.- SN N N am .

PIN-ACD-£ ¢S
793¢6|

Delivery Order #30
Energy Efficiency in the Industry of Ukraine
November, 1997

REPORT
ON ENERGY AUDIT
AT LVIV BAKERY #1,

Lviv City, UKRAINE

Prepared by Mr Bill Dries
Mr Vladimir Mamalyga
Mr Dmitry Kramarenko

Prepared for United States Agency for Independent Development
Washington, D C 20523-1415

Burns and Roe Enterprises, Inc

1400 K Street N W Suite 1050, Washington, D C 20005
Telephone 202-408-6831, Facsimile 202 408 6835



Table of Contents

1 EXECUTIVE SUMMARY

1 1 INTRODUCTION

1 2 BASIC CONCLUSIONS

1 3 RECOMMENDATIONS

1 4 OPERATION AND ENERGY MANAGEMENT

2 GENERAL BACKGROUND
3 ASSESSMENT OF PRODUCTION AND FINANCIAL STATUS OF ENTERPRISE

4 ENERGY RESOURCE CONSUMPTION AND PURCHASE COSTS

4 1 INFORMATION ON THE ENERGY RESOURCE CONSUMPTION
4 2 TARIFFS FOR GAS, ELECTRICITY AND WATER

5 ENERGY RESOURCE CONSUMPTION BALANCE

5 1 BALANCE OF ELECTRIC POWER CONSUMPTION
5 2 GAS CONSUMPTION BALANCE
5 3 WATER CONSUMPTION BALANCE

6 PREVIOUS STUDIES IN THE AREA OF ENERGY SAVING

7 ENERGY AUDIT

7 1 INTRODUCTION OF ENERGY MANAGEMENT

7 2 ENERGY CONSERVATION MEASURES AT THE COMPRESSOR STATIONS
7 2 1 General information
7 2 2 Electric motor load level study

7 2 3 Study of the feasibility of the application of controlled electric drives for the compressor engines
7 2 4 Investigation of the possibility of simultaneous utilization of the old (operational) and new (stand-by)

compressor stations

7 2 5 Introduction of a system maintaining the constant outlet pressure of the old compressor station

7 3 ENERGY SAVING MEASURES IN THE FTL-2 BAKERY OVENS
7 3 1 General information
7 3 2 Improvement of thermal sulation of the FTL-2 bakery ovens
7 3 3 Control of steam supply to FTL-2 bakery oven

7 4 IMPROVEMENT OF THE OPERATION EFFICIENCY OF £ / 6-0 9 BOILERS IN Lv1v BAKERY #1 BOILER-HOUSE

7 4 I General information
7 4 2 Improvement of the thermal insulation of the boilers
7 4 3 Utilisation of the heat of the combustion products leaving E-1,6-1,9 Boiler

8 ENVIRONMENTAL IMPACT OF THE RECOMMENDED MEASURES
APPENDICES

A ENERGY CONSERVATION OPPORTUNITIES (ECOs)
B MEASURED AND COLLECTED DATA

C PHOTOGRAPHS OF THE PLANT

D CONVERSION FACTORS

E ABBREVIATIONS

N AR AW W

15

15
15

19

19
20
21

22

23

24
27
27
28
29

35
35
36
36
37
38
39
39
40
41

43



1 EXECUTIVE SUMMARY

11 Introduction

According to Contract for Delivery Order #30 USAID has funded the energy audits of 24 industrial
enterprises selected on USAID criteria to implement the “Energy efficiency of Ukraine industry”
project

This report contains the conclusions of the energy audit conducted by the company Burns & Roe
Enterprises, Inc at Lviv Bakery #1

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

The bakery’s problems related to the energy efficiency are typical for other bakeries of Ukraine

The objectives of energy audits are as follows

¢ Informal traimning to energy management practices

e Delivering of energy management goals to the management of enterprises

e Development of specific measures to immprove the energy efficiency, mmcluding management
activities, no cost/low cost measures and selection of the equipment for their implementation

¢ Recommendations of investment possibilities and medium cost measures focused on the large-
scale energy saving

Energy auditing team consisted of

Mr Bill Dries, USAID team leader,

Mr Vladimir Mamalyga, Electric Engineer and Economic Analysis Expert,
Mr Hassan Mustafayev, Gas Engineer,

Mr Dnutriy Kramarenko, Thermal and Processing Engineer,

Vladimir Shestopal, Driver,

Ms Anastasya Leonova, Interpreter/Translator

The audit was performed at the Bakery from 17 till 22 November 1997 In accordance with the
objectives of the project, the team has prepared the given report It was translated by Mrs Irna
Semibratskay and Mr Valery Gool



12 Basic conclusions

e Lviv Bakery #1 1s financially in good condition and has a good market for its products

e 64 9 per cent of the total energy resources cost 1s the cost of gas the larger amount of which (68
per cent) 1s consumed for baking bread, baked goods and dry bread 30 per cent of gas 1s
consumed by the boiler-house The total cost of the drninking water (17 71 per cent) and the
sewage cost (I 49 per cent) exceed the electric power cost (15 81 per cent) At the same time the
basic electric power consumer 1s the compressor station (57 per cent of the total consumption by
the bakery) The energy consumption balances gained as a result of the energy audit 1dentified the
main areas for improvement the efficiency of energy utilization

e The group of energy auditors has 1dentified several quite promising opportunities to improve the
energy efficiency at the enterprise

e Despite a repeated nising of the energy prices their portion in the production cost structure 1s not
more than 6 49 per cent The enterprise top management 1s more interested in purchasing new,
more productive processing equipment mn lieu of decreasing the use of energy resources
However, as the goal of the project 1s energy utilization efficiency, purchasing a new processing
equpment with the resources financed for buying equipment 1s impossible unless the new
equipment reduces energy use and costs

e Lack of an automatic system for controlling the steam supply into the bread baking oven FTL-2
leads to a significant overconsumption of steam (300 kg of steam/170 kg of steam = I 76 relative
units = 176 per cent)

o Lack of a system for supporting a stable outlet pressure of the compressor station accounts for an
overconsumption of compressed air, and, therefore, an overconsumption of the electric power for
its production

o A sigmficant decrease in the electric power and gas consumption would be provided at the
enterprise by mtroduction there of an energy monitoring and management system

o Installation of a heat exchanger to use the boiler exhaust gases would enable to decrease
consumption of gas and produce hot water for the district heating system and other purposes

13 Recommendations

Table 11 below shows a list of possible energy conservation opportunities (ECOs) They are
arranged 1 order of 1mportance for the enterprise The given recommendations will improve the
efficiency of the energy resources utilization at the enterprise as well as its competitive capabilities
From the pomt of view of purchasing equipment, due to the mind of the energy auditors team, the
following should be bought a combustion analyzer, an infra-red thermometer, some equipment to
support constant the outlet pressure of the old compressor station, as well as some equipment for
controlling the steam supply mto the bread baking ovens FTL-2 The 1ssue of implementation of the
other energy saving measures should be settled on the basis of taking into consideration the priorities
of development and financial opportunities of the enterprise

Table 1 1
4



Energy conservation opportunities (ECOs)

Table 1 1

[Electric powerfNatural gasl Yearly | Measure | Payback | Item
Description saving, saving, saving, costs, period, |m this
kW h m3 USD USD yr report
Introduction of energy 50,000 | 105000 | $13.260 | $13.000 | o098 | 71
management service
Controlling supply of steam mto
FTL-2 Baking Oven
- for one oven 0 106,000 | $8,700 $5,000 057 733
- for 13 ovens 0 1,378,000 | $113,100] $65,000 057 733
Improvement of thermal
msulation of FTL-2 Bread
Ovens 0 5,500 $450 $283 063 732
- for one oven 0 71,500 $5,850 $283 063 732
- for 13 ovens
Improvement of thermal
msulation of the boilers 0 725 $60 $100 167 742
- for one boiler 0 1,450 $120 $400 333 742
- for four boilers
Installation thermal heat
exchangers to utilize the heat
from the combustion products
leaving the boiler 0 32,400 $2,660 $5,100 192 743
- for one bouler 0 64,800 $5,320 | $20,400 384 743
- for four boilers
System for sustaming constant
outlet pressure at the old 50,000 0 $2,100 $1,950 093 725
compressor station
Use of a speed-controlled electric
motor for the compressor engines 171,600 0 $7,200 } $30,000 417 723

Items 1 and 4 are to be implemented with funds from USAID for the equipment, the installation and
operation are by the plant people




14 Operation and energy management

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

For Lviv Bakery #1, as with most industries in Ukramne, 1n the past the energy costs were significantly
subsidized, therefore energy saving was not a major consideration 1n the plant operations

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

Most industries 1n Ukrame 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 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 mimmum, and for
large mdustries, possibly even an energy management section

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

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

A plant the s1ze of Lviv Bakery #1 should have one or two persons working in an energy management
group It 1s desirable that these employees were specialists 1n thermal engineering (gas supply and
gas utihzing systems, hot water supply systems, heating equipment, fuel- and heat using equipment,
etc ) 1n electrical power engineering (transformers, electric motors, electric drives, etc ) The energy
manager(s) should report directly to the top management of a plant

At many facilities the energy management section 1s assigned an energy goal, such as “reducing the
overall energy usage by 3 to 5 per cent year” While the percentage goal can vary, this type of
challenge gives a benchmark by which the section can be evaluated And in industries in Ukraine,
where energy efficiency 1s just at its infancy, the percentage goal could even be higher Some
industries also have an mcentive program, m which employees are encouraged to submit energy
efficiency improvement 1deas These 1deas, 1f accepted and implemented, would result i a small
reward being given to the employee



2 GENERAL BACKGROUND

Name Open Jomnt-Stock Company “Lviv Bakery #1
Address 168 Gorodotska Str, Lviv, Ukraine

General Director Mikhailo Dmytrovych Nechipurenko
Tel/fax (0322)-62-17-43
Chief Engineer  Olexandr Ihnatovych IThnatenko
Tel (0322)-62-17-36
The enterprise was built in 1908 and named “Mercury” at that time
At present the Lviv Bakery produces the following products

esorts of moulded bread and bread baked in the hearth,
erolls and buns,
erusk crumbs,

A W
sdried bread S

¢ bread soft drink (kvas)
Taking mto account the 16 specialised shops the enterprise has 655 employees

FTL-2 gas ovens bake bread in the bread shop In confectionery shop two FTL-20 gas ovens are used
to bake the rolls and buns There was one XS-700 air heater i operation 1n the rusk shop to dry rusk
crumbs

The plant does not export 1ts products

The plant does not engage 1n barter transactions, the products are sold for cash The present and
future market 1s good The bakery supplies goods to local shops, the army and prisons



3 ASSESSMENT OF PRODUCTION AND FINANCIAL STATUS OF ENTERPRISE

The products produced by enterprise are sold for cash The enterprise makes profit
Table 3 1 shows the product output data from October 1996 to October 1997 mclusive

According to Table 3 1 the curves of monthly product output (see Figure 3 1) by product types
(shops or process plants) have been plotted The same curve shows the time dependence of total
product output at the enterprise for the same pertod

The analysis of the curves presented in Figure 3 1 shows that the production appears to be very
seasonable So, the difference product output 1n January and July 1s UAH 386 4 thousand ($208,865)
or 36 5% (UAH 386 4 thousand/1,059 2 thousand = 36 5%)

Such difference can be mainly explained by critical increase 1n the product output of the rusk shop n
July 1997 As the products of the rusk shop are ordered from time to time (randomly), taking mnto
account the average monthly production level of the rusk shop (UAH 46 6 thousand = $25,189) the
July production level of UAH 1,142 8 thousand ($617,730) can be obtained In this case the seasonal
prevalence 1s not very obvious the difference does not exceed UAH 244 8 thousand ($132,324) or
23 1%

Figure 3 2 shows the average monthly value of product output obtaned according to the data of
Table31-32

As can be seen from Figure 3 2, the products of the bread shop (83 6%) equipped with FTL-2 ovens
have the highest cost Much less products are produced in the confectionery workshop (39 1%) and
the rusk shop (4 4%) produce much less products Such conclusions can be proved by Table 3 2 data
where the information on the cost and profitability of individual products 1s presented

Figure 3 3 presents the distribution of product cost by product types Figure 3 4 does the distribution
of the prime cost, and Figure 4 5 does the distribution of enterprise profit by product types

The analysis of the profitability of individual product, as 1t 1s seen in Fig 3 2, shows that the most
aftractive m thus respect are the products of the rusk shop (18 56% of profitability) as well as the
products of the bread shop (the main products of the bakery) Their profitability 1s 17 5% The
products of the confectionery shop are almost by 1/3 less profitable (11 85%) The biscuit production
profitability (15 9%) almost corresponds to the average profitability level (16 77%) The production
of macarom foods 1s low-efficient (profitability 1s 6 1%) The lower profitability of the confectionery
shop products proves, apparently, the mmproper selection of products i1t would be expedient to
produce more expensive rolls and buns 1f the market exists In this respect 1t can be recommended to
the management to review the range of confectionery shop products



Table3 1
Lviv Bakery #1 Product Output Data

October |[November|December| January | February | March Aprl May June July August [September| October | Total for 13|  Average
Shop (product type) 1996 1996 1996 1997 1997 1997 1997 1997 1997 1997 1997 1997 1997 months | monthly value
P th UAH |th UAH|th UAH |th UAH |th UAH |th UAH |th UAH |th UAH |th UAH |th UAH |th_UAH |th UAH |th UAH| th UAH | th UAH
$ 103 5103 $103 5108 5108 $ 103 3103 3103 $103 5103 5108 $103 5103 $ 103 $10°
Bread shop (6 typesof | 956 6 9053 8825 7500 8711 976 9 859 4 8451 8397 9726 8752 8847 8972 11516 3 8859
moulded and hearth- $5171 | $4894 | $4770 | $4054 | $4709 | $5281 | $4645 | $4568 | $4539 | $5257 | $4731 | $4782 | $4850 | $62250 $478 9
baked bread)
FTL-2 gas ovens
Confectionery shop 1102 1273 126 8 1129 292 332 90 8 915 104 2 99 1 1078 1162 1045 12537 96 4
FTL-20 gas ovens 3596 | $6881 | %685 $610 $158 $179 $49 1 $49 5 $580 $536 $583 $62 8 3565 567717 $521
(rolls and buns)
KEP-400 electric oven 127 146 109 16 135 150 125 91 135 181 196 194 190 1555 120
(rolls and buns) 369 $79 $59 $41 $73 381 568 $49 373 $98 106 $105 5103 $841 365
BEO biscuit machines 194 295 26 29 126 311 322 53 16 263 393 2112 162
$105 - $140 - $14 5§48 568 $168 5174 $29 $41 $142 $212 $1142 $88
Rusk shop (rusks) 389 5715 63 1 260 31 116 104 2817 400 188 2 529 319 536 6059 46 6
$210 $311 $341 $141 5t7 $63 356 $155 $216 | $1017 $286 5172 $290 $3275 3252
Macaron: products 46 48 15 32 25 20 07 11 517 13 274 21
$25 526 = $08 517 §t4 511 $0 38 - 306 $31 307 - 5148 311
Total 11424 | 1,1095 | 1.1091 | 8980 9227 | 1,0481 | 9877 |1.0062 | 1.0296 | 1.2844 | 1.0688 | 1.0798 | 1.1136 | 13.770 10592
$6175 | $5997 | $5990 | $4854 | $4988 | $5665 | $5339 | $5439 | $5565 | $6943 | $5777 | $5837 | $6019 | $74432 85725
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(January-October)

Table 3 2
Information on the product output of Lviv Bakery No 1 for 10 months of 1997

Mass of the | Commercial products | Production prime cost in Profit in current
Shop commercial | value mn current prices current prices prices Profitability
(product type) products
tonne UAH/$ % UAH/$ % UAH/$ % %
Bread shop (6 types of 15029 529 | 8.617.611 822 7,334,072 817 1,283,539 853 175
moulded and hearth baked $4,658 168 $3,964 363 $693,805
bread) FTL 2 gas ovens
Confectionary shop 1444674 | 1,379,605 132 1,233,392 137 146,213 97 1185
including $745,732 $666,698 $79 034
FTL 20 gas ovens (rollsand | 1 268 957 1,046,306 100 941,240 105 105,066 70 1116
buns) $565 571 $508 778 $56,792
KEP 400 electric oven (rolls 92613 92,6137 14 131,830 14 17,327 11 1314
and buns) $50 061 $71 259 $9 364
BEO biscuit machine 75 599 16 143,230 16 22,778 15 159
$774 221 512312
Macarom products 7 504 18.134 02 17,092 02 1,042 0t 61
$9 302 $9 239 $563
Rusk shop (rusks) 433 to 352 484,226 46 408,423 46 75,803 50 18 56
$261,744 $220,769 $40 980
Bakery total 16,907 515 ] 10,481,442 100 8.975.887 100 1,505,555 10 1677
$5,665,644 $4,851,830 $813,813
13,20% 4,60%

82,20%

[E Bread shop 8617611 UAH

($4658168)

B Confectionery shop 1379605

UAH ($745732)

I Rusk shop 484226 UAH

($261744)

Fig 3 3 Commercial products value 1n current prices
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13,70% 4,60%

ElBread shop 7334072 UAH
($3964363)

B Confectionery shop 1233392 UAH
($666698)

[Rusk shop 408423 UAH
($220769)

81,70%

Fig 3 4 Production prime cost 1n current prices

9,70%  5,00%

[ Bread shop 1283539 UAH
($693805)

i Confectionery shop 146213 UAH
($79034)

ORusk shop 75803 UAH ($40980)

85,30%

Fig 3 5 Profit in current prices
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4 ENERGY RESOURCE CONSUMPTION AND PURCHASE COSTS

41 Information on the energy resource consumption

Table 4 1 shows the data on gas, electricity, potable water and sewerage costs from October 1996 to
October 1997 inclusive As can be seen from Table 4 1 the cost of energy resources does not exceed
6 49%

Figures 4 1 and 4 2 show the dependence of changes 1n gas, electricity, potable water and sewerage
costs from October 1996 to October 1997 inclusive m absolute ($) and relative (%) umits
respectively

The assessment shows (sec Fig 4 3) that the gas costs are the most significant component of energy
costs (64 99%) It has been unexpected that potable water costs (17 1%) exceed the electricity costs
(15 81%) In the course of further analysis it turned out that earlier the enterprise used 4 wells to get
water However, due to the pollution of this water with harmful components, 1ts further utilisation
proved to be impossible

4.2  Tariffs for gas. electricity and water

Lviv Bakery #1 purchases the energy resources, potable water and pays for sewerage according to the
following rates

o electricity (one-rate tariff)  $42 per 1,000 kW h

e gas $82 per 1,000 m3
e potable water $1,037 8 per 1,000 m3
e sewerage $292 per 1,000 m3

15



Gas, electricity and water costs for the period from October 1996 till October 1997

Table 4 1

October Novemberll)ecember January [February] March | Apnil May June July | August |September|October] Total Average monthly
1996 1996 1996 1997 1997 1997 1997 1997 1997 1997 1997 1997 1997 value
Gas th m3/$ 30984 § 30565 {301810 | 3000 { 27902 | 2700 2600 {248 606|289 684|359 210) 3000 3000 3000 | 382382 29414 1421%
$25,407 | $25,063 | $24,748 |$24,600 | $22,880 | $22140 | $21320 | $20386 | $23,754 | $29,465 | $24,600 $2,4600 |3$24,600| $313,553 | $24,119
Electricity, 154,893 1 168,100 | 126,075 | 154.890 [ 144.864 ] 146.688 | 136.882 | 121.272 | 135,483 | 122.675 | 143.287 | 140.486 |120.072] 1.815.677 | 139.667 |1 02%
kWh/$ $6,506 | $7,060 | $5,295 | $6,505 | $6,084 | $6161 | $5749 | $5093 | $5690 | $5,152 | $6018 $5,900 $5043 | $76258 $5866
Potable water, 1.725 7.305 8.000 6.461 6.000 4.050 5,100 6,282 6.377 6.730 6.270 5,920 6,130 82,350 6.335 |1 15%
m3/$ 38,017 | $7,581 $8,303 | $6,705 | $6,227 | $4,203 | $5293 | $6,520 | $6618 | $6,611 | $6507 $6,144 | $6362 | $85,466 $6574
Waste water, 2,313 2,192 2,400 1,938 1.800 1.215 1,530 1.885 1,913 2,012 1,881 1.776 1,839 24.694 1,900 [001%
m3/ $675 $640 $701 $566 $525 $355 $447 $550 $558 $587 $549 $518 $537 $7,208 3554
Enex*gy resources] 40.605 | 40.344 | 39.047 | 38.376 | 35.716 | 32.859 | 32.809 | 32.549 | 36.620 | 41.805 | 37.674 | 37.162 | 36.542 | 482.485 37.114 |6 49%
total, $/% 6 58% 6 73% 652% | 791% | 716% 58% | 615% | 598% | 638% | 602% | 652% 6 37% 6 07% 6 48% 6 49%
Products value, $] 617,500 | 599,700 | 59,900 | 485,400 | 498,800 | 566,500 | 533,900 | 543,900 | 556,500 | 694,300 | 577,700 583,700 601,900 | 7,443,200 | 572,500 |100%
16
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5 ENERGY RESOURCE CONSUMPTION BALANCE

51 Balance of electric power consumption

Balance of the electric power consumption by the main equipment 1s presented m Figure 5 1

Fig 51 Monthly balance of the electric power consumption

139,800 kW h per month
Electricity
$5,900
71,500 kW h
Compressors
$3,000
23,000 kW h
Ventilators
$1,000
14,400 kW h
Pumps
$600
— 8,300kWh
Lighting

$350

2,600 kW h
Conveyors

$110

20,000 kW h Confectionery shop
electric ovens and other|
$834 using equipment

100%

51%

17%

10%

6%

2%

14%
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52 Gas consumption balance
Balance of the gas consumption by the main equipment 1s presented i Figure 5 2

294,14 th m?> per month

Gas 100%
$24,119
3
14707 th m FTI-2 bakery ovens 50%
512,060 Ovens #l to #13 °
3
88324 th m BOller hOUSG 3004
57236 Boilers # to #4 h
3
353th m Rusk shop 12%
5,394 Ovens #1, #2, #3 °
17 65 th m® Confectionery shop
FTL-20 ovens 6%
$1,447 Ovens #l and #2
3
58 th m Heating of bakery 2%
5482 hostels

Fig 52 Average monthly balance of the gas consumption by main equipment
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53 Water consumption balance

Balance of the water consumption by the main equipment 1s presented i Figure 5 3

Potable water

6,335 m® per month
$6,574 100%
4,244 m®

Process needs 67%

$4,405
824 m°
$855
Hot water
1,457 m®
m Sanitary needs
$1,512
Cold water
623 m®
$657

507 m®

Boilers 8%

$526

127 m®

Leakage 2%

$131

Fig 53 Average monthly balance of the potable water consumption

13%

10%
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6 PREVIOUS STUDIES IN THE AREA OF ENERGY SAVING

In 1996 RMK Company (Ky1v) carried out a study of the energy consumption rates at this bakery At
that time two compressor stations (old and new) were in operation The surveys made by RMK
proved that due to different performance of the old and new compressor stations their simultaneous
operation 1s mexpedient For this reason, the new compressor station has been decommuissioned It 1s
on stand-by for the case of the old station’s failure

The study made by RMK proved that in average the average control range did not exceed 25 to 50%
of the nomunal compressor capacity, which was testified by a great number of nstrumental
measurements performed by the company specialists of this company
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7 ENERGY AUDIT

At Lwiv Bakery #1 the energy auditing group performed the works in the direct contact and with
active participation of the following employees Mr Olexandr Ihnatenko, Chief Engineer, Mr Viktor
Kuznetsov, Chief Mechanic Engineer, Mr Thor Baida, Electric Engineer, Mr Vyacheslav Zarechny,
Thermal Engineer

The below list of the energy saving opportunities was compiled jointly with the bakery employees

[\

15
16
17
18
19
20
21

22
23
24

Study of a possibility to replace the currently existing ovens with new ones (more energy
effective)

Increasing the level of loading the electric motors (replacing the underloaded electric motors
with motors of lower power capacity

Installation of gas heaters 1n each building at the plant

Boring on the terrtory of the plant a well to have 1ts own source of potable water
Installation on the radiators automatic valves for controlling temperature in rooms
Installation of an automatic system for controlling the level of steam supply into the gas ovens
Mounting measuring mstruments for controlling the energy resources consumption
Replacement of energy consuming equipment with more efficient units
Improvement of the thermal insulation of the gas ovens

Implementation of a preliminary heating of the air supplied into the oven
Installation of heat exchangers to utilize the heat of the boiler exhaust gases
Analysis of reasonability of using three non-operated compressors

Decreasing the heat loss through the loading holes n the gas ovens

Decreasing the compressor speed rotation by usimg a belt drive or a speed rotation control of a
compressor driving motor

Decreasing leaks of water, air and steam

Adjustment of the bread transportation speed in the oven

Improvement of the msulation of the hot water, steam and air supply pipe lines

Making sure of presence of the condenser batteries

Replacement of the old water chemical treatment system with an up-to-date one

Improvement of the heat insulation of the window

Study of reasonability of replacing the existing dough dosing apparatus with new ones, more
precise

Utilization of the heat from the boilers and that of the gas from the ovens for dryings rusks
Replacement of the lighting fixture with more efficient units

Study of a possibility of re-adjustment of the burners, or of replacing them with more energy
effective ones

The analysis resulted 1n selection of energy saving measures for their further studying, the measures
are discussed on the following pages

23



71 Introduction of energy management
The proposal

Implementation at Lviv Bakery #I of an energy management system

The main nstrument 1n reduction of energy consumption and improvement of the efficiency of
energy utilization at industrial enterprises 1s energy management Energy management 1s a method of
managing the enterprise providing continuous study and, consequently, knowledge of the distribution
and conditions for energy consumption at the enterprise, as well as determining the optimal
utilization of energy resources for both the production needs, and for the non-production needs

Cycle of Energy Management

Introduction
of the planned
measures

Reading the data
Jrom metering
nsirments

Planning Making energy
consumption maps

Fig 71

By implementation of energy management (see Fig 7 1) one can have a detailed picture concerning
consumption of energy, which enables him to compare the energy consumption levels at other
enterprises in order to determine exactly the energy saving projects that are planned for
implementation at the given enterprise

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

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

manager The main functions of the energy manager are as follows

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

o collection of data concerning consumption of the fuel and energy resources using meters and
measuring mstruments and devices,
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» making a plan of installing auxiliary meters and measuring instruments and equipment,

e collection of data concerning the flow of raw matenals, fuel and energy and fimished products,

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

e mtroduction of new technologies for the existing and new energy systems to increase the energy
efficiency of the production,

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

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

Implementation of energy management at the plant requires performing a modermzation of the
existing system of metering the electric consumption rate with electric consumption meters

There 1s necessary to modermze the system of metering gas consumption at the gas controlling
station with providing readings of the flow meters to a computer, with mstallation of auxiliary gas
meters at each user’s, which will enable to determine the dynamics of the gas consumption when
producing products

It 1s necessary to acquire ENERAC 2000 Combustion Analyzer to control the operation mode of E-
1,6-0,9 Boilers and FTL-2, FTL-20 Gas Ovens, and 1f any need arises, to fulfil re-adjustment of the
gas burners operation

Infra-red Thermomer “Heat Spy” of DHS-26X Model should be bought to keep under control the
state of the thermal msualtion of the ovens, boilers and thermal lines? In order to 1dentify 1ts failures
m due time

Calculation of yearly energy saving

Currently the plant consumes 1n average during a year 1,661 thousand kW h of electric power, 3,514
thousand m® of natural gas and 74 6 thousand of all-purpose water, the total sum of those 1s US
$442,000 The world experience and practice prove that i case of implementation of energy
management guarantees a 3 per cent decrease in energy consumption

So, the cost of the saved energy resources will be as follows
- for electric power
1,661 thousand kW h x @ 03 = 50 thousand kW h,
- for natural gas
3,514 thousand m® x 0 03 = 105 thousand m’,
- for domestic water
74 6 thousand m* x 0 03 = 2 2 thousand m*

Calculation of a yearly saving of costs

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

US $442,000 <0 03 = US $13,260,
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where
$442,000 - the yearly cost of the energy resources,

0 3 - the mmimum guaranteed decrease of consumption of energy resources resulting from
implementation of energy management (3% of the yearly energy costs)

Costs of implementation of the energy management service

The average payroll fund to implement the energy management tasks will be $250 (taking into
account the Chornobyl Fund, the Pension Fund, the Employment Fund, the mcome tax, etc )

As the said amount 1s approximately equal to the earmings of the Chief Thermal Engineer or Chief
Energy Engineer, there can be recommended two following approaches

e to open a post of the Energy Manager directly at the enterprise (without approval of the Chief
Mechanical Engineer) and subordinated to only the Chief Engineer,

o to divided the said amount between the specialists of the enterprise as additions to their salaries
n the following way (depending on their personal participation 1n 1mplementation of the energy

conservation measures)
Chuef Engineer 20% 20% 20%
Chief Mechanical Engineer 30% 30% 30%
Chief Energy Engineer 20% 15% 10%
Chief Thermal Engineer 300 30% 35%

I must be noted that the said funds once may be used to reward the enterprise employees that
contributed much into implementation of the energy conservation opportunities

The costs of the equipment (see the Specification of the required equipment 1n Appendix A) wsith
takmg into account the transportation and other are as follows

o ENERAC 2000 - $5,000
e Heat Spy Intra-red Thermometer - 31,000
o modernization of the metering system - $4,000

Total $5,000+ $1,000 + $4,000 = $10,000
The total costs on implementation of an energy management service 1s
$250 12+ $10,000=$ 13,000
Simple payback of the energy conservation measure
The simple payback for this energy conservation opportunity 1s
USD 13,000/ USD 13,260 = 0 98 year

Conclusions Adjustment and momtoring of the operation modes of the boilers and hot ovens,
provision of controlling the state of the thermal msulation require buying
ENERAC 2000 Combustion Analyzer and Heat Spy infra-red thermometer,
there 1s also required modermzation of the energy consumption metering
system
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To 1mplement a systematic approach to the energy management at the enterprise
a post of an energy manager should be open at the enterprise with the yearly
salary fund of $3,000, or, without opening a separate post of an energy

manager there should be put into practice material rewarding the bakery
employees for implementation by them of the energy conservation

opportunities

72 __Energy conservation measures at the compressor stations

72 1 General information

The following proposals have been selected for further estimation in the process of discussion of
possible energy saving measures

¢ study of electric motor load levels,

o study of the feasibility of the application of controlled electric drives for compressor actuation,

¢ 1nvestigation of the possibility of simultaneous utihization of the old (operational) and new (stand-
by) compressor stations,

e study of the possibility to decrease the capacity of compressors due by using a mechanical gear
with higher transmitting ratio 1n comparison with the existing one,

e 1nstallation of an automatic valve m order to maintain the constant pressure at the outlet of the
compressor station

Let us consider these measures 1n more detail

In accordance with the draft state standard on energy saving one of the possible ways to save
electricity i an electric drive 1s to increase the load level of underloaded motors So, (see Fig 7 2) 1f
a motor operates 1n the load range of 0 < &, < (0 4 to 0 45) 1n S1 continuous mode, 1t 1s necessary to
replace 1t with a motor of a lower capacity from the point of view of electric power saving If the
motor operates 1n the range of 0 45 < k&, <(0 6 to 0 7), 1t 1s necessary to make calculations 1n order to
evaluate the expediency of replacing the motor with one of a lower capacity (see the calculation
approach m draft DSTU) It 1s not recommended to replace the motor under the (0 6to 07) <k, <09
motor load levels, as 1t operates with the optimum load
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Fig 72 Curve of the efficiency of 10 - 100 kW asynchronous electric motors
7, 17, — actual and data-sheet motor efficiency,
P, P, — actual and data-sheet electric motor capacity

Z22 Electric motor load level study
Contents of the proposal
To reduce the mstalled capacity of motors 1n order to reduce the power consumption
Study results

In accordance with the above, studies of the load levels of the following electric motors have been
carried out

o 44280M8 motors (capacity — 75 kW, nominal rotational speed — 720 rpm, nominal stator current —
143 A) are nstalled at four compressors of the old compressor station,

o 4A250M8U3 power generators (capacity — 45 kW, nominal rotational speed — 740 rpm, nominal
stator current — 73 4 A) are installed at the compressors of the new compressor station At present
1t 1s out of operation (stand-by),

o 44160452 power generators (capacity — 15 kW nominal rotational speed — 2940 rpm, nominal
stator current — 27 8 A) are nstalled at the cold water supply systems and at the circulating hot
water supply system,

o 44132M6R3T2 (capacity — 7 5 kW, nomunal rotational speed — 960 rpm, nominal stator current —
16A) are mnstalled n the rusk shop at the fans
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A multimeter FLUKE 85 Multimeter with a clamp-on power meter FLUKE 801-410 DC/AC Current
Probe has been apphied to measure the loads of the electric motors According to the measurement
results, the motors under investigation had the following loads

Motor type 4A4280M8 4416082 4A132M6P3T2
(installation place) (old compressor) | (boiler house pump) | (fan mn rusk shop)
Actual current, A 1125 175 75
Nomuinal current, A 143 0 278 160
Loading rate 0787 063 047
Nomunal capacity, kW 750 150 75

Conclusions  Replacement of the investigated motors is not economically reasonable
Nevertheless, the investigation proved that fan pump motors can be replaced with motors of a smaller
capacity during repairs or m case of their breakdown
e 15 0 kW motor — with 11 0 to 12 0 kW motor,

e 75 kW motor —with 4 5 to 5 kW motor

7 2 3 Study of the feasibility of the application of controlled electric drives for the
COmMpressor engines

Contents of the proposal

Control of the compressor station capacity by controlling the speed of compressors’ actuating
motors

Study results
There are two compressor stations at the enterprise - old and new ones

The old compressor station 1s equipped with four compressors of 202VP12/3CB type (stationary,
one stage, double acting, with two simultaneously operating cylinders and circle cooling)

Technical data of the 202VP12/3CB compressor are as follows

® 1njection pressure 3 Skg/cm?,
e capacity 12 m*/min,
e power demand 50 kW,

e rotational speed per mmute 735rpm,
e cooling water flow rate when 1its mlet temperature 1s 25 °C 20 /min

Drive abuilt-in 44280M8 motor
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e capacity 75 kW,

¢ nominal rotational speed 720rpm,

e voltage 380 V, three phases,
e nominal stator current 143 A

The new compressor station 1s equipped with three compressors of 4VU1-5/9 type (piston, V-typed,
four row, four cylinders, two staged, directly acting)

Technical data of the 4BU1-5/9 compressor

e capacity according to the air intake conditions -5+ 025 m*/mm,
¢ nominal rotational speed of the compressor shaft 740rpm,
e power demand 1n the data-sheet mode not more than 33 kW,
¢ power consumed by the compressor

in the control mode not more than 22 kW,
o nomunal outlet differential pressure 0,78 MPa (8 kg/cm?),
e cooling by arr,

Drive — a 3-phase asynchronous 44M250 8UZ-type motor with a squirrel-cage rotor

e capacity 37 kW (according to the data-sheet) but actually
a 45 kW motor 1s installed,

e voltage 220/380V,

¢ rotational speed 735rpm,

s frequency 50 Hz

The analysis of the power consumption by compressors showed that mostly one compressor operates
most of the day The second compressor 1s switched on from time to time when a new lot of flour 1s
delivered for unloading or the plant 1s working at full capacity The capacity of the compressor
station 1s controlled manually by the attending personnel

In order to establish the feasibility of the controlled electric drive application for compressor
actuation, the investigations have been carried out with the use of DRANETZ SERIES 808 power
analyser Table 7 2 and picture 7 3 show the curve of the daily load of Compressor #1 (from 16 of
November 18, 1997 t1ll 16% of November 19, 1997) The load curve 1s rather flat showing that the
capacity 1s not controlled by the attending personnel According to the polling of the operating staff,
the compressor station’s capacity is carried out, m better case, when other compressors are turned on
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The main purpose of control measures 1s to maimtain the constant pressure in the system Besides, the
average capacity control range will not exceed 25 to 50% enabling to save not more than 20 to 30%
of the power consumed by compressors (see 1tem 6)

Table 7 1
Daily loading of Compressor #1
No Date Time | Capacity, kW Power factor
1 2 3 4 5
1 18 11 1997 ] 16 00 62 70 085
2 1811 1997 ] 16 15 5322 085
3 18 111997 | 16 30 60 27 085
4 18 11 1997 | 16 45 57 06 0 84
5 18 111997 | 1700 5508 083
6 1811 1997 1715 5370 082
7 18 111997 § 17 30 5373 082
8 1811 1997 | 1745 54 81 082
9 18 11 1997 | 18 00 59 88 083
10 181119971 1815 59 25 083
11 18 11 1997 ] 18 30 51 54 080
12 18111997 | 1845 51 60 0 80
-1- 13 18111997 ] 1900 5424 + 081
14 18111997 | 1915 54 00 081
15 18 111997 | 19 30 5277 081
16 18 11 1997 | 19 45 59 19 083
17 18 11 1997 | 2000 56 55 082
18 18 11 1997 § 20 15 53 64 082
19 18 11 1997 | 20 30 54 81 082
20 18 11 1997 | 2045 5322 082
21 18111997 | 21 00 52 08 081
22 18 111997 | 2115 5292 083
23 18 1119971 21 30 5520 083
24 18 111997 | 2145 5307 082
25 18 11 1997 ]| 2200 49 92 080
26 18 111997} 2215 50 07 080
27 18 11 1997 | 22 30 49 35 079
28 18 111997 { 2245 53 88 080
29 18 111997 | 2300 57 18 0 81
30 18 111997 | 2315 51 54 079
31 18 11 1997 | 23 30 5370 0 81
32 18111997 | 2345 54 90 0 81
33 18 11 1997 | 24 00 56 70 081
34 1911 1997 ] 00 15 57 54 081
35 19 11 1997 | 00 30 59 43 082
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No Date Tmme § Capacity, kKW Power factor
36 19 11 1997 } 00 45 57 21 0 82
37 1911 1997 1 01 00 58 59 082
38 191119971 01 15 57 06 081
39 19 11 1997 ] 01 30 57 84 0 81
40 19 11 1997 ] 01 45 58 23 0 82
41 19 11 1997 1 02 00 57 96 082
42 19111997 0215 5892 | 082
43 19 11 1997 ] 02 30 59 52 082
44 1911 1997} 0245 57 96 082
45 19 11 1997 1 03 00 5709 0 81
46 19111997 § 03 15 57 24 081
47 19 11 1997 | 03 30 5514 0 81
48 1911 1997 | 03 45 58 86 082
49 191119971 04 00 56 64 081
50 19111997 ] 04 15 52 83 079
51 1911 1997 ] 04 30 5373 0 80
52 1911 1997 ] 04 45 58 08 082
53 19 11 19971 0500 58 38 082
54 191119971 0515 57 63 082
55 19 11 1997 1 05 30 56 76 082
56 19 11 1997 ] 0545 5901 082
57 19 11 1997 1 06 00 59 52 0 83
58 19 11 1997 | 06 15 60 39 0383
59 19.11 1997 1 06 30 5112 0 80
60 19 11 1997 | 06 45 5727 0 83
61 1911 19971 07 00 60 24 0 84
62 19111997} 07 15 5976 0 84
63 1911 1997 1 07 30 5511 0 84
64 1911 19971 0745 5571 0 84
65 1911 1997 ] 08 00 55 86 0 84
66 19111997 08 15 56 76 084
67 1911 1997 1 08 30 5292 083
68 1911 1997 § 08 45 54 48 0 84
69 1911 19971 09 00 5124 0 83
70 191119971 09 15 5313 083
71 1911 19971 09 30 5520 0 84
72 1911 1997 § 09 45 57 06 085
73 19111997} 1000 5541 085
74 191119971 1015 5583 084
75 19111997 | 10 30 5532 0 85
76 1911 1997 | 1045 48 12 0 82
77 191119971 1100 46 56 — —0 8l
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No Date Time | Capacity, KW Power factor
78 19111997 | 1115 46 71 081
79 19111997 | 11 30 5061 083
80 19111997 ] 1145 54 45 084
81 19111997 | 1200 58 59 085
82 19111997 1215 58 11 084
83 19 111997 | 12 30 5589 084
84 19111997 | 1245 60 90 085
85 19111997 ] 1300 59 01 085
86 19 111997 § 1315 57 81 085
87 19111997 ] 1330 5595 084
88 19111997 ] 1345 57 27 085
89 19111997} 1400 5515 084
90 19111997 ) 1415 56 14 084
91 1911 1997 ] 14 30 5334 084
92 1911 1997 1445 54 48 084
93 19 11 1997 ] 1500 5541 084
94 1911 1997] 1515 54 60 084
95 19111997 } 1530 54 36 084
96 19111997} 1545 5322 083
97 191119971 16 00 5515 0 84
cosp P, kW
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1 — power consumed by the motor of Compressor #1,

Fig 73 Compressor #1 daily load curve

2 — power factor
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Thus, the expected annual savings due to electric drive control system introduction at the old
compressor station will be 20 per cent of the electric power consumed by the compressors

(02 71,500 kW h/month = 171,600 kW h per year

or

02 $3,000per month 12 month/year = $7,200,
where 71,150 kW h/month — a monthly consumption of electric power by compressors,

$3,000 per month - an average monthly cost of the electric power consumed by the
COMpressors, '

12 months — the number of months 1n the year

The cost of a frequency converter (see Appendix A) to control the rotational speed of the motor of
one of the compressors will be as follows

o $6,250 for domestic converters,

e $10,000 for imported converters,

The cost of frequency converters for four compressors will be as follows
o $25,000 for converters manufactured in Ukrame,
e $40,000 for converters manufactured in the USA

The cost of additional equipment and adjustment of the whole control system will be $5,000

Total costs of the implementation of energy saving measures will be as follows

o $25,000 + $5,000 = $30,000 — for converters manufactured in Ukraine,
o $40,000 + $5,000 = $45,000 — for converters manufactured the USA

Stmple payback period
o For the converters manufactured i Ukrame (the cost 1s $30,000, the annual saving — $7,200)
$30,000 / $7,200 = 4,17 years,
¢ For the converters manufactured in the USA (the cost 1s $45,000, the annual saving — $7,200)
5,000/ 37,200 = 6 25 years —
Conclusions  The simple payback of this measure 1s above 2 years, so the precise calculations
should be done with taking into account discounting

Application of frequency converters manufactured 1n the USA 1s not economically
feasible, because the hifetime of a converter can be less than the simple payback
period
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Irrespective of the lower quality (reliability) of the converters manufactured in Ukrame they,
nevertheless, can be referred to the long-term energy saving measures as not more than two
compressors should operate simultaneously Thus, even 1f only one adjusting person 1s available at
the enterprise, the reliable generation of compressed air will be ensured

7 2 4 Investigation of the possibility of sunultaneous utilization of the old (operational)
and new (stand-by) compressor stations

Contents of the proposal

Compressors of both old and new compressor station are of the different capacity and productivity
The new compressor station 1s equipped with the system mamtaming the constant outlet pressure in
the air duct E—

Proper selection of the number of simultaneously operating compressors of old and new compressor
stations will enable to decrease the capacity stage discreteness of two compressor stations and, hence,
to reduce the losses associated with the control of their total capacity

Study results

According to the calculations, the reduction 1n capacity stage discreteness of two compressor stations
enables to decrease power losses related to the compressed air generation by 4 to 5%, 1 e by $1,441
to $1,802 per year Technical data of the compressors of the old and new compressor stations are
provided above (see Item 72 3) The analysis shows that compressors have different techmical
characteristics 1n terms of the air pressure and capacity According to the results of preceding energy
audit carried out 1 1996, the total capacity of the compressors of the old and new compressor
stations (see Section 6) during their simultaneous operation did not correspond to the designed one
Thus proves that compressors delivering high pressure prevent the compressors with lower pressure
from normal operation Thus, the new compressor station was decommissioned after the preceding
audit Controlled drive systems could be an alternative to such a decision However, bearing in mind
that savings are less by 4 to § times 1 comparison with the measure described 1 Item 7 2 3, such an
approach becomes not expedient

Conclusions  Because of the difference i compressor characteristics of the old and new
compressor stations, their simultaneous application is not economically expedient

725 Introduction of a system maintaiming the constant outlet pressure of the old
compressor station

Contents of the proposal

Introduction of a system mamntaining the constant outlet pressure of the old compressor station by
way of pressure sensor and control valves mstallation

Study results

In order to implement the system maintaiming the constant outlet pressure of the old compressor
station, the following equipment 1s required

e pressure sensor 1 umit,
e control valve 1 unt,
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e controller 1 umt,
s pilot relay 4 units,
e block valves 4 units,

The total cost of required equipment taking into account customs and transportation costs 1s $1,950
Taking mto account the average value of the power consumed by compressors during the day (99 3
kW), the average savings value will be at least 6%, which will amount to 50,000 kW h that costs
$2,100 per year

Thus, the payback period of this energy saving measure 1s

$1,950/32,100 = 0 93 year

Conclusions Taking nto account the short payback period (@ 93 year) and comparatively low
implementation costs ($1,950) of this energy saving measure, 1t can be considered
as one of the most promising measures

7.3 Energy saving measures in the FTL-2 bakery ovens

7 3 1 Generalinformation

In the course of discussion of possible energy saving measures the following proposals have been
selected for further evaluation

A 1mprovement of thermal insulation of the bakery ovens,
B control of steam supply to the oven

FTL-2 swinging tray/hearth oven 1s intended for baking a wide range of products A blind-end baking
oven chamber contains a swinging tray/hearth double-strand baking conveyer 24 swinging trays of
1,920 mm length and 350 mm width are suspended at every third link of the two 140 mm pitch
chains

The intermittent motion of the oven conveyer 1s achieved by halt of the dniving electric motor with a
cam plate (dog) mounted at the worm wheel shaft serving as reducer After one revolution the cam
plate presses the limit switch spindle causing the electric motor and conveyer to stop The electric
motor 1s switched on with a time relay adjusted to a pause as required to bake each product

Heating of the oven 1s ensured in the followmg way flue gas from the oven 1s gomng through the
lower gas flue and a vertical standpipe to a radiator tank, further the gas rises through the standpipes
mto two wide ducts of the upper flue Afterwards, the gas going through the ducts washes three small
water heating boilers and escapes through the duct mto the funnel

The environment of the baking chamber 1s hummdified with steam coming from the boiler house

The process of baking should be orgamised in accordance with the continuous method which
envisages that every swinging tray 1s freed from finished products after certain period and at once
loaded with dough feed Contmuous method of baking allows to create proper steam conditions and
stable temperature, improves the quality of baked goods and increases the capacity of the oven

The main parameters of baking processes - duration of the hearth revolution, temperature in the
baking chamber, humidity of the steam and air environment - must correspond to the sort of baked
goods
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Duration of the hearth revolution or baking time 1s controlled with a tumer

At present, the temperature condition 1s not controlled due to the lack of thermometers The steam
condition of the baking chamber 1s controlled by changing the rate of the steam supply from the
boiler house

7 3 2 Improvement of thermal insulation of the FTL-2 bakery ovens

Contents of the proposal

To reduce heat losses from the walls of FTL-2 ovens by means of improvement of their thermal
msulation

Study results

In order to establish the feasibility of the improvement of thermal mnsulation of the walls of F7L-2
ovens, temperature of the walls was measured For this purpose a DHS-26X “Heat Spy” infrared
thermometer was used The measurements showed that the average temperature of oven surface was
66 °C although the efficient temperature 1s 22 °C In certain places of the outside surface of the ovens
the temperature reached 90 to 95 °C evidencing that their thermal msulation was damaged The FTL-
2 bakery ovens have been 1n operation since 30 years, and they are subject to refurbishment The
bakery management plans to refurbish them but 1t will be done not earher than m 3 to § years
Natural gas will be saved after taking this measure

Improvement of the oven thermal msulation allows to save
O=a AT &, (kcal/h),
where a=1 5 kcal/(m® °C) - 1s a constant,

AT =(66 - 25) °C - dufference between the oven temperatures before and after installation
of thermal msulation,

§=7076m* — ovensurface area
Then
0=15 (66 -25) 7076 =4,352kcal/h
The annual savings will be as follows
4,352 kcal/h 8,760 h/year = 38,000,000 kcal/year = 38 Geal/yr

Which 1s equivalent to the following saving of natural gas (Q”*,,, = 8,100 kcal), 1f the combustion
efficiency 1s 85%

38,000,000/ (8,200 0 85) = 5,500 m’/yr

If 1,000 m* of natural gas cost $82, the annual savings from mstallation of additional thermal
msulation will be the following
55 82=8450per year
The cost of 1 m? of thermal msulation 1s $4
Matenal — thermoinsulating basalt matresses 7M-10 (RSTU-1981-87, meas -1)
The cost of imsulation for 1 oven i1s as follows

70 76 m* $4 =$283
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(For more details see Appendix A)
The payback period 1s as follows

$283 / $450 ~ 0 63 year
Conclusions Taking mnto account the fact that the costs of additional thermal insulation of
the ovens will be recovered in @ 63 year, this measure can be recommended for the
implementation at all 73 ovens as a measure with a short-term medium payback
period However, with that one has to take into consideration how long the FTL-2
ovens are to be operated? As the bakery management 1s planning to replace these
ovens with new ones, more economical and productive

7.3.3 _Control of steam supply to FTL-2 bakery oven

Contents of the proposal

Currently, various bread sorts made of flour and dough of different quality, and with varying amount
of water are baked 1 FTL-2 ovens This requires that the amount of the steam supplied to the oven to
maintain the required air humidity i two moistenung zones be permanently regulated

Study results

The amount of the steam supplied into the oven, 1s controlled with valves operated by the Chief
Thermal Engineer The control 1s performed manually to produce bread of good quality (on the basis
of a visual estimation) and on the basis of the personal experience, this sets the valve state

The estimated stream required 1s 170 kg per oven per hour Currently, this leads to almost twice as
much steam, as 1t 1s required (300 kg of steam per hour)

The equpment required to implement this measure 1s shown m Fig 7 4

- s e e v e ee e

Oven FTL-2 Steam

50 mm
1 Hurmudifier

50 mm 2 Collector passes

3 Collectors

4 Steam trap

5 Hunudity sensor with a
4 controller

Figure 7 4
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The cost of this measure implementation 1s $5,000 (see Appendix A)

The oven operates 24 hours per day, 1 ¢ 8,760 hours per year The annual steam saving will amount
tfo

(300 - 170) kg/hour 8,760 hours = 1,138,800 kg,
or, in heat terms
1,138,800 kg/yr 650 kcal/kg = 740,220,000 kcal/yr = 740 22 Geal/yr

If 1,000 m® of natural gas cost $82, the savings on production of steam for one F7L-2 oven will be
as follows

€LY 106 = %8 700
poL 4 wo v

06 , 70 .
The payback period of this measure will be
$5,000 / 38,700= 0 57 year

Conclusions  This measure 1s the most promising one for the implementation at Lviv Bakery #1
It can be recommended for all 13 ovens in the bread baking workshop In this case
1t 18 necessary to buy equipment the total cost of which 1s $65,000

74 Improvement of the operation efficiency of E 1,6-0.9 boilers in Lviv Bakery #1
boiler-house

74 1 General information

At present, the boiler house of Lviv Bakery #1 has four operational E-1,6-0,9 boilers operated on
natural gas

The boilers were commissioned 1 1992 and are kept in good condition Natural gas 1s burnt and the
boiler produce steam (1 6 t per hour) at 1 2 Bar

The boilers generate steam for the following purposes

e to humudify the operating chambers of FTL-2 51%
ovens to bake bread

o to humdify the operating chambers of FTL- 9%
20 ovens to bake rolls and buns

e to pre-heat the hot water for space heating 34%
during the winter period

e to pre-heat the hot water for process needs 6%
Total 100%

The boilers consume about 147 07 thousand m’ of gas per month or 30% of bakery’s demand

The following measures have been selected from the general list of potential energy saving
recommendations

e Improvement of the thermal mnsulation of the boilers,

e Utilization of the flue gas heat for pre-heating of the hot water for process needs and space heating

during the winter period
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7 42 Improvement of the thermal insulation of the boilers

Contents of the proposal
Improvement of the thermal msulation of boilers m order to reduce the heat losses
Study results

To imvestigate the feasibility of improving E-71,6-0,9 boiler walls, the wall temperatures were
measured The DHS-26X “Heat Spy” infrared thermometer was used for the measurements The
measurements of the temperature of outside surfaces of the boilers proved that Boiler #2 had the
local (~0 I m x 0 I m) temperature increase up to 126 °C The energy auditors drew the attention of
local operators to this fact As a result, the bakery management made a decision to compulsorily
repair the destroyed boiler’s fire-proof covering after its outage The measurements also proved that

the average temperature of boiler surfaces 1s 40 to 50 °C The mentioned values correspond to the
current regulations and standards of Ukrame Nevertheless, the calculations were made (see below)
for thermal 1nsulation used to reduce the temperature of outside surfaces of the boilers down to

o _— —

a2c o0
o N B 2

By mmproving the thermal msulation of the boilers there will be saved (the calculation approach see
m Item 7 3 2)

1,5 (50-35)°C 4x(25 x235)=5625kcal’h
The annual saving will be as follows
562 5 kcal/h 8,760 h/yr = 5,000,000 kcal/yr

The approximate amount of natural gas consumed to produce 7 Gceal of heat (at n = 85%, 0”7 ,,., =
8,100 kcal/m®) 1s 145 m*/Geal So, the gas savings are as follows

5 Geal/yr 143 m*/Geal = 725 m*/yr
It will result i the cost savings (if 7,000 m® of natural gas cost $82)
382 0725=_360
The cost of the insulation for one boiler 1s
($4/m*) 4x(25m x25m)=3100
The payback period 1s
$100/%60=1 67 yr

As at the same time not more than two boilers out of four are working, 1n case of providing any
additional msulation for all four boilers, the payback period for such an energy saving measure will
be as follows

(3100 4)/($60 2)=333yr,
and the gas savings will be
725 m’fyr 2= 1,450 m’/yr

Conclusions As simultaneously there work not more than 2 boilers out of the four, 1t does not
seem reasonable to provide additional thermal insulation at all the boilers It seems
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worth to provide thermal insulation on a stage-by-stage basis first on the two main
boilers, and then on the two redundant ones

It 1s necessary to provide a local repair of the fire-proof covering on Boiler #2

74 3 Utiisation of the heat of the combustion products leaving E-1,6-1.9 Bouler
Contents of the proposal

A heat exchanger should be 1nstalled to recover and then utihize the heat of the combustion gasses to
provide hot water for the processing needs and to heat premises in the winter time

Study results

According to the results of tests carried out with application of an ENERAC-2000 gas analyser (see
Appendix B), the amount of heat carried away from the boiler by the combustion products prior to
the installation (@,) and after the nstallation (Q,) of a heat exchanger can be determined for the
combustion product temperatures ¢, = 152 °C and ¢,= 107 °C respectively

0,=G 1,
0,=G 1,

where G=150m’ — per hour 1s boiler’s natural gas consumption (the low heat value 1s Q%,,, =
= 8,100 kcal per m®, the volume of combustion products 1s 717 85 m* per I
m’ of gas for the air consumption coefficient of 1 23),

1,= 600 kcal/m’, 1, = 350 kcal/m® - 1s the heat content of combustion products per I m® of
the gas consumed by the boiler at the temperatures of ¢,
=152 °C and ¢, = 107 °C respectively

Possible heat saving due to the exhaust gas cooling from 152 °C to 107 °C amounts to
0:=0,-0,=G 1-G ,=G (1,-1,)=150 (600-350)= 37,500 kcal per hour

Taking mto account the heat exchanger efficiency of 80%, the following amount of gas will be
saved

G.=08 Q0% ,,, =08 37,500/8,100=3 7 m’ per hour
The annual saving will amount to
(3 7m*/hour) (8,760 hours/year) = 32,400 m’ per year
The cost of the gas saved during one year will amount to
(32,400 m® per year) 0 082 $/m* = $2,660

The value of the required equipment including the transport and other expenses will amount to
$5,100 (for details see Appendix A)

The payback period of this measure will be
$5,100/ $2,660 = 1 92 year
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As at the same time not more than two bolers out of four are working, 1n case of providing any
additional insulation for all four boilers, the payback period for such an energy saving measure will
be as follows

(815,100 4)/($2,660 2)=384yr,
and the gas savings will be
732,400 m’/yr 2 = 64,800 m*/yr

Conclusions As simultaneously there work not more than 2 boilers out of the four, 1t does not
seem reasonable to provide additional thermal mnsulation at all the boilers It seems
worth to provide thermal insulation on a stage-by-stage basis first on the two main
boilers, and then on the two redundant ones

=
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8 ENVIRONMENTAL IMPACT OF THE RECOMMENDED MEASURES

Implementation of the energy saving measures will result in the reduction of harmful emissions
into atmosphere owing to reduced fuel and electricity consumption According to the average data
from the enterprise for boilers and small ovens, burning of 1,000 m* of gas results into the following
emissions nto the atmosphere

CO - (carbon monoxide) — 028 kg,
NO, - (mtrogenoxides) -~ 1,458kg,

In 1996, the average harmful emussions per 1,000 kWh of produced electricity, within the system
of the Ministry of Energy of Ukraine, was as follows

CO - 051kg,
NO, - 2177kg,
S0, — 989kg,
Ash — 4365kg

Implementation of the proposed energy saving measures will allow to reduce the natural gas
consumption by 1,620 75 m* and electricity consumption by 271,600 kWh, which 1s equivalent to the
following reduction of harmful emissions into the atmosphere

CO (1,620,750 m*) (0 28 kg/thousand m*) + (271,600 kWh) x
x (0 51 kg/thousand kW h) = 592 kg

NO, (1,620,750 m*) (I 458 kg/thousand m®) + (271,600 kWh) x
x (2 177 kg/ thousand kW h) = 2,954 kg

SO0, 271,600kWh 9 89 kg/thousand kW h = 2,686 kg

Ash (223,100 308,900)kWh) (4 365 kg/thousand kW h) =1,186 kg
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APPENDIX A

LIST OF POSSIBLE ENERGY SAVING MEASURES



List of possible energy conservation measures (ECOs)

Electric powerIN atural gasl Yearly | Measure | Payback | Item
Description saving, saving, | saving, costs, period, }m this
kW h m3 USD uUsSD yr report

Introduction of energy 50,000 105,000 | 813,260 | $13,000 | o098 | 71
management Service
Controlling supply of steam into
FTL-2 Baking Oven
- for one oven 0 106,000 | $8,700 | $5,000 057 733
- for 13 ovens 0 1,378,000 ]$113,100] $65,000 057 |733
Improvement of thermal
msulation of FTL-2 Bread
Ovens 0 5,500 $450 $283 063 732
- for one oven 0 71,500 $5,850 $283 063 732
- for 13 ovens
Improvement of thermal
msulation of the boilers 0 725 $60 $100 167 742
- for one boiler 0 1,450 $120 $400 333 742
- for four boilers
Installation thermal heat
exchangers to utilize the heat
from the combustion products
leaving the boiler 0 32,400 $2,660 $5,100 192 743
- for one boiler 0 64,800 $5,320 $20,400 384 743
- for four boilers
System for sustaining constant
outlet pressure at the old 50,000 0 $2,100 $1,950 093 725
compressor station
Use of a speed-controlled electric
motor for the compressor engines 171,600 0 $7,200 | $30,000 417 723

The hist of the possible frequency converters required for implementation of ECO #1
“Implementation of energy management” (Item 7 1)

e Portable gas analyzer ENERAC 2000
Manufacturer Energy Efficiency System, Inc
Bacharach, Cosa Instrument Corporation
e Portable thermometer for a non-contact measurements o temperature DNS-26XL1 (0 to 1,000 °C)
Manufacturers Davis Instruments,
Wahl Instruments, Inc ,

“Termoprylad”
The cost of the equipment gas analyzer - $5,000, the infra-red thermometer -$1,000




The hst of the equipment (see Fig 7 1) required to implement ECO #2 “Controlling steam supply
in to the bakery oven of FTL-2-type”

e Humdifier, Armstrong, Size 94, 1" onfice, two mamfold fittings No A-4967 - L, two 7' long
manifolds, Honeywell modulating valve operator, input 4 - 20 mA, 24 V, 50 Hz Steam 0 14 to
0 82 barg (2 to 12 psig), 340 Ibs/hr (170 m*), one mverted No 800, 1/2" bucket trap, threaded
openings to be metric sizes (DIN standard)

e Controller, Davis Instruments, Catalog No EH438048 , Model 48 VT, DIN PIN Controller,
220V, %) Cycle power mput 4 to 20 mA, output 4 to 20

e Humiditysensor Vawsala model HMD 70U, 0 to minus 80 °C, 0 to166% RH output (4 to 20 mA)
duct mounted with 24” long duct probe, 9 to 24 V, 50-cycle mput power

o Transformer Honeywell AT88A1021, 220 V/24 V, 50 cycle, 50 VA

The cost of the equipment The humudifier - §3,700, the humidity sensor and the controller — $850,
transportation — $455

The total cost of implementation US 35,000

The list of the thermal matenials required to implement ECO #3 ¢ Improvement of the thermal
msulation of bakery ovens of FTL-2-type” (Item 7 3 2), ECO #4 “Improvement of the thermal
msulation of the boilers” (Item 7 4 2)

e mats of basalt for thermal msulation - TM 10-20, TM 10-15, MTPRB, MBPa
Manuafacturers JSC “Teploizohaziya”, Kyiv Region,

Town Settlement Kotsiubynske

Tel (04497) 72-306, 72-647
Thermal Insulating Materials Plant
Chemivts: Cuty,

CISC “Izohaziya”,

Donetsk City

Tel {0622) 66-61-42 —

The bist of the equipment required to implement ECO #5 “Installation of a heat exchanger to
utilize the heat of the combustion products leaving E-1,6-0,9 Boiler (Item 7 4 3)

e Economizer Cain Industries Model B12 1 unit
e assembled pump
— 9GPM Pump, 12 feet head, 220 V, 50 Hz, 1 phase, 1/6 HP 1 unit
—~ pump control system 1 umt

— stack thermometer 2 units
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— flow control valve 1 umt

— check valve 1 umt

— temp and relief valve 1 umt

— temperature and pressure relief valve 1 umit

— 80-gal storage tank 125 ps1 1 umit
The manufacturer Cain Industries, Inc P O Box 189

Germantown, W1 53022 414-251-051
WATS1-800-558-8690
FAX1-414-251-0118

The list of the equipment required to implement ECO #6 “System to keep constant the outlet
__pressure at the compressor station” (Item 7 2 5)

¢ Control valve
e On-Off valve
The manufacturer JORDAN VALVE
3170 Wasson Road
Cimcinnati, OH 4509-2381
USA
Fax 513/871-01-05

The list of the frequency converters that may be useful to implement ECO #7 "Use of a controlled
electric drive for the compressor engme” (Item 7 2 3)

e PChTE-75 Converter (TU U 02021420 001-95) designed for controlling the asynchronous electric
motors with shorted rotors The nominal current of the frequency converter 1s 125 A, the nominal
voltage of the frequency converter 1s 380 (400) V, the motor capacity 1s 75 kW, the overall sizes
of the frequency converter (without a choke coil) are as follows H xL x B == 800 x 400 x 295
mm, the oversize of the choke co1l 1s 360 x 275 x 315 mm

The address of the manufacturer Ykpauna, 310125, r Xapbkos-125, a/a 5303
HayuHo-npousBoncreennas komnanus Q0C JItg
®axc +(38) (0572)-26-11-01

or in English
Research and Production Company "EOS Ltd "
Post Box 5303, Kharkiv-125, 310125, Ukraine
Fax +38(0572)26-11-01



e AT 01 Frequency Converter (TU 3431-001-39460462-96 RF of 27 12 96)
The address of the manufacturer P®, r Canxt-Ilerep6ypr, yn BnaromaTtHas, 2
Kopnopauus "TPUOJI"
®Daxc (812)-296-93-38,
296-91-75
or m English

TRIOL Corporation
2, Blagodatnaya Str , Sankt-Petersburg, Russia

o CX-INVERTER TP's 1997 Frequency Converters

CX0750V34FONO Converter, the overall sizes are W x H x D = 250 x 800 x 315 mm, the
weight 1s 60 kg

The address of the distributor 252057, YxpauHa, yn XKensGosa, 8/4
HONEYWELL
or 1n Enghish
HONEYWELL, 8/4, Zhehabov Str,
Ky1v-57, 252057, Ukraine
Fax +(380 (44) 446-72-11

o ACF601-0070-3 Transistor Converter for controlling the rotational speed of asynchronous electric
motors The oversize 715 x 304 x 429 mm, the weight 1s 50 kg

The address of the distnibutor 252103, Vkpauna, 6yn Hpyx6st Hapomos, 28
ABB Vkpauna
or 1n English
ABB Ukraine
28, Druzhby Narodov Blrd ,
Ky1v, Ukrame
Fax +(380)(44) 295-13-98

R



e TTE Converter for controlling the rotational speed of asynchronous motors
The address of the manufacturer 3306006 Yxpauna6 r 3anopoxse, I'CII-187,
yn Kpemnerckas, 63-A
or in English
63-A, Kremlevskaya Str,
Zaporizhzhia, GSP-187, 330600, Ukraine
Fax +(380) (44) 52-60-09

The approximate cost of the converter with the accessories plus the transportation cost

e $7,207 for the converters produced 1n Ukrame,
e $10,811 for the converters produced in the USA
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60/70 Series Duct and Wall-Mount
Humidiiy and Temperature Transmitters
tor HVAC/EMCS

BEST AVAILABLE copy
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FEATURES/BENEFITS
e full 0 100 ¢°RH measurement
e true Mo ™I ¢ transmutte~< with «+ 20 mA loon
pone ec oo nut (BPMD 64 .nd = ™\ 60)
celecble cansloupuiefn 1V 0 3V o
O 10N (END T 0ard eI\ "0 o7
curer rcdulealso 0 2012 (- ID70)
¢ eleclomagzne icallh compat ble
° tempers ure compensited
excellent long term saabilin
o up 10 * 2 °RH accuriqy
HUMICAP? humudinn sensor for excellent accuracy
and long term stabilin neghgible hysteres s and
resistance to dust and most chemuicals
e £204 RH accuracy (0 90%0)

+50 RH accu acy (90 10u".)
» NEMA 4 housing (duct unit only)

A
T3

OPTIMAL ENERGY MANAGEMENT

The duct and nall mounted HMD/W 60 and
HMD/W 70 ransnutters are designed for monitoring
relatne hurmdiy and temperature i building
energy manageme~ <vstems The combinauon of
high accuracy stabiliy and rehable operation mahes
these products the ideal choice for demanding
energy management applications

The duct mount transmitters can also be used in
many industrial hunudiny monitorning apphcatons

= here therr stabihin and resistance to chenucals and
dust are of greatvaluc

A novel feature of these duct mount trinsnutters is
the abihyy 10 remove the electronics without disas
scmbhing the unit from the duct

The HMD "W 60 and HMD/W 70 transnutters are
available in mo modeds U for hunudin measurement
only and Y for hunudiy ind iemperature measurement

FAST, ON SITE CALIBRATION

The accuracy of the transnutters is simple 10 check
using the HMI 41 hunudity cihbrator The calibraton
cin be donc in seconds with 1 angle potcnbomcter
vthout disturbing operaton This sives hours of
munten e e and ensures Jugh «v tom accuracy

r33 03 g5
I

— = —

““m . { \

| &l =y

Lar]

<!

=]

! pat

{

!
I R e T
) J [IP I, I
— - b

- L%

g Xy -
. .
_ tE

it f
(¥ ——— e

(X ¥} 1




Erco

[

TECHNICAL DATA HMDAN 60 and 70 Series

Iheies 2w ¢ 4 22YmA ounu

Aall poourt R4 onl HAW O
RANT HAMN oy

<J€CI mount RH onh HMDOL
RHAT HAIDOY

"0 Senies 3 ware vanable voltage output

~all mount RH only H W™ OL
RHANT HMVIWT ®y

it mount RH onh HYID™ L
RHNT BMDT N

Felative Humidity {duct mount rodels)
“asd el rLe g

(VRN O] -
wwmacy 4t =20 °C N F)
- FRr
3~
) /"
0 10 120 30 40 80 60 170 85 & |1 D0%AH

“elative Humidity {wall mount models)

~.surement ran.e ¢ 95 kR
Accurucy at + 20 °C (Cs °F)
Lo “WRH
3
2
. ]
L0 'to Tao 30 a0 so Teo 7c & 4 100 AW
] \J
2
4
Tempemture dependence
- BH
-
:J\
i
-
[ ‘
20 10 ¢ 10 20 20 ur\owo c
T
1

ponse tme at +20 C
25 response
~nsar

15 s (wath membrane filter)
HUNICAP 180

& VAISALA

Z) Commerce Way Woburn MA 01401
ne 617 933 4504 FAX G17 933 #0129
arc g coxde 741 in 9A4)
nstlhcom

Temperature (Y models
Laca
Sen or

onlv)

~ e uan?1°C
T JEC ™ot ddusB

(HMD 60Y and HMD =0Y)

Meosurement ran.e 2 =Y O +170°R)

Accuracy

a

os
(3]

& ¢
D2~

(MR G0Y and HDW ~0Y)

Measurerwent range N s

C (=23 131 °F)

Accurucy

L C
05~

04
a3
€2

Ol"}

<
-(:l—-l
42
03

o4
-as:!

10 0 1

General - 60 series

Supply voltage

OQutput si,nat

10 35 VDC (R = 0 ohm)
20 35 VDC (R = 507 ohm)

4 20 mA

Genera@

Supply vOluge runge debends on the selec =3 ou put signal
DC AC

[V A% 1 35\ 9 24V
4 5\ 14 35\ 12 24V
O 10V 19 3>\ 16 24V
O 20 mA (R ~0ochm) 10 33\ 11 24V
0 20 mA (R = 50) ohm) 0 »HV 17 24V
General
Operating femperdture range
clectronics S 43> Cf(+23 +131°P)
sensor head (duct mount) 20 +6fy CL4 +176°F)

Storagge temperiiure rdnge

40 +60 *C 40 +1767F)

Heausng,

sensor head (duct mount)
clectronics (duct mount)
cdectronies (wall mount)

stainless steel
cast luminum
ABS plastc

Crinnections sorew tlomurabs 09 1> mm
Sensor protection (dict mount)
tand tred membran 1o C17039 HAD
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Temperature and Process Autotuning PID Controllers

[

Microprocessor based,
dual display controllers
with hhmit alarm

Vew ramp to setpoint
rersions minimum oLer-
snoot of setpoint

5 e

AChmmen F&

S, 324132
pb e
o

Dual 4-dig1 LED dspays borprocessand
sepotvaues

» soeirol output and a2 LED inc'caton
Tagy s LS gLy e mAnss
Tre-touch asto'uning X ¢ ecse cotrol
3.ik-n a'armm delzy coundown tmer for act

i

AR it AT

gammable modas

#~=SSRor 4-ZamA

o S.ancard Lim1 Alern re'ay(s) with 8 pro-
+Cortolovtnsis 34—p eay 24VDCHo

¢ Screw terninal con <Cions ,
» haenevolatile memory stores seting values

31T Andesta dudn b b b

L
P i

» Alarm relays bz & an afustable deed ba
for dua! corirol for Pz cood appficatons

0 f I man e 6O TGS

¢ SifY & SlaT 127D swet E2MeXR Y Telues
overshoot of s-ooci ier 501 st

vabing alarm relay case of power fallure
+ Artrresat to mimmaze overshoot . S,um-m diagnosics reduce roubleshooling !
+ Accepts mutiple themocouple, RTD o R

process mpmg P « Comp'ele wih mouning hardware

* O=M Discounts evaleble

SA RVNGIAG

- ; SPECIFICATIONS ¥ DIN AND % DIN MODELS
Ranges
iog No /Hodel\ Tped FL IR F S0105 C
i orB \ VT _J ADNPDoonwolerwt L fam  $16206 T K PIRCTIrY: R0 C
e 8T W AOMNPID ConJoler wrm 2e™ e2rms 3Y T[:,eﬂ W21 2182 F G'a 1754 C
s 4A2UTR A CHPID amp tu o e’ 199 (0 Tre S L8 F G175 C
Th BT S5UTHR 4 DN PID ramp to sptoort e~ w2300 Tyoe T 45410752 F 2701040 C
oY modes have 1 cordl wrpat and 1 alanm lay ADh e t oo op RTD (P11000}) L9210932 F AAC
r ¢ earm telays Thermocouple tyr= EE andHal oz alebe
Taons DC Process Inpuls 4 20mA or 1 V02
BA W ADNG ADN Coerar g 1600 Accuracy 202% FSlrdce v arcsepn )
(enables user t mount 4 DiN Samphing Time 025 seconds
ro any 4 DIN panal cuttout) Contro! Action
A3051 AS485  RS-485 Intertace for 66VT 17200 Propartional Band 0101004 (asu_rease]
{Cak EHA380-8 o) Irteqral Time 010 3000 &c (3Lt vuf# el®)
-4 451 48UT99  / DINNEMA 12 soft bezel oover 700 Denvative Time 0 to 3000 se¢ fa ~ureade}
PG — HIST Traceable Certfcata am Cycle Time 110 100 ¢
TP — NIST Traceable Certfcale wr Data 12500 Famp Rata 0 10 Ciminfc ity o7 mymy NS —1
Hy teresis 001025 5% {lur CPLCFF con f0)) i
# 3t specity when ordering Cantrol/ alarm relays }

1) Temperature npus (T wermvoccuple) 2) Temperature vy (RTD0) of
¢ ZmAnprt s 4) 1 5VDC apst

sur )5 R4P € 110VAC relay outpt, 2) Puled 24vDC oy or
& mA output

o franordinng 3 4 20TA uran a3 72 U0t pore

Oprrating Temperature

1410122 F{1G16 % Oy
Cutout

/ DNV 77 1 77 {(4° x &5m)

ADIMN3S236 (s129 7T) i
Power & Vo UM Y2 !
Dt p htrhind pane| a (1) ws
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Tsmperature Humiaity Therpodnemozeters . oo . .. 493409 Vacuum Pumps Y - rd

Dataloggers e s < e 328 329 342 Thermocoup'e Calbrator.... . . . ™0 Vacuum Recorees o e e 570

" aperatureHume s Irecators . 345563 Tee~mecoun'e Vane AnemometemS ey o v, 4134473

~ mperstury/ i . Cabibrators o 370377 390 383410 |\ glometers e e 440 441

‘}‘ audity Meters ... 235 320330 3323.:3) 7 Thermocouple Connectors . o v 04 Vibrating Reed Tochomelers . ... 704

:mpemmmﬂu:m:t\ Pede s 320 | Thermocouple Dataloggers .. .. . 300300 Vibration Meters e 152962

:-'ES;THL»J " 935-989 324 “‘emuple Pml M'e{‘ers il &'Qg \'ibrahon Monutors cnsaasn susen »«759, 80
- cerm mr;;h.; i PR e Trermocoup'e Probes e eeee, oo 2528 | \ibrabon Recoresrs e
E‘T‘ Thermocoupl 3 55
Dewpornt Aarm e - 334 R;.’f’ide,;’pj_m 200 292 298, 300306 ‘._1bratxon S - .“‘:°
~ =verature Humid ! T le Swnich Bas g Viscosty Testars .. . 604 B2
Dowpount Meters . oo e 322, 303337 T‘hm‘mupf ;‘_’ T | VIFMeters 8T
Tazmeeratwre Hammv ermocoupe hre ™1 Voie Draling Sveeem 234
Dowpont Recorder e e 286, 41 Thermobgregrahs e 26209 Voltage Detectors 190-125
~snsi0n Load Sepsor —— 972 Thermohygrometers ... 320-330, 332337, 413 , -
Voltage Recorders 6770
~s.la Veter e 938 Trermometer Probes — ... 255263 Voltage, Curreat,

Testers Thermometers 182284 Poaer Datalogger et woe weee 163
Cable Fault 166169 | Thermowells 283 1 Voltmeter Tester 152
Capactor ce s e e e 104 Tome Swatches g788.2 Volumetne Flow \eter Y &
Corettt e o e, 1ID125 Timers ——— 87822 _—

Camp-On Growrg Resstanee . 155 159 Tool Kits -« e e e 1001 1005 ; A 4
Component o e . 100-100 | TogueGarge o o L. L0712 813 e s e, W W M .,
Cestowly wm e e - 122124 | Toa) Dussobed SbdsMeerso = 784758 | Wall Thermometers 235238, 251,253
Deadwetght oo o . 542546 Totalzer Ratemeter . o670 6.2 Water Analyzers e TIBG-508
Drodeu o e e = 104 | TomeGasMomtors . . . L .842856 | Viater Leak Detecor 802
Ductwork Leakage . o 405 | Trecomiblers. 303318 | Yater Level Meters — . B43 644
Ground Resistance o e e 158162 | Turbidity Meters 800,801 | Wiater Pressure Recorders oo 572
Hardness e e 934-836 : Vater/Maste Water Analyzers.......... . 797, 798
FVAC Leakage oot e o — 435 Vattmeters ~137,139 140
JC e e 108108 . d . . . Weather ClockS s e e e 9534
Iosulation oo e 5066 | Ulresomc Flow Meters.. . e 624628 | oather Veters e . 40954
123KAEE | e e e e e wennBDD Ulresonic Leak Detectors . ... §%6-504 Weather Suationse— e . 940-942
LnePhase w157 Ultrasone Laqud Level Monmutors ... ......642 Veekly Timer 982
L SN, | v Ultrasonic Measuring Meters ... .. 985957, 994 Wind Speed &
Paper MOISHIr® e e o364 Ultrasonte Micronometers ... ... .. ........919-923 Direction Indscators oo ... 940-944
Phase Sequence . oo wos o mee w17 Ultrasome Sensors 994 | Wind Speed Indicators .. 940-944, 850, 951
Peceptacle 123-125 Ultresonic Stethoscopes ... o . ...8965-904 ind Tunnels - 456
Shock Pulse o ... L .82 Ultrasonic Thickness Gauges ... ..... .. .. 918-923 Wire Crowt
Soil Mosture oo S 386 387 Ultraviolet Radiometers.......onrvon. ... 749, 750 Tracng System et e e 118
Soil pH o e S A 3 i | Underground Cable Tracers ..... ..........173-175 Wire Length Meter s 121
Vit e . .. 604,824 Underground Pipe Locater o175 Wire Sorter 123
Yoltmeter e o152 Ununterruptable Power Supples... .85 | WinngAnalyzer 125
9
Wood Mossture . .4 .. . 364365 o . o2 : Wood Mousture Testers.—..........364-366

= -mmal Anemometers | .. ... . 423439 « Y ; Work Lamp$ e L 1010

" emalReed Swateh f oo 223 i" G XYXt Recorders oo . 659
~moAnemomete-Paters .. . 428431 | Vacaum Gauges...503514,516,518 52, 565 | XY YtRecorders e B0

\l/ ORDERING INFORMATION
To Order i Hours of Quantity Dncounts before eng our ree-umentzaon the aszomer
T sz orders by phore, pleae cal ol free 8 AM 0 70 PM BT D lctrumens offers dacourvs on gy muzt dermine the wokabdty of the product
I 82516 or 1ne oar 1ol bt fax ine Prvces and Terms orders Pease cortact o Sues Degarnen. for & desrtd e and the er must wsume o
18 433997 The prces n de ntes cralog e doen Return Merchandise 1o 0 xvecon wih & davs Ve umens
o 1eks 13 roducs orly unde the v and con-
“zmrmess may a0 reach Dave brmrumena a0 effecz on the pubbcioon die and are subet ¥ 7o, bt the need to rewrn 3 product for any Groors 12 throwe arsd wil nex be boand 10
~e=a rmbery dangt wrhous nouce. Pase al whdree reson, phase eorad oo Cusomes Sernce
termrs and condrore gated by de purdaser in

Facx ($10) 358-3900 1E02) 1B 2816 @ chon curex pree oo-  Degarvrent, A reasn ssborzzonon rumber & offer or oher contacaal doc
rus (410) 3580252 pore. terra are nex X0 dapy perdirg reqared pror to shopng merdtardee back :L‘mum“ yd
“mrmert weheg w orter by rad gy do o G, WPl GO, dprmeres e i Do benrom Do berwrmm reenes (10 o) ey orpdterdacagmarcs o Do
71 widreaarg the order wx = 1 :‘d”’“mlpp‘ﬂrwda‘c‘wt! e brerunes trrs ard cndoor.
Crae rrurmenes < D e
m%,s AJ pres shawn are FOR Babamore, MU Due o advances n tdnology some s rmay

Freghe and handieg darpes are pregasd and dfier shytely from ther daapoan or geer
”""f’a’("*”w‘?‘df added 0 dhe e, Ordiers are thoped va wer n e uky,
A hodren selecred corvmon Qumernt or you may request
Ferag Addest the amer of pus dne. Warranty
rvase Order Number Darn Wratrumen 3ol naot be Sakse bor any
“crarn Noarioer Confirrrung Orders gy b or dumige, smgher’ or mruxicy
#eA Cescrproon of Produc Wher malery corfrrmwy oders please dearty 7( ok of the e of ruwdy 10 we any
Gerrry bld e orde 15 3 corferrmaoon bern 1cid by vt Davg berurars oAk cepluce
rx & regad Wy aam proveed (G be deacre
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Standard Package

- 'Armstrong Conc ionec Seam

~gmiaifiers are SLooNEQ IN S'2N08 0

Pneumatically Controlled

(AM) Models
T e liro - I
ZD0s zu2
[Sal=Ial -
M rpzsean
-~ "3 2 2"

Electric Motor Controlled

(EM) Models

m~nmegactesl
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cackages \ hichirc wcetne 1ofioy rg v Humcnervnin egralons 2 0
2 Ds oo onrz-wolospes 23
“-z2., 1 Size 83 Continuous Discha ge Capac fies in lbs of Steam Per Hour
J.oaz esvnenfeemSunony sTm LT te fem o Sert ol g e 24
Sice  aSduwds S SelRaEs, e LN AT T 1,«..;.5._‘55‘ 2 ZPUE b A T L Sy aeR e
S.eln 1 2 | 3 4 £ 1 6 i 7 8 « & (10 11 12 1 13t 1a 15 {20 02,12 3:040!45]50:55 63 |
3 1 Tu | B 2 Cl = v 3« ~BE| BZ  Au Ae {173 fnE f. 1212 2« 2713221286 | 36~ |13 | aut |
e 7" | & 105 | 8 112« 2 ~F b SE Y w3 1TB ! EBS 16 2 e Z 212462 ! 26 ) 283 | wut | 432 | 484 | 407
3 ) 82 1120 133 4 3.5 | 18D 4 8% =T 4 1BD § 18T 202 | 211 h 226 L z2m y Zot | 2,2 | 315 o ZE> | <16 1 447 | <B2 1 517 | 548
e ] 9y [1Ce 1 1e5 1160 | 72 | EY B 1 £02 | 217 | 228 | 242 | 253 { 2mm | 272 321 [ 35+ 1 <.~ 1 235 | 460 | 500 | 5-0 | 581 | 621
®ve | 103 {127 1156 1S 166 1200 1225 1228 1 256 256 | 271 {283 |29 | 3 0 | 350 | 408 | -~ 1515 | 562 | 614 | 661 | 719 | 753
S 1117 | 1<7 1175 1202 | 213 1 22+ | 252 | 27« | 289 {296 | 317 | 338 | 3+7 | 369 | 428 | 488 | 6~ | 6,7 | 664 | 726 | 785 | 6.7 | 500
-4 | 127 | 17« 1203 | 232 | 255 | 257 1 .00 | 338 | 361 § 374 | 382 | 409 | 425 | 453 | 548 | 627 | 7-5 | BB | G524 | S9E | 1082 | 1179 ] 1270
“=0le 11 2 Size 93 Continuous Discharge Capacities in lbs of Steam Per Hour
Tetec esvmemfeoamilpDy eD et o82teas ! encoTappecSetzas,)Sea2F ol - 23

O ”“:e . ‘> ] =7 .. s = & i) o v e gyy F——}sl ik r. _t ot i y _k '!._
Sizeln | 2 3 {4 | 5 16t 7 18|69 10 111 112 | 13 [ 14 {15 | 20 | 25 130 {35 | 40 | 45 | 50 | 55 | 60
332 70 | 8« 1100 | 110 } 121 1132 | 132 | 148 | 153 | 160 | 169 | 173 { 160 | 185 | 212 | 246 | 2°C | 297 | 330 | 356 | 384 | 213 | 441
7€ 77 1 95 1108 {125 } 129 {158 | 146 | 1.5 | 169 | 176 | 189 | 196 | 204 | 213 1 246 | 286 | 3 2 | 335 | 363 | 401 | 432 | 464 | 497
3z 83 {122 1130 1145 {150 1157 1167 1 180 [ 193 | 202 | 211 | 225 | 230 | 23. | 282 | 318 | .7 | 365 | 416 | 447 | 480 | 517 | 546

Yo 93 | 128 1145 1160 | 172 1185 {198 | 202 | 217 {226 | 242 | 253 | 264 | 272 | 321 | 354 | 2,7 1 235 | 260 | 500 | 520 | 5°1 | 621

v e 103 | 137 j 186 {85 f1g6 f2r2 220 1238 1 258 V265 | 277 {283 | 201 | 2 0 | 3R0 | 208 | 2.7 1 £15 | 662 | 614 | 651 | 719 | 753
¢ 125 | 160 1123 1 209 | 225 ' ¢4 283 1285 | 207 1314 | 236 | 358 | =2 | . 460 4 512 1 57_ 1 e41 | 696 | 757 | B21 [ <24 | 977

3. 1136 | 187 | 220 | <6371 ¢70 | LU (.6 | 376 | 400 | 430 | 452 | 495 [ €10 | S.4 | €35 1740 1 ce7 | 31 3017|1103 1105 11281 {1356

T=zle 11 3 Size 84,

Czpacies v

ren
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Fraure 14 2~

ntinuous Discharge Capacities in Ibs of Steam Per Hour
€zm uupply 1s Througn tne Mzando o

-

Orifice " .
Size In | | | ]
—_ Ik 1.7 1 167 | 190 ¢ . 1 oeel | o281 | o2& 2eo 312 | we? | e . 214 478 521 606
Ya 185 | 27 | 25B 2-5 | s | se0 | et 231 4.5 a4, 274 508 4 £, 55€ 66w 772 859
Y 243 | (97 | 338 ave | 4.5 | 446 473 £13 £ty 5e1 £21 EF s Erv 758 €73 6 {1102
1 278 | »43 | 390 437 | afg £15 L Loy €33 | €71 718 766 758 E50 | g91 | 1124 | 1268
1% 320 | L8E 450 e | 40 £54 €30 £84 728 | 774 B28 £2¢ S1E | 941 1117 | 1304 | 1469
1Ya 344 | 4.8 475 553 £70 €27 €65 | 722 | 795 | 817 874 a1, ' geu | ggg | 112 1 11231 | 15A7
1Y 250 | 490 558 €1 FEY 736 781 847 [ o19 | see | 3626 | 16s. 1 1137 | 115, [ 1356 | 1667 | 1816
'—"/e 11 4 Size 94 Continuous Discharge Capacities in Ibs of Steam Per Hour
Sep = ~ZBC

aches her Seam Supp s Drecito S‘:pcfc o (" "ands g Trapuea

Ec@U)cﬂPF"

f?tz‘ehclﬁ 2 3 4 5 6 7 a 9 10 11 12 113 | 1s | 15 70 25 ] 3J 35 40 45 50 55 60
e 137 1 167 | 190 | 213 | 225 [ «.1 | 2% | 269 | L12 ) 427 | 4,0 {372 | sre | 214 [ a7e | 541 { €4 {€se | 73. | 796 | BBt | 954 | 1017

e 198 | 242 [ 275 [ 308 | 350 1 483 | FE |4 B | 451 1 473 | 06 | L3y | 5f1 | €,7 | 707 | 790 | €4 | 9B 1073 | 1175 | 1264 | 1357 | 1446
f 2,2 | 508 1200 | 592 § 420 | abe | 290 | 5.2 | <78 | 60s | €42 [ et 772 | 775 [ 528 19017 11 7 | 270 112357 {1657 | 1655 | 1781 | 1867

1 299 | w74 [ a05 [ 289 L 10 [ oF1 105 Jear | 716 | 720 | 782 | Bas | #¢7 | 5 £ 13075 12,3141 126 | 166F | 1634 [ 1978 {2118 | 2289
1e 270 | 4F2 b tet | kB | €30 1 €95 17, | 758 | B4 1903 1 oF [102e [3071 | 1 4 (938018 T ¢ B | 2100 | 2202 | 2265 | cE4s | 2822
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entral station or hooster humidifiers in
ir handling systems (physical data, dmensions and capacities)

. = Ty IV furi g YOS '/7' Q'wv -‘“-‘ 3 oy Aol
|

—ansions Inches Dimensions Irches Dimensions Inches O repgons Incres

- 4% ¢ A 5916 A 6% \vf 10%

) 8%s¢ B 8% B 11/ B* 17% |
C 3% c 3 c 4/ Cc 67 |
D 3% D 3'%s D PR D 8 |
= 6Y16 E 6%6 E 9 E 12% ‘
F 31348 F 3'Vs F 4Y, F 8

echl Ios~ {lesscpe & or v eg™ 'bs (less coerator Weigh Ibs (lessopera of Wewght lbs ({less coerator

anc manifo'd) 24 an¢ menufolc) 30 ard marifoig) 52 and man ‘old) 145
onnection Sizes Connection Sizes Connection S zes Connection S zes !
Steam inlet Ve Steam Inlet Y Steam Inlet 1Va Steam Inlet 2 l
Damn 1 Drain 1° Drain 1Y Drain 2
DrainTrap Ya DrainTrap e DrainTrap Ya DrainTran 3¢ |
ain Trap Model 800 DranTrap Moge! 800 DranTrap Modal B11 DrainTrap Hode! 812 |
2y Mounting Holes 3% x 16 (2) Body Hour ingHoes3s x16(2) Body Mounting Holes ) Bo<y Moun ng Holes 4
STnLLdescan apsratera ¢ onos ~3Z78C" 6 0 83" CICcel u L2 Suc S-eTabe®) cazed

z'e10 2 Slze 91 Contmuous Dlscharge Capacxtles inlbs of Steam Per Hour

X r-'. = Tt AT 2 AL AT g > -

' | I 114115|20125 30 15&40!45'50 55 | &
/18 13117120123 126128 (30122134136 36140142 4 |56 165177 861921 CoOt110]116 112
|41 144148151154 {57 60|62 |64 |67 86 1061112124 [130]3-61160]176][35~
15 leajest 73| 190193196 111941344143 (17211192 121212281237 }2--
‘64 4 5 6 7 5 8 8 110 130 | 11 | %1 {12 [ 12 | 13 116 |18 |19 | 21 | 24 | 20 | 28 ) 31 | 351
e 5 7 8 9 10 111 112 193 114 114 4115 116 17 a8 |23 125 | 28 | a0 | 33 1 35 ! 37 | 40 | 4c |
6 117 113 120 |21 | 22 123 | 25 | 26 } 27 | 31 | a6 | 40 | 24 | 48 | 52 | 56 | 60 | &> |
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APPENDIX B

RESULTS OF TESTS BY MEANS OF ENERAC-2000 GAS
ANALYZER



Results of boiler exhaust tests on n Boiler No 1fwith 0 9 t/hr
Boiler size 1 6 to 0 9 tonne/hour

TIME 14 23 58
DATE 11/27/97
FUEL NATURAL GAS 21870 BTU/LB

COMBUSTION EFFICIENCY 84 4 %
AMBIENT TEMPERATURE 24 °C
STACK TEMPERATURE 150 °C
OXYGEN 042 %
CARBON MONOXIDE 0 MGM
CARBON DIOXIDE 09 4 %
COMBUSTIBLE GASES 000 %
- STACK DRAFT (INCHES H20) -03

EXCESS AIR 22 %
NITROGEN OXIDES 62 MGM
SULPHUR DIOXIDE 0 MGM
CARBON MONOXIDE ALARM 200 PPM

MODE MGM OXY_REF=0%
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PHOTOGRAPHS OF THE ENTERPRISE
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Steam supply lines to FTL-2 gas ovens of the bread shop
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CONVERSION FACTORS
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CURRENCY EQUIVALENTS

| hrn - a Ukraimian money unit
1 hrn =0,5x US $1 (the state on April 1998)

CONVERSION FACTORS
HEAT

lcal=41877

1 kcal =4 187 kI = 3 968 Btu

1 Geal = 4 187 103MI =4 187 GCal

1 Btu=1,055J=1055kI=1055 103 MJ

POWER

IW=36 103J=36KkJ

1kW= 36 103kJ =36 MJ = 860 kCal
IMW=36 103MJ=1086 GCal
lkcal=1163 103kW

1 Geal = 1163 kW =1 163 MW
1kW=136HP

1kW=134hp

PRESSURE

1 kgflem? = 1 barg

1 barg = 101 325kPa=0 1 MPa

1 bar = 105Pa =100 kPa=0 1 MPa

LENGTH UNITS

I mm=003941n =0 00328 ft
1em=039371m =00328 ft
Im=3937mn=3281ft

WEIGHT UNITS

1g=22046 1021b

1kg = 22046 Ib

1t=1000kg = 22046 103Ib
AREA UNITS

lem?2=0155m2=1076 1073 ft2
Im2=155 103n2= 1076 ft2

VOLUME UNITS

1 m3 = 3531 ft> = 10001
11=3531 1073fe3
11=0 264 gal (US)

HEAT CONTENT

1 ki/kg = 0 43 Btu/lb
1 kJ/m? = 26 84 1073 Btu/ft3

1 MJ/m? = 26 84 Btu/ft?

1 keal/m? = 4 187 kJ/m?® = 0 112 Bu/ft3



TEMPERATURE

0 56 (°F - 32)
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ABBREVIATIONS

APPENDIX E
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ESCO
ECO
Fig

tel
USAID
VAT

ABBREVIATIONS

- energy servicing company
- energy conservation opportunity,
- figure,
- hryvna,
- telephone,
- United States Agency for International Development,
- value-added tax,

barg - atmosphere gauge
BTU - British thermal umt
°C - degrees CelcuS
cm?® - centimeter squares
°F - degrees Fahrenheit
g - gram

Geal - gigacalorie

GJ - gigajoule

h - hour

keal - kilocalorne

kg - kilogram

kef - kilogram-force

kV - kilovolt

kV-A - kilovolt-amper
kW - kilowatt

kW h - kilowatt hour
Lm - lumen

m - meter

m? - meter squared

m’® - meter cubed

fun - munute

MJ - megajoule

mm H20 - mllimeters of the water column
MW - megawatt

t - tonne

t/h - tonnes per hour
W - watt



