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1 EXECUTIVE SUMMARY

11 IntroductIOn

Accordmg to Contract for DelIvery Order #30 USAfD has funded the energy audIts of 24 mdustnal
enterpnses selected on USAfD cntena to Implement the "Energy effiCIency of Ukrame mdustry"
project

ThIs report contams the conclusIOns of the energy audIt conducted by the company Burns & Roe
Enterprlses, Inc at LVIV Bakery #1

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

The bakery's problems related to the energy effiCIency are typIcal for other bakenes ofUkrame

The objectIves of energy audIts are as follows
• Informal trammg to energy management practices
• DelIvenng of energy management goals to the management of enterpnses
• Development of speCIfic measures to Improve the energy effiCIency, mcludmg management

actIVIties, no cost/low cost measures and selectIOn of the eqUIpment for theIr ImplementatIOn
• RecommendatIOns of mvestment pOSSIbIlities and medIUm cost measures focused on the large-

scale energy savmg

Energy audItmg team consIsted of
• Mr BIll Dnes, USAID team leader,
• Mr VladImIr Mamalyga, Electnc Engmeer and EconomIC AnalySIS Expert,
• Mr Hassan Mustafayev, Gas Engmeer,
• Mr DmItny Kramarenko, Thermal and Processmg Engmeer,
• VladImIr Shestopal, Dnver,
• 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 Inna
Semibratskay and Mr Valery Gool
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1 2 BasIc conclusIOns

• LVIV Bakery #1 IS financIally m good condItIOn and has a good market for Its products

• 64 9 per cent of the total energy resources cost IS the cost of gas the larger amount of whIch (68
per cent) IS consumed for bakmg bread, baked goods and dry bread 30 per cent of gas IS
consumed by the bOller-house The total cost of the dnnkmg water (1771 per cent) and the
sewage cost (1 49 per cent) exceed the electnc power cost (15 81 per cent) At the same tIme the
basIc electnc power consumer IS the compressor statIOn (51 per cent of the total consumptIOn by
the bakery) The energy consumptIOn balances gamed as a result of the energy audIt IdentIfied the
mam areas for Improvement the efficIency of energy utIlIzatIOn

• The group of energy audItors has IdentIfied several qUIte promlSlng opportumtIes to Improve the

energy efficIency at the enterpnse

• DespIte a repeated nsmg of the energy pnces theIr portIOn m the productIOn cost structure IS not
more than 649 per cent The enterpnse top management IS more mterested m purchasmg new,
more productIve processmg eqUIpment m lIeu of decreasmg the use of energy resources
However, as the goal of the project IS energy utIlIzatIOn effiCIency, purchasmg a new processmg
eqUIpment WIth the resources financed for buymg eqUIpment IS ImpOSSIble unless the new
eqUIpment reduces energy use and costs

• Lack of an automatIc system for controllmg the steam supply mto the bread bakmg oven FTL-2
leads to a sIgmficant overconsumptIOn of steam (300 kg of steam/170 kg of steam = 1 76 relatIve
unItS = 176 per cent)

• Lack of a system for supportmg a stable outlet pressure of the compressor statIOn accounts for an
overconsumptIOn of compressed aIr, and, therefore, an overconsumptIOn of the electnc power for
Its productIOn

• A sIgmficant decrease m the electnc power and gas consumptIOn would be proVIded at the
enterpnse by IntroductIOn there of an energy momtonng and management system

• InstallatIOn of a heat exchanger to use the boIler exhaust gases would enable to decrease
consumptIOn of gas and produce hot water for the dlstnct heatmg system and other purposes

1 3 RecommendatIOns

Table I 1 below shows a lIst of possIble energy conservatIOn OpportunItIes (ECOs) They are
arranged In order of Importance for the enterpnse The gIven recommendatIons WIll Improve the
effiCIency of the energy resources utIlIzatIOn at the enterpnse as well as ItS competItIve capabIlItIes
From the pomt of View of purchasmg eqUIpment, due to the mmd of the energy audItors team, the
followmg should be bought a combustIOn analyzer, an mfra-red thermometer, some eqUIpment to
support constant the outlet pressure of the old compressor statIOn, as well as some eqUIpment for
controllmg the steam supply mto the bread bakmg ovens FTL-2 The Issue of ImplementatIOn of the
other energy saVIng measures should be settled on the baSIS of takmg mto consIderatIOn the pnontIes
of development and finanCial opportumtIes of the enterpnse

Table 1 I

4

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



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

Table 1 I
Energy conservatIOn opportumtles (ECOs)

ElectrIc power Natural gas Yearly Measure Payback Item
# DescrIptIon savmg, savmg, saVIng, costs, perIod, m thIS

kWh m3 USD USD yr report

1 IntroductIOn of energy
50,000 105,000 $13,260 $13,000 098 7 I

management servIce
2 Controlhng 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

3 Improvement of thermal
InSUlatIOn ofFTL-2 Bread
Ovens 0 5,500 $450 $283 063 732
- for one oven 0 71,500 $5,850 $283 063 732
- for 13 ovens

4 Improvement of thermal
Insulatton of the bOIlers 0 725 $60 $100 I 67 742
- for one boIler 0 1,450 $120 $400 333 742
- for four bOIlers

5 Installatton thermal heat
exchangers to uttltze the heat
from the combustton 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
6 System for sustaInIng constant

outlet pressure at the old 50,000 0 $2,100 $1,950 093 725
compressor statton

7 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
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1 4 OperatIOn and enerey rnanaeernent

It IS typIcal for mdustnal plant management to mamly t1unk m terms of production, and to want to
mcrease ItS output Therefore It IS sometimes dIfficult to thmk of the Importance of energy and
energy costs on the operatIOn ofthe plant

For LVlV Bakery #1, as wIth most mdustnes m Ukrame, m the past the energy costs were sIgrnficantly
SUbSIdIzed, therefore energy savmg was not a major consIderation m the plant operatIOns

WIth the nsmg energy costs dunng me past few years, the energy costs fi.ave now become very
mfluentIal part of the expenses

Most mdustnes m Ukrame have a person or persons who are referred to as energy engmeers These
people are typIcally responsIble for ensunng that there IS an adequate supply of energy to the plant,
not to Improve the energy effiCIency of the plant But wIth the nse m energy pnces and the
uncertamty of aVailabIlIty of all fuels, an energy manager to conserve energy becomes Important
Each plant should senously conSIder establIshmg an energy manager posItIOn as a mlmmum, and for
large mdustnes, pOSSIbly even an energy management sectIOn

These people should be regularly momtonng all operatIOns, and espeCially reVIewmg monthly energy
consumptIOn These monthly data should be graphed and compared to prevIOUS months and years to
determme any vanatIOns m consumptIOn Where vanatIOns do occur, they should then determme the
cause of the vanatIOn and If remedIal actIOn IS reqUIred For mstance, If monthly consumptIOn
mcreases, the reasons why should be determmed and If appropnate, steps taken to correct any
problem

In addItion, the energy management staff should also reVIew each process, and look for energy
savmg opportumties They should see that all cost effective energy Improvements are Implemented,
begmnmg WIth Items IdentIfied m thIS energy audIt They should then also have responSIbIlIty to
reVIew all proposed changes to the faCIlIty to ensure that each process IS as energy effiCIent as
pOSSIble

A plant the SIze ofLVlV Bakery #1 should have one or two persons workmg m an energy management
group It IS deSIrable that these employees were speCialIsts m thermal engmeenng (gas supply and
gas utilIzmg systems, hot water supply systems, heatmg eqUIpment, fuel- and heat usmg eqUIpment,
etc) m electncal power engmeenng (transformers, electnc motors, electnc dnves, etc) The energy
manager(s) should report dIrectly to the top management of a plant

At many faCIlItIes the energy management sectIOn IS aSSIgned an energy goal, such as "reducmg 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 m mdustnes m Ukrame,
where energy effiCIency IS Just at ItS mfancy, the percentage goal could even be hIgher Some
mdustnes also have an mcentIve program, m WhICh employees are encouraged to submIt energy
effiCIency Improvement Ideas These Ideas, If accepted and Implemented, would result m a small
reward bemg gIVen to the employee
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2 GENERAL BACKGROUND

Name Open Jomt-Stock Company "Lvlv Bakery #1
Address 168 Gorodotska Str, LVIV, Ukrame

General DIrector Mlkhallo Dmytrovych Nechlpurenko
Tel/fax (0322)-62-17-43

ChIef Engmeer Olexandr Ihnatovych Ihnatenko
Tel (0322)-62-17-36

The enterpnse was bUIlt m 1908 and named "Mercury" at that tIme
At present the LVIV Bakery produces the followmg products

esorts ofmoulded bread and bread baked m the hearth,
erolls and buns,
erusk crumbs,

- =dned bread
e bread soft dnnk (kvas)

Takmg mto account the 16 specIahsed shops the enterpnse has 655 employees

FTL-2 gas ovens bake bread m the bread shop In confectIOnery shop two FTL-20 gas ovens are used
to bake the rolls and buns There was one KS-100 aIr heater m operatIOn m the rusk shop to dry rusk
crumbs

The plant does not export Its products

The plant does not engage m barter transactIons, the products are sold for cash The present and
future market IS good The bakery supplIes goods to local shops, the army and pnsons

7
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3 ASSESSMENT OF PRODUCTION AND FINANCIAL STATUS OF ENTERPRISE

The products produced by enterpnse are sold for cash The enterpnse makes profit

Table 3 1 shows the product output data from October 1996 to October 1997 mclusive

Accordmg 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 enterpnse for the same penod

The analysIs of the curves presented m FIgure 3 1 shows that the productIOn appears to be very
seasonable So. the dIfference product output In January and July IS DAR 386 4 thousand ($208,865)
or 365% (DAR 386 4 thousand/l,059 2 thousand =365%)

Such dIfference can be mamly explamed by cntIcal mcrease m the product output of the rusk shop m
July 1997 As the products of the rusk shop are ordered from tIme to time (randomly). takmg mto
account the average monthly productIOn level of the rusk shop (DAR 46 6 thousand = $25,189) the
July productIOn level ofDAR 1,142 8 thousand ($617,730) can be obtamed In thIs case the seasonal
prevalence IS not very ObVIOUS the dIfference does not exceed DAR 2448 thousand ($132,324) or
231%

FIgure 3 2 shows the average monthly value of product output obtamed accordmg to the data of
Table 3 1 - 3 2

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 (391%) and
the rusk shop (44%) produce much less products Such conclusIOns can be proved by Table 3 2 data
where the mformatlon on the cost and profitablhty of mdIvidual products IS presented

FIgure 3 3 presents the dIstnbutIOn of product cost by product types FIgure 3 4 does the dlstnbutIOn
ofthe pnme cost. and FIgure 4 5 does the mstnbutIOn of enterpnse profit by product types

The analySIS of the profitablhty of mdividual product, as It IS seen In FIg 3 2, shows that the most
attractive m tills respect are the products of the rusk shop (18 56% of profitablhty) as well as the
products of the bread shop (the mam products of the bakery) TheIr profitabIhty IS 175% The
products ofthe confectIonery shop are almost by 1/3 less profitable (11 85%) The bISCUIt productIon
profitabIlIty (159%) almost corresponds to the average profitablhty level (16 7;70.10) The productIOn
ofmacarom foods IS low-effiCIent (profitabIlIty IS 61%) The lower profitabIlIty of the confectIOnery
shop products proves, apparently, the Improper selectIOn of products It would be expedIent to
produce more expenSIve rolls and buns If the market eXIsts In tills respect It can be recommended to
the management to reVIew the range of confectIOnery shop products
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Table 31
LVIV Bakery #1 Product Output Data

October November Ioecember January February March Apnl 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
th UAH th DAR th DAR th DAR th DAR th DAR th DAR th DAR th DAR th DAH th DAR th DAR th DAR th UAH th UAH

$ 103 $ 103 $ 103 $ 103 $ 103 $ 103 $ 103 $ 103 $ 103 $ 103 $ 103 $ 103 $ 103 $ 103 $ 103

Bread shop (6 types of 9566 9053 8825 7500 871 1 9769 8594 8451 8397 972 6 8752 8847 8972 115163 8859
moulded and hearth- $5171 $4894 $4770 $4054 $4709 $528 1 $4645 $4568 $4539 $5257 $4731 $4782 $4850 $62250 $4789
baked bread)
FTL-2 gas ovens

Confecnonery shop 110 2 1273 1268 112 9 292 332 908 91 5 1042 99 1 1078 1162 1045 12537 964
FTL-20 gas ovens $596 $6881 $685 $610 $158 $179 $491 $495 $580 $536 $583 $628 $565 $6777 $521

(rolls and buns)

KEP-400 electnc oven 127 146 109 76 135 150 125 tl 135 III 196 194 190 1555 120
(rolls and buns) $69 $79 $59 $41 $73 $81 $68 $49 $73 $98 $106 $105 $10 3 $841 $65

BEG bISCUlt machmes 194 295 26 ~ 126 31 1 322 ~ 76 263 393 211 2 162
$105 - $140 - $1 4 $48 $68 $168 $174 $29 $41 $142 $212 $1142 $88

Rusk shop (rusks) 389 575 631 260 li ill 104 287 400 1882 529 31 9 536 6059 466
$21 0 $31 1 $341 $141 $1 7 $63 $56 $155 $216 $101 7 $286 $172 $290 $3275 $252

MacarOnI products 46 48 12 11 2.2 20 07 l.l 57 U 274 .u
$25 $26 - $08 $1 7 $1 4 $1 1 $038 - $06 $31 $07 - $148 $1 1

Total 1,1424 1,1095 1,1091 8980 9227 1,0481 9877 1,0062 1,0296 1,2844 1,0688 1,0798 1.113 6 13,770 1,0592
$6175 $5997 $5990 $4854 $4988 $5665 $5339 $5439 $5565 $6943 $5777 $5837 $6019 $74432 $5725

9
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ClRolls and buns (KEP-400 electrIc oven)

lIConfectIOnery shop (FTL-20 ovens)

EJBread shop (FTL-2 ovens)

0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00% 80,00% 90,00%

FIg 3 2 Average monthly product output value by product types
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Table 32
InformatIOn on the product output of LVIV Bakery No 1 for 10 months of 1997

(January-October)

Mass of the CommercIal products ProductIon pnme cost m Profit m current
Shop commercIal value m current pnces current pnces pnces ProfitabIlity

(product type) products

tonne UAH/$ % UAH/$ % UAH/$ % %

Bread shop (6 types of 15029529 8,617,611 822 7,334,072 817 \,283,539 853 175
moulded and hearth baked $4,658168 $3,964363 $693,805
bread) FTL 2 gas ovens

ConfectlOnary shop 1444674 \'379,605 132 1,233,392 137 146,213 97 II 85

mcludmg $745,732 $666,698 $79034

FTL 20 gas ovens (roUs and I 268957 \'046,306 100 94\,240 105 105,066 70 II 16
buns) $565571 $508778 $56,792

KEP 400 electnc oven (roUs 92613 92,6137 14 131,830 14 17,327 I I 1314
and buns) $50061 $71259 $9364

BEO bISCUIt machme 75599 I 6 143,230 I 6 22,778 I 5 159
$774221 $12312

MacaronI products 7504 18.134 02 17,092 02 1,042 01 6 I
$9302 $9239 $563

Rusk shop (rusks) 433 to 352 484,226 46 408,423 46 75,803 50 1856
$261,744 $220,769 $40980

Bakery total 16,907515 10,481,442 100 8,975,887 100 1,505,555 10 1677
$5,665,644 $4,851,830 $813,813

I
I
I

13,20% 4,60%

i1Bread shop 8617611 UAH
($4658168)

II ConfectIOnery shop 1379605
UAH ($745732)

o Rusk shop 484226 UAH
($261744)

I
I
I
I
I
I
I

82,20%

FIg 3 3 CommercIal products value In current pnces
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81,70%

9,70% 5,00%
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IJIBread shop 1283539 UAR
($693805)

IIConfectlOnery shop 146213 UAH
($79034)

o Rusk shop 75803 UAR ($40980)

E3Bread shop 7334072 UAR
($3964363)

II Confectionery shop 1233392 UAH
($666698)

oRusk shop 408423 UAB
($220769)

FIg 3 5 Profit In current pnces

FIg 3 4 ProductIOn pnme cost In current pnces

13,70% 4,60%
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FIg 3 6 Bakery products profitabIlIty
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D Macarom products

IIBEO BiSCUIt machme

D BISCUIts (KEP-400 electrIc oven

DRoUs and buns (FTL-20 gas ovens)

II ConfectIOnary shop

IiBread shop (FTL-2 gas ovens)
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4 ENERGY RESOURCE CONSUMPTION AND PURCHASE COSTS

4.2 Tariffs for gas, electricIty and water

LVlV Bakery #1 purchases the energy resources, potable water and pays for sewerage accordmg to the
followmg rates

4 1 InformatIOn on the ener2Y resource consumptIOn

Table 4 1 shows the data on gas, electncIty, potable water and sewerage costs from October 1996 to
October 1997 mclusive As can be seen from Table 41 the cost of energy resources does not exceed
649%

FIgures 4 1 and 4 2 show the dependence of changes m gas, electncIty, potable water and sewerage
costs from October 1996 to October 1997 mclusive m absolute ($) and relatIve (%) umts
respectIvely

The assessment shows (see FIg 43) that the gas costs are the most SIgnIficant component of energy
costs (6499%) It has been unexpected that potable water costs (171%) exceed the electnClty costs
(15 81%) In the course of further analySIS It turned out that earlIer the enterpnse used 4 wells to get
water However, due to the pollutIOn of tms water WIth harmful components, ItS further utIlIsatIOn
proved to be ImpOSSIble

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

• electncIty (one-rate tanff)

• gas

• potable water

• sewerage

$42 per 1,000 kW h

$82 per 1,000 m3

$1,037 8 per 1,000 m3

$292 per 1,000 m3

15



Table 4 I
Gas, electrIcity and water costs for the perIod from October 1996 tIll October 1997

October November lDecember January February March April 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 301 810 3000 27902 2700 2600 248606 289684 359210 3000 3000 3000 382382 29,414 421%
$25,407 $25,063 $24,748 $24,600 $22,880 $22140 $21320 $20386 $23,754 $29,465 $24,600 $2,4600 $24,600 $313,553 $24,119

ElectrIcIty, 154,893 168.100 126,075 154,890 144,864 146,688 136,882 121.272 135,483 122,675 143,287 140,486 120,072 1,815,677 139,667 102%
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, 7,725 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 I 15%
m3/~, $8,017 $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 $554

Ene5gy 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 37,114 649%
total, $/% 658% 673% 652% 791% 716% 58% 615% 598% 658% 602% 652% 637% 607% 648% 649%

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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2%

6%

100%

14%

10%

17%

51%

th

FIg 5 1 Monthly balance of the electnc power consumptIon

5 ENERGY RESOURCE CONSUMPTION BALANCE

ElectncIty
139,800 kW h per mon

$5,900

71,500 kW h
Compressors

$3,000

23,000 kW h
Ventilators

$1,000

14,400 kW h
Pumps

$600

-----g,300 kW h

I ILIghtmg
$350

2,600kWh
Conveyors

$110

20,000 kW h ConfectIOnery shop
electnc ovens and other

$834 usmg eqUIpment

5 1 Balance of electric power consumption

Balance of the electnc power consumptIon by the maIll eqUIpment IS presented III FIgure 5 1
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FIg 5 2 Average monthly balance of the gas consumptIOn by mam eqUIpment

5 2 Gas consumptIOn balance

Balance ofthe gas consumptIOn by the mam eqUIpment IS presented m FIgure 5 2

Gas
294,14 th m3 per month

$24,119

14707 th m3
FI1.r2 bakery ovens

$12,060
Ovens #1 to #13

88,24 th m3
Boller house

I$7,236 I BOIlers #1 to #4

353 th m3
Rusk shop

$2,894
Ovens #1, #2, #3

1765 th m3
ConfectIOnery shop

FIlr20 ovens
$1,447 Ovens #1 and #2

588 th m3

Heatmg of bakery

$482 hostels

100%

50%

30%

12%

6%

2%

20
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13%

10%

3

FIg 5 3 Average monthly balance of the potable water consumptIOn

6,335 m per month
Potable water

$6,574 100%

4,244 m3

Process needs 67%
$4,405

824 M
3

$855

- Hot water

1,457 m3

Sarutary needs --
$1,512

~
Cold water

623m3

$657

507m3

BOIlers 8%
$526

127 m3

Leakage 2%
$131

5 3 Water consumptIOn balance

Balance of the water consumptIOn by the mam eqUipment IS presented m FIgure 5 3
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6 PREVIOUS STUDIES IN THE AREA OF ENERGY SAVING

In 1996 RMK Company (KyIV) carned out a study of the energy consumptIOn rates at thIs bakery At
that time two compressor statIOns (old and new) were m operatIOn The surveys made by RMK
proved that due to dIfferent performance of the old and new compressor statIOns theIr SImultaneous
operation IS mexpedient For thIs reason, the new compressor statIOn has been decommIssIoned It IS
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 nommal compressor capaCIty, WhIch was testIfied by a great number of mstrumental
measurements performed by the company speCIalIsts of thIS company

22
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7 ENERGY AUDIT

At LVlV Bakery #1 the energy audltmg group performed the works In the dIrect contact and wIth
actIve partIcIpatIOn of the followmg employees Mr Olexandr Ihnatenko, ChIefEngmeer, Mr Vlktor
Kuznetsov, CmefMecharuc Engmeer, Mr Thor Balda, Electnc Engmeer, Mr Vyacheslav Zarechny,
Thermal Engmeer

The below lIst of the energy saVIng opporturutIes was compIled Jomtly wIth the bakery employees

1 Study of a possIbIlIty to replace the currently eXlstmg ovens With new ones (more energy
effectIve)

2 IncreasIng the level of loadIng the electnc motors (replacmg the underloaded electnc motors
wIth motors of lower power capaCIty

3 InstallatIOn of gas heaters m each bUIldmg at the plant

4 Bonng on the temtory ofthe plant a well to have Its own source ofpotable water

5 InstallatIon on the radIators automatIc valves for controllmg temperature In rooms

6 InstallatIOn of an automatIc system for controllIng the level of steam supply Into the gas ovens

7 Mountmg measunng Instruments for controllmg the energy resources consumptIOn

8 Replacement of energy consumIng eqUIpment WIth more effiCIent unItS

9 Improvement of the thermal InSUlatIOn ofthe gas ovens

10 ImplementatIOn of a prelImmary heatmg of the arr supplIed mto the oven

11 InstallatIOn ofheat exchangers to utIlIze the heat ofthe boIler exhaust gases

12 AnalySIS ofreasonabIlIty ofusmg three non-operated compressors

13 DecreaSIng the heat loss through the loadIng holes m the gas ovens

14 DecreaSIng the compressor speed rotatIon by usmg a belt dnve or a speed rotatIOn control of a
compressor dnvmg motor

15 DecreasIng leaks ofwater, aIr and steam

16 Adjustment of the bread transportatIOn speed In the oven

17 Improvement of the InSUlatIOn ofthe hot water, steam and aIr supply pIpe hnes

18 MakIng sure ofpresence of the condenserbattenes

19 Replacement of the old water chemIcal treatment system With an up-to-date one

20 Improvement of the heat InSUlatIOn of the wmdow

21 Study of reasonabIlIty of replaCIng the eXIstIng dough dOSIng apparatus WIth new ones, more
preCIse

22 UtIlIzatIOn of the heat from the bOIlers and that ofthe gas from the ovens for drymgs rusks
23 Replacement of the lIghtmg fixture WIth more effiCIent unItS
24 Study of a pOSSIbIlIty of re-adJustment of the burners, or of replacmg them WIth more energy

effectIve one~

The analySIS resulted m selectIOn of energy savmg measures for their further studymg, the measures
are dIscussed on the followmg pages

23
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Cycle of Energy Management
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Readmg the data
from metermg
m~tr1Jmpnf~

AnalyslS

IntroductlOn
ofthe planned

measures

Makmg energy
consumptlOn maps

Planmng

FIg 71

By ImplementatIOn of energy management (see FIg 7 1) one can have a detaIled pIcture concernmg
consumptIon of energy, whIch enables hIm to compare the energy consumptIOn levels at other
enterpnses m order to determme exactly the energy savmg projects that are planned for
ImplementatIOn at the gIven enterpnse

Energy management starts WIth appomtment by the top management of the plant of an executive to
be responsIble for mtroductIOn energy management at the enterpnse - he IS called the energy
manager The mam functIOns of the energy manager are as follows
• partICIpatIOn m makmg maps of energy consumptIOn at the enterpnse (probably m cooperatIon

WIth an outSIde consultant - an energy audItor),
• collectIon of data concernmg consumptIOn of the fuel and energy resources usmg meters and

measunng mstruments and deVIces,

7 1 IntroductIOn of enerey manaeement

The proposal

ImplementatIOn at LVlV Bakery #1 of an energy management system

The mam mstrument m reductIon of energy consumptIOn and Improvement of the efficIency of
energy utIlIzatIon at mdustnal enterpnses IS energy management Energy management IS a method of
managmg the enterpnse provIdmg contmuous study and, consequently, knowledge of the dIstnbutIon
and condItIons for energy consumptIOn at the enterpnse, as well as determImng the optImal
utIlIzatIon of energy resources for both the productIOn needs, and for the non-productIOn needs



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

• makIng a plan of mstallmg auxiltary meters and measunng mstruments and eqUIpment,
• collectIOn of data concermng the flow ofraw matenals, fuel and energy and fImshed products,
• calculation of the key data m relatIOn of Improvement of the effiCIency of energy utIltzatIon - on

the whole and m regard of separate production hnes or areas,
• mtroductIOn of new technologIes for the eXIstmg and new energy systems to mcrease the energy

effICiency ofthe production,
• the energy manager shall be aware of the current pollcy m the energy fIeld (for example, the new

legIslation on taxatIOn, the eXIstmg hmitatIOns m regard of the energy consumptIOn levels,
SubSIdIes, Issues relatmg to the envIronmental protectIOn, etc)

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

Implementation of energy management at the plant reqUIres performmg a modermzatIOn of the
eXIstmg system ofmetenng the electnc consumptIOn rate WIth electnc consumptIOn meters

There IS necessary to modernIze the system of metenng gas consumptIOn at the gas controlhng
statIOn With provIdmg readmgs of the flow meters to a computer, WIth mstallatIon of auxIhary gas
meters at each user's, wmch WIll enable to determme the dynamICS of the gas consumptIOn when
producmg products

It IS 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 If any need anses, to fulf1l 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 thermallmes? In order to Identify ItS fallures
m due time

CalculatIOn of yearly energy savmg

Currently the plant consumes m average dunng a year 1,661 thousand kW h of electnc power, 3,514
thousand m3 of natural gas and 746 thousand of all-purpose water, the total sum of those IS US
$442,000 The world expenence and practice prove that m case of ImplementatIOn of energy
management guarantees a 3 per cent decrease m energy consumptIOn

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

1,661 thousand kW h x 0 03 =50 thousand kW h,
- for natural gas

3,514 thousand m3 x 0 03 = 105 thousand m3
,

- for domestic water
74 6 thousand m3 x 0 03 =2 2 thousand m3

CalculatIOn of a yearly savmg of costs

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

US $442,000 x 0 03 = US $13,260,

25



where

ChtefEngmeer 20% 20% 20%

ChtefMechamcal Engmeer 30% 30% 30%

ChIefEnergy Engmeer 20% 15% 10%

ChtefThermal Engmeer 30% 30% 35%

The total costs on ImplementatIOn of an energy management servIce IS

$250 12 + $10,000 =$13,000

SImple payback of the energy conservatIOn measure

The SImple payback for thIS energy conservatIon opportumty IS

USD 13,000/USD 13,260 =0 98 year

I must be noted that the saId funds once may be used to reward the enterpnse employees that
contnbuted much mto ImplementatIon ofthe energy conservatIOn OpportunItIes

The costs of the eqUIpment (see the SpecIficatIon ofthe reqUIred eqUIpment m AppendIx A) wSIth
takmg mto account the transportatIOn and other are as follows

• ENERAC 2000 - $5,000

• Heat Spy Intra-red Thermometer - $1,000

• modernIzatIOn of the metenng system - $4,000

Total $5,000 + $1,000 + $4,000 =$10,000
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Adjustment and momtonng of the operatIOn modes of the bOIlers and hot ovens,
prOVISIOn of controllmg the state of the thermal msulatIon reqUIre buymg
ENERAC 2000 CombustIOn Analyzer and Heat Spy mfra-red thermometer,
there IS also reqUIred modernIzatIon of the energy consumptIOn metenng
system

ConclUSIOns

$442,000 - the yearly cost ofthe energy resources,

o3 - the mInImum guaranteed decrease of consumptIOn of energy resources resultmg 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 (takmg mto
account the Chomobyl Fund, the PensIon Fund, the Employment Fund, the mcome tax, etc)

As the SaId amount IS approXImately equal to the earmngs of the ChIef Thermal Engmeer or ChIef
Energy Engmeer, there can be recommended two followmg approaches

• to open a post of the Energy Manager dIrectly at the enterpnse (wIthout approval of the ChIef
Mechamcal Engmeer) and subordmated to only the CluefEngmeer,

• to dIvIded the SaId amount between the speciahsts of the enterpnse as addItIons to theIr salanes
m the followmg way (dependmg on theIr personal partICIpatIon m ImplementatIon of the energy
conservatIOn measures)
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To Implement a systematIc approach to the energy management at the enterpnse
a post of an energy manager should be open at the enterpnse WIth the yearly
salary fund of $3,000, or, WIthout opemng a separate post of an energy
manager there should be put mto practIce matenal rewardmg the bakery
employees for ImplementatIOn by them ofthe energy conservatIOn
opportumtIes

7 2 Energy conservation measures at the compressor stations

72 1 General mformatlOn

The followmg proposals have been selected for further estImatIOn m the process of dISCUSSIOn of
possIble energy savmg measures

• study ofelectnc motor load levels,
• study ofthe feasIbIlIty ofthe applIcatIon ofcontrolled electnc dnves for compressor actuatIon,
• mvestIgatIOn of the possIbIlIty of sImultaneous utIlIzatIon of the old (operatIonal) and new (stand­

by) compressor statIOns,
• study of the possIbIlIty to decrease the capacIty of compressors due by USIng a mechamcal gear

WIth hIgher transmIttmg ratIO m companson WIth the eXIstmg one,
• InstallatIon of an automatIc valve m order to mamtam the constant pressure at the outlet of the

compressor statIOn

Let us conSIder these measures m more detaIl

In accordance WIth the draft state standard on energy savmg one of the pOSSIble ways to save
electncity m an electnc dnve IS to mcrease the load level of underloaded motors So, (see FIg 72) If
a motor operates In the load range of 0 ~ kL < (0 4 to 0 45) In Sl contmuous mode, It IS necessary to
replace It WIth a motor of a lower capaCIty from the pomt of VIew of electnc power savmg If the
motor operates In the range of 0 45 s kL < (0 6 to 0 7), It IS necessary to make calculatIOns In order to
evaluate the expedIency of replacmg the motor WIth one of a lower capaCIty (see the calculatIOn
approach m draft DSTU) It IS not recommended to replace the motor under the (0 6 to 0 7) ~ kL~ 0 9
motor load levels, as It operates WIth the optImum load

27
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7 2 2 Electric motor load level study

FIg 72 Curve of the efficIency of 10 - 100 kW asynchronous electnc motors
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1], 1]n - actual and data-sheet motor efficIency,
P, Pn - actual and data-sheet electnc motor capacIty

Contents of the proposal

To reduce the Installed capacIty ofmotors In order to reduce the power consumptIOn

Study results

In accordance wIth the above, studIes of the load levels of the follOWIng electnc motors have been
carnedout

• 4A280M8 motors (capacIty -75 kW, nomInal rotatIOnal speed -720 rpm, nomInal stator current­
143 A) are Installed at four compressors of the old compressor statIOn,

• 4A250M8U3 power generators (capacIty - 45 kW, nomInal rotatIonal speed - 740 rpm, nommal
stator current - 73 4 A) are Installed at the compressors of the new compressor statIOn At present
It IS out ofoperatIOn (stand-by),

,,- __1A1_60AS) power generators (capacIty - 15 kW nommal rotatIOnal speed - 2940 rpm, nommal
stator current - 278 A) are Installed at the cold water supply systems and at the cIrculatIng hot
water supply system,

• 4A132M6R3T2 (capacIty - 7 5 kW, nomInal rotatIOnal speed - 960 rpm, nomInal stator current­
16A) are Installed In the rusk shop at the fans



ConclUSIOns Replacement of the mvestIgated motors IS not economIcally reasonable

723 Study ofthe feaslb111ty ofthe appltcatlOn ofcontrolled electriC drives for the
compressor engmes

A multImeter FLUKE 85 MultImeter WIth a clamp-on power meter FLUKE 801-410 DC/AC Current
Probe has been apphed to measure the loads of the electnc motors Accordmg to the measurement
results, the motors under investigatIOn had the followmg loads

Contents of the proposal

Control of the compressor statIOn capaCIty by controllmg the speed of compressors' actuatmg
motors

29

50kW,

735 rp m,

201lmm

35 kg/cm2
,

12m3/mm,

Motor type 4A280M8 4A160S2 4A132M6P3T2
(Installation place) (old compressor) (boiler house pump) (fan In rusk shop)

Actual current, A 1125 175 75

Nommal current, A 1430 278 160

Loadmgrate 0787 063 047

Nommal capacIty, kW 750 150 75

• mJectIon pressure

• capaCIty

• power demand

• rotatIOnal speed per mmute

• coolmg water flow rate when Its mlet temperature IS 25°C

Dnve a bUIlt-m 4A280M8 motor

TechnIcal data of the 202VP1213CB compressor are as follows

Nevertheless, the mvestIgatIon proved that fan pump motors can be replaced WIth motors of a smaller
capacIty dunng repaIrs or m case of theIr breakdown

• 15 0 kW motor - WIth 11 0 to 12 0 kW motor,

• 7 5 kW motor - WIth 4 5 to 5 kW motor

Study results

There are two compressor statIOns at the enterpnse - old and new ones

The old compressor statIOn IS eqUIpped WIth four compressors of 202VP1 2/3CB type (statIOnary,
one stage, double actmg, WIth two SImultaneously operatmg cylmders and CIrcle coolmg)
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Dnve - a 3-phase asynchronous 4AM250 8UZ-type motor WIth a sqUIrrel-cage rotor

The new compressor station IS eqUIpped wIth three compressors of 4VUI-5/9 type (pIston, V-typed,
four row, four cyhnders, two staged, directly actIng)

The analysIs of the power consumptIOn by compressors showed that mostly one compressor operates
most of the day The second compressor IS sWItched on from tIme to tIme when a new lot of flour IS
dehvered for unloadmg or the plant IS workmg at full capacIty The capacIty of the compressor
statIOn IS controlled manually by the attendmg personnel

In order to estabhsh the feaslblhty of the controlled electnc dnve apphcatIOn for compressor
actuatIon, the InvestIgatIOns have been carned out WIth the use of DRANETZ SERJES_808 power
analyser Table 72 and pIcture 7 3 show the curve of the dally load of Compressor #1 (from 1600 of
November 18, 1997 tl111600 of November 19, 1997) The load curve IS rather flat shoWIng that the
capacIty IS not controlled by the attendmg personnel Accordmg to the polhng of the operatmg staff,
the compressor statIon's capacIty IS carned out, m better case, when other compressors are turned on

30

TechnIcal data of the 4BUI-5/9 compressor
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not more than 22 kW,

0,78 MPa (8 kg/cm2
),

byarr,

-5 ± 0 25 m3/mm,

740rp m,

not more than 33 kW,

75kW,

720rpm,

380 V, three phases,

143 A

37 kW (according to the data-sheet) but actually
a 45 kW motor IS mstalled,

220/380 V,

735 rp m,

50Hz

• voltage

• rotatIOnal speed

• frequency

• capacIty

• capacIty accordIng to the alr mtake conditIOns

• nommal rotatIOnal speed of the compressor shaft

• power demand m the data-sheet mode

• power consumed by the compressor
In the control mode

• nomInal outlet differentIal pressure

• coohng

• capaCIty

• nomInal rotatIonal speed

• voltage

• nomInal stator current



The mam purpose ofcontrol measures IS to mamtam the constant pressure m the system BesIdes, the
average capacIty control range wIll not exceed 25 to 50% enablmg to save not more than 20 to 30%
of the power consumed by compressors (see Item 6)

31

Table 7 1
Dally loadIng of Compressor #1

~-D-a-te-~I TIme I CapacIty, kW I~-P-ow-e-r-fa-c-to-r-~No -

1 2 3 4 5
1 18 11 1997 1600 6270 085
2 18 11 1997 16 15 5322 085

3 18 11 1997 1630 6027 085

4 18 11 1997 1645 5706 084
5 18 11 1997 1700 5508 083
6 18 11 1997 17 15 5370 082
7 18 11 1997 1730 5373 082
8 18 11 1997 1745 5481 082

9 18 11 1997 1800 5988 083

10 18 11 1997 18 15 5925 083
11 18 11 1997 1830 51 54 080
12 18 11 1997 1845 51 60 080

- 1'1 18 11 1997 10 (\(\ '\L!. ')L!. - 0811.1 ... ./ vv ...........
14 18 11 1997 19 15 5400 081
15 18 11 1997 1930 5277 081
16 18 11 1997 1945 5919 083
17 18 11 1997 2000 5655 082
18 18 11 1997 20 15 5364 082
19 18 11 1997 2030 5481 082
20 18 11 1997 2045 5322 082
21 18 11 1997 2100 5208 081
22 18 11 1997 21 15 5292 083
23 18 11 1997 21 30 5520 083
24 18 11 1997 2145 5307 082
25 18 11 1997 2200 4992 080
26 18 11 1997 2215 5007 080
27 18 11 1997 2230 4935 079
28 18 11 1997 2245 5388 080
29 18 11 1997 2300 57 18 081
30 18 11 1997 23 15 51 54 079
31 18 11 1997 2330 5370 081
32 18 11 1997 2345 5490 081
33 18 11 1997 2400 5670 081
34 19 11 1997 00 15 5754 081
35 19 11 1997 0030 5943 082
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No Date TIme CapacIty, kW Power factor

36 19 11 1997 0045 5721 082
37 19 11 1997 0100 5859 082
38 19 11 1997 01 15 5706 081
39 19 11 1997 01 30 5784 081
40 19 11 1997 01 45 5823 082
41 19 11 1997 0200 5796 082
42 19 11 1997 0215 5892 082
43 19 11 1997 0230 5952 082
44 19 11 1997 0245 5796 082
45 19 11 1997 0300 5709 081

46 19 11 1997 03 15 5724 081
47 19 11 1997 0330 55 14 081
48 19 11 1997 0345 5886 082
49 19 11 1997 0400 5664 081
50 19 11 1997 0415 5283 079
51 19 11 1997 0430 5373 080
52 19 11 1997 0445 5808 082
53 19 11 1997 0500 5838 082
54 19 11 1997 05 15 5763 082
55 19 11 1997 0530 5676 082
56 19 11 1997 0545 5901 082
57 19 11 1997 0600 5952 083
58 19 11 1997 06 15 6039 083
59 - 19~ 11 1997 0630 51 12 080
60 19 11 1997 0645 5727 083
61 19 11 1997 0700 6024 084
62 19 11 1997 07 15 5976 084
63 19 11 1997 0730 55 11 084
64 19 11 1997 0745 5571 084
65 19 11 1997 0800 5586 084
66 19 11 1997 08 15 5676 084
67 19 11 1997 0830 5292 083
68 19 11 1997 0845 5448 084
69 19 11 1997 0900 5124 083
70 19 11 1997 09 15 53 13 083
71 19 11 1997 0930 5520 084
72 19 11 1997 0945 5706 085
73 19 11 1997 10 00 5541 085
74 19 11 1997 10 15 5583 084
75 19 11 1997 10 30 5532 085
76 19 11 1997 1045 48 12 082
77- 19 11 1997 11 00 .1(} 56 - ----081
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No Date Time Capacity, kW Power factor

78 19 11 1997 11 15 4671 081
79 19 11 1997 11 30 5061 083
80 19 11 1997 11 45 5445 084
81 19 11 1997 1200 5859 085
82 19 11 1997 12 15 58 11 084
83 19 11 1997 1230 5589 084
84 19 11 1997 1245 6090 085
85 19 11 1997 13 00 5901 085
86 19 11 1997 13 15 5781 085
87 19 11 1997 13 30 5595 084
88 19 11 1997 13 45 5727 085
89 19 11 1997 1400 55 15 084
90 19 11 1997 14 15 56 14 084
91 19 11 1997 1430 5334 084
92 19 11 1997 1445 5448 084
93 19 11 1997 1500 5541 084
94 19 11 1997 15 15 5460 084
95 19 11 1997 1530 5436 084
96 19 11 1997 1545 5322 083
97 19 11 1997 1600 55 15 084
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FIg 73 Compressor #1 daIly load curve
1- power consumed by the motor of Compressor #1, 2 - power factor
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Thus, the expected annual saVIngs due to electrIc dnve 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 $3,000 per month 12 month/year = $7,200,

where 71,150 kW h/month - a monthly consumptIOn of electnc power by compressors,

$3,000 per month - an average monthly cost of the electrIc power consumed by the
compressors,

12 months - the number ofmonths In 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

• $6,250 for domestic converters,

• $10,000 for Imported converters,

The cost of frequency converters for four compressors WIll be as follows

• $25,000 for converters manufactured In UkraIne,

• $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 ofthe ImplementatIon ofenergy saVIng measures WIll be as follows

• $25,000 + $5,000 =$30,000 - for converters manufactured In UkraIne,

• $40,000 + $5,000 =$45,000 - for converters manufactured the USA

Simple payback period

• For the converters manufactured In UkraIne (the cost IS $30,000, the annual saVIng - $7,200)

$30,000 I $7,200 = 4,17 years,

III For the converters manufactured In the USA (the cost IS $45,000, the annual savIng - $7,200)
tIt,J~ non" ~ CIt,., ........ n. , "..,,.
."q.:J,fJfJfJ I ." 1,~fJfJ = 0 ~:J years

Concluszons The SImple payback of thIs measure IS above 2 years, so the preCIse calculations
should be done WIth takIng mto account discountmg

ApplIcatIOn of frequency converters manufactured m the USA IS not economIcally
feaSIble, because the lIfetime of a converter can be less than the SImple payback
penod
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Irrespective of the lower qualtty (reltabIltty) of the converters manufactured m UkraIne they,
nevertheless, can be referred to the long-term energy savmg measures as not more than two
compressors should operate sImultaneously Thus, even If only one adJustmg person IS avaIlable at
the enterpnse, the reltable generatIon of compressed aIr wIll be ensured

72 4 InvestigatIOn ofthe possibility ofsimultaneous utilization ofthe 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 IS eqUIpped wIth the system mamtammg the constant outlet pressure m
the aIr dUCl

Proper selectIOn of the number of SImultaneously operatmg 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 oftheir total capacIty

Study results

Accordmg to the calculatIons, the reductIOn m 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 Techmcal data of the compressors of the old and new compressor statIons are
provIded above (see Item 723) The analysIs shows that compressors have dIfferent techmcal
charactenstlcs m terms of the aIr pressure and capacIty AccordIng to the results of precedmg energy
audIt carned out m 1996, the total capacIty of the compressors of the old and new compressor
statIOns (see SectIOn 6) dunng theIr sImultaneous operation dId not correspond to the desIgned one
ThIs proves that compressors deltvenng hIgh pressure prevent the compressors wIth lower pressure
from normal operatIOn Thus, the new compressor statIOn was decOlmmssloned after the precedmg
audIt Controlled dnve systems could be an alternative to such a deCISIon However, beanng]!!mmd
that savmgs are less by 4 to 5 tImes m companson wIth the measure descnbed m Item 7 2 3, such an
approach becomes not expedIent

ConclUSIOns Because of the dIfference m compressor charactenstIcs of the old and new
compressor statIons, theIr SImultaneous applIcatIOn IS not economIcally expedIent

725 IntroductIOn ora svstem maintaining the constant outletpressure orthe old
compressor statIOn

Contents of the proposal

IntroductIOn of a system mamtammg the constant outlet pressure of the old compressor statIon by
way ofpressure sensor and control valves mstallatIOn

Study results

In order to Implement the system mamtalmng the constant outlet pressure of the old compressor
statIon, the followmg eqUIpment IS reqUIred

• pressure sensor 1 umt,
• control valve 1 umt,
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73 1 General mformatlOn

7.3 Ener~ saving measures in the FTL-2 bakery ovens

The total cost ofreqUIred eqUIpment takIng mto account customs and transportatIOn costs IS $1,950
Takmg mto account the average value of the power consumed by compressors dunng the day (99 3
kW), the average savmgs value WIll be at least 6%, WhICh WIll amount to 50,000 kWh that costs
$2,100 per year
Thus, the payback penod ofthIs energy savmg measure IS

$1,9501$2,100 =0 93 year

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

1 umt,
4 umts,
4umts,

Takmg mto account the short payback penod (0 93 year) and comparatIvely low
ImplementatIOn costs ($1,950) oftms energy savmg measure, It can be consIdered

as one of the most promIsmg measures

• controller
• pIlot relay
• block valves

The mtermittent motIon of the oven conveyer IS achIeved by halt of the dnvmg electnc motor wIth a
cam plate (dog) mounted at the worm wheel shaft servmg as reducer After one revolutIOn the cam
plate presses the lImIt sWItch spmdle causmg the electnc motor and conveyer to stop The electnc
motor IS sWItched on wIth a tIme relay adjusted to a pause as reqUIred to bake each product

Heatmg of the oven IS ensured m the followmg way flue gas from the oven IS gomg through the
lower gas flue and a vertIcal standpIpe to a radIator tank, further the gas nses through the standpIpes
mto two WIde ducts of the upper flue Afterwards, the gas gomg through the ducts washes three small
water neatmg 1J0I1ersand escapes through the duct mto the funnel

The enVIronment of the bakmg chamber IS humIdIfied With steam commg from the bOIler house

The process of bakmg should be orgamsed m accordance With the contInuous method WhICh
enVIsages that every sWIngmg tray IS freed from fimshed products after certam penod and at once
loaded WIth dough feed Contmuous method ofbakmg allows to create proper steam condItIons and
stable temperature, Improves the qualIty ofbaked goods and mcreases the capaCIty of the oven

The mam parameters of bakmg processes - duratIOn of the hearth revolutIOn, temperature m the
bakmg chamber, humIdIty of the steam and aIr enVIronment - must correspond to the sort of baked
goods

In the course of dISCUSSIOn of possIble energy savmg measures the followmg proposals have been
selected for further evaluatIOn

A Improvement of thermal msulatIOn of the bakery ovens,

B control ofsteam supply to the oven

FTL-2 swmgmg tray/hearth oven IS mtended for bakmg a WIde range ofproducts A blInd-end bakmg
oven chamber contams a swmgmg tray/hearth double-strand bakmg conveyer 24 swmgmg trays of
1,920 mm length and 350 mm WIdth are suspended at every thIrd lmk of the two 140 mm pItch
chams

ConclUSIOns
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Duration of the hearth revolutIOn or bakmg time IS controlled wIth a timer

At present, the temperature condItion IS not controlled due to the lack of thermometers The steam
condItion of the bakmg chamber IS controlled by changmg the rate of the steam supply from the
bOIler house

7 3 2 Improvement ofthermal msulatlOn ofthe FTL-2 bakery ovens

Contents ofthe 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 msulatlon of the walls of FTL-2
ovens, temperature of the walls was measured For thts purpose a DHS-26X "Heat Spy" mfrared
thermometer was used The measurements showed that the average temperature of oven surface was
66°C although the efficIent temperature IS 22 °C In certam places of the outsIde surface ofthe ovens
the temperature reached 90 to 95°C eVldencmg that theIr thermal msulatIOn was damaged The FTL­
2 bakery ovens have been m operatIon smce 30 years, and they are subject to refurbIshment The
bakery management plans to refurbIsh them but It WIll be done not earlIer than m 3 to 5 years
Natural gas wIll be saved after takmg thIS measure

Improvement of the oven thermal msulatIOn allows to save

Q=a LiT S, (kcal/h),

where a =1 5 kcall(m2 °C) - IS a constant,

LiT =(66 - 25) °C - dIfference between the oven temperatures before and after mstallatlon
of thermal msulatIon,

S = 70 76 m2
- oven surface area

Then

Q =15 (66 - 25) 7076 =4,352 kcal/h

The annual savmgs WIll be as follows

4,352 kcal/h 8,760 h/year = 38,000,000 kcallyear = 38 Gcallyr

Whtch IS eqUIvalent to the followmg savmg of natural gas (Qoper Low = 8,100 kcal), If the combustIOn
efficIency IS 85%

38,000,000/(8,200 085) = 5,500 m3/yr

If 1,000 m3 of natural gas cost $82, the annual savmgs from mstallatIOn of addItIonal thermal
msulatIon wIll be the followmg

5 5 82 =$450 per year

The cost of 1 m2 ofthermal InSUlatIOn IS $4

Matenal- thermomsulatmg basalt matresses TM-10 (RSTU-1981-87, meas -1)

The cost ofmsulatIon for 1 oven IS as follows

70 76 m2 $4 =$283
37



7.3.3 Control ofsteam sUJ!Ply to FTL-2 bakery oven

(For more detaIls see AppendIx A)

The payback penod IS as follows
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1 Humidifier

2 Collector passes

Steam

3 Collectors

4 Steam trap

5 Humidity sensor With a

4 controller

1

50MM

50mm

FIgure 7 4
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OvenFTL-2

$283/ $450::::t0 63 year
ConclusIOns Takmg mto account the fact that the costs of addItIonal thermal msulatIOn of

the ovens WIll be recovered m 0 63 year, thIS measure can be recommended for the
ImplementatIon at all 13 ovens as a measure WIth a short-term medIUm payback
penod However, wIth that one has to take mto consIderatIon how long the FTL-2
ovens are to be operated? As the bakery management IS plannmg to replace these
ovens WIth new ones, more economIcal and productIve

Contents of the proposal

Currently, vanous bread sorts made of flour and dough of dIfferent qualIty, and WIth varymg amount
of water are baked m FTL-2 ovens Tills reqUIres that the amount of the steam supplIed to the oven to
mamtam the requIred aIr humIdIty m two mOlstemng zones be permanently regulated

Study results

The amount of the steam supplIed mto the oven, IS controlled WIth valves operated by the Cillef
Thermal Engmeer The control IS performed manually to produce bread of good qualIty (on the baSIS
ofa vIsual estImatIOn) and on the baSIS of the personal expenence, thIS sets the valve state

The estImated stream reqUIred IS 170 kg per oven per hour Currently, tills leads to almost twIce as
much steam, as It IS reqUIred (300 kg of steam per hour)

The eqUIpment reqUIred to Implement thIS measure IS shown m FIg 7 4
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The cost oftlus measure 1ll1plementatIOn IS $5,000 (see AppendIx A)

The oven operates 24 hours per day, 1 e 8,760 hours per year The annual steam savIng WIll amount

to

(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 kcaVyr = 74022 GcaVyr

If 1,000 m3 of natural gas cost $82, the saVIngs on productIOn of steam for one FTL-2 oven WIll be
as follows

$82 106 =$8, 700

The payback penod of thIS measure WIll be

$5,000 / $8,700= 0 57 year

ConclusIOns ThIS measure IS 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 tms case
It IS necessary to buy eqUIpment the total cost ofwmch IS $65,000

74 Improvement of the operatIOn effiCiency of E 1.6-0.9 boIlers III LVlv Bakery #1
boller-house

74 1 GeneralmfOrmatlOn

At present, the bOIler house of LVlV Bakery #1 has four operatIOnal £-1,6-0,9 bOIlers operated on
natural gas

The bOIlers were commISSIOned In 1992 and are kept In good condItIon Natural gas IS burnt and the
bOIler produce steam (1 6 t per hour) at 1 2 Bar

The bOIlers generate steam for the follOWIng purposes

• to hum.l<ilt¥ the operatIng chambers of FTL-2 51%
ovens to bake bread

• to hunudIfy the operatIng chambers of FTL- 9%
20 ovens to bake rolls and buns

• to pre-heat the hot water for space heatIng 34%
durIng the WInter penod

• to pre-heat the hot water for process needs

Total

The bOIlers consume about 147 07 thousand m3 of gas per month or 30% ofbakery's demand

The follOWIng measures have been selected from the general lIst of potential energy saVIng
recommendations

• Improvement of the thermal InSUlatIOn of the bOIlers,

• UtIlIzatIOn of the flue gas heat for pre-heatIng of the hot water for process needs and space heatIng
dunng the WInter penod
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The cost of the msulatIOn for one boIler IS

742 Improvement ofthe thermal insulatIOn ofthe bOIlers

and the gas savIngs WIll be

The payback penod IS
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725 m3/yr 2 = 1,450 m3/yr

As SImultaneously there work not more than 2 bOIlers out of the four, It does not
seem reasonable to proVIde addItIonal thermal msulatlOn at all the hOllers It seems

ConclUSIOns

($100 4)1($60 2) = 3 33 yr ,

By Improvmg the thermal msulatlon of the bOIlers there WIll be saved (the calculation approach see
mItem 7 32)

1,5 (50 - 35) °C 4 x(2 5 x 25) =5625 kcal/h

The annual saVIng WIll be as follows

5625 kcal/h 8,760 h/yr = 5,000,000 kcal/yr

The approxImate amount of natural gas consumed to produce 1 Gcal of heat (at 11 = 85%, (Lper Low =
8,100 kcal/m3

) IS 145 m3/Gcai So, the gas savmgs are as follows

5 Gcal/yr 143 m3/Gcai = 725 m3/yr

It WIll result m the cost savmgs (If1,000 m3 ofnatural gas cost $82)

$82 0 725 =$60

$1001 $60 = 1 67yr

As at the same time not more than two bOIlers out of four are workmg, In case ofprovIdIng any
addItIOnal InSUlatIOn for all four bOIlers, the payback penod for such an energy savmg measure Will
be as follows

($4Im2
) 4 x(2 5 m x 25m) = $100

Contents of the proposal

Improvement of the thermal msulatIon ofbOIlers m order to reduce the heat losses

Study results

To mvestIgate the feasIbIlIty of Improvmg E-1,6-0,9 bOIler walls, the wall temperatures were
measured The DHS-26X "Heat Spy" mfrared thermometer was used for the measurements The
measurements of the temperature of outsIde surfaces of the bOIlers proved that BOller #2 had the
local (~O 1 m x 0 1 m) temperature mcrease 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 compulsonly
repaIr the destroyed bOller's fire-proof covenng after ItS outage The measurements also proved that

the average temperature of bOIler surfaces IS 40 to 50 °C The mentIOned values correspond to the
current regulatlOns and standards of Ukrame Nevertheless, the calculatIOns were made (see below)
for thermal msulatlOn used to reduce the temperature of outsIde surfaces of the bOIlers down to
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worth to provIde thermal msulatIon on a stage-by-stage baSIS first on the two mam
bOIlers, and then on the two redundant ones

It IS necessary to proVIde a local repaIr of the fire-proof covenng on BoIler #2

743 UtilisatIOn ofthe heat ofthe combustIOn products leavmg E-l,6-1,9 BOller

Contents of the proposal

A heat exchanger should be mstalled to recover and then utIlIze the heat of the combustIon gasses to
prOVIde hot water for the processmg needs and to heat premIses m the wmter tIme

Study results

AccordIng to the results of tests carned out wIth applIcatIOn of an ENERAC-2000 gas analyser (see
AppendIX B), the amount of heat carned away from the boIler by the combustIon products pnor to
the InstallatIOn (QI) and after the mstallatIOn (Q2) of a heat exchanger can be determIned for the
combustIon product temperatures tI = 152°C and t2= 107°C respectIvely

QI= G '1'

Q2= G 12'

where G = 150 m3
- per hour IS bOller's natural gas consumptIOn (the low heat value IS ([per Low =

= 8,100 kcal per m3
, the volume of combustIon products IS 11 85 m3 per 1

m3 of gas for the aIr consumptIOn coeffiCIent of 123),

'I = 600 kcal/m3
, '2 = 350 kcal/m3

- IS the heat content of combustIon products per 1 m3 of
the gas consumed by the boIler at the temperatures oftI

= 152°C and t2 = 107°C respectIvely

POSSIble heat savmg due to the exhaust gas coolmg from 152°C to 107°C amounts to

QE = QI- Q2 = G '1- G 12 = G (11-12) = 150 (600 - 350) = 37,500 kcal per hour

Takmg Into account the heat exchanger effiCIency of 80%, the follOWIng amount of gas WIll be
saved

GE =08 Q/Qoper Low =08 37,500/8,100=37m3 perhour

The annual saVIng WIll amount to

(37m3/hour) (8,760 hours/year) = 32,400 m3 per year

The cost of the gas saved dunng one year WIll amount to

(32,400 m3 per year) 0 082 $/m3 = $2,660

The value of the reqUIred eqUIpment mcludmg the transport and other expenses WIll amount to
$5,100 (for detaIls see AppendIX A)

The payback penod OfthiS measure WIll be

$5,100/ $2,660 = 1 92 year
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and the gas savmgs WIll be

As at the same time not more than two bOIlers out of four are workmg, m case ofprovIdmg any
addItIOnal msulatIOn for all four boIlers, the payback penod for such an energy savmg measure wIll
be as follows

ConclusIOns

($15,100 4)/($2,660 2) = 3 84 yr ,

732,400 m3/yr 2 = 64,800 m3/yr

As SImultaneously there work not more than 2 bOIlers out of the four, It does not
seem reasonable to prOVIde addItIonal thermal msulatIOn at all the bOIlers It seems
worth to proVIde thermal msulatIOn on a stage-by-stage baSIS first on the two mam
bOIlers, and then on the two redundant ones
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8 ENVIRONMENTAL IMPACT OF THE RECOMMENDED MEASURES

implementatIOn of the energy savmg measures wIll result m the reductIOn of harmful emISSIons
mto atmosphere owmg to reduced fuel and electncity consumptIOn Accordmg to the average data
from the enterpnse for bOilers and small ovens, burnmg of 1,000 m3 of gas results mto the followmg
emISSIons mto the atmosphere

CO - (carbon monoxIde) - 0 28 kg,

NOx - (mtrogen oXIdes) - 1,458 kg,

In 1996, the average harmful emISSIons per 1,000 kWh of produced electnClty, withm the system
ofthe Mimstry ofEnergy ofUkrame, was as follows

CO - 051 kg,

NOx - 2177kg,

S02 - 989 kg,

Ash - 4365kg

implementatIOn of the proposed energy savmg measures WIll allow to reduce the natural gas
consumptIOn by 1,620 75 m3 and electnClty consumptIOn by 271,600 kWh, whIch IS eqmvalent to the
followmg reductIOn ofharmful emISSIOns mto the atmosphere

CO (1,620,750 m3
) (028 kg/thousand m3

) + (271,600 kWh) x

x(O 51 kg/thousand kW h) = 592 kg

NOx (1,620,750 m3
) (1 458 kg/thousand m3

) + (271,600 kWh) x

x(2177kg/ thousand kW h) = 2,954 kg

S02 271,600 kW h 989 kg/thousand kW h = 2,686 kg

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

43



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

APPENDIX A LIST OF POSSIBLE ENERGY SAVING MEASURES

A-I



List of possible energy conservatIOn measures (ECOs)

The cost of the eqUIpment gas analyzer - $5,000, the mfra-red thennometer -$1,000

The lIst of the pOSSIble frequency converters reqUIred for ImplementatIOn of ECO #1
"ImplementatIOn of energy management" (Item 7 1)

• Portable gas analyzer ENERAC 2000

Manufacturer Energy EffiCIency System, Inc

Bacharach, Cosa Instrument CorporatIon

• Portable thermometer for a non-contact measurements 0 temperature DNS-26XLl (0 to 1,000 °C)

DaVIS Instruments,

Wahl Instruments, Inc ,

"Tennoprylad"

Manufacturers

Electric power Natural gas Yearly Measure Payback Item
# Description saVIng, savmg, saVIng, costs, perIOd, m this

kWh m3 usn USD yr report
1 IntroductIon of energy 50,000 105,000 $13,260 $13,000 098 7 I

management servIce
2 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

3 Improvement of thermal
msulatIon ofFTL-2 Bread
Ovens 0 5,500 $450 $283 063 732
- for one oven 0 71,500 $5,850 $283 063 732
- for 13 ovens

4 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

5 InstallatIon thermal heat
exchangers to utIlIze the heat
from the combustIon products
leavmg the bOiler 0 32,400 $2,660 $5,100 1 92 743
- for one boIler 0 64,800 $5,320 $20,400 384 743
- for four bOilers

6 System for sustammg constant
outlet pressure at the old 50,000 0 $2,100 $1,950 093 725
compressor statIon

7 Use of a speed-controlled electnc
motor for the compressor engmes 171,600 0 $7,200 $30,000 417 723
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• HumIdlty--sensor Vatsala model HMD 70U, 0 to mInuS 8-0 °C, 0 to106010 RH output (4 to 20 rnA)
duct mounted WIth 24" long duct probe, 9 to 24 V, 50-cycle mput power
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2 urnts

(0622) 66-61-42

CJSC "IzohazIya",

Donetsk CIty

Tel

JSC "TepI01zohazIya", KyIV RegIOn,

Town Settlement Kotsmbynske

Tel (04497)72-306,72-647

Thermal Insulatmg Matenals Plant

Chemvtsl CIty,

Manuafacturers

• assembled pump

- 9GPM Pump, 12 feet head, 220 V, 50 Hz, 1 phase, 1/6 HP

- pump control system

- stack thermometer

The hst of the eqUIpment reqUITed to Implement ECO #5 "InstallatIOn of a heat exchanger to
utIlIZe the heat of the combustIOn products leavmg E-l,6-0,9 Boller (Item 7 4 3)

• EconomIzer Cam Industnes Model B12 1 urnt

The hst of the thermal matenals reqUIred to Implement ECO #3 " Improvement of the thermal
msulatlOn of bakery ovens of FTL-2-type" (Item 7 3 2), ECO #4 "Improvement of the thermal
msulatlOn of the boIlers" (Item 7 4 2)

• mats ofbasalt for thermal msulatIOn - TM 10-20, TM 10-15, MTPB, MBPa

The cost of the eqUIpment The humIdIfier - $3,700, the humIdIty sensor and the controller - $850,
transportatIOn - $455

The total cost of ImplementatIOn US $5,000

• Transformer Honeywell AT88AI021, 220 V/24 V, 50 cycle, 50 VA

The lIst of the eqUIpment (see FIg 7 1) reqUIred to Implement ECO #2 "Controllmg steam supply
m to the bakery oven of FTL-2-type"

• HumIdIfier, Armstrong, SIze 94, 1" onfice, two marufold fittmgs No A-4967 - L, two 7' long
manIfolds, Honeywell modulatmg valve operator, mput 4 - 20 rnA, 24 V, 50 Hz Steam 014 to
082 barg (2 to 12 pSIg), 340 lbs/hr (170 m3

), one mverted No 800, 1/2" bucket trap, threaded
openmgs to be metnc SIzes (DIN standard)

• Controller, Davls Instruments, Catalog No EH438048 , Model 48 VT, DIN PIN Controller,
220V, %) Cycle power mput 4 to 20 rnA, output 4 to 20



1 umt

1 umt

1 umt

1 umt

1 umt

Cam Industnes, Inc POBox 189

JORDAN V.ALVE

3170 Wasson Road

CmcmnatI, OR 4509-2381

USi\

The manufacturer

Fax 513/871-01-05

- flow control valve

- check valve

- 80-gal storage tank 125 pSI

The manufacturer

- temp and relIefvalve

- temperature and pressure relIef valve

Research and ProductIOn Company "EOS Ltd 11

Post Box 5303, KharkIv-125, 310125, Ukrame

Fax + 38 (0572) 26-11-01

or m EnglIsh

Germantown, WI 53022414-251-051

Wi\TSI-800-558-8690

FAXl-414-251-0118

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)

• PChTE-75 Converter (TU U 02021420 001-95) desIgned for controllmg the asynchronous electnc
motors WIth shorted rotors The nommal current of the frequency converter IS 125 A, the nommal
voltage of the frequency converter IS 380 (400) V, the motor capaCIty IS 75 kW, the overall SIzes
of the frequency converter (WIthOUt a choke coIl) are as follows H x L x B = =800 x 400 x 295
rom, the overSIze ofthe choke COllIS 360 x 275 x 315 rom

The address of the manufacturer YKpaI-IHa, 310125, r XapbKoB-125, a/51 5303

HaYQHO-npOH3BoAcTBeHHa51 KOMnaHH5I 30C JITA

<PaKC +(38) (0572)-26-11-01

The lIst of the eqUIpment reqUITed to nnplement ECO #6 "System to keep constant the outlet
__ pressur-eBt_the cmnpressor statIOn" (Item 7 2 5)

• Control valve

• On-Off valve
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• AT 01 Frequency Converter (TU 3431-001-39460462-96 RF of27 1296)

The address of the manufacturer Pet>, r CaHKT-TIeTep6ypr, yn Enaro.n;aTHa~,2

Kop110paQH~ "TPMOJI"

et>aKC (812)-296-93-38,

296-91-75

ormEnghsh

TRIOL CorporatIOn

2, Blagodatnaya Str , Sankt-Petersburg, RussIa
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W x H x D = 250 x 800 x 315 rom, the I

Fax +(380)(44) 295-13-98

ABB Ukrame

28, Druzhby Narodov BIrd,

KyIV, Ukrame

HONEYWELL, 8/4, Zhehabov Str ,

KYIV-57, 252057, Ukrame

Fax +(380 (44) 446-72-11

ormEnghsh

ormEnghsh

• ACF601-0070-3 TransIstor Converter for controIhng the rotatIonal speed of asynchronous electnc
motors The overSIze 715 x 304 x 429 rom, the weIght IS 50 kg

The address of the dIstnbutor 252103, YKpaHHa, 6yrr )J;py:>K6bI Hapo.n;oB, 28

ABBYKpaHHa

• CX-INVERTER TP's 1997 Frequency Converters

CX0750V34FONO Converter, the overall SIzes are
weIght IS 60 kg

The address ofthe dIstnbutor 252057, YKpaHHa, yn )l{err~6oBa, 8/4

HONEYWELL
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• TTE Converter for controllmg the rotatIOnal speed of asynchronous motors

The address ofthe manufacturer 3306006 YKpaHHa6 r 3anopmKbe, rCII-187,

yn KpeMneBcKaSl, 63-A

ormEnghsh

63-A, Kremlevskaya Str ,

Zaponzhzlna, GSP-187, 330600, Ukrame

Fax +(380) (44) 52-60-09

The approxImate cost of the converter wIth the accessones plus the transportatIOn cost

• $7,207 for the converters produced m Ukrame,

• $10,811 for the converters produced m the USA

l \
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Control Signal SpeCificatIOns

Standard Input Sigral OrolOH

Optlcnallnput Sigral (PeqUires Amplifier)

Res stance Cor,,.....2~C 0 10000nms
Cur ent Comrnarc

1 5 mA DC
4 20 mA DC
1G 50 rnA OS
S;:;llt ranges ala a:.'e 0'1 re(jLes,

VCltage Comrrare:

o 24 VOC
o 10 VOC

Ampllfler Enclosures (Optional)

NE'1lA 12 InSide Irdustnal
NE11lA 4 Water Tignt
NE'1lA 7 & 9 EfplGslon Proof

Note Internal arrpllfle'$ are a/ailable for AC motor In
420 mA lor DC rno'crs In 4 20 rnA or 0 10 vdc
panel mounted ampII! er also a'/allable
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1\1ark 37 Electric rv'otor Actuated FInal Control Element

Sizes 1/4 hc'_gh 6
E'ld Connec Ions

1/4 trrCLgn 2" d", 8ac::-: 1'.;;-; L- c r e
companIen flarges

2 1/2" through 6 - Integral flarges

fraterlars
Body dLC ,Je Iron (1 14 6) br:;rze (Ii!. 2) ca ::cn
s'eel (1/2 6) stainless s eel (1/2 6 I ca: Iron
(2 1/2" - 6 )

Trim SS,BRZ fer CI 01 &BPZ bcc/ valles 3C3SS
for CS bcc; valves 316SS for 53 bedf valles

Seats 303SS 3165S JorcanlC Jorca rllte
Teflon Coa'ed

Packing spnrg loaced Tele'i (5GO F riC/I Craled
(abo Ie SGO F)

Serllce steam water air eil gas e'lemlCals

Flo", Characteristic linear (std) equal percenta~e

(specIfy model MK377 for equal percentage)

ShutoH AfJSI Class IV

Body Rating ductile Iron up to 988 PSI and 650 F brenze
up to 500 PSI and 500 F carbon steel and stainless steel
up to 1440 pSI and 650 F dependmg upon speCific
construction Temperature limit of 20 F on all matenals
for other temperatures and matenals consult factor/

Mounting In any position except In a vertical pipe "rere
the flow mOles In an upNard dlrectJon
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SIZING FOR AIR .~ND OTHER GASES
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VAiSAlil I
60/70 Series Duct and Wall-Mount

Humidity and Temperature Transmitters
for HVAC/EMCS
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The duct mount tr:lOsmllters can also be used In

man) mdustnal humldIT) monl[oTlng aiJphC:llJons
'"" he re their qabJiIt\ Jnd resIstance to chemlcah :Jnd
dust ;In. of grl1t \ Jlue

A nm eI feature of thl ~e duct mount tr msmltlers IS

the ablltt) to remO\ e the electronics \\ Ilhout dl~a ~

~l mbhng thl unll from the duct

OPTIMAL ENERGY MANAGEMENT
The duct and \\ all mounted H\lDf\\' 60 and
H\1D/\\' 70 transmItters are designed for monllofmg
rela[I\ e humldlt") and temper:lturL m bUlldmg
t-nerg, managery;c- "\ ~tem<; The combm1tlon of
high accuraC) stabJllt") and relwble operatIOn mahes
these products the Ideal choICe for dem.:mdmg
energ\ management appllCatlom

FEATURESfBENEFITS r
• full 0 100 °cRH me3SUre'!1("1t
• trele m a \\ I C tr:Jn~'Tlme'" \\ llh., ::;0 m-\ 100;)
po\\eeoo~..,u[(P\lD6n_'1dr '\\ 60)

o '-clecc_ble ~ ;;"1 .. 1ou PUI or II J \ 0 5 \ 0

o 10 \ tl-'_\'D -0 3~d }-~ f\\ -, \ - j o~ ::;-:
c"re- rcdule aho 0 ::;" 'l_~ (r 10-0)

o eJect.0~13t:Je IC311\ COlT't'-t bk
o temiJe~:: wee c0'!1ren~1ted

• e\cellent ]o'"'g term ~.JbJin

• up to ± 2 °oRH aCCUrlC)
• HL1\lJC.-\.P~ humldIt\ ~en~or for excellent accuraC\

and lont: tenn st3bllm negligIble h\ steres sand
reSI'13nce to dust 3nd mo~t chemlcJls

o ::20 '(, RH accur3c\ (Q 9()'lo)

::j J RH JCCel JC\ (90 JO\t")
• '\£\1..1, 4 hOJ<;mg (duct unl! onh)

Thl H\lD nv.,' 60 :Jnd H\1D/\\' 70 lr:m~I1lJlters arl
:1\ :lllJble m l\\ a modLl~ U for hunlldlt") m(;l~UTlment

on!} and Y for hunlJdH) md t<.mpLrJlUfL mCl~UfLmt:nt

FAST, ON SITE CALIBRATION
Thl accurJc) of the trJn~ml[l<.r~ I~ '-lmpIL to (hed
u"mh thl H\lI .j} hUl111dJf) c IlibralOr TI)e cJ!d)r.ttlon
c In be dam m "t (ond" \\ Ilh I '-lnriIL rOll ntlolllltu
\ 1I1l011t ell"turhmh 0pUJIIOn TIll'>" 1\ l '- hour'> cJf

m lInlln InCl 11J1lt .mel I..n"tJrl" Jllhll <\ lUll Illur.JC)

-- --:-=J-
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I TECHNICAL DATA HMDfW 60 and 70 Series Temperature (Y models only)
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9
12
16
II
17

4 20 mA

,t~,nl..-~, ~l..-d

l.l'C t1unllnum
All"> plJ,tll

IlrnlJrJh (J 5 I") UUll

- c: [I .In Ll I O(

rl IEe-,IlIJ ,13

5 +)) C 1+23 +1~1 °rJ
21) +r:I) C (4 +1-6 OF)

40 +o')·C (-ir) +176-·FJ

10 3)\U(!\ -OohmJ

( Pll'H1
rnul,!Jr.ln (I ( lill)') ll'IJ

,rJlnl " 'It d
"II I J( r rlll'I.l/,-I))

rll',rllllilldl I/Jr'lllnrll 1"_1
j'" I" III Ifl till Irq I tit i Itt It (

III I I II " , , J lr I 1/1 III

0Pt"(.lCJn,., llmp<.r.ltur~ r.lnh~

du.((onIlS
~ ...no,()( h~.ld (dULl mQunt)

'>ltJrJ,.,..- I~mr .. r HU(l r.lnh<.
filJU'In,.,

..... n'or h.. .ld (dull mount)
t1"LlrOnot' (dUd mount)
dt<.!(Onll' (\\ Jlllllliuntl

CrJnnc.l.(t(Jn"" "}llt v..
'" U'O( rrlll~l1l()n (dull mount)

l.ludHd

General

[) IV
f) ) \

r) 10 V
r) :W m.o,. CRt - 0 ohm)
o 2001..\ (1\ - Sty) uhm)

General. 60 series
Suppl) \ olr.lhC:

20 35 \TIC (R, - 5(1) ohm)
Output ~J",n.ll

(IDf" (..{l) :l!1d mrn -OY)
\k~,urt"llt"rt r.ln,t"
.l.llUr.lC\

t:.oC

~: ~
02 ~
0'1

C-'-:'..,.0---:,---.....,---------,.------60 C

.(;'1

~~~
004 1
oO~-j

j -

L nl.l J[\

'e"'1 llr

(H.'tiD 60\ and miD -0\)
\1t:_,urO::Il1t"n! r.ln~o::

An ur.lc\

H\1\\-Ol
H\[\\ - 'i
H'ID- l
b'1D- \

H\l\\, ')L
H\j\\ c-)~

H\IDc lL
H\lDt"J\

I), (\\,th mlnl'Jr.Jnt" flhl()
Hl \lICAP ll~r)

30

) 2> m.\ QU ')L

l\1-j onil

R--l \. T
RH onil
RH.:-T

'0 20

\.In.lblc: \oIlJgc: output
RH onil
RH \. T
RH onh
RH \. T

:0 VAISAlA

r/.:m,e tunc: .It +20 C
J I rc:,pon'l
-'1<.(Jr

L.. "s.AH

0..J
z I 1'1
,- 0 "0 120 30 40 so le.o 70 'e , ICO RM

I Jz
JJ,

-_'.J e:r)V11 r_-~ (., Il I

,V':lC\ .II ·2) 'C ~"F,

/) (llI11111UlL \).'.Jv \(",)lll(O ".IA ()),JrJl

rl'_ (1)7 <)'d 'hf/l fAX (.17 c)11-'IJ!.')
Jr'J (odl 7'-1 &n '),J)

JI,dl{IJlll

_ °H

- RM
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'10
J'10 '10 '20 00 40 50 60 '70 80 o '\.AH,-

z I
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a n1lCf
gle loc
\\lth rl
profilt
adjust
proecsi
e\.ecu,
pomt }:

Eac
profilel
repeat
orto n
combiri
be can
bac\ e
Remoci
8\al1a
can be
Assure
tomatI(1
troller
condIt!
procesEI
user sp
setpOlf

The
urable I
couple,
Therm.!
as therl
IS perle
15 Isola
extrudeI
paneln
usmga

1l!t>il;a:11U;"r,i'fr4-~Iitffl!ta
•Nann relays rz"2 an a:fL:S~ dedi ba d

klr dJa! cor'uoI br r~ CO'j/ awrJCa!JCr'lS
• Ai'::x~.c.-,.d. c;:.r"":. -r.r.-::s
• Slrr;; e s'.a::l- r",-.;.:>.<..~ c-a.-",XG 'y r"':J-.es

ove",,'1oct cf s<-?J::t ler sc'1 s'd

- -- -- - - ----------

SPECIFlCATlOIiS y, DIN AND :i DIN MODELS
Ranges -
Ti?" J :; to le30 F 5'110 lCfj) C -T'{ti" K Sr 1-:> 249i: F .JJ 10'.70 C -ToeA 2t 31eZ F (j '0 17!!J C -Tr,..€S .21" JleZ F O'o1750C -TY",..€T -4;.4 \0 752 F 27010 ~j) C -RTD (Ptl00fl) .~2 to 932 F I"JJ'o:J'JJ C -Thermocouple ~{rr eE a~d /I a' a a 'al'a!; e -DC Process Inpub 4 20mA or 1 5VO(; -Accuracy ~ 0 2% FS (Iroe Cd r..:-t S?t;Y', I) -5.1mplmg Time o25 Sf:Olnds -Control Acllon -ProportIOnal Band 010100 I. (a! _ r"'""eJ -Irte;rat Timo oto Y.IYJ.ec lalf~.J,t-Jp) -Denval,ve Timo oto yj'jJ sec (a ~-ut'.,aJel -Ctc1e Time 110100 .ec -PdmpRato o Hr.) C/mm Ie ,r{ r/ rcl'l1",nl rlc;r'e';~ I

Hy leresis 0010255'. (f"rV'(CFFccnrc'J ___ I
Cantrall alarm fetays SA al 110 lAC __ 1

Op<'ratlng Temperature 1410 lL2 F( 10 to ~fJ DI ---Culout / Dill 1 n, I TrW 14''(m)
~DI'13~t3~ (,11' .... 7) -----IPo,,~r ~ 10 I' J/AS ".J~I, .....1

_____ I

--
Ot P h t,.hlnd pan_I ~ (I(JLrrrrJ ", ;/ .... - d

,

-------'----- - - ---- --
---------------------

r ~ <i4'M relays

~oos

-4.hJ50 480996 f. Dill to J, DIll Coomtel Ift;.a 1& 00
(&'latIps user Ie rTKlUnt ;.. II
rto arry J, DIN parl"I CUlC1Jl)

_-"::'/))51 R5-4a5 PS.t.e5 InterfaCl! bl95VT 17200
(Ca'W EH438Q..8 onl'{)

~":/))511 48UT99 f 0111 IIEMA 12 soh OOZe! r.fJM 700
T?I}16 - /liST TraCl!able Cert1icala 9'300

'T?MI7 - IIIST Traceable Cert:fr.afe wf"", Da!a 12500

I J'1 specrfy when ordering
I 1) Tcmrrrclrure 1I1pv'.5 rr ,t-rWP.A1ple) 2) Tr,mrrt;;t.Jre ryf (ATD) ex
~ I"JT.A 1flP'JI ex 4) I SV'X IflP'JI

1':11" 1)5MAP e 11OVACr~!d/~2)PulR.J241OC1),¥·ur

'-1".rnA W!pVt
• lit, ~ ur1r ~rog a 4 7;'TJ. 'jr,,,Jl a?':l ~"2 (Ij l~ vYR

_~-..¢.M91 f.O~lPIDra:n;JLS--;rf'I:cr.r~ 10300

- ~.t.)J..A92 %UTR J, DI'I PID raJ"lp 10 sPt;.r.rrt r;;r-Jr .zj 00 I
::i' rrr:xY-:s ha..e 1~ " t.;AJ1 and 1alarrr r~!ay J, DI, r.a II) 1coo'":) "7 ~

lfzcroprocessor based,
dual dzspla) controllers
uIth lImIt alarm
Yew ramp to setpoznt
[erSIons mInzmum otero
snoot of setpozn t

:E~-i~~_
(}Ja! ~'91 LED cfspzfS lor p'OCeSS~rpj ~ • S.aJ'1dard l.Jm1 Alarn re'a'f(s) WIth 8 pro-
58i;JO!"'tvalues G-a.~ I1'1Odes

•~trOI CN":;N1 arxi a.a.T1 LED InCcabon • Cftrol 0'.:':;)'/..5 3 f.~~ rez, 24VOC to
~; S2"J;:i t,;s..~~ t.s-- I-_"C', r"l.;$ 1"'-.., SSR or 4-2rx
f't.'"IO'C a.to'lnrf:l r/ ~ ec:S" COTJoI • S:::<!H ternlna! CO". ~ons

SJil:.;n a'arm dela', CO'~n,cYwn trner for actr • k,n·vo!atJle rne'nory stores se"ung values III
vaung alarm relay case of p:l'Ner !allure

•AnlJ-reset to mlnlm.ze overshoot •&Jilt'iTl cflagl10sbcs reduce troutleshoobng
• Accepts r'lJrtJple therrro:oupJe, RID or t'TP.

;xocess tnpu1s • Cr.m;l'ele W'th mCN'1~ng hardw,3Ie
•OE!! OiSCOU'lts a-;a,!cb!e

Temperature and Process Autotuning PID Controlfers
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'1\ all Ther.nomete"S__ ..23.:r238, 251,2,)3
Vrater Analrzers 76&-808
'1\ ater leak Dd.ec-.cr .902

'1\ ater I.e<. el \leters ~ 643 &H
v,ater Pressure RecmJers .572
v,aterNraste v.ater Ana.J7ers ~ 797, 798
v,attmeters __137, 139 140
\1, eather Clocks .954
V. eather \1ete'"S _ _ _ _ 940-954
'l\eather S..abons___ __ 940-942
V,eekly Thner -..982

ViindS~&
Direction Indicators 94n-944

Wmd Speed Ind.Jcators__ 940-944, 950, 951
Wind Tunnels 456

WJ.re Cll'tUJt
TraCIng S:;stem____ _ 11B

Wire Length \{eter 121

Wlre&~r _W
Vtumg AnalyzeI' _ 125
\1,ood MoISture Testers __..364-366
V.orkLamps 1010

XY Xt Remrders 659
XYYt Remrders 660

\lIcuum Pump.. .. _ 50,
\scuurn R..'COl"C~"S ~.. 5-0

bne w!nl'mete"S 413-423
\elometers 4-ill 441
\Ibratmg Rf.ed Th...~l!leters __ --- 704
\ibrabon Meters _ .. 752762
\ibraoon \lollJUli'S ~ __759,760
\ibraoon Rrolre>"S__ _ _765
\ibrabonSWlt...~__ _ _7~

\"\SCOSl t) T~-:en; &4 824
YLF Meters 907
\01ce D1ahng SI''<''.c":I! .234

\oltage Deled.ors _120-125
Voltage Recorders 67 70
Voltage, Current,
Po"er DatalDgg".I 163

\oltmeterTe.ster 152
\olWIlemc Flow \!eter 433

VliC'JUlII Gauges -503-514, 516,51B 522, 565

ORDERING INFORMATION

tl::rasoruc Flow \leters 624-6?..3
ll~ruc Leak J.)o~.Drs _ ____ Sc.s-W4
lltrasoruc uqwd Level \!orutors 642
Ultrasoruc \Jezunng lJeters ..__.985-957,994
UltrasoOlc \iJcronometers ..919-923
UltrasoOlc Sensors__ _ .994
U1tn.soruc Stethoscopes -896-904
U1trasoOlcThJ~ Gauges 919-923
U1tra\10let Radlometers ~_ -_..749, 750
Underground Cable Tracen; 173-175
Underground Plpe ltxater 175

UDl!1terrupt.ahle Power Supphes ..85

TreMlaAnerno::-eters 4~

'I'ermccot.p'e CJ1.brator__ _ _ _ __::-.:,
'I'e'"l!locouo'e
Cahbl"3tJrs ..370-3ii ~ 39J-Hu

Thermocouple CJnnectors _ _ ~

TI-er:noo:lUple Dat3loggers ~..c~
'Irer:IlOO)uple Panel Meters e...~

'I1'ermccoup'e Probes .2J5-::E3

'Ihrmccouple
Recortlers __~ .2S'J 292 293, 300-300

1: e"'IDccouple S\\1tch Bo.~ ~

Ther:nooJup'e Wire ..2e.5
op,er:ooh\grograoh.. .....2»~

Thermohygrometers _ 320-330, 332-337, 413
Thermometer Probes 255-263
Thermometers 182 284
Thermov.ells ~__ .253
T.;ne SV>1tches 979-9-..2
Ttmers 97;r922
T::d Kits 1001 lOC05
T0'11ue Ga~"" _ _ __ _ 912 913
To.a1 Dtssohed &.1Jc:., \le.ers 784-71>3
To~r'P.3te::leter _ _ 010 6..2
TOXlC Gas \10llJUlrs __ _ _ _ __842-&6
Tran.."IllJtters 303-31B

Turbldlt) \1eters BOO,801

Hound~
a«: A.H. It> 7b:l-F11,-EST
Pnces and Terms
Tho p"= n r:h: n r:h: c:oht .", ltc..e n
eIl= on rttt p..UotlOl c.:. ....c .",~ to
~~ I>:lOl:L Pcuo e>I toUr..t
I(llXl/l£8.lSI6 to c.b:>.1 CSl'ln: pn:o~
tIOnS.~ tormI .", t'lOl: 30 d>t> ptr'<lr(
a..o- JW'>'>I. coo ".~.,.~
v.... Mz-e.nl and M-ttnOil &;<= .",
aa:o;ud.

~
AI p-c:.os ~.,. fOe~ I"n
Frbft< and /urd.-c~ U9 pr.pud and
addo<l to tt.. ....,.,.. 0-0.,., U9~ ...

s.loc:u.d ""'""""'" OtT-. 01' 10' '""t~
rttt~dr.-lcto:>w-....

Confirrrwnz 0,.0""
Wf...~ cq"""'c <r:l<n~ clcuit
bLoI rttt c..da- ... urinTr:Jaf\

To Oniet'
;. ,,:,a ordo:n br ;fo-... p.:... ell d he
~:Wi Wl-lSl6or "'" curd hoe fu ....

l~o!.CJ ~3l-ml

':..=rntn ""t abo~ 0,." 1=-..-.:1 It
~-.:.o rurbon:

........ (410) 3S8-nlXl
'V1410)j~2

':..=rntn~ to~ br m,,/ ""t do to
'>f ....~tt...~1IX
'j.,.. h:m.mo:na
<7j1 Hc.A Hope 0.­
~~2r2IS

II'-r;~ onl<n pea... "-1
.k(~~
:;.,.,,0"( MO-1:U
.r<=r O<tl.r I'Url>ctr

~-"=-''t ~brO<t'

r~ c.-.av>o" d I'rocLa
:.""/.......

-'::lp=rlltum11Ul!lH1J t\
L'3t3l~rs_ _ J'l..5 :r-9 342

- ::l;:'eI'3tureH~c. "\ L"_C!tJrs _ 345-3tJ
- =;:>erstum'rJ.:lldlt) \!eters __ .2353~ 3,,"'2-337
-o::l;Jeratum'Hu.:::Jcu!i Pen 320

-'=peratureHl.::Jd.....
,",->corders .2$2S9, 324

-:.::::::>eratu1'e'Ht..II:Jdlt\'
~V."?:JUlt -lli."'ID_________ _ _ 334

- ::l::>eI'3tureHU!nlc....,1
»WjXlUlt \1eters _ _ 322, s::.3-33i

-.=:lerature'HJJ::.c:."./
»WPOUlt Reom:!cr____ _ 2S6,341

-:.:lSlon Load Sen.".:Ir 972
-=Ja 'Jeter__ _ .950

Te::1.ers
Cable Fault _166-169
Caoaotor ___ _ __ 104
Cl1'CUlt 122 125

Car::nrOn G"Ol...n:] P.c::..:,-;.a.nce _ 15.:l 159
C~::l;xJnenL _ __ 100-10:>
O::::tmwl) __ _ _ _ _ 122 124
De3dwetgOt ___ 542 54B
Dode____ __ __ _ _104
Duetn1lrl. J..eak.a.go____ __ ___ -h5

Ground Restst.a.oce _ __ _ 15&-162
Hardness 934-936
1'\ o\C Lealage 4S5

IC____________ 108 109
bulaoon __ _ _50-00
~ _ _ ___ _ _ ___4.:>5
we Phase 157
l,fotJr __ _ 117

Paper MoISture __.304
Phase Sequence _ __ __ _ __ ___117
P.ecept.acle 123-125

Shock Pulse __762
SJil \1olStUre __ _ __ __ 366 367
5JilpH .811
\"1.:la)5Jty __ _ _ _ 604, 824
l,oltmeter ___ 152
Vrood MoISture _ __ ___ 364-366

- -":::lal Anemometers _ _ _ 4.23-439
- .-=al Reed SV.1tcl1 _ .223

4.28-431
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I !. 'ns INSTRU\1p·trS c.r ru 1111.
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I
I

, 2 I:; 4 5 I 6 I 7 B I 9 10 11 12 I 1:; 1~ 15 I 20 I 2. I: 3~ I 40 I <IS I 50 I 55 I 60 I

~ ""' -~ :~g n\e'1ed buc~e trap

Reconmended Option
""' :----::: :: C ,n e ec riC ,e,oera ure
~ - ~ :-:= e::: .::s '::'1 Of: 0-':: ext'a
2-: : ':::~'71e"':ec:: 1'121 s stell
\ -i::= -~ SeaT S~pp'v to he r1'::'I"o'a
Je: e =~::: ... J'T\ e,l er bO:JV rra" be
1:-'11:: ~: e:: or turned off

3 \ :e ~ 'amer

I Hum,c lie' \ "n 1'1 egral ODe a 0
2 0 S DJ::;1 rc-,Iloio spec e::

s:02: e:

Electnc Motor Controlled
(EM) Models

1 t- ~ - (:,:? \ ... ,,.., eg a c:e a ::
,... Ds : .... ~,..r-a· ..llfJl~olle ....~i

PneumatIcally Controlled
(AM) Models

::: t Ice
S_e In

-=:: e, i Size 93 Continuous Dlscha ge Capac lies In lbs of Steam Per Hour
__::3: es \ 'le ....! S -::2.""'" S....o: 't s ~- c .... ;:- -02 Ie .... :.:: Se-= =g... e 1- 2-

_-.::: ce···'! ro .......a~ :: :- ... e.... .--3
: See ~a;:e S

- "-5 1019 C01~ ::: ....e: S ea"- -~ ....... c
- ~ fo 2 r he""': ";:~' s e-- s a e --a-

_ ':Clurec: In k:~ s :=S =: 'nee "'e
-:?e:::s 0 ce'" 'a s.= =:- 1L.""1 C ':.= :­
_ ~:)os er h ..... ,-- -:: .:~ .2" ODe a

Standard Package
... I Armstro'lg C010 .01ee Seall
-J'T110Iflers are s.... :J::lI'eo In s'210c'o
.: a::kages \ hlCh Ire ~ce tne 10'10\ rg

I
I
I
I
I
I

I i~ I c 105 ~5 12~ I ~ ~"I 5< I ~~ 1~6 I e c I l c :> I • ~ ;:: I 2~6 I 2c I :36 1353 I ~Jl 1432 I ~!'A 1407 I
, 6~ I 12" 1:;0 I 1~< 1<0 I <" - I leO I l C : .n I 211 I.?' I ;:"" I. C 122 1319 - ·c:> I ~16 I ~4i I ~6J I <17 15-.6 I. . - - .. - - . . .. ... I 9~ 1::c I 1&05 I 160 I i2 I f:< ~E I ~n I 21i 1.28 I ;:42 I 253 I ~"'"'" I .i2 I 321 I 36~ I -.- I 435 I 460 I 500 I 5-.0 I 581 621

~ ,t I 103 1:~ I 15c le5 I l c 5 I 20. I 225 I 2:6 I 256 256 I 2il I 283 I 2° I 3 0 I 350 I 408 I .- I 515 1 562 I 614 661 1719 753

~~ I 117 1~· I 175 I 202 1 213 I 2:. I 2:>. I 27~ t 260 I 2°6 I 317 I 336 I 3-07 I 369 I ~28 I 466 I s.. ~ t 6J7 I 6&4 I 726 765 I e.,7 900

~. I 127 17. I 203 I 232 I 255 I 257 I .00 I 336 I 361 I 374 I ..lB2 I 409 I 4:5 I 459 I 548 I 6:7 I i.5 I B-.6 1 92~ I 996 10B211179 1270

-:::Jle 7i 2 Size 93 Continuous Discharge Capacities In Ibs of Steam Per Hour
~ .:::ac: €:-5 ~ -~- S =aT. S.... o:J / ~:, c: : Se:c c:' ( ::1 c::: ~rc.;J~eG S=:c c E:) ) S~e ~; .... :;

-- ..... -- . .. -_. ..
o trice
Size In 2 3 I <I I 5 I 6 I 7 I a I 9 I 10 I 11 I 12 13 I 1<1 I 15 120 1 25 I 30 I 35 I 40 1 45 50 I 55 60

J J1 I 70 8. I 100 I 110 121 I 132 I 130 I 146 1 153 I 160 159 173 I 160 I 165 1212 1 2~6 I ;:"0 I 297 330 I 356 3B~ I ~13 441

/16 77 95 I lOB I 125 129 I be 1146 I 1~5 I 169 I 176 lB9 195 I 204 I 213 I 246 I 2B6 I 3 2 I 336 363 I 401 432 I ~&4 497

J1 B3 I 122 I 130 I 1~5 150 I lSi I 167 I 160 I 193 I 202 211 225 I 230 I 23. I 2B2 I 319 I ••" 1365 415 I ~~7 ~BO I 517 S45

'/1 99 128 I 145 I 150 1172 11b I 198 I 202 1 217 I 228 I 2~2 253 I 2£.4 I 272 I 321 I 354 I ~J7 I ~35 ~60 I 500 ~o 15°1 621
, ~ I 103 1 137 I 15" \ 185 I 195 I 2'0 22. I 236 I 258 I 26S I 271 I 283 I 2°1 I : 0 I 3~0 I ~oe I 4.' I 51S I 562 I 61~ 661 1719 753

~ I 125 I 160 I 1e3 I 209 I 225 I ~~O I ~"3 I 255 I ::i7 I 314 I :36 I 3SB I ~-2 I ~ 1 460 I 512 I 5~_ I €A 1 I 696 I 757 B31 I c2~ 977

J.. 136 187 I 220 I ~6;yr, 4170 I ~JO I :.6 I 376 I 4:JQ I 430 I 464 4<'S 1510 I 5,~ 1635 1740 1 e~i ' 31 11017/1103 11 0511261 1366

-,:le 11 3 SIZe~nuous DIscharge Capacltres In Ibs of Steam Per Hour
CE::J8CI 'E:S "'"en t:am Supply IS Tr,rov;r,1ne r;'a'ilfo a See Figure 14 21-

Orifice """' - r - - h .. ... ".., ~-'7

Size In 2 I 3 I 4 5 I 6 I 7 I 8 I 9 10 I 1I I 12 I 13 1~ I 15 20 I 25 30

I~ 1.7 I 1(,7 I 190 ~ ~ I tt. I 2:'1 I ~ ~ I ,~c I 312 I ,,~7 I ~50 I .7, . I ~1~ I 478 I 541 606
~

I I I I I I I I IJ/. 18S , 2L7 1 .c'~6 2-J .JJ~ " ... 0 :!:1 391 4~5 44. 47~ 50:' , !.£ ... 5SE I 68~ n2 859

\Ie 2~3 I ~97 I 33B I 3iB I 'J~ I ~40 I 473 I 513 5SJ I ScI I 621 1 6r~ 6·- I 7S8 873 Q " 1109

I 278 I ~3 I 390 437 I ~r6 I 51S I 546 ~~j C3:1 I 671 I 718 I 764 7~f., I eso !i91 11:;~ 1268

I '/~ :;~O I ..QS I ~50 ~'jc: I 5'0 I 59~ I £JO €.5~ I 748 I 774 I 628 I 6e~ 916 I 9Jl 1117 13,,~ 1~69

1'/. 344 I ~,8 I 475 5SJ I 570 I £..27 I (.s!L 722- 795 I all I 874 I e.;1 I 9Se. I gee 1 '82 ';91 15/;7

1 '/ 390 I ~"'O I 558 6Ll I r<", I 73C I 761 £:47 019 I 9Sc I 1026 I 10•• I 1137 , 115. 1396 1607 lB16i

I
I

I
I

I

I
I

I

o ~flce

I I 10 I 11 25 I 3J~lle In 2 3 4 5 6 7 8 9 1~ 13 14 I 15 ~O 35 40 45 50 55 60

t 137 lEo7 I 1"0 213 225 41.1 I ~'S 21:9 _12 1..l27 ..l~O 372 ..l~e I 414 478 541 I '.Jj< V:8 73. 796 Bel I 9~ 1017.. 198 242 I 275 30e 3JO J!:3 I J'~ 4 8 451 I 473 .hC ~3~ ~1 I &J7 707 7~0 I bJ set 1073 1175 12(,4 13~7 144G

I, 2~2 ..lJB , 3'0 ..l!:12 4~0 4~L I ~'J ~ ...2 !,74 1. (A) ... (,44 {,~( 71~ I 7'J 9J8 1'C117 11 ~7 ,7C1 13"':1 1!>.l7 1(.~J 1781 lblJ7

1 nS ~74 I 4/5 ~e9 !,10 !of 1 I '.S IAf 71eIn1 782 BJJ ~'7 I • e Ion 12_311 !ole 16e~ le3!. 197e 2118 22B9

1, 1_70 _~ ,~!. ~H {.JO ~ 7~ 7.8 ~A~. 9(,,3 ...!.!.!- ~~J lC171J.~ 13.4 ,I!. " eJJ ... luJ 2...C.2 24(/1,(,401 2822

_'==t~..2.?J...:::-e1-a~~~J~~~J~10~lJ~1...!'2~~ ~~.zJ17'" i ~, I t ~ ...~b' ... ( ,,7 b" IJ)~3 3:!O!.

__ _.A (, L"J I 7~ F-''1 ;JJ!J -!.~ __')-l2..!.~_'~~_ :/~_,_r..cj '/'(;', J -"_J "'_'..l,(_~_,t , ,f.. fo ~ ~ v lei' 1"I'J 1./70 4(J/O
- --...:-;;......--I

I

-,,;-Ie 11 <: Size 94 Continuous Discharge CapaCIties In Ibs of Steam Per HourI -= ::::.aCI',(:s \ hEr, S'Ed'T, SUPP'/'~ 0 1e,:, 10 SE:~cre: 0' (' 'an,!:, d Trof"ltJt.o SE:Pe: cell) S':e F ';;_ '" ~ 28 C
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D'f"lenslo'ls lnc'ies i'--1~u6ns Incres
A 6

3
'.

,... 107/e
B ll/a 8' 17'/a I

I
C 4/8 C 6/8 I
0 4 3;. 0 8 I
E 9 E 12% IF 431. F 8

'Nel;'i Ibs (less o;:>era or WeIght Ibs (less coera'or
ard f"larllolcj 52 a'1d Man 'olcl 145

CO'1necliOn S zes Conneclion S zes I
I

Steam Inlet 1'I. Steam Inlet 2" IDrain 1V. Drain 2
Dra,nTrap 3;. DralnTra:J ;. I

Ora nTr"p '''o::iel 811 DrGln Trap' locel 812 IBody Mounling Holes (2) Boey Houn ng Holes (4) I

-=,

I\ e ;'" 'ts (less C:J"ratorI a"c rr"'1lfolc) 30

Connechon Sizes
Steam Inlet 3/~

Drain 1·
oral'1 Tra;:> ;.

oral'1 Tra;:> f bcel 800
5ody' 'OJr In;) 1-'0 es 3 a x 16 (2)

I on\~'1slons IrC"es
A 59/'6

B 8~6

C 33 8

o 3':Y'6
E 6'/'6
F 3'3/'6

I'-='

" 4916
:3 89/'6
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0 3V'6

- 6V'6
F 3'3'6

'" g'it Ibs- (less c;:>e a or
a'1C manifo'd) 24

~enSlons Inches

:J'1nectlon Sizes
Steam Inlet If.
Dam 1
Drain Trap 3/~

21n Trap Model 800
:y Mounting Holes 3/a x 16 (2)

J'e 10 1 Physleal Data

:V~~

entral station or booster humidifiers in
ir handling systems (physical data, dimensions and capacities)
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:J'e 10 3 SIze 92, Continuous Discharge CapacIties In Ibs of Steam Per Hour

:'e 10 2 Size 91, Continuous Discharge CapacIties In Ibs of Steam Per Hour
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... - - - 1; '" - .
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11' 13 1 17 I 20 1 23 I 26 I 2 a I 30 I : 2 I 3 ~ 136 In I ~ 0 I ~ 2 14. I 56 I 55 17718~ 192 I C01110 11 a I 12
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'Ie 5 7 I 8 I 9 \ 10 I 11 1 12 I 13 I 14 14 15 I 16 I 17 I 16 I 23 I 25 I 28 I 30 33 I 35 : 37 40 I 4~ I
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APPENDIX B RESULTS OF TESTS BY MEANS OF ENERAC-2000 GAS
ANALYZER
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Results of boIler exhaust tests on n Boller No lfWlth 0 9 t/hr
Boller sIZe 1 6 to 0 9 tonne/hour

TIME 1423 58

DATE 11/27/97

FUEL NATURAL GAS 21870 BTUILB

COMBUSTION EFFICIENCY 844 %

AMBIENT TEMPERATURE 24 DC

STACK TEMPERATURE 150 DC

OXYGEN 042 %

CARBON MONOXIDE 0 MGM

CARBON DIOXIDE 094 %

COMBUSTIBLE GASES 000 %

-STACK DRAFT (INCHES H2O) -03

EXCESS AIR 22 %

NITROGEN OXIDES 62 MGM

SULPHUR DIOXIDE 0 MGM

CARBON MONOXIDE ALARM 200 PPM

MODE MGM OXY_REF=O%
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APPENDIX C PHOTOGRAPHS OF THE ENTERPRISE
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KOTeJlbHa5I XJle603aBo.n;a

KOTJlbI E-I ,6-0,9

Bakery's botlerhollse

E-l ,6-0,9 bOIlers
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B03,lJ;YXOBO,lJ; yXO,lJ;HIl(HX H3 KOTJIa E-1 ,6-0,9 froOB

E-l,6-0,9 Botler's exhaust gas duct

Fans In the bOIler house

,z:(YTbeBbIe BeHTHJIHTOpbI B KOTeJIbHOH
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fa30BbIe neqM <l>TJl-2

XJIe6HOrO u;exa

FTL-2 gas ovens

of the bread shop
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I1aporrO)J;BO)J;bI K ra30BbIM rreqaM <1>TJl-2 xne6Horo u:exa

Steam supply hnes to FTL-2 gas ovens of the bread shop
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APPENDIX D CONVERSION FACTORS
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CURRENCYEQUfVALENTS

1hrn - a UkramIan money umt
1hrn = 0,5 x US $1 (the state on Apnl1998)

CONVERSION FACTORS

HEAT

1 eal =4 187 J
1 kcal = 4 187 kJ =3 968 Btu
1 Gcal =4187 103 MJ =4187 GCal
1 Btu = 1,055 J = 1 055 kJ = 1055 10-3 MJ

POWER

1 W = 3 6 103 J = 3 6 kJ
1 kW = 3 6 103 kJ =3 6 MJ =860 kCal
1 MW = 3 6 103 MJ = 0 86 GCal
1 kcal = 1 163 10-3 kW
1 Gcal = 1163 kW = 1 163 MW
1kW = 1 36 HP
1 kW = 1 34 hp

PRESSURE

1 kgf/cm2 :: 1 barg
1 barg =101 325 kPa =0 1 MPa
1 bar =105 Pa =100 kPa :: 0 1 MPa

LENGTH UNITS

1 rnm = 0 0394 m = 0 00328 ft
1 em =0 3937 m :: 0 0328 ft
1 m:: 39 37 m = 3 281 ft

WEIGHT UNITS

1 g = 2 2046 10-3 Ib
1 kg =2 2046 Ib
1 t:: 1000 kg = 2 2046 103 Ib

AREA UNITS

1 cm2 =0155 m 2 =1 076 10-3 ft 2

1 m2 = 155 103 m2 = 1076ft2

VOLUME UNITS

1 m3 =35 31 ft3 :: 1000 1
1 1= 35 31 10-3 ft3

1 1= 0 264 gal (US)

HEAT CONTENT

1 kJ/kg = 0 43 Btullb
1 kJ/m3 = 26 84 10-3 Btu/ft3

1MJ/m3 :: 26 84 Btu/ftJ
1 keallm3 =4 187 kJ/m3 =0 112 Btu/ft3
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ESCO
ECO
FIg

hm
tel

USAID

VAT

ABBREVIATIONS

- energy servIcmg company

- energy conservaTIon opportumty,

- figure,

- hryvma,

- telephone,

- Umted States Agency for InternaTIonal Development,

- value-added tax,

barg - atmosphere gauge

BTU - BnTIsh thennal umt

°C - degrees CelcmS

cm2
- centlmeter squares

OF - degrees FahrenheIt

g - gram

Gcal - gigacalone

GJ - gIgaJoule

h - hour

kcal - kl1ocalone

kg - kl10gram

kgf - kl1ogram-force

kV - kl1ovolt

kV-A - kilovolt-amper

kW - kl10watt

kW h - kIlowatt hour

Lm-lumen

m - meter

m2
- meter squared

m3
- meter cubed

mm -mmute

MJ - megaJoule

mm H20 - rrulhmeters of the water column

MW - megawatt

t - tOMe

tIh - tonnes per hour

W - watt


