 24 hours
66 m> 1,603 W/m? 24 =2539kW =2 54 MW
e Heat losses during 24 hours (1 MW = 0 86 Gcal)
254 MW 086=22 Gcal
e Specific gas consumption per 1,000 bricks
(actual data for 1997) - 210 m*/1,000 bricks
e Gas consumption by the kiln during 24 hours
37,500 bricks 210 m*/1,000 bricks = 7,875 m®
o Gas calonfic value
e Quantity of the heat brought into the kiln by the fuel
7,875 m*® 8,000 kcal/m® =63 10° kcal = 63 Gceal
e The percentage of the losses into the environment
(22 63) 100=35%

8,000 kcal/m?

There are no measurements of the lining temperature at the facility, so, due to absence of information,
fulfilment 1n due time of repairing and restoration of the liming n the areas of the mcreased losses 1s
not paid sufficient attention to

It 1s proposed to introduce into practice at the facility using a Raynger ST6 portable nfra-red
thermometer This will enable to arrange at the enterprise a regular control (one or two times a day) of
the temperature of the external surfaces of the linings of the kilns, linings of the gas ducts and steam
ducts, as well as to 1dentify the failed areas and fulfil in due time their repairing The results of the
carried out measurements should be taken into consideration when making the schedule of the kiln
repair works

Elimination of the increased temperatures 1n the firng zone by repairing the lining of the burners will

enable to decrease the losses into the environment and improve the efficiency of the kilns by 0 3 to
0 5 per cent and, 1n the future to keep the heat losses in to the environment on the mmmmum level
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Calculation of expected fuel saving

1 Improvement of the kiln efficiency (set) - 04%
2 Kiln production capacity during 24 hours - 37,500 bricks
3 Average specific gas consumption per 1,000 bricks - 210 m*/1,000 bricks
4 Annual gas consumption by a kiln (365 days)
37,500 bricks 210 m*1,000 bricks 365 = 2,874,000 m®
5 Expected annual gas saving at one kiln
2,874,000 m® 0004 = 11,500 m’
6 Average number of the annually operated kilns - 4 kilns

7 Total expected annual gas sav.ng

11,500 m* 4= 46,000 m®
1,000 m® of gas cost US $83
9 Cost saving
46,000 m’> $83 =US $3,818

[=2]

Suggested equipment and 1ts cost

The cost of a MIKRON M90-B"-type portable infrared thermometer, with taking into account the

transportation cost and other costs - US §$1,000
The cost of the repair works (set) - US $2,000
The total cost US $1,000 + US $2,000 = US $3,000

The simple payback period US $3,000 US $3,818 =0 8 yr = 10 months
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ECO-10 Installation of the valve controlling temperature on the steam and water heater in the hot
water supply system

The steam and water heater in the hot water supply system 1s designed to heat water to the
temperature of 60 to 65°C The operation mode 1s 24 hours a day all the year round The load depends
on the consumption Pernodical controlling of the steam consumption 1s performed manually

It 1s proposed to 1install in the steam duct to the heater a "direct activation" valve for automatical
keeping the temperature of the hot water As 1t 1s known from experience, implementation of this

measure will give steam saving of not worse than 10 per cent

Calculation of expected fuel saving

1 Steam consumption saving (set) - 10%
2 The percentage of the annual gas consumption
by the hot water heater (due to the energy balance) 20%
3 Annual gas consumption by the boiler-house - 840,000 m?
4 Annual gas saving
840,000m* 02 01=16,800m’
5 Cost saving
16,800 m*> $83 =US $1,395

Suggested equipment and 1ts cost

e "Direct effect” valve DN 40 flanged BS 4504 Spirax Sarco KA33,

Cast Iron, Normally open - US $325
e Spirax SarcO 121 Control System temperature range
2 (40 - 105°C), having 2 m capillary and stainless steel pocket - US $615
e Trapping filter, DN 40 Spirax Sarco, Fig 33,
Stramer, flanged BS 4504, PN 16 - US $120
TOTAL
US $1,060

The total cost of the equipment with taking into account the transportation costs, insurance cost and
other ones US $1,060 13=US $1,378
The cost of the installation works (set as 30 per cent of the equipment cost)
US $1,060 03 =TS $318
The total cost US $1,3178 + US $318 =US $1,696

The simple payback penod US $1,696 US $1,395=1 2 yr = 15 months
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ECO-11 Installation of variable speed dnves for the exhaust fan and the fan for
DKVR-10/13 boiler

In the boiler-house two steam boilers of DKVR-10/13-type are installed The maximum designed load
of the boiler shall be 15 tons of steam per hour The boiler 1s equipped with a DN-10-type of induced
draught fan and a VD-10 blowing fan with the capacity of the electric motors of 22 kW each and with
the speed of 1,500 revolutions per minute

The actual load of the boiler varies between 2 0 and 6 O tons per hour, or 1t 1s 15 to 40 % of the
maximum load The air pressure and the low pressure in the furnace 1s controlled manually by
adjusting the positions of the guiders of the fan system The overconsumption of the electric power 1s
about 22 kW h

It 15 proposed to install at the boiler a varied-speed drnive for the induced draught fan and for the fan
with 1nstallation at the same time of a pressure and low pressure sensor for automatic keeping the
required parameters This measure will enable to decrease the consumed power by 50 per cent and
decrease the total cost of the electric power by S per cent by introducing automatic controlling

Calculation of expected fuel saving

1 Decrease of the consumed power
(due to the results of the measurements
and analysis of the air dynamic

characteristics of the exhaust fan and of the fan) - 22 kW
2 Improvement of the power capacity factor (automatic control) - 5%
3 Number of the annual boiler operation hours (set) - 8,000

4 Annual electric power saving

22kW 8,000 105=184,800kW
5 1 kW h of the electric power costs US $0 04
6 Cost saving

184,800 kW US $0 04 = US $7,392

Suggested equipment and 1ts cost

e REN 22-type controlled drive, capacity 22 kW,
with taking into account the services of designing
the projects and the service maintenance

(Kharkiv City, Ukraine) - US $3,950
e Pressure sensor and low pressure sensor - US $300
TOTAL cost of the equipment

US $4,250
The cost of the installation works (20 per cent of the equipment cost)
US $4,250 02=1US $850
The total cost per drive
US $4,250 + US $850 = US $5,100
The total cost of two drives
US $5,100 2=1US $10,200

The simple payback period US $10,200 US $7,392 =1 4 yr = 17 months
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APPENDIX B

SPECIFICATIONS FOR THE REQUIRED EQUIPMENT
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ECO - 02
Portable Combustion Analyzer - 1 unat
Designation combustion analysis, determination of the combustion efficiency
Measurement Capacity 0,, CO, NO,, SO,, Temperature
Calculation Capacity Combustion efficiency
CO, concentration
Excess air ratio
Probes 12-1inch and 48 inch
Output Thermal printer 1n unit
Power supply Rechargeable battery (220 V / 50 Hz)
Model ENERAC 2000 from Energy Efficiency Systems, Inc or an equivalent
Approximate cost - US $6,000

Energy Efficiency Systems, Inc
1300 Shames Dnive, Westbury, NX 11590, USA

Fax (516)997-2129
or

Bacharach
625 Alpha Drnive
Pittsburg, PA 15238, USA
Fax (412) 963-2640

or

Cosa Instrument Corporation
55 Oak Street

Norwood, NJ 07648, USA
Fax (201) 767-6804
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ECO-03

Destination

Power source

Model

Portable Ultrasound Leak Detector - 1 unit

detection of the natural and compressed air leaks 1n flange connectors, fittings,
processing equipment

A storage battery
220 V / 50 Hz rechargeable battery pack

EPD-500S kit from EPD, or an equivalent

Approximate cost US $1,500

EPD
14 Hayes Street, Elmford
New York 10523, USA
Fax (914) 347-2181

or

Superior Signal Company. Inc
PO Box 96 Spotswood, NY08884, USA
Tel (908) 251-0800
Fax (908) 251-9442

or

Davis Instruments
4701 Mount Hope Drive
Daltimore, MD 21215, USA
Fax (410) 358-0252
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ECOs - 04,10
Portable Thermometer for Non-Contact Temperature Measurement - 1 unit
Destination measuring the brick temperature 1n the kiln, the external temperature of the
mnsulation of the stream and hot water pipe ducts, that of the electric contacts
Range 0 to 1,000 °C
Accuracy + 0 5 % of the full scale
Resolution 1°C
Power supply A battery
Warranty 3 years
Option 220-V rechargeable battery pack
Warranty 2 to 3 years
Model DNS - 26XL1 Wahl Brand Infra-red Thermometer from Wahl Instruments, Inc, or an
equivalent
Approximate cost US $3,650

Wahl Instruments, Inc
5750 Hannum Ave , Culver City
CA 90231, USA
Fax (310) 670-2840

or

Davis Instruments —
4701 Mount Hope Drive
Daltimore, MD 21215, USA
Fax (410) 358-0252

or

“Termoprylad”
3 Naykova Street
Lviv, 290053, Ukraine
Fax (0322) 63-13-61
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ECO-05
Steam Trap Assembly - I umit
Destination removal of condensate from the steam and water tube heat exchanger

1 Float steam trap with an internal thermostatic air vent - 1 unit

o Inlet steam pressure (operation pressure) - 43 psig (3 barg)

e Return line pressure - 14 psig (1 barg)

e Enter condensate load - 6,000 Ib/h (2,700 kg/h)
e Safety factor - 3

e Type of connection - PN16 Flange

e Flow direction - honzontal

e Material - 1ron, steel

2 Straner - 1 umt

e Diameter - Due to the steam trap diameter

e Type of connection - PNI16 Flange

e Screen - Stainless steel, 0 8 mm perforation
¢ Flow direction - horizontal

e Matenal - 1ron, steel

3 Check valve - 1 unit

e Diameter - Due to the steam trap diameter
e Connection - PN16 Flange
e Material - steel

4 Spare Parts

e Complete set of gaskets for the steam trap and strainer
e Stramner screen, 0 8 perforation

5 Stop valve - 2 umts
e Diameter - Due to the diameter of the steam trap
e Material - 1ron
e Sealing - bellows type
Models from Spirax Sarco
- DN50 FT43 - 4 5TV Float Trap, flanged BS4504 PN16 with a thermostatic air, or an
equivalent

- DN50 Fig 33 Stramer, flanged BS5404 PN16, or an equivalent
- DN50 DCV2 Wafer Check Valve for fitting between BS4504 PN16 flanged, or an
equivalent

Model DN50 A2-type bellows sealed stop valve, flanged BS4504 PN16, or an equivalent
Approximate cost of the assembly  US $2,435
Spirax Sarco, Inc

P O BOX 119 Allentown, PA 18105, USA
Fax (610) 433-1346

or
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Armstrong International, Inc
816 Maple Street, P O 408, Three Rivers, Michigan 49093, USA
Fax (616) 278-6555

or

Institute for Technical Heat Engineering

within National Academy of Sciences of Ukraine
2-A Zhyhabov Street, Ky1v, 252057, Ukraine

Fax (044) 446-60-91
or

Joint Stock Venture Krolivets Fitting Plant
25 Franko Street, Krolivets Town
Sumy Region, 245060, Ukraine
Fax (05453) 9-71-04, 9-58-92

or

Jont Stock Venture Slavhorod Fitting Plant
Slavhorod Town,

Dnepropetrovsk Region, Sinelnikovo District
323130, Ukraine
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ECO - 06
Steam Trap Assembly - 1 unit
Destination removal of condensate from the steam and water tube heat exchanger

1 Float steam trap with an internal thermostatic air vent - 1 unit

e Inlet steam pressure (operation pressure) - 43 psig (3 barg)

e Return line pressure - 14 psig (1 barg)

¢ Enter condensate load - 6,000 Ib/h (2,700 kg/h)
e Safety factor - 3

e Type of connection - PN16 Flange

e Flow direction - horizontal

e Matenal - 1ron, steel

2 Straner - 1 urut

e Diameter - Due to the steam trap diameter

e Type of connection - PN16 Flange

e Screen - stainless steel, 0 8 mm perforation
e Flow direction - honzontal

e Matenal - 1ron, steel

3 Check valve - 1 unit

e Diameter - Due to the steam trap diameter
e Type of connection - PN16Flange
e Matenal - steel

4 Spare Parts

e Complete set of gaskets for the steam trap and strainer
e Strainer screen, 0 8 perforation

5 Stop valve - 2 units
e Diameter - Due to the diameter of the steam trap
e Matenal - 1ron
e Sealing - bellows type

Models from Spirax Sarco

- DN40 FT43 - 4 STV Float Trap, flanged BS4504 PN16 with a thermostatic air, or an

equivalent
- DN40 Fig 33 Stramner, flanged BS5404 PN16, or an equivalent

- DN40 DCV2 Wafer Check Valve for fitting between BS4504 PN16 flanged, or an

equivalent

Model DN40 A2-type bellows sealed stop valve, flanged BS4504 PN16, or an equivalent

Approximate cost of the assembly  US $1,940

Spirox Sarco, Inc
P O BOX 119 Allentown, PA 18105, USA
Fax (610) 433-1346

or
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Armstrong International Inc
816 Maple Street, P O 408, Three Rivers
Michigan 49093, USA
Fax (616) 278-6555

or

Institute for Technical Heat Engineering
within National Academy of Sciences of Ukraine
2-A Zhyhabov Street, Ky1v, 252057, Ukraine
Fax (044) 446-60-91

or

Jomt Stock Venture Krolivets Futting Plant
25 Franko Street, Krolivets Town

Sumy Region, 245060, Ukramne
Fax (05453) 9-71-04, 9-58-92

or

Jomnt Stock Venture Slavhorod Fitting Plant
Slavhorod Town,

Dnepropetrovsk Region, Sinelnikovo District
323130, Ukraine
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ECO-07
Instruments for Pressure Measurements
Destination control of the parameters of the natural gas and air in the kiln

1 low-pressure commercial gauge

Range Oto2 5 kPa - 24 units
2 Dafferential low-pressure gauge (round)
Ranges -6 5 to +6 5 kgf/m® - 8 units
-25 to +25 kgf/m? - 2 umits

3 Roll-up “U”-type tube liquid manometer
Range -150to +150 mm H,0
-250 to +250 mm H,0O

2 units
2 units

4 Ball Valve, threaded, 4" (for manometers)

Models from Davis Instruments
- 1490 Model, 2 '/," Daal, or an equivalent
- 2300 Model, 2302 Range Zero Center, or an equivalent
- Models 1211-12, 1211-24 or an equivalent

Approximate cost of the order US $2,700

Davis Instruments
4701 Mount Hope Drive
Daltimore, MD 21215, USA
Fax (410) 358-0252

or

Open Jownt Stock Company Promprylad
23 Academician Sakharov Street

Ivano-Frankovsk, 284000, Ukraine
Fax (03422) 3-22-05

or

Open Joint Stock Company Orgenerhoavtomatika
19 Druzhby Narodov Street

Kyiv, 252042, Ukraine
Tel (044) 269-56-73

Instruments for Temperature Measurements

Destination measurements of temperature of the kiln outlet exhaust gases
1 TXA Thermoelectric converter with the protective fitting - 5 units
Range 0 to 600 °C
Length 400 to 500 mm
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2 Potentiometer automatical, registerig, multiport - 1 unit

Temperature measurement capacity - 0 to 600 °C
Measurement channels - 6
3 Compensating wire, Chromel - Alumel - 150 running meters
Approximate price of the order US $1,255

Controlling equipment

Destination controlling the flow rate of the gas and air supplied to the kiln burners
1 Rotating gas damper with MEO-10-25 Electric Actuator - 2 units

Tube diameter - DN 150

Gas pressure - 0 3 barg
2 Rotating air damper with MEQ-10-25 Electric Actuator - 2 umts

Air duct diameter - 400 mm

Air pressure - 250 mm H,0
Approximate cost of the order US $2,960

Open Joint Stock Company Orgenerhoavromatika
19 Druzhby Narodov Street
Kyiv, 252042, Ukraine
Fax (044) 269-24-84
or
Energiya

35 Zaboishchiki Prospekt, Enakiyevo-6
Donetsk Region, 343820, Ukraine
Tel /fax (06252) 2-67-60

or

Joint Stock Company Ukriotioservice
10 Vorovsky, Donetsk,

340045, Ukramne
Fax (0622) 66-51-68
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ECO-08

Destination

Portable Digital Clamp-on Power Datalogger - 1 unit

measurements of the power parameters for electric motors

Measurement Capacity

True Power - up to 1,000 kW

Apparent Power - up to 1,000 kVA

Power Factor - 03to1

Peak Current - 100 A

Peak Voltage - 750V

AC Current (40 to 400 Hz) - 1,000 A

DC Current - 1,000 A

AC Voltage (40t0 400 Hz) - 750V

DC Voltage - 1,000 V
Model 382090 Clamp-On Power Meter, from Davis Instruments, or an equivalent
Approximate cost ~ US $680

Davis Instruments

4701 Mount Hope Drive
Daltimore, MD 212215, USA
Fax (410) 358-0252

or
TIF Instruments, Inc

9101 NW 7" Avenue
Miami, Florida, 33150, USA
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ECO-09

Self-Acting Temperature Control System - 1 system
Destination temperature control behind the steam-and-water tube heat exchanger
1 Self-Active Control Valve, normally opened - 1 umt
o Coolant - saturated steam
o Inlet pressure - 43 to 57 psig (3 to 4 barg)
o Dafferential pressure on the valve - 4 psig (0 3 barg)
e Steam flow rate - 1,100 1b/h (500 kg/h)
o Type of connection - PN16 Flange
e Material - 1ron, steel
e Flow direction - horizontal,
2 Sensor /controller - 1 unit
e Heated medium - water
e Pressure - 43 to 70 psig (3 to 5 barg)
e Temperature controlling range - 50 to 70 °C
3 Stramer
e Diameter - due to the valve diameter
e Type of connection - PN16 Flange
e Screen - stamnless steel, 0 8 perforation
e Flow direction - honzontal
e Matenal - 1ron, steel
4 Dial thermometer with a protective pocket - 1 umt
Temperature range 0 to 120 °C
Length 150 mm
5 Stop valves, bellows sealed - 2 units

Models from Spirax Sarco

DN40 KA33 flanged BS4504 PN16, normally opened, or an equivalent

121 Control System range 2 (40 to 105°C), or an equivalent

DN40 Fig 33 Strainer, flanged BS4504, PN16, or an equivalent

Dial thermometer, 0 to 120 °C, or an equivalent

DN40 A2 bellows sealed stop valve, flanged BS 4504 PN16, or an equivalent
Approximate cost of the system US $1,900

Spirax Sarco. Inc
P OBOX 119, Allentown

PA 18105, USA
Fax (610) 433-1346

or

Armstrong International, Inc
816 Maple Street, P O 408
Three Rivers, Michiganm
49093, USA
Fax (616) 278-6555

59



SEE W BN N S IS BN SN N S G N NN NS B e S B OEN M e

ECO -11
Vanable-Speed Drive - 2 Units

Destination control of the rotation speed of the boiler exhaust fan and air vent
Power capacity of an installed motor for an exhaust fan - 22 kW

anairvent - 22 kW
3-Phase power supply voltage - 380V
Frequency - 50 Hz
Electric motor speed - 1,500 rev /min/
Turmn-out order fulfilment
Approximate cost of the order US $7,650

Sapfir 22DIV Vacuum Transformer

Destination automatic control of the vacuum conditions 1n the boiler furnace by varying the
exhaust fan rotation speed

Output controlling signal - 4 to 20 mA
Vacuum range - 0 to 10 kgf/em’

Approximate cost US $580

Model REN-22 from Energozberthannia Consortium, or an equivalent

Enerhozberezhennia
37 Inskrinskaya, Kharkiv
310005, Ukraine
Fax (0572) 44-01-43

or

Open Company Fundament Ltd , within TRIOL Corporation
2 Sumska Street, Kharkiv

310057, Ukraine
Fax (0572) 12-46-53, 12-72-07

or

ELMASH Research & Production Company
within ABB- Ukraine

Kyiv City, Ukraine
Tel (044) 441-26-66
Fax (044) 419-85-33
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APPENDIX C

COLLECTED AND MEASURES DATA



Scheduling the operation mode of DKVR - 10/13 Boiler on 11 18 97

SE=Inl # 1’@2351.':1
=EMNERESAS MIDEILL ZXEE3
COoMBUSTION TEST FECORD

TIME .5 85 09
DRTZ 11/15.97

F)T. NMNATURAL GAS 21878 BTU/LS

1
1

CC BUSTICN EEFICIENCY

AMIIENT TEMPERATURE

t

1

———

(]

(=

a
5T-2v TEMPERATURE .76 °C
T ZEM 2= K
CARZIM MOMOXIDE 275 MG
~~P35M DICKIDE 44 3 »
CTMSUSTIBLE GASES B.gg %

d

—s

= PxC«’ DR:—J—T fI"IC mES H2C -
ECZ85 AIR

3<IDES or NITROGEN

SULFU® DIOXIDE

CemsSCN MCNOXIDE ALAM

,
ap]

(YRR RV,
K 4
G
L4

PPM

ul

MOZZ ™Gy Ix/_RES=T-UE%

The Main parameters after the boiler

S=PIAl 2 1:9835.9
ENERSC MTDEILL 20493
CIMEUSTICN TEST RECI™D

"
J

R OETROITNDLETRIA

™A 1

16 24
a7z 1ir13,87

FEL NATURAL GAS 21378 BTJU/LE

CU BUSTICN EFFICIENCY €@ S K
""-1“T'C\1'7‘ "'"':'\np TU‘J._ 5 01::
S"—l< TEMPEFATURE 99 °C
Py 5. K
30N MIMNCXIDE 2=~ ™MGH
uFTE”H 2 TXIDE 2To- ™
CrESLETIELE GASEZ g 22 e
STAZ{ DPAFT (INCRES R2C - 5z
- ST AT oe hd
D LSO Mo — b4
Y "DES of NITROGEM S eny|
SJ_FJ° DICYIDE I MGM
CA7ECN MONCXIZE ALA™M 52 °PmM

MCDE MGM OxY_REF=T-UEX

The man parameters after the economizer

BEST AVAILABLE COPY



Scheduling the operation mode of DKVR - 10/13 Boileron 11 19 97

S IAL 1188359
SERTAL 1185359

i
W
Y,

EMNEFRST MoDEILL =
BEST AVAILABLE COPY C

T_EL NeTURAL GRS 21378 BT 3

- - - Land ﬂ/
CTPTUSTION ESFICIENC: ~ d 5
Anrm - 28~ 0E 1y 20

— pupindiinind _—
CT-Z TEYRREATURE ce C
>aE - S 4
- - -

—— - ——— - .
Ce==ZCH MIMCx IDE ZTe mMCH
CATE0N DICXIDE Co 4

= ks ' z .
Co+zUSTIZILE G&ASES L uB 3
[maad Qengen) Ela - " <
ST2C< DRAFT  INC-=2 =270 g S

- - e 3,
E C=Z558 AR ! %

- - n, »
> “JES of NITROGEN G

0
R
h
[
L3}
o
&
x
-t
t3
I
AR RYN]
JE ¢
M
=

CrT2CN MONCNIDE ALARM

un

= AN RTT=T7
MCLZ ™MGM CAV_REF=T-E4

Mode#1 Operation mode The air pressure after the fan 1s 20 to 22 kg/m’

T CAT et A
-l o= LLUBTslS
-~ -— — - ~— T T
Z=ME=ST PMICDETLL 2EEE
CONMEUST IO —D2T DTron
(TS Liak S Z jurS i PN
—- o Ty p——
2 BTRSIINILETTIN
———
- = LG 5‘-’- :\T
L = Lo/ 3,37

Too— VATURAL GRS 2187 3TUL3

- el

C” SLSTICH EFF.CIENC TEE %
A" 2_ENT TEMDIPATIRE 5 >0
-\ TEMPERAT RS R
. 3EN Zeov
CAEETN mMINsv TF Co vG
C-"ZIN I I<IE SRR
S Z.STUEIE sAgSE: SR
ST-.4 IRAFT NC-E8 -1 - -

ERINCIIHFS =

3¢ 255 o UITRIGEN °§ A
SU_F_F .ok IE 3 PG
CAR3CH YINCXLDE ALeRy 53 DM

Mode #2 Decreasing the air pressure after the fan to 10 to 12 kg/m-

S



==IAL ® 11003519

S=EFIAL 2 1196805.9

Scheduling the operation mode m Kilns #2 and #5 on 11 21 97

ENERSC MODEILL 220993
COMBUSTICN TEET RECORD

A

[av]

(R )

[ -
3 -

4
/21/9

-

2
-L"___j
Uhﬂ
\!

FLZL NATHRAL GA3 21378 BTU/LS

C3IUSTION ERFICIENCY Be 8 %
R ZTENT TEMPERATURE 3 °¢C
ST-CK TEMPERATURE g2 °cC
< f3EN 12 . K
CA=3TN MCNOXIDE 52 MGM
C~23CN DICXIDE di 1 %
C% "3USTIELE GASZS g 668 %
STACK DRAFT (IMCHUES A23 - B 6
E =885 AIR 918 %
C CJES of NITRPCGEM 9 MGM
S_FLU= DIOXIDE R en
CeR22M MINOXIDE ALAPM 58 PDM
M72= MGM OXY_REF=T-UE%
Kiin #2 The parameters after the exhaust fan

8= 4L = 483519

SERTAL = 1.8935.9

TT-ERAaC MOCDEILL 2
CIMBUSTION TEST R=CORD

F22  STPOCINDUSTRIA

T Y= 18 <. @00

"= 11210597

FUEL NATuPAaL GAS 2.878 BTULS
CHSUSTION EFFICIENCY Bt 7 %
AAZTENT TEMDERATIRE 3 °C
ST~Cr TEMPERATURE 12, °C
> EEM =2
CAPZOM MIMNI®IDE T3 MG
CrT3CN DICXIDE 8. B N
Cf "BUSTIBLE GASES g 88 %
ST2CK DRAFT (INCLYES -20 - 21
ExCESS AIP 586 %
& 7TIES of NITRCGEM 14 MGH

J_TUR DIOXIDE 8 MGM
CR7E0N MONCKXIDE ALARM 58 »PM™

MODZ MGM OXY_REF=TPUE%

Kiln #5 The parameters after the exhaust fan

BEST AVAILABLE COPY
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Data after measurmg the temperature of the exteinal wall of kilns #2 and #5 along the axis of the butners n the firing zone

(11 19 97 Instrument - Mikron M 90-B)
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APPENDIX D

PHOTOGRAPHS OF THE PLANT
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Progres Irpmn Combined Facility - Administration Building
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Dkeneptbl B&R B Jeiineko u JI Kpamapenko nposoLaT aHanus ObIMOBBIX Fa30B Moce
oGxurosoii neun npuéopom ENERAK 2000

Mr Deyneko and Mr Kramarenko, B&R experts, ate analyzing the exhaust gases content
after the kiln by means of ENERAC 2000
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A kiln gas burner

VueT pacxo/a ra3a Ha o6KUTOBYIO Medb
Metering gas flow at a kiln

TazoBas ropenka 00KUTOBOH Medun
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Liex npou3soacTBa 6a3anbTOBLIX XONCTOB
Basalt Wool Production Unit General view

[Meun nuasnedns dazansTa
Basalt Melting Furnace
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VeTaHoBKa IPOU3BOACTEA 623aNbTOBBIX XOJICTOB
Basalt wool prodaction unit

BasayibToBbIE XONCTH
Basalt wool
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Tenexka ofxuropo#t eyu
Kiln brick-druck

BoiTsmKHbIE BEHTHSTOPSI CYINMILIIBIX KAMEp
Exhaust fans in the drymng chambeis
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Ducnept B&R A Cunakin npoBoauT 3aMep MOIHOCTH notpedaeMoii JMEKTPOLBHraTENIEM BEHTIIATOPA
M1 A Sylakmn, a B&R eapeit 1s measuwng the electiic powel consumption by the fan molo:

Dkenepr B&R B [etinexo npoBoauT M3MepeHus fokasareneii pexuma ropexus komia npnopom ENERAK 2000
Mr V Deyneko B&R expert, 1s measunng the boiler combustion mode paiameters by ENERAC 2000 strument
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APPENDIX E

DATA FROM THE MANUFACTURERS
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Ultrasonic Leak Technology
for Energy Conservation,

Safety and Loss Prevention

L mst
» Compressed Air Leaks » Gas Leaks
e Vacuum Leaks
» Electrical Leaks (such as arcing)
» Seals & Gaskets » Heat Exchangers

Ultrasanic Instruments

Includes a Video Traiming Program for
Ultrasonic Leak Detection Techniques

[—f -

Test pressure or vacuum leaks with the EPD-500S

/\’-\/,
"
« Developed by the Worldwide Leader in %

The High Cost of Procrastination

Estimates ot losssyear costs af air and Nitrogen have become
staggering The cost ot savings of the relatively simple project
or repainng leaks are tremenaous

The estmated cost per year of a 1/8 arr leak 1s 52 980 Q0
If oniv ane 1/8 air leak was assumeg for each of our main
plant areas the total annual loss cost vouid be approximatety
52384000 Nitrogen leaks are even more expensive events
One Nitrogen leak of onty 1/16 costs a v/nopping $10 700 00
{esty perannum If ve use the air leak scanano for the 1/16”
Nitrogen teak the loss cost would be alimost S7500000 A
larger leak sucn as a proken 1,4 0D instrument fine vilf cost a
plant 3270 00 per da; THAT'S OVER $90 000 00 per year i
Nitrogen tor ONE leak

A wotal savings of nearlv $100 000 00 annually just for
repainng .oureen or so smalf leaks 3 fair retum These are
likety more than that wnen one considers the total numper of
possibie leak sources tnere are in some plants The savings Is
mare than surficient to cover and definitelv justifies the cost of
the renair staff the detect on equipment aff the tools a maniift
and the marenials needed to make the repairs

Under .hese circumstances and with the costs invalvea in
today s compeutive market a leak detectian program must be
an imperative As the program progresses routine leak moni
tarnng couid and should be unoertaken to assure that a hign
level o1 line leckage goes not again beceme a source of loss .0
the olant

air leax casts based on 100 psig S0 22/Mcf 867 hrssyr

Nitroaen feak cgs s dased on 150 psig S0 214/Ccf

8670 hrs/hr
{Inoustry standards tor leakage and nominal area charges for
Nrrogen CosuCcf often INCREASES with excessive consumpuon)

By sancing the suc le hugn frequerc, e~ussions of ultrasounc the 20 3008 allows you ¢ cs*2c” leaks in prac*ically
any type of vacuum or pressurized gas system Using state of the art electronics the EPD 500S converts ultrasonic
signals between 20 kHz and 60 kHz into the audible range By scanning arouna suspect areas the sound of a leak will
be heard 1n headphones and seen as intensitv increments on an analog meter All you nesd to do is scan an area and
follow tne leak sounds to the loudest point it s that simole

Because 1t is sensiuve to ultrasound the EPD-500S will ignore most amoient plant noises making it easy to use
Inloud plant environments

ey ] T s e VgAY

TESTING FLEXIBILITY

The EPD-500S senses only the turbulent flow producea bv a leak For this reason 1t mav e used to test any type of
03s leak even if wind is blowing or If there 1s a saturation of the gas in an enclosed environment

Complete Kit The EPD-500S inciudes noise attenuating headohones ruooer focusing extension recharger (110 or
20V) video tramning operation manual carrving case and 1 year warrantv

EPD 5003 X1T 31495 00

R W ) pr S

R .

TRY E®D'S UNIQUE

ULTRASONIC TONE TEST COMPRESSED AIR =
This unique ultrasonic transmitier emits a powertul i;;lmhzliréeVlDEo

B~ Datenta warbling uitrasound Place the Warble Tone
¥ enerator inside a tank behind a wall window or door
he intense signal will instantly flooa the area with
) h:s;{wnd and seek a pathway of least resisuance througn
\'e &n seal gasket or pin hole Ideal for use wnen con-
Gnal pressure or vacuum testing Is not possible Must
¢ - Used with EPD 5008

This humorous video
teaches how to reduce
compressed air waste and
save a plant hundreds of
thousands of dollars a
year in energy bilis One

£°0 WTG25P
i+ NPT Fitting

™

3 Epg ﬂg s sitting pays you back
o~ 25P S 425 00 EPOVTI10 $99 00
0 500576 (Scanner & Tane Generator) $1695 00 EPD VT110S" 599 00
g ~’6’1 ‘?: by one or more of the following patents EPD WTG1 | Spamish
N 5 EPQ15115 502674183 Uttrasomic Transmitter ;
“ - ..EMD ¢ 14 HAYES STREET, ELMSFORD, NEW YORK 10523 USA | } 5 |

REE 1 BOO-8S2 BI26 USA & Canada * INTL 1 914 592 1234 « FAX 914 347 2181 VH" L]

e ot N
! i 4 o Xy



Applications

Electncal Busses
Plastic  Rubber

Steam Traps
Beanngs  Paper
Glass Ceramic  Painted Surfaces
Grans Chips Aspnalt Wood
Stacks Furnaces Shells Dies
Heat Treating  Chemucal Processes
Circuit Boards  Wave Soldenng
welding  High Voltage Targets
voving and Rotating Machinery
Distant and Hard to Reach Cbjects

High-Temperature DHS-28X

32 to 2500°F 0 to 1400°C

We took our general purpose Heat Spy one
step fugher for those glass gobs heat
veating annealing and welding applications
You stll get 3% FS accuracy and 3°F
repeatabihity Laser aiming sight optional

At ugh temperatures you probably wont
get very close to your targel so we recommend
ne telescopic sight

3 Year Warranty

DHS 28X
OHS 28XT Telescopic Sight
OHS 28XL1 Laser Sight

Economy Model DHS-10X

t10 S50°F 20 to 275°C

fyou can use a Heat Spy quality generat
purpose | R thermometer for a low price
select the OHS 10X Emussivity s fixed at
95 which 1s the most common for general
Ppplicatons Measure organic matenals
painted suraces plastics insulation and
factory machinery (Recorder output and
peak hold not avarlable }

3 Year Warranty

DHS 10X
DHS-10X Target Diameter vs Distance
Oistance (feet) 2 1w 20

Target Diameter (inches) 2 7 13

L O

Kl
=
-
=

- Enclosed Optical Sight

Of most apphications the standard

~ Bnclosed optical sight provices targe'
Yefintion at 4 ft and 20 ft with paratlax

Correction

Ultra High Accuracy DHS-24X
Oto 1000 F 2010 550°C

You cant get more accuracy or sensitivity
pelween thesa temperature ranges
+3 F/_1 5°C 10 be precise Repeatability 1s
a nght _1 F Use the OHS 24X to measure
all normat materals nciuding glass surfaces
Carbon dioxide and water vapor won t affect
readings Laser aiming sight with LED dis
may and FM approved models are available
3 Year Warranty

DHS 24X LCD Disolay
DHS 24XL1 LCD Laser Sight
DHS 24L1  LED Display Laser Sught

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

Wide Range DHS 26X
0to 2000°F 20 to 1000°C

Our mast popular Heat Spy combines
the £ 3% accuracy of the OHS 24X with 3
temperalure range suitable to most general
purpose maintenance and process applica
tions The DHS 26X fealures an optional
telescopic sight as w~ell as LED laser sight
and FM approved models

J Year Warranty

DHS 26X LCD Display

DHS 26XT LCDTelescopic Sight
DHS 26XL1 LCO Laser Sight

DHS 2601 LED Oisotay Laser Sight

Target Size vs*‘Dés%ance qDHS—24);:DHS-26X DHS-28X

4

Switchable LaservAimlng Sight
Highly visible narrova ed'{nghl beam ptnpoin

objecis up to 100 fee awa_y Good chotce for

locatlng hot spofs dfor Oef\:l't«é E on targets ase - cauten. - NG ki
LCD3s best forgnost seszsals YE = ”::'—3 e | BE 3
dxsplay "for mght use%ee‘_‘gc - Eigivigieg N * = ,{cﬂ;ﬂ%

> @07 hallhad et T e 1L TR ]

ts

~ e A
.y J -~ Bovad®

Telescoptc Slght5£~ ~f _A.cﬁl"sgr

For 601 diStaacesi20 15100 ftj or precise
aimung on smail ob;ects sugj;is,
cable ~tubing™ forgings and castmgs The

sxgmg on the ce! terime o

boits thick

Heat Spy 'T‘,versnon telesmglgsxght provides
nfrared optics

7]
pird

'
B¢
-
¢
N,\"

FOR HEAT SPY SPECIFICATIONS REFER TO PAGE 29
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IIpuznaucusit gaa 6eaxourtaxTnioro BHMIPIOBANIA TeMIepaTypH o6’exTin HpH
]
BUINPAUBOBYBAHHI PIZHOMAHITHHX TEXHOAOTIYHHY NPOLECIB TA EKCNPEC-KOHNTPOMO

TeMneparypu oGJajHaHHA.

3aLToCuBYIOTLCA NPAKTHYHO y BCIX FajJy3fax NPOMHCAOBOCTI, @ TAKOXK B Clib-
CbKOMY rOCHOAAPCTEL TA HaYKOBHX ‘,u,ocmmxemmx.
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1 MNipomerp rpyHTYeETbCA Ha KOHCTPD‘EKT:WHI?!, CXeMOTexHIMHIN Ta MeTpoaornurii Basl arperaTtHoro
y
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2. Cneyiansui rexnluul suMoru Ha nipomMerp

2 1 I'pagyrosanbHa XapakTEpPUCTHKA CNeansHa, 63-6%?s.aéyanbna

abo cTaHQAapTHa 3 WHpHHO AlanadoHy (250 - 1

2 2 Cnextpasbti glanascHu, MKkm

2 3 3aranbHl O]1ana3oHd BHMIPIOBaHUX TeMepaTyp si.‘qnosv,quo

00 cnekTpansHix nlanasoxis, °C

2 4 [MoxasHKHK BI3YBaHHA, & JaNeKHOCT! B THROpPO3Mipy

NN, HHLOT rpanyyy BHMIDIOBAKKSA TA
CAGKTPANLHOro OIANAICHY
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Optional 3-Phase Adapter and Rs-gzir
Module with PC software =

* Digplay True RMS Volts Amps *Qptional 3 Phase

[eetronie Test
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(tanbk0 8€DTuraersie DN 15 4 20) 567
lapoeou non1asok 1 pwidar (ON 20w 50) =]
2034, WHUK g
Y2en NapoBbiNYCKFO 1 32TEOD BO3AYLUHWK EREIYA
TOnHoim KOMNPAY™ FOOKNAA0K (N0 3 WT § 6213

B rop 120HT2nbHbIX KOHAeHcaTooTeoaquKkax DN 5 20 v 25
AHTMKODCC2NOHHBIM JEPNEKTOP BMOHTUPOBAH B XQOMNYC "EM
AZFATOBTIEHUN t K3K 28MECAAS YACTb HEe NOCTasNRETCA

B 8ep~ <anunbix XQHAEHCATOCTBOAMMKA K GHTUKORDOIUOHHbIV
LEeQnexToD He JCTAHESINBEETCH

QBosnavueHue 8 3axa3le

Mpu 23Kaze 3aMacHbiA 4aCTea WCNOALIYATE ONUCaHWe W3 TapaMus
(3anacHsie 4acT  u He 2albbiBauTte ykasaTes Pa3Mep  Tun
KOHOBHCATCOTBOAYVKA A TAKAKE FOPUIOHTANLHBIN WM BEOT AKSALALIA

Mpumepd 1+ — Bo3nyuHuk ana DN 20 FT 43 ropusoHTansHOro
xongencatooTeorunka Cna 1pakc Capko
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Yaen xnanauxa

€ NOnnaskaM
(DN 15 20 25)
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pasmep

Ysen xnanaxa
{DN 40 un 50) K .
{nokalaHa ropu3oHT yCTaHOBKa) -

() — ol ()~ =

DN 25 40 u 50

Obcnyxueganue

Mov HagexHOM H30AMDOBAHWI KOHAEHCATOOTEOAYUK MO KHO
£e 10HTMReEST 8 TDydorposose NP4 NOBTCPHOM Chepke yEes Tecs
470 BCE KOHTaKTdble MOS20KHCC™W YACTBIE U B KDb.UKY BCTa3red
CCeanHUTeNBHLIV W 1N

YcTaHoBKa y3na rnasHOre Knarasa

Y3 goHgeHcarooTaoaumkax ON 15 20 25 gwikp/uTh oncp/
LIADHUPHYIO CTOWFY 1 CEANI0 knanaHa YBegs 1meCa <TO MOEERAHCCTS
ceanc 4ucTas u cyxas [locacaTe cernno wnanz-a B kCENyC
(NPDKNANOYHYIO NAC™V HE MPUMEHATL) YCT 24C8uTe CROPHYI pamxy
W WasHUPHYK CTOMKY Ha KOPMyce €  MOMOWBO SWHTOR HO He
agtarvears CoemaHuTe poidar Nonaaska ¢ WaoHUEHOW CTOWMKOW C
MOMO.LLI) WNKUABK 1 4 NECE 1ELLAR BECH Y38Nn CUEH POBAaTh rooBKY
KnanaHa ¢ oTEepcriea ceana 3arvanyTe BUHTE  Ha
KGHOgHcaTooTeoqumrkax DN 40 1 S0 guikpymuts 4 €0na v rahku
CHATb y3en OCHOBHOMG K1anaHka v 3aMeHuTb ero Hogbil  PaBHOMEDHQ
3aTAHYTL BUHTLI WA M2 KU

YcTanoBka 803AyWHKNKa

CHumMnTE cepblry NOYY iebl K3MCOb MPOKTALCHHYIO MNSCTUHKY W
OT2 HTUTE Ceand /CTaHCBUTE HOBble Ceano u .0 ky CofeguTe 8
ofpaTHaM nopaaxe

PexoMeHayemMsle MOMEHThl 3aTAAKKW COEAMHEHUk

Letans fasmep MM g‘s‘. Hm
DN ! @ wnu EE 1
2 152025 ‘ 17 M10 x 30 29 33
40 24 M12 x 20 ‘ 60 66
50 24 M8 £ 70 80 38
1 Z. i 4045
& ! 17 ' 50 33
> 152022 , 3035
7 10 10 Vi x 20 , 1012
590 13 B x 20 20 24
iIREE MS <20 1+ 2528
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DunbTp-nosByilKa U3 yyryHa Fig 33

Onuvcadune

Duns put nosywxkn Y ofpasnsie Fig 33 pns DN 15 g0 80
C-3unapTHbie CeTKM M3 HePXase'olen CTanu ¢ nepdopaumre 1
s1anmerpom 08 MM

Dune-pel nosywsw ¥ o6pasusie Fig 33 ans DN 100 o 200
C-ana0THbE CeTKV M3 HEepKaBelUlen CTAnu C OTBERCTASMMU
21amMeTpoMm 15 Mmm

JononnutensHoe of6opynosanne
Koxyxv $unsTpoOE nosyulex
Z a1b RedadBeOWas LAnaMein 10 MM (UN 12500 o~ 0Ul
3 mm (DN 15 go ON 200)
Konnsec—so otepctvn 40 100 200
Yicheng HnameTp U8 mm (DN 72 00 UN 30}
1 6 mm (DN 100 go DN 200)
3mm (DN 15 no DN 200)
Konuyecteo otBepctvun 100

OrpaHu4yexHne npumMeHeHusa

s\ ui/C COOTBETCTBVET HOpManu PN 16

13xC manbHas pac+erHas Temneparypa 300 C
Jaeiewae (DN0QHOM0 MMAPABAVMMECN\Oro UCMbITaHnAa 24 =T 1

duanazoH pabounx napameTpos

L T T T T AT P
~ E - 1 | e i T
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; 20018 I i i | i T | i
2 100 T Kpueas __| S~ ‘T‘E
= | | HackieHus | NG
s B P gicil |

1] 2 4 ] 3 10 12 14 16

~epafoudas abnacTb AAS QAHHOrO M3genus
A — A OnaHy coea B8S 4504 PN 16

2 — 8 QOnaHu coea AS 2129 taéa F

C — C ©nany cgea ANSI kateropum 125
(akmo4as DN15 n 20 ANSI xateropuun 130)

Pazmepsl U coeguHeHus

£11 15 20 25 32 40 50 65 80 100 125 150 u 200

3HO Qnanu coea 8BS 4504 v DIN PN 16 1 10 AS2129 radn
ANSI 130 (DN 15 un 20) ANSI 125 (DN 25 go 200}

n(y

MaTtepunansi
o 2Taflb Marteowan
T ~ocnve Hyrys UIN To=sT G 0

Z <obiwka ONTS 20 SG 4yryHDIN 1653 Gaa <0
DONG65 200 wyryn  DIN 1651 CG 29
T CCn"a0Ka <DslWX1 i 0a@wT NMCTOBOW aOMWDOBaHHIA

< NIXYyX @ LTpa Cvanb Hep K ASTM AZI0 5 Tal

108 /WKA
T nuibka xPbiwry  CTanb Bo 443T Gr 8 d
Tanxu Xpblwxy Crans 8S 3692 Gr 8

3HaveHns koadduuuneHTa kv

DN 15 no 50

DN 65 go 200

(]

0]

[4)]

ON 13 20U 29 34 wd 20U 03 30 10U 145 15U <U0
100 oTBepc™vn o 3 13 22 23 BY:) 72 103 1353 237 340 548
ZC0 orgepctr 4 [+ 0 17 2 Ji 28 53 124 T80 203 454

~ranepesona Cy (A} =Ky x 097 Cy (CHA = Ky x 1 17

QOBo3HaveHue 8 3axkase

@unerp nosywka Cnavpaxc Capxo Fig 33 DN25 ¢ ¢nanuessiMu
coeankennamu BS 4504 PN16 c xoxyxom w3 Hepxasewulen
Cranu v AnameTpoMm oTeepcTun 0 8 Mm
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Pazmepbl (OpUEHTUMPOBO4YHbLIE) B MM T T DN 15 no S50
PNIb a52129  ANSI Tinouwanb
I A A A 3 [+ carm Macca
150 20 30 [ 10 Ziod 18xr
_ N 47 = Ea <0 Jo 27«
v = > 3. Y or 34 xr
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SNST — Pasmepbl A — UM 1S & 20 ANST 120

DN 25 200 ANSI 125

MpucoenuHeHUa KRaHA HUAKHEA NPOAYBKM Unn ApEHAXA
[Lns yCTaHO8KK KPaHa HULHEeA npoaysky wuau NpPeHaka 8
KOptIKe MO v¥eT DbiTh Eb NONHEYO oTeepcrTue cegyrumnx

4
pasriepos
Paadrien @ 11o-pa Moeyliku KpaH HWUXHE 1 NPOAYBKU
¥pan gpevaxa 3
- 4 VA
71 28 2 L
32w il v T
S‘U 171 /41
83 80 1CC « 122 % 7
50 145 G0 Z i 2
A
1
B C
PPMOHTHbIM pa3vep
MoHTax
@OunbTP NOBYWKY CIeaYeT YCTaHaBAWBATL 8 Hanpaane-wu
noToKa /K33aHHOM Ha KOpNyce 8 8epTUKANLHOM unu 5
ropu3oHTaneHOM TpyGoNporoge

3anacHble 4acTu

Mocrasngemeie 3anN4ac™ Noxasadst CT/0WHBLIMU AUHUAMM
Jetanu nNOxa3aHHbIe WTPUXOBLIMW AUHUAMW B KayecTse
3anN+acreun He NOCTaBARIoTCA

CTTAGIIRENBbIE JATTHAUTH
CaTka DunbTpa NosywK 1 B

YxaAKnT2 aatepuan pasmen nepdopauin XGAUyeCc 20 OTEENCT™UH
A paz w0 QuNbToa NOBVILKU

wn

PexoMeHAyeMbie 3aXPYHUMBAOUWNE yCURUA

TDOrnA1L0Ka <OBlLK 1 (3 WT } 3 . s ;
T3I30 A1 e< 4 raek KCobilkr 3 i ‘ T Ej*:__;
SN 33 0150 (8 wrT) neranDN o Eé .
DN 200 {12 wt) i =
1 30 55
OfocHaveHne B 3akasze 2 123 33 | 20 88
fipw .i1kase scerna 1ICTONB3YNTE HAUMEHOEAHNA NOUEBRASHHbIE 25 27 100 110
g xorowke [lOCTasNsemMsie 3an4acTu W yKa3biBauTe pasMen v 5 a 150 165
rn GrneTPa NOBYLIKM M HEOOXOAWMBIX OTBERC™ v "~
j40 41 170 185
Mpumep 1 CeT<a dUNLTPA NOBYUIKWN HEPXaBewowan CTanns ¢ 150 55 180 210
nepdcoaumen 08 mm ana QunsTpa nosywku Cnaupakc Capxo 5 §65 19 M12 x 40 20 24
Fig 33 DN 85 80 19 Mi2 x40 | 3035
100 24 M16 x 50 70 77
125 24 M16 x 50 80 88
150 30 M20 x 60 100 110
200 30 M20 x 70 30 100
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Lnckosbie o0paTHbIe kKnanaHbl TUNa
DCV 1, 2, 3

OnucaHue

1 1c-CBb @ CCpaTtHbie xnanansl Tuna CCY 1 2 »4 & pa3onafo~aHul
4,9 JcTadoskwu mexay ¢nanuaaun  Onwv yLOOHE 474
1p 1r1enesnA 8 W IPOKOM CrexTPe cCen 8 TEXHOMOI wWeck 1%
TRUAX  C iCTarax r_oosgeﬁ 800bl Naga v KORASSCE™a

OrpaHu4yeHne MnpuMeHeHUs
pCJ1

LCr C CJ0TEETCTBYET Mave IMafibHoMy n2sne=uo PNio
or10 MakcuriansHdge pafodee gaeneHwe 16 a~t
% C  Makc mansHaa padovas Te inepatypa 253 C
M3<C 1t 1anbHoEe gagnesvie X0J0AHQIrQ rmAapasnuyecxkora
ACETEHWUA 24 aTh

MukumaneHas oadouas Temnepatrypa SOC

DCv2 DCV3
ANA4D PN-O
-0 ar140 ar

KEcorve COOTBETCTEYET MaKC AaBAeHN
= O Makc mmanpHce pabouee gzsne-vie
MO Maxc manorada pabouas Te nenaryra

Cc CT23HAADTHOM NDYKHHOWN 1

LY KMHCU AT G AMBHBIX HArpyscK cCoC 3ccC
E22 TpyALHLI ZCoC «~CoC
Zx CCKOTEMMEDATYPHAS NPYXKMHA n3 P enescro cnnasa (0T
Al thoiM@neras paoovas Te 4nepatypa Z0C 30C

[dvana3oH pabouynx napameTpor
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260 -
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3 4 21
BosmoxHbIt BbIOOP MSATKUX YNAOTHEHWUNA

T
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= QQ_LL(OHBEM i ™ MaTepuansi
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= 504 napa N Lerans Marepan
5 ) | . { 1 Kepmyc oCV1 Spcxsa 4521050
3 4 a 12 6 oCv2 DeppuTHan Hegx CTans 814313
1
Jraneune aTdA DCv3 AVCTEHMTHERA HESAL C ank AS 14531
2 LACK AYCTOHMMTHAR HEOX CTanb 28 ey 7163 11
2 Cw ocarco npysmes: AVCTEHMTHAR HAOX L7aNL 25 w33 6511
DCV 2 1w DCV 3 «  Crawpagran apyxuna AYCTEHMTHEA POX CTans 352°.52 6542
"Cy=uHa LM CAflbHeX AYCTEHUTHAA HROX CTafNk 852" 5316532
o 00 T |I ‘ B8 \R arcyscx
-~ 300-—= SrCOKOTEMAECATYDHAA
o z ‘ 1 1ICN nevena Haenemmu quss imcnc 0
= 200
g [ <puaan ‘ i \ OTkpeiBaOWEee AQaBJEHWE, MATM
RN et : : : HACILL EuET CraHoapT nepenan gasnewuu C - /nessiM [10TGKO 4 M My KuHel
Z I 1apa ' n V3 HUKeNesQro cnnasa
= 5 o P " p o HanpasneHwe noTOKa
1 ot o T =
Casneane 21 CN 15 20 25 32 40 50 E:} ao o]0}
m—Z =T =0 = 3CY 2 13 823 rovKuHBL N4 < 25 28 25 27 23 29 30 31 33
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S~ _.—=—D—2CV2A43COCTanaapTHo 1 NOYX 14O 1 © 20 20 20 70 20 20 70 20 30

E f ~20abQ4as ODNACTb ANA A3HHOIN0 U3nenJs

Pazmepbl 11 coepguHeHud

CN 12 20 25 22 -0S0 65 30 100

CCY 1 2 13 moryT BoiTh ycanoeneHs Mexay E and H tuna BS:0
8S-5C~- CIN PNG6 10 16 25 40 US S 0 16 20 DHnaHussuie
cocens Hekna CO CneaynmMMLt MCKUIOYEHNAMKM —

CN 20 20 80 v 100 — ne yCcTanaeAWBAKTCA MEXay @naHu
coeaHeHnsMn S S
CM 85 n 80 - He yCTaHaBAWBATCR Mexay GAaHLEeBbMN

ccenanermsMu £ Tuna BS10

BOIMOXHLIA BhIBGOP MAPYXUH

KecTk 18 NPYyXuHbi ANA CXBM KOTNOBOK NUTaTenbHon soasl [Ans
paamepos o ON 65 8 mopensx DCV1 u DCV2

Huxeneswv cnnas gna remrleparTypul ANA Temnepatypul anilue
400 C anm scex paamepos Tonuko 8 Monenax OCV3

Tam rae TpefyeTcs HU3XOE 3HAYEHME OTKDLIBALLErO 4aaraqus
803 40XHa YCTaHOBKA xnananos §e3 noyavn 8 8epTAXantHbiX
Tpy6ax ¢ HanpasneHwem roToKa CHW3y 8BEpX

Bes npyxuHui
W 25 25 25 35 4 45 5
RECTKUE NPYAWHBI OKOAO (JU MaTtMm

Cranpgapthl 3anupaHusa

C-anpapTHble xn1anans cooTeeTc By0T DIN 3220 vac™s 3 BN 2
Boaroxer 3axaa knananos coorseTcTsy:owwnx DN 3230 wacTs
3 303 Markne ynnoTHenus coorseTcTsyoT OIN 3230 wacTs 3

BN1 v BO1 u nocTasnqaioTca Aa8 pasaunyHsix nepenanos
nasneHnsa

[§]}
(91}
[o}]
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CrangapTal
Wanenve paspaboraro v Apov3BOaNTCR 8 cooTseTcTavn ¢ BS 7438

HCNOABICEaNmA QINeOr O HIRENHA MOXPT CoiTh OFDIHINEHD ECAH MEG HbIMM (IDABATI MM JCCNYI TN YE TIHOBNEHS NADIMETO I FxE YRAIIMHOX

C uenmu0 COBEOWEHCTBOBINWR AAHNOMD MIRENHR Mid OGIBR/INEM 33 COGOH NPIAO wimerdls B70 TEXHHMECKHME XADAXTEDWE TraH
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MoTepns gasneqns atu

Ouarpamma 10TeRq L38NEHAR DU OTKPLITOM KAanaWe npu
remnepartype 20C

YKA3EGHHbIE 3HA4YEHUR NPUMEHUMbl A% KNanaHos C
YCTaHOBNEHHEIMA NRYXUHAMW PaBoTaounx B rOPUIOHTANBHOM
norcke [Ipv BEPTUKANBHOM NOTOKE HE3HAYUTE/bHbIE RA3NUYUs
BCTLEYAIOTCR TONLKO B CAy4ae Y4ACTUYHOrO OTKPLITJA KnanaHa
pacduky NPEACTaBAEHHLIE BLIWE akTyasibHbl NPy T anepaTtype
soont 20 C  [Ing onpelenexvs nepenana NaBfAeHuUs AR 40yrux
AmaKocTen HeoBx0aMMOo MoACKUTaTL Y UCNOML30BaTh Ha rpaduxe
00bLEM PAacxX04a BOAbl  IKBUBANEHTHbIM 00be Av paccona
VCNONb3YEMOA KUAKOCTH

Q
A1 — v
1000
Vo = JKBUBaNeHTHbI obbem pacxona sogbl 8 A/C Anu MY/
9
Q = [INOTHOCTL KUAKOCTU B X/’
\Y = O6bvemM xuAKOC™U A/c vunn My

WH(GOCMaUMIQ 0 nepenane AasNeHvs And napa CKaroro Bo3ayxa
A raios moxHO nonysiTe 8 Cnauwpaxc Capxo

Qboz3HavyeHne B 3akage

NC/ 3 pACKOBbIV 08PaTALIV KNanan Turna ans yCTaHOBKU vexay
¢nanuamn BS4504 PN25

¥opnyc xnanaHa mapkupyeTcs cneaywowmm 06pazom
1 Toyed va raeneeo o gvasd Crorraamesm METAUIE0sm ST

Lna coueTanus CTaHAAPTHOW IDYXWHBL C MeTananyecknm

Beanoymammi

T3 19 b HATYI0K
CraHOagT™Han Npysawa
Crancaomian noysnsa

53 NDywo

Bea roymnris:

CranLaoTrem METRIIAE0MM X
CranCapHe M MTAUTAHEcIR ACK
Llnox, ynoTHetenat COGTAEoM Ve
Lox, proTrerrnm COCae0M EPOM
[tx, ynCTreers-aaa COCTa80M Vion
Dx yunonrerresm cocasom 50

O3 LACATALE HATYAOE  [IOX, JINOTHEN-bi4 COCTAE0M VIO

T Oymo w43 LITR CANbrsX FATYAoK

Lo ynameresa cocTaaoM EPEM

Kranare cocte N 3230 wacmd 803

OMCKOM HE CYLECTBYET COOTBETCTBYIOWEN MapKupOaKu

Odopmnenne 3akaza

OCV 3 DN 40 Awuckoebit oSpartHbii knanad Cnanpakc Capxo ¢
KOPMYCOM 13 ayCTEHWTHOM CTanW ANA YCTaHOBKW Mexay

¢dnasuamn B8S10 rabn E7
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{MOCE2roa TR MOHTRGA T M)

OackoBbie o00pa-Heie knanauot Tuna OCV 001 kHEi
YyC™aHagAMBATLCA 8 COCTBETCTBMM CO CTPENKCW HAaNpasrerws
NOTOKa MOKAa3biBaKOWen AefCT8UTENbHO. Hanpagnesue NoToxa
cpenut

Knanaubl C npyxXuHamMu MOTyT YCTaHasauaaTbCs 8 nwbcwu
nnocxoctv Knanauw 6e3 npyXJH AOSKHB YCTaHABANBATLLCR 8
BEPTUKANbHEIX TPYGaX C HANPaBNEHWEM NOTOKA CHU3Y BBEDX

Anzafn kopnyca no3asonser NpyMenocabnmeats ero K PasnavHbM
¢nanuessiM coeguHeHuam [Ons UEHTPOBKA KnanaHa 3
TpySonposoge xopnyc xnanada nNOBOPAayWBaAETCA A0
conpukocHoBeHna ¢ 6onTamu padvema dnadiud 70 nogpobHO
OfUCaHO B UHCTPYKUMW NO YCTAHOBKE MNOCTABNREMOR C KAKOMM
xnanasom DCV

Mprmevanvne [ucxoswie xnanava DCV He nogxoast and
ucnonbL30BaHuA 8 MECTax C CHNbHOW NyfibCauweu NOoToxa
Hanpumep noSnu30CTH OT KOMNRpeccopa
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NUzonupylouine knanaHbl € CUJIb(POHHLIM
yrnjiotTHeHuem A3

OnuncaHwne

dnaHuesbie OKOHYAHUA v ONs CTbiKOBOW CBapKy CuUALDOHHOR
YANOTHEHME W30AMPYIOWME K1aNaHbl OAS Napa KOHAEHC3TE U

BOLOHbLIX CUCTEM & ~ = %

Ycnoeust orpaHMyeHud 8 s
DN15 150 DN175 300 7

KOHCTPYKUMA KOPNYCa PN 40 PN 25 = =

Makc npeaycMorpenHas Temnep 400C 400 C =

Makc xonogHbid ruapasn Tect 60 aru 38 ara

PaBouunit AManasoH (PN 40) DN 15 — 150

© 400
g 300
Z S
o 200 } 5
@ Kpusas 1N
S 100 HaCHILEHMWA }
b [ napa I
= 0 r 1
0 10 20 3¢ 32 40

8 1
Monens PN 40 cdnanuessinl faenenve atw 2 @@
PaBo4uin guanas3oH (PN 25) DN 175 — 300 s
400 \\ 10 e \IAJJ

300
\
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Kpueas | \ 4
100 HaCbIUe HURA I ﬁ
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0 5 10 15 20 21 25
Mogens PN 25 dnaHuesbim

Temnepatyps °C

Oaenexwe am

D Manenue He AOMKHO MCNONL30BATLHCS B 3TON ofnactn

Paamepbl 1 coeguHeHUs (}
DN 15 20 25 32 40 50 65 80 100 125 150 175 200 250
300

®nanuessin DIN 2545/BS4504 PN 40 (DN15 150)
®nanueasin DIN 2544/BS4504 PN 25 (DN175 300)

DN 5 20 25 32 40 50 65 80 100 125w 150

Creikocgan ceapka PN 40 DIN 3239 Part 1

MaTtepuansit
No  fletans Marepuan
i Kopnyc Crans DIN G17245 GS C25 N
2 Kpobiwka Crans (DN15 80) DIN 17200 C 22 N
Crans(DN100 200)DIN 17245GS C25 N
3 Cegno Hepxasewwas ctansDIN 17440 X20 Cr13
4 [Ouck/sTynka Hepxasewwada ctaneDIN 17440 X20 Cr13
5 Cunsdotibi Hepxaseowan cTans DIN 17440
X10 CriNi MoTi 1810
6 CrepxeHe Hepw crans DIN 17440 X20 Cr13
7 PykoATka fTpeccosaxHan CTans
8 3anonHenue CTepxHs Fpacdur
9 WTudTol Kpbitiku DIN 17240 24 Cr Mo 5
Fanku kpbiikn DinN 17240 Ck 35
10 {lpoxnanka Pacuwenngioumncs rpapnT

KOPNYC/KPuiKa CO BCTABKOW U3 HEPX CTanun

3HadveHua Ky
DN 15 20 25 32 40 50 65 B0 100
a7 74 12 19 30 47 7/ 120 188
DN 125 150 175 200 250 300
288 470 356 725 7145 1635

Ons nepesoga Cy (Aurn ) = Ky x 0 97 Cy (ClUA) = Ky x 117

C uensio COBEPICHCTBOBIHUS QIHHOMO UAREAHS Ml OCTRANACM 33 co6ou PABO UIMEHATE IO TEXHHYECKNE XapaKTepHC THKM

@ Copynght 1995



Pazm epPbi (npubnuauTencHbie) wmm

@navuesbivt PN30 CTuixosas ceapra PN40

DN A B8 C Bec A B8 C Bec
15 130 204 140 4 3«r 130 191 125 28 «xr
20 150 204 140 4 8«r 150 191 125 29 kr
25 160 210 140 66 «r 160 197 125 3¢8«xr
32 80 2ys 140 73 «xr 180 200 123 40«xr
40 230 2«2 <10 10 vr 200 218 150 63 «r
30 .I0 244 140 13 kr 230 220 150 7 3xr

65 290 275 180 19«r 290 238 175  12«r
30 310 294 180 26 5 «kr 310 257 225 147«xr
100 350 369 300 3835«r | 350 340 300236 xr
125 400 389 300 57 «r 400 360 300 40«r
150 480 416 300 82«r 480 390 300 56 «r

@nanuyeasvt PN 25

175 550 505 400 108 kr
200 600 530 400 168 «r
250 730 665 520, 238kr
300 850 720 520 339%r

[IpoTrexkaHue cepana

Koa@duumeHT 3akpeiTus AnCcKa ceana CooTEecTCTBYET CTaHAAPTY
DIN 3230 BO1

O6o3Ha4yeHne
DN 25 SPIRAX SARCO Tun A3 u3onupyowmi knanad c
CvNb@OHHLIM yNIOTHEHNEM dnarsuessi DIN 2545 PN 40

MpumevaHvwe Ecaum nepenas [3sneHUs BbilUe yKa3aHHOro Afs
ONpeseneHHoro  Tuna Heo6X0AMMO  WMCNONbL30BATHL
YP3BHOBEWUBAOULYIO BTYNKY

Pa3amep (DN) 125 150 175 200 250 300
fepenan nasnedus {(atm) 25 17 13 10 6 4

YcTaHoBka

YycTanaenugaTs Takum 06pa3om 4ToGwl Hanpasnesue noToka
COBNanano ¢ HanpasfneHuem CTPESKM Ha KOPNyce PyKosATKa 8
yaoBHom ana Bac noaoxeHun

3anacHbie 4acTt

(Lincdpbl OTHOCATCA K PUCYHKY Ha NMPOTYIBONONIOXHOW CTOPOHE)
flpoxnagka kopnyc/kpbuiwka (2 WT ) (10)

fipumevanne — usgenna xpynkue, obBpamarbcs
OCTOPOXKHO

Yaen cTepxeHs/cunedOoHnsi (6 5)

Awuck (4)

P/xoatxal (7)
3anonHexune CTepxHsa (8)

O6ozHaverue

Mpw 3akaze nonb3ynTeck Tabavugd NPUBBAEHHOW HUKE U He
3apbiBanTe ykasbiBaTb TWN U pas3mep KnanaHa

fipumep 1 fipoxnanka xopnyc/kpbuuka ans DN 15 SPIRAX
SARCO w3onupyowero kAanaHa ¢ CuabhOHHbIM YIAOTHEHUEM
A3

YcTaHOBKa NPOKA3AKU KOPMNYC/XpbiwkKa

CranmuTe KPbitKY C KOPNYyCa OTBUHTUE GOATh

OpaHy NpoxAaZKy MOXHO CPaly BuiHYTb U3 yrnyGaeHnus B Kopryce
He pazbupas knanans Aanswe f(loBepxHOCTL KOpNyca uMeroLwas
KOHTEKT C NPOKNagkon A0JXHA ObiTh 41CTOMR

YTo6bl 3aMEHUTL BTOPYIO NPOKNAAKY KOTOPas HAXOAUTCH Mexay
KPBILLKOW W YAOPOM CUALDOHOE OTBUHTUTE OCHOBHYKD rauky
PYKOATKM ¥ CHUMWTE DykoaTky OTOXMUTE KHONKY C
aBTOGNOKMPOBKOW YAEPXKUBAIOWYIO MNACTUHKY WHAMKALMKW
npeporapawawwyw csobogHoe spauweHue Qcnabuer
repMeTNInpyowyo raiky OTBUHTUTE W BbiHETE CTEPXEHb
YCTaHoBUTE 8OKPYr CTEPXKHS HOBYIO NPOKAAAKY NPessapuTesntHo
yfeamswnucs, 4TO NOBEPXHOCTM Yynopa cuabdOHOS
KOHTaKTUPYIOWME C NPOKAANKON YncTuie [lpoussecTn cGopky B
0DPATHOM NOPRAAKE aKYPaTHO BCTaBWUB CTEPXEHb C NPOKNANKOM
Ha3ag B8 kopnyc

Pekomenayembie KpyTAWME MOMEHTHl A8 GONTOB KPbIlKA
DN 15 no 32 17 mm A/F 19/23 Nm

DN 40 pno 65 19 mm A/F 33/37 Nm

DN 80 v 100 24 mm A/F 80/85 Nm

DN 125 go 175 24 mm A/F 70/90 Nm

DN 200 30 mm A/F 150/175 Nm

DN 250 » 300 36 mm A/F 240/280Nm

PexomeHgyeTcs Npon3sognTs 3aTtarmeanue 60ATOB KPbIUKU 40
YKa3aHHbIX KPYTRWMX MOMEHTOH NOocae Kaxabix 24 4acos
paboTbt
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Knanan gyrynnsii Tuna KA31, KA33, KB31, KB33 u KC31

(KA31 KA33, KB31 KB33 and KC31 Cast Iron Valve)
e Th L AERERENNRERRCEAEEE R ARREEEE

- KA 31
Beuryckaembie THIbI {Available types)
KA31l~™ HOpMaTbHO OTKDEITBI{ OTHOCEeNeNBbHBOY, C pe3hGOBRIM COSMHMHEHHEM
KA33 - HODMAaTbHO OTKPBITEIH OHHOCEISTBHELE, ¢ UIaHIIEBEIM COelHHEeHHeM
KB31 HOPMANBHO OTKPLITBIH OQHOCEAebHEIH ¢ GaTaHCHPOBOYHBIM _ 1
CHIKDOHOM H3 pochopHCTOH OpOH3EE C pe3sOOBAIM COSMMHEHHEM ! {
KB33 HOPMATBHO OTKDEITBIR OMHOCEINBHEIR C GaTaHCAPOBOYHBIM i ;
CHIBPoHOM U3 dochoprcToit 6poH3Ibl ¢ dUTAHIIEBEIM COETMHEHHEM L S 2 N 4
KCs1 HOPMaNbHO OTKPHTHIN ODHOCedeBHBI ¢ OAUIaHCUPOBOYHBIM q J-L m 5\
CWIKDOHOM H3 Hep.KaBelolueil cTamy ¢ pe3b00BBIM COeTMHEHHEM B G &—,v M 5
VYpaBHUBAOUIMIT JARTEHHS CHIL(POH NMO3BOIAET HCIIAIB30BATE KIIANlaH pH \ ' '.ﬁ'{.ﬁ; 3 |
TOBBILUIEHHBIX Nepenanax JaBleHsA “‘"’ //////
F—4
OrpawrienHe npHMeriehns (Linuting conditions) \'::T 6
MaxcHMVanbHOe HaneHue NaBIeHHA = J
Pasvep/DN KA 31/33 KB 31/33 KC 31 = 8
13 13 Gap =
20 103 bap = e
25 45 bap 10 3 Gap A
32 3 Gap 9 6ap
40 2 6ap 8 2 Gap 13 6ap 2 7
50 L5 6ap 69 Gap 13 Gap 7

MaxcHMabHOe JaBTEHHE B XOpIvee
16 6ap nipu 120 C f
13 Bap mpy 220 °C KB & KC 31,

MaxcHMaTbHOe IaBleHHe X0 TOIHOTO IHAPABIHYECKOro UCIIBITaHUs 24 Gap ‘

CoecmnsiTe.ThHbIe p23Mepbl H peasobl (Sizes and pipe connections) /

KA31 THIIopasvepst 15 20 25 32 40u SO ’I/

KB31 THIOpasyvepst 25 32 40 u 50

KC31 THITOpasMephl 40 1 >0

KA33 THITOpasMephl 25 52 40 ¥ 50 PaaHileBOe cOemMHeHKHe Kak
VKa3aHO HICKe

KB33 THIopasMeprl 25 52 40 ¥ 30 DnaHueBoe coemiHeHHe Kak
VKa3aHO HIDhe

CraHnapTHsle QuiaHUBI cortacHo BS 4504 u HopMaru PN 16 DIN T1a61F

craHaapTa BS

™
i
AN
{
W

B {5
RS
Matepuaasl (Materials) \l {’:1 &::“ L 8
N Merans Marepuan ’..:4 Y )
1 Kopmc Ty v DIN 1691 GG 20 T 2 e 1 ‘ 13
3 Cranan KA KB Tyryn DIN 1691 GG 20 = 2z l::,' 12
KC Cranp DIN 17245 GSC 25 ]
5> Opraq 3anOpHbI KaamaHa  CTatb HepK BS 970451 S 29 ‘H‘ 2
4 Ko1blio cel1a KanaHa CTaTb HepX BS 970431 529 iR 15
S [lporiamka celia KiamaHa g |
¢ DN 15no DN 2S CTaTh MaTOoyIIepoIeTas BS 14490CS 4 g0 % 16
I 9 "~
g ;[DD\:\;;{:ZODS;IL;’?HOX g’_i?;r;;;immﬂ an\mnosa}{gl;u;-lo% IS Tunopassep DN 25 3 feeT peab0ODOH CTAKAH
7 hton KA KB Tatyrs BS 2874 CZ 131 (ToUIeKo BTHIE KB)
KC CTaTh HepK BS 970 321 520 3uavenns Koathuimenta Ky (A values)
8  TIpokTaIna cTakaHa T'pabHT THCTOBOR apMHDPOBAHHBIR ) z 3 35 0 0 0
12 [Mniiska cTakaHa Cratb BS 4439Gr8 8 N 1> 20 = 2= e
KA KB 29 164 98 16 48 257 4
Cafixa crakaHa BS 3692 Gr 8 0 T
DN 52 3 40 M10 X 35 Mat KC —— = 2
DN 50 M12 € 35 vire dna nepec teta Cv (Bestukodp ) = Kv x 0 97
13 Cwisdon KB Bpota3a dochopucTas G (CHIA) = Kvx 117
KC CTwIb HepX A[S1 516 L
14 [Mpontamna ciLibkboHa [padiT IMCTOBOR apMBpPOBAHHEIA Tunopasveps! 1 nnpalci:\:( ?I %%!;I{ %34((’1.-,-1158 11 %111-,))
15 Bry1ka cTaxaHa TaTvHb BS 2874 CZ 121 i Bodb -
16 Tlnvickep TaTvHb BS 2874 CZ 121

O6o3nayere (How to specify)

1 Knanas tuna KA 31 SPIRAX SARCO ¢ yyTYHHbIM
KoprycoM THriopasmepa DN 32 c pe3abGOBBIM COCHHEHHEM
BSP

Ycranoena (Installation)

Knanah JomaeH ycTaHaBMMBATECA HA TOPH3OHTATPHOM TPYOONPOBOAE TaK YTOGKI
pabouuit opraH pacnonaraicsa BepTHKAUTEHO HiDke TpyBonposona JetanbHas
HHCTPYRIHMSA NPHAAETCS K KOKIOMY KIataHy

MecTHBIC NPABIUIA IKCIUTYATAUKY MOTYT OrpaHHYMBATE HCIIOIBIOBAHME ITOT0 U3ICHA 3HAYEHUAMH NAPAMETPOB HHXKE YKa3aHHBIX
JL1s coBeplIeHCTBOBAHUA AAHHOTO M3e/IUA MBI OCTAB/IAEM 32 COOOM NTPABO U3MEHATD €0 TEXHHYECKHE XapaKTCPHCTHKH
ABTOpChOC Npabo 19941



Pasmepst (opHeHTHpoBsouHbIe), My (Dunensions)

Pasvep/DN PN 16 BSI0F Bec
KA31/33 A B B C D Pe3sf Drar
15 90 130 130 105 37 1 3kr 3 3xr
20 104 150 147 105 37 1 6KT 4 3kr
25 136 160 157 107 51 3 2T S 7Kr
32 144 180 180 110 S 1kr 8 8kr
40 150 200 200 110 6 3xr L1 Oxr
50 180 230 230 110 7 8xr 13 Okr
KB31/33 »n KC31

25 136 160 . 157 138 51 3 4xr S 9kr
32 144 180 180 152 S1 S 7xT 9 Ixr
40 150 200 200 152 62 6 9xr 11 2xr
1) 180 230 230 152 71 8 Sxr 13 4xr

3anacHsie 4acTH (Spare parts)
[TocTaBIAIOTCS 3AMYACTH MOKA3aHHbIE CIUIOHBIMY THHHAMY 3aMyacTH
HapHCOBAHHEIC IWITPHXOBBIMH THHHAMH HeE ITOCTAB/LIIOTCA

KA31 4 33

IOCTABJUTEMBIE 3AITYACTH

Yaen cemna xianaHa ADEL
Hafop npoKnanox momHbeIR EL
Ha6op umurex M raek crakada (o 4 wr ) S
hB31 33 u KC31

Yaen cemna xianaHa ABCDE
(HCKITIOYas V3ell CUIIBDOHA M IHTOKA) LUG
Ysen cinbdoHa M IUTOKA GLNH
Habop npokIanox MoIHEI BCELUG

U [Ran o IT [—

Y e A
0D T J8n n Tiea CTawdna {110 4 uil j ]

Odopmcnne 3aka3s (How to order)

Beeraa rpy 3anase HCIONB3IVIATE HAMMEHOBAHHA M3 cTONOUA [JoCTaB/sienble

JanyacTH YKa3blBas pasMep M TUII KJlaraHa

Tipusep 1 VYaex cemna xinanaHa mia xianaHa KB 31 SPIRAX SARCO
THNOopa3Mepa DN 32

Ofwee obetysamanne (How to fit general)

CHATH JATYHK KOHTPONA CHCTEMBI C MECTa eT0 YCTRHOBKM H HaTh eMY OCTHITh
OTK/TI0YHTE ITPHBOA OT KanaHa

[Tepen Hayamov moBOro peMOoOHTAa KianaHa yoeOuThCA YTO OH MO THOCTBIO
OTKIIO (LH

Beuraa BaKHO NMPOH3BECTH [TOMHYIO 3aMeHY YUIOB MepeYHCTeHHbIX BhIle H
YOGIMTLCA 4TO BCE KOHTAKTHBIE TOBEPXHOCTH YHCTHIS

3ameta v314 cel1a waanana (To replace valve seat assembly)

CHSATDb V36T CTAAAHA M BEIADYTHTH M3 CTAKAHA 3aIIOPHBIA OpraH/HANpaBIAOUIVIO
wroxa (X)

KA31 Temeps MOXHO H3BCUB BeCh Y3 3aIOPHOr0 OpraHa/Hanpagasiolles
LITOXAa W 3aMEeHHTD €r0 HOBBIM YoM

KB31l KC31 CHaTe npy#ctiHoe konbuo (C) waitGy (U) sanopHbit opraH (A) ¢
cerno (B) u cobpatk Bee AeTan B OOPATHOM IOpANKe YOSIMBUIMCH YTO
MDVAIHHOE ROTELO MDIBKIBHO YCTAHOBJIEHO B a3y

BLIKpYTHTE KoJIbLO cexta KnanaHa (D) U 3aMeHUTDh ero HOBBIM KONBLIOM C
NPOKRTAIKOH ceia [lepen cOopxolt CMa3aTh BCe MPOKTAIKH TOHKMM CI0eM
COOTBETCTBYIOIIErO YILIOTHHTABHOTO koMmayHaa [TocTaBHTh Ha MecTO y3el
CTakaHa ¢ HOBLIMY MpoxitadxaMu [Ipu (Sopke Kranaxop THIOpa3MepoB DN 52 1
BLIL 7€ 1 {Th 34 PABHOMCPHOM 3aTSLKKOH raex cTakaHa

3ameHa v cuiasdona (To replace bellow assembly)

CHATB y3e.1 CTah&HA H y3en CiUibdoHa BBIADYTHB Hampasaouyo (X) vata

cunbsdora CHATE NpyuHHoe Konblo (C) maitby (U) s3anopHsuIA opraH (A) 1

vemno (B) H B 00paTHOM NMOPAIKE ITOCTABHTE HOBBIA CHIBGMOHHBI yaen

YCcTaHOBMTE HOBEIR yaern cHABbOHa H CIIBHHYTD IUTYHOAED CEIa K CTAKAHY

KidImaHa

[TOCTABHTE Ha MECTO y3eT CTAkaHA C HOBRIMH NMPOK/TATKAMH OOpalllasg BHUMaHHe

HA TO YTOLLI NPH cOOpke KiamaHoB THopasvepoB DN 32 u BhIitle paBHOMEPHO

3ATHIHBATE TAHKI4 CTAKAHA

PeroMeHD evble hDVTAIIHE MOMEHTBI 3aTHKKH NDUBENEHEI HITKe

Pasvep DN 15 DN 20 DN 25 DN 32 DN 40 DN ~0
>0Hw 110HM 160HM 100HM 150Hw 165 Hy
90HM 150Hw 200H M 40Hvt 40HwM 60HM

105HM 180HM 180H 200Hv

>wm
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KORLGEHCATOOTBOOUMK NOMIABKOBO-MAOPOOUHAMUYECKUIA
JKrg/

MpeaHa3naveH ANs OTBOAE KCHLEHCATE OT Naponcnonbayiiero ofopyaosaqus
M YCTPaHERMA NpOCYOr0R Napa & KarldEnCaTHYIO NTUHHIO

|
|
! g X !
. } o= . -
¢ ! 3 1 BX22 naposcac—oft cuasu
4 — 2 OTsCrL Rorne~cars
Y ™~ 3 MuEnozaT2op
Tl D 4 Pafouan K2Mena
n = ~ ”~ I~ e~y %
s \\ L O 3&N0THI-IDCCCanvyinLvif
— nocolieHy
\\ ‘ / 6 Nannasogr—
/] - —_— - - "
Z Lo | —=F=v 7 Perynuposoyqsis Gonrsl
TN THEBER 8 BO2IYLIHSIY KD2 MK
| L
~<>~‘*r:.'__'2"
L {
L1
E//
Fuc 1
TEXRHUSECKA R XAFATEFNCTUKA
XapakTesucTure Marka u romes KNG
KOHIZ-CSETOCTBOAUMKCE
1 K 2 3 3
Maxkcumanes—oe pebodee
A2Enedne, aT™ ) 25 15 10 15
Npon320pMuTER=H0CTS, T oC1-28 25-8 &-20
_ o
“Hame"p naTpybvcs
EXOAZ W BoiXOL2, A 25 C o))
CpoK oxyTigsxco™d, 4ac £0-230 50-70 30-55

FaBaprrel, MM S60x260x250  40Ix330%250

O 430%350%320
hacea, xr, 87y 19 20 25 S0 68
Kopnye (cT 3) 17,8 38,8 43,3 47,8 62,8
S2NOPHO-APOCGEfND
OPraH (CT Hepx ) 1,2 1,2 1,7 2,2 2,2

JM2METDLI BXOAHOMO # BHIXOAHOID Narpybxa no XeNaHWe 3aKasyruKa MOMYT GbiTh RIMEBHEH



Hepeu.

343820, Hoseuxasa o0RacTs,
r EHa<ues0-6, 1o

et e

3adonuM«os,
T Ega<ueso - 5,
Baxxoscixyie pexsmsaTi

\J—_-’:_/
35,
a/a N 3,

r— - == - p/c 1467641 B YxkpcouBa-<e E-axmeso,

MOO 334527,

xox OROO 23417530
ran/paxc (06252) 2-67-60,

2-59-17

A/ 1 pexBuU3HTH
ZLIA ROHTEHHEPOB
. /LA BaroHOB

KO MPeAMpHATHA 1o 4/3 6511

ct Uledeuxa douermod &/a, kox crammy 138509
cr Esxanveso Joxeuxofi /0. xoa cramunm +88706

17 -y
i’ - A

122 r

Peanuayem co cwirada 8 2 EHaxueso
KOHITIDOMLHO - U3MepumensHeie npubopsi, cpedcmea asmoMamusayuu, - -
SHepaemuYyecKoe u komenkHoe c6opydosaHue 3ag0doa cucmemsi “[Iipomnpubop”

\o | Hanweuosanse l Tun | Llena, rpu | Mouvieuanue
ABTOMATIIKA BEIOMNACHOCTH KOT/JOB
1 | Kommnne«T cpeacTs ' npasieqHs KCYM-2I-12 4300 naposoii (ra3 uu3xoro 1as1ey4ils)
(5¥C BK> BKII ! KCVM 200-T3 \ 4300 sozorpefiHsiit (ra3 HH3ROro Ja3ieyis)
JaTuHAH kIanasa) !
2 | CucreMa aBTOMaTHIALHH KOT 108 [ AMKO-K-! 3250| sonorpeiinbiii (ra3 HH3AOro J1aa TeHits)
{aBTOMaTHKa Oe30MacHOCTH) ] AMKQO-K-+4 3300 | naposoii (ras Hu3kOro J2sne4us )
I4IT4ABHO - JHUIHTHBIE YCTPOHCTBA H 3/9
3 | KomriexT po3aHra if AROHTPO KPuK-2-00 1100 | B 10k vripaBned TparchoD™ podarra
T1aMeHH (K3Y-1) 23-01 ¢4 KI-1o
4 | 3amanbHO - 33LUMTHOE VCTPOACTBO 33V -6 53
> | D1exTposanaibHia 33-01 175 | L= 10 800vu 1
6 |dortogaTyuk | dI-1 90| goroveauctop PP 1 (130 10w !
7 | KoHTDOTLHBLA 3nexTpOX | K3-00 a0 | L=400vwv i
3 |K1anan razossiii | KTC-10 1301 oTcenanise raza na 3ana.ibAise
TATHHLH
S 1 VianoradapHTHbiit JaTUHK-pe1e OH-25 ] 1301004~ 25 WJla(4-250 xrc/v w3)
- nanopa|JH - 6 | 125106 - 6 wl1a(60-6G0 xrc/v a8 ) n
(raz sona Bo31yx) IH - 40 i 130104 -40  wITa{40-2000 are/v 8 )
taru i AT - 23 i 1201004 - 25 wITa (4-250 kre/v ks )
|7IT - 40 | 120104 - 40 wlTa (404000 wrc v v2 )
| - 1agtequst 10 02> i 11510 - 025 MITa (0-2 > «rc'cv a8 )
| i0J 16 | 125102 - 1o MIa(2-16 arc/cv a3 )
i - mecenana sanopal JATH - 25 | 140101 235 wJla f10-230 xro v 2)
| - Hanopa # Taruy JTHT | ! 14210 1-0-10 «JIa(10-0-100krc v +8)
| JTHT 100 13810 1-0-10 «lla (10-0-100xrc/v <3 )
I O3M 107 350{0 15-0-0 1> alla (15-0-13krc/v 8 )
WEXAHH3VIBI HCOOTHHTEIBHBIE
10 | MexasHas I 1esTpHYeCRil IM20 1&25 025u -90 6481220 B
0140000p0THEIT  M30 M20 1625 025p 90 645|220 B
l W30 16/65 0254 - 90 6551220 B
' ‘M30 100/25 0231 7 | 1200]380 B
| N30 100/25 025p 87 ! 12001380 8
VDO 28023 25y 37 ' 135013308
IM30 23000 0 2ou 37 13501380 B
I [TyehaTe s 0eCOHTaKTAbIN ITIEP - 2M 2701220 B
I pesenc tBHbI TTEP 3A 3203808

CYETYHAH 134

, Cuemyun rasa

T pSstnabtii (CT 80 160-04

14501 Pmax=0 4 MITa Qmax= 250 m’:v

|CT-150-6350-1 6

1900} Pnax=1 6 MITa OQmax= 1000’ 4

Cr 200-1600 063

2600 | Pmax=0 63MTTa Qmax=2500m 4

- teand B el

2UTALHOHHbIT P 20 TPv=0f MITa Qrow=20 m’ 4

Pl -0 S50 Pv=01 M"a Quow=-0 m’ 4

P 100 j 10001 Py=0 1 MITa Quom=100 m /4

Pl 300 | 1200{Py=0 1 MITa Quow=400 m u

PT 600 | 1500/ Pv=0 1 MIlTa Quowm=600 m "

, PI" 1000 i 1S00{ Py=0 1 MITa Quow=1000 m'/u

1S~ 08¢

-



HPHEQPL] KOHTPONA H PECYTHPOBAHHA TEMIOEPATYPLI T T—
13 | Yerpoiterao TYII3-1MI 70TL=251 491wv_(-60 +40°C)
TepMOoperyaspyioulee TYA2-2M1 70| L=251 vm (0 ~100°C) |
14 | Tervionapa TXK 0806 625-07 XK (L)2 o0 (0 ~000°C) L=200mwu J
TXK 2388 064-40 XK (L) 2 60} (-30 —600°C) L=400um
TXK 0806 625-09 XK (L) 2 60} (0 =000°C L=400Mm™
TXA 0806 625- YA(K)2 60} (0 ~1000°C) L=160uw l
TXA 0806 625-03 XA(K)2 60| (0 -1000°C) L=400ww
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[O Brenpeuny EHGPYOCGGPGYHEOLHCYO—]
obopynoBaHus

Haw KoHcopuuym npegnaraeT rnocTaBKy 3aHeprocBeperaroLwmx
3NeKTPONPUBOLOB cepum P3H (perynupyembin 3neKkTponpuson),
COOTBETCTBYIOWUX YPOBHIO Begywmx MUPOBLIX NMPM, HO - MO CYWECTBEHHO
Gonee HU3KMM UeHaM (CcM  cpasHMTenbHyro Tabn) YuuBepcanbHoOCTb
npegsnaraembix afeKTponpuMBOLOB NO3BoAeT UcnonMb3oBaTh MX B Nbo# chepe
NponzBOACTEEHHOW OeSTeNnbHOCTHN

Mpyu ux ucnonb3oBaHUM ANS MUTAHUS 3NeKTpojBuraTened HacoCOB,
BEHTUAATOPOB, AbiMococose ofecneynBaeTcs aKoHoMMs Jo 70% noTpebnsemo#
3NEeKTPOIHEPIUHU

OnunospeverHo npusolsl POH ofecneyuBaloT naaBHpIH MVCK € 3aJaHHBIM TEMIOM,
HEUYBCTBHTENBHOCTL ,IBUraTeTs k KONeOaHUSAM BETHUHHBI HaNPAAEHHT H HECUMMETPHH
NHTAKOLLEH CeTH, HASUIbHYIO TOROOTPAHHYMBAOUIYIO 3AIUTY OT TOKROB KR 3 Il IIEPErPI 30K,
yto Ha [0-15 neT yBenutiuBaeT cpok ciay.xOet o6opymoBaniid U ero HAAEAHOCTD

Ipu wenonpzosauin POH’0oB B HaCOCHBIX 3KOHOMUA MO BOAE M 3aTPAT 3HEPrHH Ha
ee repen1yky TO3BOMAET CCnPATHTL CPOR OKynaemocTu a0 0,5 roxa
Ipw 3ToMm camit npuBonst POH He HY®ROAOTCA NPakTHYECRH B YXO[€
Msi roToBbl kK coTpyaHUYecTBY ¢ Bamu B Bonpocax
o6crnefoBaHuns cyllecTByrowero obopyaoBaHua u paspaboTtkn T30 ero
MoZepHU3aLmMu (opraHusauns HeceT TOMTbKO KOMaHOANMPOBOYHbIE
pacxopnsi),

paspaboTkn nporpamm BHegpeHUs sHeprocbeperatouero aneKTpo-
obopynoBaHus,

pelleHns Bcero KomMnsekca 3agay, cBA3aHHLIX ¢ BHeAPeHNUEM
aHeprocHeperarollero afnekTpoobopyfOoBaHUsA POEKTUPOBaHUS,
U3rOTOBMeHUs, NOCTaBKK, MOHTAXa, Hanagku, odyyeHus nepcoHana,
rapaHTUMHOro U nocnerapaHTUNHoOro odcnyKMBaHUs

Mbl npouzBOAMM Tak Ke YCTPOWCTBa MNNAaBHOro [MyCcKa  KOTCPLIE
OJHOBPEMEHHO \MOFVT Cy LIECTBEIHO CHH3NThL MOTEPH B JACKTPOIBHIATETAN H H\ HACPEB B
Te' LIVHasgy KOTA1 OTCVTCTBYET NOTPeDHOCTL B PEry TPOBAHHI 4Y1CTOThI BPAUIEHHA

[TpHAarao KOMMNAEKTHI HH(OPMAUNOHHLIY MATEPH LIOB
3apadee OnrogapHsbl 32 OTBET

Hupentop Bononuta JI



MK?> DHEPTOQCBEPEXKEHWE

Mosray mapoaasiit KoscupLutyst
Y apauna 310022

Xaphiop a/a 4515 Tea (0572) 44-00-10, Gant (0572) +4-01-43
E-mazl barshy<@ uepa hharkoy ua

ry: s ottty _ o

o 1P 87r

TTOTATY Ebineiz, }O K

harc 27-To V6

Vpamae vt kopni Kogcta

ARTIHHCRITT
Ha Baur 3anpo¢ coodurae meHsl
SH V-1 eBr-2200 v 22
P3H '3 - [3&Br - 2800\
P3H 22-228BT-3800Nce
i nniy Y TIT AN 0T RIS VIOCTA VOTAT SRR Lu\_l ViU L d A, HdUaTRA
0 TPARLAODT Iposra Llewa mama 179 memonmestis [P21 TapasTufiroc

08¢ Ty muBaRsTe - | ra1 PaduTd 3TeRTPONPHBOIE ( LuTHETI0M OOPATHON 23731

4220 WA B TOMAHYTOM ROSTVDE PErYIIIINOARHIT GOCCETHBAETCH

7 ¢
SRR s -, 3 - —nl
Anpesiop v ug,gf,zﬁf/&, N fST11 BosorwTal
r



i {5 Sl T Bl S AP ~l A : -

IUPMUP A L prives T
; W’

Henrp. ouc PO, r Canxr-TleTepdypr, g

¥i1. Baarenarnan. 2 / Z

Tea/dare: (812) 2949333, 2965175, W

2964880
[Ipeacraparean,rso B YLpaire '

00O "Oyngament”
Yupauna, 310057 1 Xuapovuoe,
y.1 Cymeran, 2 oy

]
Tea/danes (0572) 124653, 127207 .

i ;_ “‘L
L ) W
- L]
e b RE ‘_!.!A
AR IU Il -'“l
a2l 2l
i I Ly
b ‘*‘l
! | l.-",
| | N
=== —r—--—-;'] =51,
] g{l P S I
—— S e

fl1” Yvvs =172 Ly - -
’ ] L4 y - t, N
‘\ l;‘ig‘l LH)Z‘O";“(U!)'}I'“L) '”' ])(‘} ! -1 ]..}. JU [ /

gedentayem « 1 ol dud 97¢

-
MpeafpazogaTeiv 4acTOTel BpaLUDHKA AT 01 aCcHdAXDOHHBIX 3NEKTPO-
geviratened pai3paboTyy ¥ NpoK3BCACTEA Kopniopauwny Tpuon

. e - ~y oHE T onnathl U
< CtoutdocTe AT C1  [E2ClUMThIBEETCA MO TEX /LLEMV <,J!pi¢ Ae MOMEHT O
gxN@HasT 8 ceds ~AC B Tadavue rpefcTasness YeHsl B USh

~1
[$]]
o
O
o
—_—4
I
na
o
S
)
0
A

. i ‘
l | | i
ac 11 wT ©asHei< MOogened '
turn 20 SBC OQ0 32 £ tecsues

14l
.y

!
5
|

i 1
1
oT ' oo 24 W7 Dalubix .
- -~ ~ ~yo _~~ e~ -
uopene uaa o 330 3CC 2180 283 3280
g

20 2140 00C 22 2 2Ises

n

A -~ - ~ ArAN manr
Gonee 24 WT 0aSUsX MOASASA L aon i paag. 2580 55501 58301 8540 10253 10520 1203¢ .58CC
' o1 $140 000 23 3 Mecfues 7T R Bt ; |
}

ok i -Fe (LONCARWUTETEHZS
« MpeoBpazosatesy MOryT VMaTs VCRONHEHWA iP-21 naw 1P-0+ (20

COrMaCOBaHRas 26rnnata HeChXoaANME)

=] z -12 nenfs C MOMEHTE
< Cooxv GGCTaeY'M COriaCossliBa0TCS [OroBOPOM ¥ npepegnax 1-12 “efeie
ONAaTel 8 3aBACUMOCTY CT £a3MeD0s v r2pakieca qoCTaBRU

Cl-

fF 7y



- yooo-
e ! - v o~

CepaucHoe v rapartaiince oGcnyxuBanve.

JoctaBka wu Hanagka npecdpalosateneii CCYWECTBIRETCH Ya ECel TeopUTOpuu
QAR GTOUMOCTE 3T.IK YCAYr 232BUCUT OT Pa3MEPa 3a<a3a U MECTOHaXOXOEHMs
3 [+3
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297 0P00 locnodiy. Puiuneby | daa Sstévba fO-I

TEeA
Q
a ABDB Fiequency Converters |
t
Tpatznctopiinie npeobpasona reslie WA Peryapopaliia CKopocTiy
HPAUIEHHs ACIOIXPOHHLIX SASKIPOABNIaTelell HACOCOR I RLH1HALTOpoD
Tpexdrazitoe minpsorene 3808, 4008, 4158
1P 22 IP 54
Lieua, USDY Liena, USD | Uena USD
Homut | Mougn | Homun | Moy iP 22 GeajlP 22 c]iP 54 c
Tun TOK anurar TOK nenrat | Beicora | WUupuia § Moybynia Bec EMC EMC EMC
npeoBpdsosarena A kBy A kBT M MM MM K cunbrpa | chunsrpom | hunstpom
ACF601-0016-3 32 {5 - - 526 304 110 15 2 291 2 458 -
ACT601-0020-3 {1 18,5 32 15 2 887 3 105 3493
ACT601-0025-3 | 17 | 22 41 18,5 3 301 3545 3 680
ACT601-0030-3 | 62 | 30 47 22 715 0 357 a5 3752 4037 4237
ACI601-0040-3 | 76 37 62 30 4 {5t 1 787 4987
ACI'601-0050-3 | 89 45 76 37 5 681 6 107 6 307
@] ACT601-0060-3 112 55 89 45 6 351 6 831 7161
- ACT601-0070-3 | 12} 75(60) 112 55 715 301 429 50 7 245 8 047 8377
- ACT601-0100-3 178 90 - - 9 666 10 350 -
ACr601-0120-3 | 200 110(100) - - 860 480 428 88 11 192 11989 -
ACY607-0100-3 178 o0 147 75 11 463 13973 14 603
ACI'607-0120-3 200 110(100) 178 90 860 480 428 88 13 119 16 819 17 509
ACI'607-0140-3 260 132 200 110 16 675 21 476 22 396
= ACF601-0170-3 316 160 260 132 19 093 24 581 25 751
o) ACI'607-0210-3 395 200 316 160 2065 1030 644 370 21 258 27 169 28 509
a ACT601-0260-3 480 250 395 200 23 771 30274 31 784
A ACF607-0320-3 520 315(270) 480 250 2065 1030 644 400 27 859 35 794 37 504
E IMC Quuneip - yerpoiiciso  ymMeHbinalonles ginuitife Gpochos Toka ot ACS 600 w nmratomeft cernt
= Crutteyn 3anuan - 1P 22 3 11 54
< B ueny mpnsont sie peowirr HIC, Tamoxennnil cbop, cTpaxoBKa Y IpatiCopTHbie PACXOALS
~ ABRR Vwpasiua Ten (044) 296-46-43
@ HITD "Smmaus’ Ten (044) 441-26-66
-~
-
T



APPENDIX F

ABBREVIATIONS AND MEASUREMENT UNITS
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ABBREVIATIONS

CCD - condensate contamination determination

ECO - energy conservation opportunity

ESCO - energy saving company

hm - hnivnia

Fig - figure

NPP - nuclear power plant

tel - telephone

VAT - value-added tax

US - United States

USAID - Umted States Agency of International Development

MEASUREMENT UNITS

barg - atmosphere gauge
BTU - British thermal unit
9C - degrees Celcium
cm’ - centimeter squares
°F - degrees Faranheit

g - gram

Geal - gigacalory

GJ - gigajoule

h - hour

keal - kilocalory

kg - kilogram

kgf - 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

MJ - megajoule

mm H20 - millimeters of the water column
MW - megawatt

t - tonne

t/h - tonnes per hour

W - watt



Currency rates of exchange

1 hrivnia - local currency unit
1hrivnia = US$0 54 as of December 1997

Conversion factors

Heat

l1cal=4187]

1 Ccal=4 187 kI =3 968 BTU

1 Geal=4187x10°=4 187 GJ
1BTU=1055J=1055kI=1055%x10°MJ

Power

1W=36x10°T=36KkJ
1kW=36x10°kJ] =3 6 MJ =860 Ccal
1 MW =3 6x 10’ MJ = 860 Ccal

1 Ccal=1163x10"

1 Geal=1163kW =1 163 MW

1 kW =0 102 HP (boiler)

1 kW =1 34 HP (mech)

Pressure

1l kg/cm =1 atm
l atm =101 325 kPa=0 1 Mpa
I bar=10’Pa=100kPa=01 Mpa

Length
1 mm=003937mn=000328 f

1cm=03937m=00328 f
Im=3937m=3281 £

Wersht

l gram=22046x10"1b

1 kg=2,20461b

1t=1000kg =22046x 10° ft
Area

1cm’=0155square n=1076x 10" ft
1 m* =155 x 10° square in= 10 76 square ft



Volume

I1m’=3531cufi=10001
11=3531x10°cuft
11=0264 US gal

Heat content

1 kl/kg = 0 43 BTU/Ib

1 kJ/m®> =26 84 x 10° BTU/cu ft

1 MI/m’> =26 84 BTU/cu ft

1 Ccal/m*=4,187 kJ/m* =0 112 BTU/cu ft

Temperature

°C =0 56 (°F-32)

)67



