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1 0 EXECUTIVE SUMMARY

1 1 IntroductIOn

ThIS energy audIt has been conducted under a program sponsored by the U S Agency for
InternatIOnal Development ThIS proJect, referred to as DelIvery Order #30, consIsted of performmg
twenty four audIts throughout Ukrame The purpose of the project was to develop UkraInIan energy
servIce company (ESCO) capabIhtIes To accomplIsh thIS task, Burns and Roe Enterprzses, Inc (the
pnmer contractor) mred UkrainIan engmeers These engmeers were tramed m U S technIques of
conductmg energy audIts and m ESCO concepts The mdustnal energy audIts were conducted to
facIlItate the ESCO trammg

These audIts consIsted of a one week SIte VISIt by a team of engmeers, normally two or three
mdividuais Smce these mdustnes are very large, a one week SIte VISIt IS not sufficIent to adequately
audIt the entIre facIlIty The SIte VISIt was restncted to one week due to other project consIderatIOns
However, the engmeenng staff were tramed to IdentIfy Improvements that would be representatIve of
the entIre plant In many cases It was necessary to focus the audItmg efforts on one system or only on
a portIOn of the plant Therefore, thIS audIt IS based on what could be accomplIshed dunng the one
week allocated WhIle thIS audIt contams numerous recommendatIons for the plant management, the
plant management IS encouraged to perform a complete audIt of the entIre facIlIty However, the
plant management WIll conSIder hmng the engmeers tramed under thIS project to contmue thIS work,
WhICh WIll result m a complete understandmg of energy usage WIthin the plant, as well as a complete
lIstmg of all potentIal, energy Improvement projects

1 2 PrlDcIpal FlDdlD~S

A group of energy audItors between March 16 and 21 1998 performed an energy audIt at the Open
Jomt-Stock Company "KyIv Meat Processmg Plant" (OJSC "KMPZ')

The basIc products at the OJSC "KMPZ" are sausages, the ancIllary products are technIcal fat and
bone meal The enterpnse has two productIOn grounds ProductIon Ground #1 (Vyshnevy Town,
KyIV RegIOn) and ProductIOn Ground #2 (KyIV CIty)

In the penod between 1995 and 1997 the productIOn output of the basIc products mcreased from
4,532 tonnes to 5,775 tonnes per year

The energy audIt was performed at the basIc enterpnse (ProductIOn Ground #1) that produces about
75 per cent ofthe total productIOn output

The enterpnse has Its own sources of thermal energy, cold supply, as well as basIc and aUXIlIary
servIces provIdmg a completed productIOn cycle

OJSC "KMPZ" IS qUIte a large consumer of natural gas, electnc power and water The cost of the
energy resources bought m 1997 was about USD 1 1 mIllIon

In the process of the audIt a lot of attractIve opportunItIes to Improve the energy effiCIency at the
plant by means of both short-term payback penods (up to 1 year) that do not reqUIre hIgh costs, and
mIddle-term payback penods (up to 2 years) requmng notIceable capItal mvestments
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ImplementatIon of the proposed measures wIll result attaInment the followmg savmgs
• savmg of electnc power - 1,055,000 kW h,
• savmg of natural gas - 1,260,000 m3

,

• savmg of water - 20,400 m3

The energy costs savmg IS USD 158,540 per year, and the costs of the measures to be Implemented
bemg USD 183,010 At the same tIme there IS achIeved decreasmg of emISSIons of harmful
substances mto the atmosphere (CO, S02' NOx, ash) by 19 8 tonnes per year

Havmg arranged the ECOs projects for theIr ImplementatIOns due to theIr pnontIes, whIle domg the
finanCial estImatIOns of the projects one has to take mto consIderatIOn the mteractIOn of these
projects

At the same tIme the plant has got reserves for further energy savmg ImplementatIOn of whIch
reqUIres a more detaIled study

1 3 RecommendatIOns

The below table gIve a lIst of the energy conservatIOn OpportunItIes In the table there are gIVen the
data concernmg energy conservatIOn (ECOs), expected savmg of the energy costs and the sImple
payback penod of the proposed measures

To contnbute to Improvements of the energy effiCiency at the plant and to decrease the energy costs,
USAID WIll provIde the plant eqUIpment for performmg energy audIts ThIS eqUIpment WIll mclude
portable deVIces and measurmg mstruments for energy audIts The gIVen energy savmg opportumty
IS shown m the table as Energy ConservatIOn OPPOrtunIty #1 (ECO #1) The pomt of the
recommendatIon IS to orgamze energy management departments that are to be responSIble for the
control, analysIs of energy consumptIOn at the enterpnse and to bear responSIbIlIty for development
recommendatIOns aimed at redesIgnmg or upgradmg any systems If that can lead to energy savmg

As a rule, an energy management servIce should conSIst of three persons a techmcal manager,
electnc engmeer and thermal engmeer The manager should be mcluded mto the plant management
and report dIrectly to the dIrector of the plant It IS very Important, as the energy use Issues become
espeCIally Important, and the plant manager should be aware of all the potentIal opportumties capable
of gIvmg energy savmg
The mam dIrectIOns m regard of energy savmg that are recommended after the energy audIt are as
follows
• orgamzatIOn of automatIc metenng of energy resources consumptIOn at the plant, whIch WIll

allow to mtroduce at the plant a system for controllmg and plannmg energy consumptIOn (
ECO#2),

• Improvement of the effiCIency ofgas combustIOn m the bOller-house (ECOs #3, 4 ,5),

• Improvement of the effiCIency of the thermal energy (ECOs #6, 7),

• Improvement the operatIOn effiCIency of the refngeratmg and freezmg chambers (ECO #8)

ECOs WIth a short payback penod (ECOs # 1, 3, 5, 8,) are recommended for theIr ImplementatIOn m
the first order When more finances are avaIlable, the plant management should consIder the Issue of
Implementmg the other opportumtIes (ECOs # 2, 4, 6 and 7)
It seems reasonable to carry out an energy audIt at ProductIOn #2 (KyIV CIty) whose share m the
output of the KMPP IS 25 per cent
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---------------------
gu ,

Cost of Project Payback
ECOs

I DescnptIOn the saved penodcosts
Savmg energy (US $) (year)

(US $)

Electnc Natural gas Steam Hot water Cold
power (1,000 m3) (Gcal) (1,000 m3) water

0,000 kWh) (1,000 m3)

I IntroductIOn of energy management
program 488 360 12 49,960 48,980 1 0

2 AutomatIc systems for energy
consumptIOn metenng 293 216 29,570 49,500 1 7

3 OptImIzatIon of gas combustIon m steam
bOIlers 108 9,360 7,000 075

4 AutomatIc control ofthe burnmg process
and of the low pressure m the furnace of 46 202 19,170 21,700 113
DKVR-IOI13 bOIler

5 RedesIgnmg ofDKVR-6 5113 bOIler for
water heatmg operatIon mode 16 195 17,512 16,500 094

6 Steam traps 120 10,440 15,860 1 5

7 Steam and water mIxmg statIOns 62 84 14,670 16,640 1 14

8 Control of the temperature mode m the
refrIgeratmg and freezmg chambers 212 7,860 6,830 09

Total 1,055 1,263 204 158,542 183,010 12
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The plant has a set of specialIzed shops

2 2 Types of products

At the plant there IS m progress upgradmg of the productIOn lInes aImed at wldenmg the assortment
of the fimshed products m the packages for a long-term savmg them

Mr Volodymyr Stepanovych HAK
Mr Arkady Isaakovych ZASLAVSKY

GENERAL BACKGROUND

2 1 HIstory of Plant

The plant supplIes thermal energy (6-barg steam) and artIfiCial cool (mmus 12-degree centIgrade
ammoma) for the Open Jomt-Stock Company "Kyzv Czty Dazry Plant #3" The plant sells 55 per cent
of the total amount of the produced thermal energy and 59 per cent of the total amount of the
produced cold energy

20

• a cooler
• raw matenals workshop
• sausage makmg workshop
• fat makmg workshop
• cool-productIOn and compressor workshop
• steam-productIOn and bOIler workshop
• electnc power productIOn workshop, electnc metenng mstruments area
• repaIr and mamtenance workshop
• repaIr and constructIOn workshop
• laundry workshop
• other plant umts

Tel [380-44]- 489-08-88
Fax [380-44]- 474-16-44

DIrector General
Deputy DIrector on Energy

The plant produces and delIver sausage products for the trade system m the CIty of KyIv and other
places m Ukrame cooked sausages, smoked sausages, summer sausages, balyks (cured fillet of
sturgeon, etc ), hams, bnsket and bacon, sausages and frankfurters, etc The regIOns of Ukrame are
supplIed wIth technICal fats, bone meal, etc

KyIV Meat Processmg Plant #3,
9, Promyslova Str ,

Vyshnevy Town, KYlv RegIOn,
255500, Ukrame

OJSC "Kyzv Meat Processzng Plant" was commissIoned m 1976 The basIC profile of actIvItIes IS
productIOn of sausage and meat products In 1996 the plant was transformed mto an open Jomt-stock
company wIth a collectIve form of the property The basIc productIOn areas at the plant are the
followmg ones
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The plant dId not provIde any data concernmg the cost of the sold energy and the profits receIved
So, when estImatmg the costs savmg after ImplementatIon of the ECOs thIS factor was not taken mto
consIderatIOn

23 Number of employees

On March 16, 1998 the average number ofthe employees at the plant was about 500 persons

2 4 Slemficance of the sector to economy

There are plants of the sImIlar profile m all regIOns of Ukrame TheIr total number IS about 500,
mcludmg 9 large meat processmg plant producmg meat products and sausages The Improvement of
energy use efficIency m thIS branch and m the food mdustry IS very Important for the populatIon and
economy of Ukrame

7
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Table 1

It IS pOSSIble for the enterpnse to mcrease the productIOn level to the desIgned value If the market
demand mcreases

In 1995 - 1997 the plant operated not m ItS full capaCIty as the sale market was reduced The hIghest
declme happened m 1996 In 1997 the average output of the produced products was 16 4 tonnes per
day

Products ProductIOn level, tonne Note

1995 1996 1997

1 Sausage products 4,532 3,421 4,267 ProductIOn Ground #1
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30 CURRENT STATUS OF PRODUCTION

The productzon levels

The maxImum productIOn capacIty of the plant IS as follows
sausage products 45 tonnes per day
meat semi-fimshed products - 5 tonnes per day

3 1 Maximum estimated productIOn capacity of plant

3 2 Real productIOn capacity of plant
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3 3 Current Trend

The management of the plant makes all possIble efforts to Improve the competitIveness of the
products of the plant by Improvmg theIr qualIty, enlargmg theIr assortment and decreasmg theIr net
cost There IS planned to mcrease the productIOn level to 19 - 20 tonnes per workmg day The basIc
productIOn area operates 5 days a week dunng 8 hours per day

3 4 Export vs DomestIC productIon

Accordmg to the data for 1997, no export operatIOns were performed by the DJSC "KY1V Meat
Processmg Plant"

9
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40 FINANCIAL STATUS OF PLANT

4 1 Currency vs Barter

There were no bartenng operatIOns at the plant m 1997

4 2 VIabIlIty of plant

The enterpnse IS profitable, It has no mdebtedness m regard ofpaymg for the energy resources

10
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50 ANNUAL ENERGY CONSUMPTION AND COSTS

5 1 Brief deSCriptIOn of the processme

The processmg ofbasIc sorts of products mcludes the followmg operatIOns

• Freezmg, keepmg the frozen raw matenals (-25 to -120C)
• Keepmg the frozen raw matenals (0 to +20C)
• DefrostratIOn ofthe frozen raw matenals (0 to +20C)
• PreparatIOn of raw matenals (+ 120C)
• DlsmtegratIOn (+2 to +40C)
• Saltmg (+2 to +40C)
• Matunng (+20C)
• Farce preparatIOn (+ 120C)
• FIlhng wIth farce (+ 120C)
• Thermal treatment (drymg, finng, bOllmg, smokmg, coolmg)
• Keepmg (+2 - +40C)
• Packagmg

A speCIal feature about the meat processmg IS use of dIfferent energy sources and kmds of energy
electnc power, natural gas, thermal energy (steam and hot water), artIfiCIal Ice, compressed aIr and
water

52 BasIc enerey consumme egUlpment

ElectriC power

I Compressors for ammoma coolers N = 132kW -25umts
2 CIrculatIOn water supply pumps N=37kW -8 umts
3 Ammoma pumpmg pumps N = 13 kW -8 umts
4 Processmg eqUIpment

• Meat cutters N=22kW -8 umts

• Cutters N = 180 kW -6umts

• Breakers and crushers N = 55kW -4umts

• Farce mIxers N = 30kW -6umts

• Farce fillmg machmes N=5kW -10 umts

• Thermal aggregates N = 15kW -24umts

• Black houses N =upto 3kW -8 umts

• Smoke aggregates N=22kW -12 umts
5 CondltIonmg and ventIlatIOn systems

• Central condItIOners N = 30kW -5 umts

• Inlet and outlet fans N = 55 to 75 kW -15 umts

• Outlet fans, wmdow-type N = 0 55kW -25 umts
6 AncIllary mechamsms transportmg hnes, elevators, telphers
7 FreIght elevators N=20kW -7 umts
8 Electnc eqUIpment for the boller-house (exhaust fans, ventIlators, pumps)
9 AIr compressors N = 75kW -3 umts

11



5 1 DKVR - 6 5/13 steam bOIlers WIth the steam productIOn capaCIty of 6 5 t/h - 3 umts
5 2 DKVR - 10 / 13 steam bOIlers WIth the steam productIOn capaCIty of 10 t/h - 1 umts

Thermal energy

53 Current tarIffs on electrIC power and fuel In 1998
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-24umts
-8 umts
-6umts
-5umts
-6umts
- 3 Items
-3 umts

-9umts

US $86 7 (wIthout VAT)
US $0037
US $0 575 (wIthout VAT)
US $0 535 (wIthout VAT)

1,000 m3 of natural gas costs
I kW h of electnc power costs
1 m3 of dnnkmg water costs
1 m 3 of sewage costs

4 RefrIgeratIon

3 1 Processmg needs
3 2 Washmg of eqUIpment, walls, floors
3 3 Everyday and utIlIty needs

1 1 OKhKI 286/VP-type plants for meat products thermal treatment
1 2 Black houses
1 3 Cookers
1 4 Defrostator calonfers
1 5 Autoclaves
1 6 Vacuum bOIlers
1 7 Washmg machmes
1 8 Settlmg tanks (4 Items), fat collectors (3 umts)
1 9 Washmg and drymg machmes

3 Hot water supply

5 Namral gas

4 1 "Icy water" as the coolant (0 5 to 1°C)
• condltIomng systems

4 2 Ammoma as the coolant ( - 12°C)
• coolers and processmg chambers
• defrosters
• "ICY water" heat exchangers

4 3 Ammoma as the coolant ( - 25°C)

• freezers

2 1 RadIatIOn heaters
2 2 AIr heaters

2 Hot delIvery water, 95 to 70°C
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5 4 Metenne consumptIon of enereY resources

CommercIal metenng of consumptIon of the natural gas supphed to the plant was done by means of a
processor-based system "SuperFlo" mcludmg a narrowmg devIce

CommercIal metenng of electnc power consumptIOn was performed by means of actIve and reactIve
power meters used m the hIgh-voltage clrcmt on the mput transformer substatIOns

CommerCial metenng of water consumptIOn was performed by means of mechamcal water
consumptIOn meters set on the mlet pIpe ducts

The dally readmgs of the meters and flow meters are entered mto regIster books, and at the end of
each month the bIlls are Issued to be paid on the basIs of these data

Metermg of the consumptIOn wlthm the temtory of the plant of electnc power, thermal energy,
artIficIal cold and water IS determmed by calculatIOn on the basIs of the plant specIfic consumptIOn
rates

5 5 Structure of enerey consumptIOn and Its cost m 1997

OJSC "Kyzv Meat Processzng Plant" uses for ItS processmg needs electnc power, natural gas and
dnnkmg water In 1997 there was consumed about 9 8 mIlhon kWh of electnc power that cost US
$360,000, about 7 2 milhon m3 of natural gas that cost US $628,000, about 236,000 m3 that cost US
$136,000

At the same tIme the plant IS a suppher of thermal energy and artIficIal cold to the OJSC "Kyzv CIty
Dazry Plant #3" The amount of the heat and cold sold aSIde m 1997 was correspondmgly 55 and 59
per cent

The structure of energy consumptIOn and ItS costs IS shown m Tables 2 and 3 and m FIg 2 to 5 The
costs on the energy resources for the needs of the plant Itself were respectIvely as follows natural gas

- - 46 per cent, e1ectnc power - 32 per cent, water - 22 percent of the total energy costs The plant
should look for energy savmg opportumtIes m Improvement of effiCIency of the electnc eqUIpment
operatIOn, of effiCIency of gas burnmg and thermal energy use, reductIOn of water consumptIOn
There IS reasonable makmg a detailed audIt concernmg each sort of energy resources WIth prepanng
a balance sheet of usmg energy by all baSIC productIOn areas and processes almmg at understandmg
how effiCIently energy resources are used and at mtroductIOn of an objective system for controllmg
and plannmg the costs per one product umt

Table 2

The structure of the total energy use and Its costs
with takmg mto account the amounts of the sold thermal energy and artIficIal cold

Energy resource ConsumptIOn Gcal Percentage Cost, Percentage
USD

Natural gas 7,196,000 mol 57,568 87 628,211 56
Electnc power 9,755,000 kW h 8,389 13 360,935 32

Water 236,000 m3 - - 136,000 12
Total - 65,957 100 1,126,081 100
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FIg 2

Energy Balance
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Water
12%

Natural gas
56%

Electnc power
13%

FIg 3

Balance of costs

Natural gas
87%
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Table 3

Electnc power
32%

The structure of the energy consumption for the needs of the plant Itself

As the plant sells thermal energy and artIficIal cold aSIde, It does not seem pOSSIble to make an
analySIS of energy consumptIOn per product of the baSIC sorts of the products produced That IS why
III the report we conSIder the energy costs for the productIOn needs at the plant Itself

Energy ConsumptIOn Gcal Percentage Cost, Percentage
USD

Natural gas 3,238,000 mJ 25,904 85 280,735 46
Electnc power 5,272,000 kW h 4,534 15 195,064 32
Water 236,000 m3 - - 136,000 22
Total - 30,438 100 611,799 100



Balance of costs

Energy Balance

FIg 5

15

Natural gas
46%

Water
22%

Natural gas
85%

FIg 4

Electnc power
15%

Electnc power
32%

As It follows from the balance of the costs, use of all sorts of energy sources reqUIres a more detaIled
analysIs to Identify and estimate the energy conservatIOn opportumtIes and to determme the attamed
base mdicators for a specIfic energy consumption per product umt

Note Data for calculatIOns
1,000 m3 = 81 Gcal 1,000 m3 ofnatural gas -US $ 86,7
1,000 kW h = 0 86 Gcal 1,000 kW h - US $ 37
1,000 m3 ofwater-US $ 575
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The amount of the electnc power consumed for cold productIOn reaches 79 per cent of the total
amount consumed dunng a year, WhICh causes mtroductIOn of a good momtonng of the cold supply
system and lookmg for energy savmg reserves

ConsumptIOn of electnc power has a seasonal character, m summer It nses almost 2 tImes ThIS IS
accounted for by nsmg of demand for artIficIal cold and decreasmg of the efficIency of operatIOn of
the cold supplymg system m the summer penod of the year

16

2828

1247

8981

7,749

5477

Table 4

5 6 1 Electnc power, (k un x J(j)

20

334

652

701

105

502

56 ConsumptIOn of electric power, natural2as, thermal ener2Y and water lD 1997
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DistributIOn of electriC power consumptIOn between the basIc plant areas
and workshops
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Raw matenals
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ProductIOn of cold
62%
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ProductIOn of cold
79%

BOller-house
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Compressor statIOn 17% _--------~
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Boiler-house
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DistributIOn of electric power consumptIOn between the basIc plant UOltS
with takmg consideration the amount of the thermal energy and artificial cold sold aSide
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Table 6
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Table 5
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Months

FIg 9
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ConsumptIOn of natural gas by the boller-house,
cu m x 1,000

II

562 Natural gas, (rAx lrJ)

5 6 3 Thermal energy, (Gcal)
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The amount ofthe natural gas consumed changes dunng a year and It has a seasonal character Gas IS
burnt m the bOller-house to produce steam that IS used for the processmg needs, to heat water for the
hot water supply system, and for the heatmg system The heatmg load nses m wmter, and It reqUIres
about 1 2 m1lhon m3 of gas or about 14 per cent of the total consumptIOn at the plant

Months
I I II I III I IV I V I VI I VII I VIII I IX I X I XI I XII I Total

Total productIOn (calculatIOns)
5,451 I 4,670 I 4,750 I 4,200 I 3,208 I 3,287 I 3,391 I 3,196 I 3,493 I 4,130 I 4,252 I 4,960 I 48,988

Sold aSIde
3,041 I 2,375 I 2,425 I 2,129 I 1,690 I 2,035 I 1,970 I 2,033 I 1,859 I 2,255 I 2,433 I 2,767 I 27,012

- ConsumptIon on the SIte
2,410 I 2,295 I 2,325 I 2,071 I 1,518 I 1,252 I 1,421 I 1,163 I 1,634 I 1,875 I 1,819 I 2,193 I 21,976

Sausa2e mak1D2 and raw materIals workshops
860 I 785 I 850 I 912 I 972 I 850 I 1,118 I 702 I 1,006 I 895 I 637 I 929 I 10,516

Fat mak1D2 workshop
380 I 420 I 475 I 369 I 95 I 222 I 113 I 242 I 260 I 23 I 48 I 65 I 2,712

Hot water supply
180 I 180 I 180 I 180 I 451 I 180 I 190 I 219 I 272 I 272 I 300 I 300 I 2,884

Heat1D2
990 I 910 I 820 I 610 I - I - I - I - I - I 556 I 678 I 737 I 5,301

Months
I I II I III I IV I V I VI I VII I VIII I IX I X I XI I XII I Total

Boller-house
826 I 690 I 700 I 619 I 469 I 477 I 486 I 458 I 500 I 613 I 630 I 728 I 7,196
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Production and consumptIon of thermal energy for 1997, Gcal
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The amount of the thermal energy produced at the plant IS determmed approxImately by calculatIOn
on the baSIS of the amount of the burnt natural gas that was supplIed to the boller-house On the
ground of the data for the prevIously carned out tests of the bOIlers the specIfic gas consumptIOn set
for the plant IS 147 m3 for provIdmg 1 Gcal of heat, WhICh corresponds to the net effiCIency of the
boller-house equal to 85 per cent and to the ca10nfic value equal to 8,000 kCaVm3

Months
I I II I III I IV I V I VI I VII I VIII I IX I X I XI I XII I Total IOther nsers

- I - I - I - I - I - 1- 1- I 96 I 129 I 156 I 162 I 543

I
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Fig 11

DlstnbutIon of the produced thermal energy

Sausage makmg
and raw matenals

workshops
49%

Others
2%

Fig 12

Fat makmg
workshop

12%

Hot water supply
13%

ConsumptIOn
on the sIte

45%

Sold aSIde
55%

As It follows from the data received for the balance of dlstnbutlOn of the thennal energy m 1997, the
mam trends m energy savmg should be Improvement of the effiCiency of the processmg eqUipment
(thennal chambers, cookmg bOIlers, autoclaves, defrosters, hot water and heat supply systems, such
as steam and water heaters, calonfers, ventilation and heatmg aggregates)

The productIOn level of thennal energy dunng a year has a seasonal character and It IS detennmed by
the heatmg load available, the processmg needs and by the amount sold aSIde
The consumptIOn on the site for 1997 was 45 per cent, while there was sold aSide 55 per cent of the
energy amount totally produced

DistributIOn of thermal energy consumptIOn between the baSIC plant
structural umts
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The data gIven by the plant do not completely correspond to the real sItuation and reqUIred to be
corrected, as they do not take mto consIderatIOn the losses WIth the condensate that was not returned,
and the losses WIth the flash steam Accordmg to the calculatIOns made m the stearn and condensate
report of the plant for 1996 the losses are 8 5 per cent of the total consumptIOn ofthermal energy

5 6 4 Artificlal cold

Table 7

I
I
I
I
I

Months

II I II IIIIIIvl V I VI I VII I VIII I IX I X I XI I XII I Total
Totally produced (calculated value)

1,068 I 1,043 I 1,277 I 1,397 I 1,676 I 2,038 I 2,275 I 2,041 I 1,804 I 1,575 I 1,334 I 1,133 I 18,661 •
Sold aSIde I

558 I 570 I 764 I 855 I 1,112 I 1,295 I 1,265 I 1,120 I 1,015 I 925 I 811 I 652 I 10,942
ConsumptIon on the sIte •

510 I 473 I 513 I 542 I 564 I 743 I 1,010 I 921 I 789 I 650 I 523 I 481 I 7,719 •Cooler
243 I 248 I 290 I 302 I 294 I 332 I 425 I 397 I 419 I 412 I 286 I 245 I 3,893 ISausage makmg and raw materIals workshop
211 I 223 I 222 I 206 I 236 I 378 I 552 I 489 I 357 I 231 I 229 I 231 I 3,565

Other users •56 I 2 I 1 I 34 I 34 I 33 I 33 I 35 I 13 I 7 I 8 I 5 I 261 ~

22

There was no complete audIt for the refrIgeratmg system to assess the effiCIency of the coolmg
machmes and ofthe coolmg chamber

Takmg mto account the fact that, m accordance WIth the energy consumptIOn balance cold
productIOn reqUIres 79 per cent of electnc power and 22 per cent of water, the plant management
should mVIted a consultmg company for that to carry out a detailed energy audIt of the refrIgeratmg
system and to work out energy savmg opportumties

The amount of the produced artIfiCIal cold IS determmed at the plant approxImately by calculatIOn
on the baSIS of the number of operation hours and of the average cold productIOn capacIty of the
coolIng machmes accordmg to theIr manufacturers specIficatIons (326 to 358 thousand kcal/h)
DIstnbutIOn of cold between the plant structural unItS IS also determmed by calculatIOn on the baSIS
of the specIfic consumptIOn rates set at the plant

I
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I

098 Gcal/t
044 Gcal/t°35 Gcallt day

• productIOn of sausage products
• raw matenals workshop
• keepmg meat m refrIgerators
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I ProductIOn and consumptIOn of artificial cold
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The amount of the produced cold dunng a year has a seasonal character In summer the need for cold
nses 1 5 to 2 times both for the consumptIon on the sIte, and for ItS sale aSIde
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Table 8

565 Dnnkmg water, (rlzx 1,000)

One of the mam trends m energy savmg IS Improvement of the efficIency of the artIficIal Ice
consumptIOn m the sausage makmg and raw matenals workshops as well as m the cooler The data
represented by the plant do not completely correspond to the real sItuatIOn, as there IS not taken mto
account the losses of the coolant (ammoma, "ICY" water) III the pIpe hnes of the coolant supply
system
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Cooler
50%

Others
3%

DIstnbution of artificIal cold consumptIOn
between the plant basIc structural umts

FIg 15

Sausage makmg
and raw matenals

workshops
46%

Months I
I I II I III I IV I V I VI I VII I VIII I IX I X I XI I XII I Total

Total consumptIOn I177 I 176 I 185 I 21 5 I 190 I 21 3 I 21 5 I 208 I 21 7 I 196 I 186 I 185 I 2363
Processmg

26 I 27 I 24 I 29 I 28 I 29 I 27 I 39 I 4,0 I 35 I 2 1 I 23 I 348 IArtIficIal cold produced
24 I 24 I 32 I 44 I 34 I 44 I 45 I 75 I 65 I 48 I 44 I 39 I 518

IHeat productIOn
11 0 I 11 0 I 11 4 I 11 9 I 104 I 11 6 I 11 7 I 70 I 75 I 8 1 I 84 I 83 I 1183

Others

I1 7 I 1 5 I 1 5 I 2 3 I 2 4 I 2,4 I 2,6 I 24 I 37 I 3,2 I 3,7 I 4 I 314

DlstnbutIOn of water consumptIOn at the plant IS determmed by calculatIOn accordmg to the specIfic
consumptIOn rates set at the plant

• sausage makmg productIOn
• raw matenals workshop

24
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Drmkmg water consumption

25

• fart makmg productIOn and meat and bone meal 9 8 m3/t
• artIficIal cold productIon 3 5 m3/Gcal
• thermal energy productIOn 22m3/Gcal
No detaIled balance of the water consumptIOn has been done at the plant

I II III IV V VI VII VIII IX X XI XII
Months

• Total consumptlOn • Processmg

ProductlOn of artificial cold ./ Heat production

* Others

FIg 16
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In summer the amount of the consumed water nses by 25 to 30 per cent, whIch IS accounted for by
nsmg III the productIon level of the artIfiCIal cold Due to absence ofwater metenng, It does not seem
possIble to explam the behaVIOr of the water consumptIOn at the plant boller-house dunng a year
Costs of the water used for productIOn of heat equal to 50 per cent of the total consumptIon shall be
consIdered overestImated by 30 to 40 per cent, as they do not correspond to the amount of the
produced steam, condensate losses and to the costs of the consumption by the botler-house Itself It IS
reasonable to arrange metenng the water consumptIOn at the mlet to the botler-house
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Dlstnbutlon of water consumptIon
between tbe basIc structural UBltS of tbe plant

Others
13%

Processmg
15%

Heat production
50%

ProductIon of
artIficIal cold

22%

FIg 17

The basIc reserves m water savmg are

• mcrease of the portIon of the returned condensate from 35 per cent to the calculated value
of43 per cent,

• Improvement of the effiCIency of the water cIrculatIon supply system m the coolmg- and
compressor workshop,

• decrease of water consumptIOn for the samtary washmg of the walls, floors, eqUIpment
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Table 9

6 0 SPECIFIC ENERGY CONSUMPTION

6 1 SpeCIfic enerey consumptIOn per 1 tonne of the maID kIDds of products for 1997

In thIS sectiOn we tned to estimate approxImately the energy efficIency of the basIc productiOn and of
the currently used system of settlements for the energy resources used wlthm the temtory of the
plant
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SpeCIfic electrIC energy consumptIOn
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When Implementmg energy savmg projects a very Important measure IS determmmg the basIc
mdiCators of the specIfic energy resources consumptiOn As there IS no metenng systems at the plant
Itself and the assortment of the produced products IS very wIde, It does not seem possIble to receIve
ObjectIve mformatiOn m regard of the actual energy consumptiOn used for productiOn of 1 tonne of
products and compare It WIth the better figures for the mdustry

Months ProductIOn ElectrIc power for the Thermal energy ArtIfiCIal cold
level productIon needs

kWh kWhlt Gcal Gcal/t Gcal Gcal/t
January 304 357,500 1,235 2,410 793 510 1 68
February 310 353,900 1,142 2,295 740 473 1 53
March 340 302,700 890 2,325 684 513 1 51
Apnl 363 341,700 941 2,071 570 542 1,49
May 377 307,300 815 1,518 402 564 1 50
June 336 610,300 1,816 1,252 373 743 221
July 399 531,000 1,331 1,421 356 1,010 253
August 370 617,700 1,669 1,163 3 14 921 249
September 423 638,800 1,510 1,634 386 789 1 87
October 375 402,700 1,074 1,875 500 650 1 73
November 303 376,100 1,241 1,819 600 523 1 73
December 367 432,400 1,178 2,193 598 481 1 31

4,267 5,272,100 1,236 21,976 515 7,719 181
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In 1997 provIdmg the average productivIty level for the baSIC sort of products 355 tonnes per month
(16 tonnes per day) the specIfic energy consumptIOn was as follows

The specIfic consumptIOn of electnc power and of the artIfiCIal cold mcrease m wmter time by 1 5 to
2 times as the need for cold nses SpecIfic consumptIOn ofthennal energy nses m wmter time by 1 8
to 2 0 times as the heatmg load mcreases
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• electnc power - 1 236 kW hit (890 to 1,670 kW hit)
• thennal energy - 5 15 Gcallt (3 6 to 7 9 Gcal It)
• artIficIal cold - 1 8 Gcallt (l 3 to 2 5 Gcal It)
• water- 553 m3/t (50 4 to 61 m3/t)



Table 10

The data receIved for the total specIfic consumptIon are approXImate To get more precIse
estImatIOns for the energy efficIency consumptIon In Table 10 specIfic consumptIOns of energy per 1
tonne ofproducts for the basIc productIOn subdIvISIOns are gIven

Months ProductIOn Electric power used Electric power used Thermal energy for the
In the sausage makIng and sausage makIng and

level, on productIon of cold raw materials workshops raw materials workshODs
tonne kWh kWhit kWh kWhit Gcal/t Gcal/t

I 304 159,500 5247 80,600 265 1 860 283
II 310 205,900 6642 65,100 2100 785 253
III 340 203,700 599 1 30,700 903 850 250
IV 363 182,700 5033 71,800 1978 912 251

V 377 204,300 5419 23,500 623 972 258

VI 336 361,300 10753 128,600 3827 850 253
VII 399 440,000 11028 26,700 669 1,118 280

VIII 370 456,700 12343 55,100 1489 702 1 90

IX 423 371,800 8790 134,600 3182 1,006 238

X 375 242,700 6472 76,000 2027 895 239
XI 303 212,100 7000 63,200 2086 637 2 I
XII 367 225,400 6142 78,800 2147 929 253

Total 4,267 3,266,100 7654 834,700 1956 10,516 246

Specdicelectrlc power consumptIOn for productIon of cold
to be used for the processIng needs at the plant
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SpecIfic electric power consumptIOn
by the sausage makmg and raw materials workshop
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The specIfic e1ectnc power consumptIOn for the processmg needs IS 196 kW h per 1 tonne of the
meat products and vary between 62 and 382 kW h As the sausage makmg and raw matenals
workshops consumptIon of electnc power IS 19 per cent, It IS reasonable to mount addItIonal meters
at the basIc processmg areas aImmg at provIdmg control of the specIfic consumptIOn of energy
resources at the plant
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SpecIfic thermal energy consumptIOn rate
for the sausage makmg and raw materials workshops
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The specIfic thermal energy consumptIOn per 1 tonne of sausage products IS m average 2 46
Gcalltonne, and It vanes between 1 9 to 28 Gcalltonne There should be drawn attentIOn to the
mcreased levels of the specIfic energy consumption as compared that wIth the calculated values
gIVen m the steam and condensate balance for the plant, whIch suggests the Idea of a possIble energy
savmg, first of all, m the thermal chambers

As the thermal energy consumptIOn by the sausage makmg and raw matenals workshops IS about 49
per cent of the total thermal energy consumptIOn at the plant, a detailed audIt of the thermal and
smokmg chambers should be carned out, and mtroductIOn of metenng the consumptIOn of the steam
commg to the sausage makmg and raw matenals workshops IS reqUIred

AnalysIs of operatIOn of the refrIgeratmg system for 1997
Table 11

ElectrIc power ElectrIc power CoefficIent of
consumptIOn for Cold productIOn consumptIOn performance

Months productIOn of cold for productIOn of the
of 1 Gcal of cold refrIgeratmg

system
kWhx J(f Gcal kWhxJ(! kWh/Gcal

I 334 1,068 1,242 313 372
II 454 1,043 1,213 435 267
III 507 1,277 1,485 397 293
IV 471 1,397 1,625 337 345
V 607 1,676 1,949 362 321
VI 863 2,038 2,370 423 275
VII 991 2,275 2,646 436 267
VIII 1012 2,041 2,374 496 235
IX 850 1,804 2,098 471 247
X 588 1,575 1,832 373 3 12
XI 541 1,334 1,551 406 287
XII 531 1,133 1,318 469 248
Total 7,749 18,661 21,703 415 280

31
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Electnc power consumptIOn for productIOn of 1 Gcal of cold
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AnalySIS of the plant operatIOn dunng March 2 - 16, 1998 allows to estImate the permanent
constItuent to the thermal energy costs that does not depend on the productIOn level of the basIc
products, and to preCIse the value of the speCIfic energy resources consumptIon for productIOn of I
tonne of sausage products
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62 AnalysIs of the plant operatIOn dunne March 2 -161998

To determme the actual value of the refrIgeratmg coeffiCIent and to estImate the energy savmg
measures addItIonal meters of electnc power consumptIon by the refrIgeratmg machmes should be
mounted and a detaIled energy balance for the refrIgeratmg system should be done aImmg at
precIsmg the real load of the plant m regard of cold

The gIVen data provmg a hIgh effiCIency of the refrIgeratmg system do not correspond to the real
state ofthmgs, as they are based on sUbjectIve figures for the consumed power and the amount of the
produced cold The currently eXIstmg system of settlements IS not senSItIve to the energy savmg
measures

The average electnc power consumptIOn for productIOn of 1 Gcal of cold was 415 kW h and It has
not any certam dependence on the season of the year The refrIgeratmg coefficIent of the system
equal to the ratIO of the amount of the artIfiCIal cold to the total amount of the electnc power
consumed for Its productIOn and determmmg the operatIon effiCIency of the refrIgeratmg system IS
m average equal to 2 8 and It vanes dunng a year from 235 to 372
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The results are gIven In Table 12 and In FIg 25 - 31

ElectrIc power consumptIOn
Thermal energy by Total

Date ProductIon level consumptIon
for the baSIC processes sausage raw

makmg materIals
workshop workshop

tonne Gcal kWh kWh kWh
203 139 68 2,542 586 3,128
303 129 61 2,245 584 2,829
403 144 68 1,872 588 2,460
503 128 58 2,224 572 2,796
603 132 54 1,937 588 2,525
703 93 57 2,194 568 2,762
803 0 44 24 560 584
903 123 61 2,376 448 2,824

10 03 119 60 2,481 572 3,053
11 03 131 62 2,634 580 3,214
1203 139 60 2,488 596 3,084
1303 124 51 2,671 356 3,027
1403 0 37 24 312 336
1503 101 59 2,589 248 2,837
1603 146 63 2,273 400 2,673
Total 1648 863 30,574 8,578 38,222
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Thermal energy consumptIOn for the basIc productIOn

ElectrIc power consumptIon
by the sausage makmg and raw materIals workshops
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Thermal energy consumptIOn for the basIc productIOn
versus the productIOn level

On some days, proVIdIng the same productIOn level, there was observed a sIgmficant vanatIOn In
thermal energy consumptIOn Reasons for thIS are unknown Most probable, the cause IS Incorrect
relatIve Information

The average consumptIOn ofthermal energy at productIOn level of 14 to 15 tonnes per day was
63 Gcal As It can be seen from the figure, on day-offs (March 8 and March 14) the consumptIOn of
thermal energy Independent on the productIOn level was about 41 Gcal per day, or 65 per cent of the
total heat consumptIOn TakIng Into consIderation large Importance of the permanent constItuent, It IS
reasonable for the enterpnse to analyze In more detaIls operation ofthe heat USIng eqUIpment on day
offs wIth the aIm to find energy saVIng opportumtIes
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The efficIency of heat utIlIzatIon mcreases versus the productIon level and at the productIOn capacIty
of 14 to 15 tonnes per day It IS of about 4 to 4 5 Gcal per 1 tonne of products ThIs figure IS 1 5 tImes
more than the calculated value, whIch testIfies to good possIbIlItIes for the energy savmg at the plant
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The efficIency of the electnc power consumptIOn nses versus the productIOn level and at the
productIOn level of 14 to 15 tonnes per day It IS of about 175 kW h per 1 tonne ofproducts There are
notIceable vanatIOns m the electnc power consumptIon at the constant productIOn level ThIS
suggests the Idea of the Imperfectness of the current system of metenng the electnc power
consumptIOn and that of the productIOn level, ItS msensltIveness to the energy savmg measures

Specific electnc power consumptlUm by the sausage makmg and raw
matenals workshops versus the productIOn level
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70 PREVIOUS ENERGY IMPROVEMENTS

Each year energy savmg measures are worked out at the plant The below measures were
Implemented m 1997

1 An automatlc system for metenng consumptIOn ofnatural gas at the boller-house was mstalled
2 Return and metenng of the condensate from the aSIde user was arranged
3 Cold external air for coolmg meat products m the wmter penod was used
4 The costs of the electnc power consumptIOn for coolmg meat products were decreased by

dIsconnectIOn ofone of them
5 The current repair ofthe msulatIOn of the steam pIpe hnes and of the hot water supply ducts

In 1998 there IS planned as follows
I To modernIze the coolmg tower m the cycled water supply system m the compressor-and

refrIgeratmg workshop
2 IntroductIOn of an automatlc system for regulatmg natural gas m DKVR-6,5/13 steam bOIlers

Accordmg to the planned measures estImates concernmg the expected energy consumptIOn savmg
and the payback penod were made
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80 ENERGY CONSERVATION MEASURES

ImplementatIon of energy management program (ECO - 1)

It IS typIcal for mdustnal plants management to mamly thInk m terms of productIOn, and to want to
mcrease ItS output Therefore It IS sometImes dIfficult to thInk of the Importance of energy and
energy costs on the operatIOn of the plant

At KYIV Meat Processmg Plant, as wIth most mdustnes m Ukrame, m the past the energy costs were
sIgmficantly SUbsIdIzed and plentIful, therefore and the energy savmg was not a major consIderatIOn
m the plant operatIOns

WIth the nsmg energy costs dunng the past few years, the energy costs have become very mfluentIal
part of expenses

Currently at KylV Meat Processmg Plant, lIke at other UkraIman enterpnses too, though the
problems m relatIOn of the energy resources and energy costs are now well understood by the staff,
there IS a tendency to thInk of Implementmg large projects wIth the mtent of savmg large amounts of
energy by savmg energy sources And at the same tIme at the facIlItIes a large number of small
energy savmg projects eXIst that have short payback penods

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

These people should be regularly momtonng all operatIOns, and espeCIally revIewmg monthly energy
consumptIOn ThIS 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 the Items IdentIfied In thIS energy audIt They should also have responSIbIlIty to
reVIew all proposed changes to the facIlIty to ensure that each process IS as energy efficIent as
pOSSIble

It IS proposed to proVIde the enterpnse wIth the needed measunng Instruments to IdentIfy and
quantItatIvely assess energy conservatIOn opportumtIes, mdependently determme the pnonty of the
costs on energy savmgs, decrease the energy consumptIon and control energy conservatIon
Expected savmg (based on expenence of other factones)

• electnc power - 488,000 kW h
• natural gas - 360,000 m3
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• dnnkmg water- 12,000 m3

The project cost - USD 48,980
Payback penod- 1 year

Automatic systems for metermg energy consumptIOn (ECO -2)

The currently eXlstmg system for metenng the total consumptIOn and dlstnbutIon of electnc power
and thermal energy, hot and cold water does not make It possIble to make urgent analysIs of the
energy efficIency at the plant

The system for metenng the energy consumptIon at the plant based on calculated rates IS msensltIve
to the energy savmg measures ObjectIve estImatIOn of the expected energy savmg seems to be qmte
a problematIc task, the same IS vahd m relatIOn of havmg a guarantee for the spent costs to be paId
back after ImplementatIOn of the energy conservatIOn measures

It IS proposed to up-grade the avaIlable system for metenng energy consumptIOn And as one of the
vanants for the modernIzatIOn a set of techmcal faclhtIes ITEK IS proposed that IS a set of measunng
mstruments wIth the correspondmg charactensbcs and IS desIgned for a contmuous or regular
checkmg/recordmg phySIcal values

Expected savmg

• electnc power - 293,000 kW h
• natural gas - 216,000 m3

The project cost - USD 49,500
Payback penod- 1 7 years

OptImIZatIOn of burmng gas m the steam bOilers (ECO - 3)

HIghly efficIent burnmg of gas m the steam bOIlers reqmres supportmg an optImal gas-to-alr ratIO, ItS
regular control and adjustment

In the bOller-house the combustIon mode IS IdentIfied VIsually, wIthout makmg analySIS to determme
the contents of such gases as O2 and CO that determme the fuel combustIon efficIency

It IS proposed to mtroduce mto practIce at the plant a portable combustIOn analyzer, to tram a
specIahst operatmg It to perform a regular control and adjustment of the combustIOn mode, whIch
WIll prOVIde nsmg of the bOIler effiCIency and savmg ofnatural gas

Expected savmg

• natural gas - 108,000 m3

The project cost - USD 7,000
Payback penod- 0 75 years
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Automatic control of the burnmg process and of the low pressure m the furnace
of DKVR-10I13 boiler (ECO - 4)

The pressure m the boIler equal to 7 0 to 7 5 barg IS supported automatIcally by changmg the flow
rate of gas to the burners But the air pressure at thIS time for the burnmg process remams the
same WhIle performmg the audIt on March 17 - 18 the experts were checkmg the operatIOn of
BOller #3 usmg "BACHARACH"gas analyzer, the boIler was operated m the mode of the
automatic pressure control The oxygen content m the exhaust gases was varymg from 13 2% to
9 2%, the heat losses wIth the exhaust gases vaned from 13 2 to 9 4%, that IS the efficIency was
changed by 3 8% The sImIlar behaVIOr was regIstered for BOller #4 The mam reason for the
mefficient combustIOn mode IS absence at the bOIlers of an automatic system for controllmg the
"fuel-to-aIr" ratIO

2 DKVR-IO/13 Steam bOIler (#4) IS eqUIpped wIth D-13,5 exhaust fan wIth a 55-kW electnc motor
and VD-IO fan wIth a 22-kW electnc motor The power margm of the exhaust fan IS 250%, the
power margm of the fan IS 150% That was proved by the measurements made by means of the
power factor meter TIF 2300 The power factor (cos <p) vaned m the range of from °35 to °45 A
large margm m the power factor results not only m the electnc power overconsumptIOn, but It
does not allow to support the "fuel-to-air" ratIO and the low pressure m the furnace If the thermal
load of the boIler changed

It IS proposed to mount at Boller DKVR-IO/13 #4 an automatic system for controllmg the "fuel-to
air" ratio and the low pressure m the furnace If the gas consumptIOn m the boIler changes, the air
consumptIOn IS changed automatically followmg the change of the speed rotatIOn of the fan wIth a
correctIOn due to the oxygen content m the exhaust gases At the same time there IS automatically
supported a constant low pressure m the furnace by changmg the speed rotatIOn ofthe exhaust fan

Expected saVing

• electnc power - 46,000 kW h
• natural gas - 202,000 m3

The project cost - USD 21,700
Payback penod- 1 13 years

Redeslgnmg of DKVR-6,5/13 Steam Boiler for water heatmg operation mode (ECO - 5)

The plant has a water heatmg system that operated accordmg to the temperature schedule of 95 to
70°C The heatmg load of the plant IS about 53,000 Gcal per year, wmch IS eqUIvalent to
consumption of about 780,000 m3 of natural gas There are 4 steam bOIlers mstalled m the boIler
house Heatmg of the delIvery water IS done m steam and water case-tube heaters not eqUIpped wIth
steam traps The current heat supply system IS less efficIent as compared It WIth the one where
delIvery water IS heated m water heatmg bOIlers The UkraIman operatIOn expenence has proved a
hIgh effectIveness of transfemng DKVR-type steam bOIlers on the water heatmg operatIOn mode,
WhICh allows to decrease the fuel consumptIOn for the heatmg system by 25 to 30 per cent, as well as
decrease the costs of repaIr works for the case-tube heaters, decrease electnc power consumptIOn by
the delIvery water pumps and to Improve functIOnmg of the heat supply system

It IS proposed to redeSIgn one of the three avaIlable DKVR - 6,5/13 steam bOIlers for operatmg them
m the water heatmg operatIOn mode The boIler redesIgnmg mc1udes mountmg partItIOns m the
boIler drum, changmg the water cIrCUlatIOn m the economIzer and m the furnace screens, changmg
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the automatic control and protectIOn system The thermal productIOn capacIty of the redesIgned
bOIler wIll be 45 GCal/hour, WhICh WIll provIde the thermal load of the heat supply system

Expected savmg

• electnc power - 16,000 kW h
• natural gas - 195,000 m 3

The project cost - USD 16,500
Payback penod- 0 94 years

Steam traps (ECO - 6)

Accordmg to the plant energy balance, the hot water supply system uses 2,880 Gcal of heat per year
The steam and water heaters have no steam traps, WhICh SIgnIficantly worsens the efficIency of
operatIOn of the heaters, results m heat losses wIth he steam flash BesIdes, there are no steam traps
after the followmg steam usmg Items of the processmg eqUIpment

• calonfer of the mlet fans m the ancIllary rooms block (1 umt),
• calonfer of the condItioner m the speCIes drymg room (1 umt),
• drymg machmes m the laundry room (5 umts),
• cloths dryers (2 umts)

The heat consumptIOn by the Said eqUIpment, accordmg to the balance, IS 189 Gcal per year

Survey of the steam and condensate system and measurements of the temperature by means of
"Mlkron" mfra-red thermometer showed that many steam traps m the thermal chambers do not
operate properly, or they are absent at all Out of 24 steam traps 10 do not operate, 3 are absent The
apprOxImate thermal energy consumption by the sausage makmg workshop IS about 8,000 Gcal per
year

It IS proposed to mount the lackmg and to replace the faulty steam traps, WhICh wIll mcrease the
effiCIency of steam usmg by the Said Items of the eqUIpment by more than 15 per cent

Expected savmg

• natural gas - 120,000 m3

The project cost - USD 15,860
Payback penod- I 5 years

Steam and water mnmg statIOns (ECO - 7)

A peculIar feature about the meat processmg plant IS the necessIty to wash every day the eqUIpment,
floors and walls m the rooms WIth hot water wIth the temperature of about 55 to 60°C The heat
consumptIOn for the hot water supply system IS about 2,800 Gcal per year, from that, m accordance
wIth the thermal energy balance for the plant about 50 per cent or 1,400 Gcal IS used for washmg
The water consumptIOn for that IS about 28,000 m3 per year Water IS heated m the steam and water
heater and supplIed by pumps to the washmg pomts The washmg water hoses have no specIal
stoppmg valves, WhICh results m SIgnIficant waste of water whIle the worker IS movmg from one
workmg place to another
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It IS proposed to start operatmg steam and water mlxmg statIOns allowmg to heat water by dIrectly
mlxmg steam and water and automatIcally support a set temperature The statIon eqUIpment mcludes
a "cap-pIstol" that automatIcally stops water supply

Expected savmg

• natural gas - 62,000 m3

The project cost - USD 16,640
Payback penod- 1 14 years

Control of the temperature schedule m the refngeratmg and freezmg chambers (ECO - 8)

The effiCIency of operatIon of the refugeratmg system depends a lot on the operatIon level of the
freezmg and refugeratmg chambers

The measurements performed m the process of the audIt showed a sIgmficant vanatlOn of
temperature m dIfferent pomts m the chamber InSIde the chambers mcandescent lamps are
constantly ht The ceIlmg and floor regIsters of the evaporators are Irregularly covered WIth Ice If
dIfferent thIckness There are no plastIc thermomsulatmg curtams on the gates Dunng the
operatIOns there are "leaks" of the cold aIr and warm aIr, that occurs through the open gates

No regular temperature registenng IS done m the refugeratmg and freezmg chambers, WhICh does not
allow to control and analyze theIr modes and undertake m due tIme measures aImed at supportmg the
maxImum effiCIency of theIr operatIOn

It IS proposed to eqUIp each refugeratmg chamber WIth a dIgItal temperature recorder AvaIlabIltty of
a temperature control WIll enable the followmg

• to assess the real SItuatIOn m each chamber and to choose the most effectIve ones,
• to IdentIfy m due tIme degradatIOn m theIr operatIon effiCIency, analyze the reasons for

that and undertake measures,
• to make more regular defrostratIon of the evaporators,
• to Improve the operatIon level of the chambers and to optImIze loadmg of the chambers,
• to estImate the Implemented energy conservatIon opportUnItIes and reach decreasmg m the

specIfic consumptIons per umt of the products

Expected savmg

• electnc power - 212,000 kW h
The project cost - USD 6,830
Payback penod- 0 9 year
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90 EFFECT OF IMPLEMENTING THE RECOMMENDATIONS

ON THE ENVIRONMENT

Savmg of energy resources that IS possIble m the result of ImplementatIOn of the developed energy
savmg opportunItIes (ECOs) IS dIrectly connected wIth decreasmg the harmful emISSIons mto the
enVIronment

Imtzal data for calculatlOns

The average amounts of the harmful emISSIOns per 1,000 kW h of the produced electnc power wIthm
the facIlItIes of the MmIstry for Energy ofUkrame were as follows

co -carbon monOXIde - 0 51 kg
NOx - oXIdes of mtrogen - 2 177 kg
S02 -sulfur dIOXIde - 9 89 kg
Ash - 4 365 kg

To estImate the emISSIons mto the atmosphere gamed by savmg heat wIth the consumer there were
set the followmg specIfic amounts of emISSIons per 1,000 m3 of natural gas when burnmg natural gas
the DKVR-type steam bOIlers operated at the plant

co -0 03 to 0 04 kg/Gcal (the average value IS 0 035 kg/Gcal or 0 28 kg per 1,000 m30f the
burned natural gas),

NOx - 0 14 to 0 16 kg/Gcal (the average value IS 0 15 kg/Gcal or 1 215 kg per 1,000 m3 of the
burnt natural gas)

CalculatlOn o(the decrease o(amount ofthe emZSSlOns znto the atmOSPhere

• Expected yearly savmg provIdmg ImplementatIOn of the ECOs
- natural gas 1,263,000 m3

- electnc power 1,055,000 kW h
• Decrease of harmful emISSIOns mto the atmosphere

co - 1,263,000 m3 028 kg/l 03 m3 + 1,055,000 kW h 05 kg/I 03 kW h = 881 kg
NO" -1,263,000 m3 1,215 kg/t03 m3 + 1,055,000 kW h 22 kg/l03 kW h = 3,856 kg
S02 - 1,055,000 kW h 99 kg/l 03 kW h = 10,445 kg
Ash - 1,055,000 kW h 44 kg/I 03 kW h = 4,642 kg

The total decrease ofharmful emISSIons - 198 tonnes per year
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APPENDIX A ENERGY CONSERVATION OPPORTUNITIES (ECOs)
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ECO-l

ECO-2

ECO-3

ECO-4

ECO-S

ECO-6

ECO-7

ECO-8

Enerey ConservatIon OpportumtIes

IntroductIOn of energy management program

ModermzatIOn of the system for energy consumptIOn metermg

OptImIZatIon of gas burnmg m steam boIlers

Automatic control of combustion and of the low pressure m the furnace
ofDKVR-l0/13 boIler

RedesIgnmg ofDKVR-6 5/13 bOiler for water heatmg operatIOn mode

Steam traps

Steam and water mn:mg statIOns

Control of the temperature schedule m refngeratmg and freezmg chambers
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The set of the eqUIpment that would be useful for the plant should mclude the followmg

DescnptIOn of the OpportunIty

Energy ConservatIon OpportunItIes

IntroductIOn of an ener2Y mana2ement pro2ram

ProvIdmg aVaIlabIlIty at the enterpnse of a set of the measunng mstruments, It IS also proposed to
mtroduce at the plant a pOSItIOn of the energy manager It IS reasonable for the energy manager to
undergo a specIal trammg course m the Energy Managers TraImng Center Center (KylV CIty,
NatIOnal Techmcal UmverSIty of Ukrame "KYIV Polztechmcal InstItute") The baSIC task of the
energy manger IS momtonng of energy usmg systems, development of real rates WIth the aIm

• a contactless thermometer
• an ultrasomc leak detector (ammonIa, natural gas, compressed aIr)
• a WIre thermoanemometer
• a three-phase energy analyzer
• a tachometer
• a dIgItal contact thermometer
• an IllummatIOn meter
• an ultrasonIc contactless flow rate meter ---
• a power meter
• a power factor meter (cos <p)
• a portable temperaturelhumidItyl'dew pomt" recorder
• a computer WIth a pnnter

ProvIdmg aVaIlabIlIty at the enterpnse of a measunng system for a quantItatIve and qualItatIve
assessment of energy savmg OpportunItIes, mtroductIOn of an energy management system IS a
posSIbIlIty

For example, estImatIOn of the effiCIency of operatmg refrIgeratmg machmes (25 UnIts), thermal
chambers (24 unItS), refrIgeratmg and freezmg chambers, other sImIlar eqUIpment WIll allow the
operatIOn of the most effiCIent eqUIpment and to WIthdraw out of operatIOn the mefficient ones

WhIle performmg the audIt there were found a lot of costless and low-cost energy savmg
OpportunItIes that can become of a sIgnIficant benefit

ECO-l

Therefore It IS proposed to provIde for the enterpnse the reqUIred measunng mstrumentatIOn to
IdentIfy and quantItatIvely assess the energy savmg OpportunItIes, as well as mdependently determme
the pnonty of the costs on energy savmg and to decrease energy consumptIOn and mOnItor energy
savmg

The basIc mstrument m decreasmg energy consumptIOn by usmg It more effectIvely IS energy
management Energy management IS a management system based on fulfillmg typIcal measurements
and checkmgs provIdmg such an operatIOn of the plant when there IS consumed only the amount of
energy reqUIred for the processmg needs The plant management IS well aware of the benefits gIven
by the energy efficIency, but there are no technIcal faCIlItIes for quantItatIve assessment of financIal
advantages of the energy savmg measures
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of contmuous mOnItonng for theIr observatIon by the energy users and decreasmg the total energy
consumptIOn at the plant

The Issues to be m charge of the energy manager workmg wIth the plant personnel should mclude the
followmg aspects

• trammg the plant personnel to the energy management practIce,
• stImulatIOn of the plant personnel m findmg energy conservatIOn opportunitIes at theIr productIon

areas and m theIr workshops,
• awardmg the plant personnel for findmg out potentIal energy conservatIOn opportunitIes,
• quantitative estImatIOn of the economIC effect for each of the energy conservatIOn

opportunitIes and of the payback penod for the correspondmg mvestments,
• plannmg and correctIOn of a 5-year strategy plan of the energy management development

aimed at ImplementatIOn of energy conservatIOn opportUnitIes,
- - -.- implementatron of energy conServatIOn opportunmes If{hey are financWN costless,

• followmg-up of the energy conservatIOn opportunitIes after theIr ImplementatIOn and a
quantItatIve assessment of the actual savmg ofthe costs,

• dissemmatIOn of the successful expenence of Implemented energy conservatIOn projects as well as
theIr lessons,

• repetItIon of successful energy conservatIOn projects at all productIon areas and m all workshops
at the given plant

CalculatIOn of a yearly energy savmg

The world expenence and practIce prove that ImplementatIOn of an energy management system by
usmg the above eqUIpment can gIve a yearly energy savmg of no less than 5 per cent

The energy savmg WIll be as follows
1 Electnc power 9,755000 kWh. 0 05 = 488,000 kWh
2 Natural gas 7,200,000 m3

• 005 = 360,000 m3

3 Water 236,000m3 • 0 05 = 12,000 m3

CalculatIOn of a yearly savmg ofcosts

1 If 1,000 kW h cos USD 37, the savmg of the electnc power cost WIll be
488,000 kWh. USD 37 = USD 18,056

2 If 1,000 m3 of gas cost USD 86 7, the savmg of gas costs WIll be
360,000 m3

• USD 86 7 = USD 31,212
3 If 1,000 m3 of water cost USD 57 5, the savmg of water costs WIll be

12,000 m3 • USD 57 5 = USD 690
The total savmg ofthe energy costs WIll be

USD 18,056 + USD 31,212 + USD 690 = USD 49,958

COmmISSIOning costs

ApproXImate cost of a set of the measunng mstruments IS USD 24,000
The costs of ImplementatIOn of an energy management system, as It IS shown by practIce, are about
50 per cent of the expected savmg, or USD 49,958.0,5 =USD 24,979
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The total costs are USD 24,000 + USD 24,979 =USD 48,979

The sImple payback penod IS USD 48,979 USD 49,958 ~ 1 year = 12 months
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IntroductIOn mto practIce of ITEK-X2X allows the users to perfonn metenng the consumptIOn of
energy resources WIth a hIgh preclSlon and pay for the used recourses not accordmg to the fact but m
proportIOn to the used area

ITEK-210 can be used together or mstead of the mstalled TsT5000 systems by connectmg to the
eXIstmg matnx of the pnmary transducers ITEK-210 IS mcluded mto the State Measunng
Instruments RegIster of Ukrame

ITEK-410 IS a deVIce of 4 metenng channels that IS SImIlar to the above ones It supports m addItIOn
the tanffs that are dIfferentIated due to energy and power, as well as traces the consumptIOn process
and controls It (If thIS mode IS actIvated) The daIly schedules m relatIOn to 4 channels are saved for
no less than 1 month

ModermzatIon of the system for enerer consumptIOn metenn~

ITEK-220, ITEK-320 are deSIgned to be used m automatIc systems for commercIal and telemetnc
momtonng of the provIded and consumed hqUIds, steam and thermal energy together WIth any
standard pnmary transducers for measurements of flow rate, temperature and pressure dIfferences
that have rated output parameters, at the supphers' (Heat Power Plants, heat and power supply hnes,
boller-houses) and at the consumers' (mdustnal plants, utIlIty objects) The deSIgn of ITEK-X20

ITEK-210 and ITEK-310 are desIgned for commercIal and techmcal metenng the electnc power
consumptIOn (that IS dIfferent m tIme) and for makmg automatIzed metenng systems for metenng
and momtonng electnc power consumptIOn together wIth electnc power consumptIOn meters - those
three-phase mductIOn ones that are proVIded wIth pulse fonnatIOn devIces (such as £440, £870, UP
1, UP-2, UP-3, SU-500), or electromc ones (produced by Szemens, Landzs&Gyr, Alpha-ABB etc)
that have a pulse output They support 64 (for ITEK-21O) or 12 (for ITEK-310) metenng channels, 4
tanff zones, a round-the-clock schedule for all the metenng channels - mImmum 5 days, 2
mdependent mfonnatIon mterface

IntroductIOn mto practIce of ITEK allows Its users to pay foe the electnc power accordmg to a one
rate tanff that IS dIfferent due to the day tIme zone, whIch together wIth the measures aImed at
decreasmg the energy consumptIOn m the peak hours gIves a sIgmficant economIc effect, the latter
has been proved repeatedly by a yearly operatIOn of a lot ofUkraIman objects

ECO-2

DescnptIOn ofthe opportumty

The currently eXIstmg scheme for metenng of the total consumptIOn of the thennal and electnc
power and theIr dIstnbutIOn as well as that for the hot and cold water does not allow operatIOn
analysIs the efficIency of the energy consumptIOn at the plant

The system for metenng the consumptIon of the energy resources at the plant based on the theoretIcal
standardIzed rates IS msensItIve to the energy savmg measures It seems qUIte dIfficult to objectIvely
estImate the expected savmg of the energy resources and to have a guarantee for the used resources
to be paId back after ImplementatIOn of the energy savmg measures

It IS proposed to perfonn upgradmg of the current energy consumptIOn metenng system As a
vanant, for the upgradmg a set of techmcal mstruments IS proposed to be used (ITEK) that has
metrologIcal charactenstIcs and IS desIgned for contmuous or regular (express-analysIs)
measurements/recordmg of physIcal parameters
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CalculatIOn of a yearly energy savmg

OperatIOn costs

For ImplementatIon of the measure It IS reasonable to provIde the followmg

9,755,000 kWh. 003 = 293,000 kW
7,200,000 m3

• 0 03 = 216,000 m3

The SImple payback penod IS USD 49,500 USD 29,568 = 1 7 yr == 20 months

The approXImate cost of an automatIcal metenng system m the expected scope wIll be
USD 49,500

CalculatIOn ofyearly costs

The practIce shows that ImplementatIOn for the plant of an mdependent automatIcal system for
metenng, plannmg and momtonng consumptIOn of energy resources WIll allow to decrease the
consumptIOn of energy resources not less than by 3 per cent, whIch on the plant m total wIll be as
follows

Electnc power consumptIOn for 1997 was about 9,755,000 kWh, that ofnatural gas was
7,200,000 m3

meets the reqUIrements of RD-50-213-80, RP34-70-010-85, GOST 6651-84 and R75 MOZM
ITEK-220, ITEK-320 are desIgned to be used a the objects belongmg to Metenng Group 1 (up to 4
objects) of a complIcated network of the mcommg and outcommg pIe Imes (ITEK-220) and to
Metenng Group 1 and 2 (1 objects) (ITEK-320)

1 If 1 000 kWh cost USD 37, the savmg ofelectnc power costs wIll be
293,000 kWh. USD 37 = USD 10,841

2 If 1 000 m3 cost USD86 7, the savmg on gas costs WIll be
216,000 m3

• USD 86 7 = USD 18,727
The total energy savmg wIll be

USD 10,841 + USD 18,727 = USD 29,568

1) electnc power savmg
2) natural gas savmg

• commercIal control of the electnc power consumptIOn m the current 5 check-pomts,
• techmcal metenng of the electnc power consumptIOn on the temtory of the plant m 7 check

pomts,
-, technIcal rpetenng of the steam c0l1sumpt1 on In 6-eheckmg-pomts,

• techmcal metenng of the hot water consumptIon m 3 check-pomts,

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



HIghly effiCIent burnmg ofgas m the steam bOIlers reqUIres supportmg an optimal gas-to-aIr ratIO, Its
regular control and adjustment

In the boller-house the combustIOn mode IS Identified VIsually, wIthout makmg analySIS to determme
the contents of such gases as 02 and CO that determme the fuel combustIOn efficIency

"Schedulmg" the operatIOn modes for the steam bOIlers DKVR-6 5113 #3 and DKVR-10113 #4 by
means of a portable combustIOn analyzer "BACHARACH" showed a real OpportunIty to save gas
by 1 5 to 2 °per cent

CommissIOmng costs
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USD 7,000 USD 9,355 = °75 yr == 9 months

OptimIZatIOn of burnIne; e;as In the steam bOilersECO-3

The SImple payback penod IS

The portable gas analyzer 'ENERAC 2000" WIth sensors of O2, CO, NO", S02 and WIth probes of
12 and 48 mches (takmg mto account the transportatIOn and other costs) costs about
USD 7,000

CalculatIOn ofa yearly savmg ofcosts

1 1,000m30fgascostUSD867
2 Yearly savmg

107,900 m3 • USD 86 7 =USD 9,355

CalculatIOn of a yearly savmg ofnatural gas consumptIOn

1 Improvement ofthe effiCIency of the eqUIpment (set) -1 5%
2 Yearly gas consumptIOn at the plant (m 1997) -7,196,000 m3

3 Expected yearly gas savmg
7,196,000 m3

• °015 = 107,900 m3

Descnption of the opportumty

For example, by changmg the air supply there was proVIded decreasmg of the heat losses WIth the
output gases m Steam BOller #4 from 11 3 to 10 4 per cent, or by°9 per cent, that at Steam BOller
#4 - from 13 3 to 9 2 per cent, or by 4 1per cent

It IS proposed to mtroduce mto practIce at the plant a portable combustIOn analyzer, to tram a
speCIalIst operatmg It to perform a regular control and adjustment of the combustIOn mode, WhICh
WIll prOVIde nsmg of the boIler effiCIency and savmg ofnatural gas
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CalculatIOn of a yearly savmg ofnatural gas

The proposed system mcludes

DescnptIOn ofthe opportumty

AutomatIc control of the burmng process and of the low pressure In the furnace
of DKVR-l0/13 boiler

1 ZIrcomum sensor of the oxygen content m the exhaust gases
2 Electromc controller
3 Speed-vanable dnves for the exhaust fan and for the fan
4 A transducer of the low pressure m the furnace
5 A transducer ofpressure after the fan
6 A transducer of the pressure after the gas damper

2 DKVR-10/13 Steam botler (#4) IS eqUIpped wIth D-13,5 exhaust fan wIth a 55-kW electnc motor
and VD-IO fan wIth a 22-kW electnc motor The power margm of the exhaust fan IS 250%, the
power margm of the fan IS 150% That was proved by the measurements made by means of the
power factor meter TIP 2300 The power factor (cos cp) vaned m the range of from 0 35 to 045 A
large margm m the power factor results not only m the electnc power overconsumptIOn, but It
does not allow to support the "fuel-to-mr" ratIO and the low pressure m the furnace If the thermal
load of the bOIler changed DKVR 10/13 BOller WIth the productIOn capacIty of up to 13 t/h
operates only about 70% ofthe tIme m a year

The pressure m the botler equal to 7°to 7 5 barg IS supported automatIcally by changmg the flow
rate of gas to the burners But the aIr pressure at thIS tIme for the burnmg process remams the
same WhIle performmg the audIt on March 17 - 18 the experts were checkmg the operatIOn of
BOller #3 usmg "BACHARACH"gas analyzer, the bOIler was operated m the mode of the
automatIc pressure control The oxygen content m the exhaust gases was varymg from 13 2% to
92%, the heat losses WIth the exhaust gases vaned from 13 2 to 94%, that IS the efficIency was
changed by 3 8% The sImIlar behaVIOr was regIstered for BOller #4 The mmn reason for the
mefficIent combustIOn mode IS absence at the bOIlers of an automatIc system for controllmg the
"fue1-to-mr" ratIo

1 RIsmg of the effiCIency of the eqUIpment (set accordmg to the measurements data) -40%
2 The operatIOn tIme utIlIzatIon factor for the boIler per year (set) - °7
3 Yearly gas consumptIOn at the plant (for 1997) -7,196,000 m3

4 Expected gas savmg
7,196,000 m3

• °04 •°7 = 201,500 m3

ECO-4

In case of a change m the gas flow rate to the boIler, the flow rate of the aIr IS changes automatIcally
by changmg the rotatIOn speed of the fan WIth correctmg the oxygen content m the exhaust gases At
the same tIme there IS automatIcally supported a constant low pressure m the furnace by changmg the
rotatIOn speed of the exhaust fan

It IS proposed to mount at BOller DKVR-10/13 #4 an automatIc system for controllmg the "fuel-to
aIr" ratIO and the low pressure m the furnace
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Commlsslomng costs

CalculatIOn of a early savmg ofcosts

CalculatIon of a yearly savmg of e1ectnc power

I 1,000 m3 ofgas cost USD 86 7
2 Savmg ofcosts on gas 20 I ,500 m3 • USD 86 7 = USD 17,470
3 1 kWh costs USD 0 037
4 Savmg of costs on electnc power 46,032 kWh. USD 0 037 = USD 1,703
5 Total savmg ofcosts USD 17,470 + USD 1,703 = USD 19,173
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USD 21,700 USD 17,173 = 1 13 yr == 14 monthsThe sImple payback penod

Zlrcomum oxygen sensor wIth takmg mto account the VAT and the customs fees (Thermox Senes
Insztu Flue Gas Oxygen Analyzer) - USD 4,000

2 The controller wIth takmg mto account the VAT and the customs fees (Model 348 Fzeldpac)-
USD 3,700

3 The pressure sensors (2 umts), Model 340 DXTC-USD 3,000
4 P3H-22-type speed-vanable dnves (2 umts), N = 22 kW - USD 8,000
5 DesIgmng, mstallatIOn and commlssIOmng works (set) - USD 3,000

Total costs USD 21,700

1 Yearly electnc power consumptIOn by the boller-house (for 1997) - 548,000 kWh
2 The amount of the electnc power consumed by the exhaust fans and by the fans (set) - 30 %
3 Electnc power consumptIOn by the exhaust fan and by the fans at the operatIOn tIme utIlIzatIOn

factor equal to °7
548,000 kWh. °3.°7 =115,080 kWh

4 The expected decrease m the electnc power consumptIOn after mtroductIOn of a vanable-speed
dnve (set from the operatIOn expenence) -40 %

5 The expected savmg 115,080 kWh. °4 = 46,032 kWh



ComrmssIOmng costs

CalculatIOn of a yearly savmg ofnatural gas

CalculatIOn of a yearly savmg ofcosts

CalculatIOn of a yearly electrIc power savmg
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USD 16,500 USD 17,512 = 0 94 year == 11 months

RedeSlenllle of DKVR-6.5/13 Steam Boiler for water heatille operatIOn mode

The SImple payback penod

The cost ofDKVR - 6,5/13 bOIler redesIgnmg on the "turnkey" baSIS - USD 16,500

1 1,000 m3 of gas cost USD 86 7
2 Savmg on gas consumptIOn 195,000 m3 • USD 86 7 = USD 16,906
3 1 kW h of electnc power costs USD 0 037
4 Savmg on electnc power consumptIOn 16,380 kW h. USD 0 037 = USD 606
5 The total savmg USD 16,906 + USD 606 = USD 17,512

1 Improvement of the effiCIency of the thermal scheme (set from the practIce) - 25 %
2 Yearly gas consumptIon for the heat supply system (calculated for 1997) -780,000 m3

3 Expected gas savmg
780,000 m 3

• 025 = 195,000 m 3

1 The power capacIty ofthe delIvery water pump (measured) - 25 kW
2 The number of the operatIOn hours per year 26 weeks. 7 days. 24 hours = 4,368 hours
3 Yearly electnc power consumptIon 4,368 hours. 25 kW = 109,200 kW h
4 The expected decrease m electnc power consumptIon (from practIce) - 15 %
4 The expected savmg of electnc power

109,200 kW h. 0 15 =16,380 kW h

ECO-5

It IS proposed to redesIgn one of the three avaIlable DKVR - 6,5/13 steam bOIlers for operatmg them
m the water heatmg operatIon mode The boIler redesIgnmg mcludes mountmg partItIOns m the
boIler drum, changmg the water cIrculatIOn m the economIzer and m the furnace screens, changmg
the automatIc control and protectIOn system The thermal productIon capacIty of the redeSIgned
boIler WIll be 4 5 GcaVhour, whIch WIll proVIde the thermal load of the heat supply system

The plant has a water heatmg system that operated accordmg to the temperature schedule of 95 to
700C The heatmg load of the plant IS about 53,000 Gcal per year, whIch IS eqUIvalent to about
780,000 m3 of natural gas There are 4 steam boIlers mstalled m the boIler-house Heatmg of the
deltvery water IS done m steam and water case-tube heaters not eqUIpped WIth steam traps The
current heat supply system IS less effiCIent as compared It wIth the one where deltvery water IS heated
m water heatmg bOIlers The UkramIan operatIon expenence has proved a hIgh effectIveness of
transfemng DKVR-type steam bOIlers on the water heatmg operatIon mode, whtch allows to decrease
the fuel consumptIOn for the heatmg system by 25 to 30 per cent, as well as decrease the costs of
repaIr works for the case-tube heaters, decrease electnc power consumptIOn by the deltvery water
pumps and to Improve functIonmg ofthe heat supply system
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CommissIomng costs

CalculatIOn of a yearly savmg ofnatural gas

Calculation of a yearly savmg ofcosts

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

Steam traps

I 1,000 m3 of gas cost USD 86 7
2 Savmg on gas consumptIon 120,400 m3 • USD 86 7 =USD 10,438

The heat consumptIOn by the said eqUIpment, accordmg to the balance, IS 180 Gcal per year

• calonfer of the mlet fans m the anCIllary rooms block (1 umt),
• calonfer of the condItIOner m the speCIes drymg room (1 umt),
• drymg machmes m the laundry room (5 umts),
e cloths drjers (2 unIts)

A steam trap assembly WIth a float steam trap (a stramer, a check valve)
• 40-mm dIameter (2 assemblIes) -USD 3,800,

1 Yearly consumptIOn of thermal energy by the fuel-and-air mIxture heaters - 2,880 Gcal
2 Yearly consumptIOn of thermal energy by the processmg eqUIpment - 180 Gcal
3 Yearly consumptIOn of thermal energy by the thermal chambers at the operatIOn tme utilIzatIOn

factor equal to 0 3 8,000 Gcal • 0 3 = 2,400 Gcal
4 The total yearly consumptIon of thermal energy

2,880 Gcal + 180 Gcal + 2,400 Gcal = 5,460 Gcal
5 The expected decrease m the thermal energy consumptIOn - 15 %
6 The expected savmg of thermal energy 5,460 Gcal • 0 15 = 819 Gcal
7 The specIfic consumptIOn of natural gas per I Gcal of the proVIded energy at the effiCIency of the

boller-house equal to 85 % and at the lowest gas calonfic value equal to 8,000 kcal/m3

106 kcal (8,000 kcal/m3 • °85) = 147 m3/Gcal
8 Then expected savmg of natural gas

819 Gcal. 147 m3/Gcal = 120,400 m3

Accordmg to the plant energy balance, the hot water supply system uses 2,880 Gcal of heat per year
The steam and water heaters have no steam traps, WhICh sIgmficantly worsens the effiCIency of
operatIOn of the heaters, results m heat losses WIth he steam flash BesIdes, there are no steam traps
after the followmg steam usmg Items of the processmg eqUIpment

DescnptIOn of the opportumty

Survey of the steam and condensate system and measurements of the temperature by means of
"Mzkron" mfra-red thermometer showed that many steam traps m the thermal chambers do not
operate properly, or they are absent at all Out of 24 steam traps 10 do not operate, 3 are absent The
approXimate thermal energy consumptIOn by the sausage makmg workshop IS about 8,000 Gcal per
year

ECO-6

It is proposed to mount the lackmg and to replace the faulty steam traps, WhICh WIll mcrease the
effiCiency of steam usmg by the Said Items of the eqUIpment by more than 15 per cent



• 25-mm dIameter (2 assemblIes) - USD 2,400
2 ThermodynamIc steam traps wIth bUIlt-m filters

20-mm diameter (20 umts) -USD 6,000
The total cost of the eqUipment -USD 12,200
The costs on the mstallatIons works (set as 30%) -USD 3,660

The sImple payback penod
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The total costs USD 12,200 + USD 3,660 =USD 15,860

USD 15,860 USD 10,438 = 1 5 years == 18 months

57



58

CommlssIOrung costs

CalculatIOn of a yearly savmg ofnatural gas

CalculatIOn ofa yearly savmg ofwater and sewage

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

-1,400 Gcal
-30%

Steam and water mIXIn2 statIons

1 Yearly consumptIOn ofthermal energy for washmg
2 The expected decrease m thermal energy consumptIOn (set)
3 The expected savmg of thermal energy 1,400 Gcal. 0 3 = 420 Gcal
4 The speCIfic consumptIOn of natural gas per 1 Gcal of the supphed energy

(calculatIOn m ECD - 04) -147 m3/Gcal
5 Savmg of natural gas 420 Gcal • 147 m3/Gcal =61,700 m3

CalculatIOn of a yearly savmg ofcosts

I Yearly consumptIOn of water for washmg - 28,000 m3

2 The expected decrease m water consumptIOn (set) - 30%
3 Water savmg 28,000 m3 • 03 = 8,400 m3

4 Savmg ofchannehzed sewage - 8,400 m3

1 1,000 m3 of gas cost USD 86 7
2 Savmg on gas consumptIOn 61,700 m3 • USD 86 7 = USD 5,350
31m3 ofwater costs USD 0 575
4 Savmg on water consumptIOn 8,400 m3 • usn 0 575 = USD 4,830
51m3 ofchannehzed sewage costs usn 0 535
6 Savmg ofthe sewage costs 8,400 m3 • usn 0 535 = USD 4,494
7 The total savmg USD 5,350 + USD 4,830 + USD 4,494 =USD 14,674

A pecuhar feature about the meat processmg plant IS the necessIty to wash every day the eqUIpment,
floors and walls m the rooms wIth hot water wIth the temperature of about 55 to 600C The heat
consumptIOn for the hot water supply system IS about 2,800 Gcal per year, from that, m accordance
wIth the thermal energy balance for the plant about 50 per cent or 1,400 Gcal IS used for washmg
The water consumptIOn for that IS about 28,000 m3 per year Water IS heated m the steam and water
heater and supphed by pumps to the washmg pomts The washmg water hoses have no specIal
stoppmg valves, whIch results m sIgnIficant waste of water whIle the worker IS movmg from one
workmg place to another

DescnptIOn of the opporturuty

The cost of a steam/water mlxmg statIOn (the valve dIameter IS 3/4 , the steam pressure IS 3 to 5
barg, the water pressure IS 3 to 4 barg, the temperature range IS from 40 to 90°C, the water flow
rate Id from 20 to 70 l/mm ) - usn 1,600

2 The proposed number of the pomts - 8

ECO-7

It IS proposed to start operatmg steam and water mlxmg statIOns allowmg to heat water by dIrectly
mIxmg steam and water and automatIcally support a set temperature The statIOn eqUIpment mcludes
a "cap-pIstol" that automatIcally stops water supply The proposed eqUIpment wIll permIt to decrease
the stream consumptIOn for washmg and to decrease water consumptIOn not less than by 30 per cent



3 The cost of the eqUIpment USD 1,600.8 = USD 12,800
4 The cost ofthe InstallatIOn works and the cost of the anCIllary eqUIpment (set as 30%)

USD 3,840
5 The total costs USD 12,800 + USD 3,840 = USD 16,640
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The SImple payback penod USD 16,640 USD 14,674 = 1 14 years == 14 months
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CalculatIOn of a yearly savmg of electnc power

CalculatIOn of a yearly savmg of the costs

On the basIs of the practical expenence of Implementmg a system for controllmg and plannmg the
energy costs, the expected savmg of electnc power consumptIOn WIll be 5 to 8 per cent
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Control of the temperature schedule m the refneeratme and freezme chambers

1 Yearly consumptIOn of electnc power for productIOn of cold - 3,266,100 kW h
2 The expected decrease m consumption ofcold (set) - 6 5 %
3 Savmg of electnc power 3,266,100 kW h. 0 065 = 212,300 kW h

1 1 kW h of electnc power costs USD $ 0 037
2 Savmg of costs 212 300 kW h • USD 0 037 = USD 7 855

No regular temperature reglstenng IS done m the refngeratmg and freezmg chambers, whIch does not
allow to control and analyze theIr modes and undertake m due time measures aImed at supportmg the
maXImum efficIency of theIr operatIOn

• to assess the real SItuatIOn m each chamber and to choose the most effective ones,
• to IdentIfy m due time degradatIOn m theIr operatIOn effiCIency, analyze the reasons for

that and undertake measures,
• to make more regular defrostatlon of the evaporators,
• to Improve the operatIOn level of the chambers and to optimIze loadmg ofthe chambers,
• to estimate the Implemented energy conservatIOn opportumtIes and reach decreasmg m the

speCIfic consumptIOns per umt of the products

The measurements performed m the process of the audIt showed a sIgmficant vanatIOn of
temperature m dIfferent pomts m the chamber for example, from - 9°C to - 15°C m Chamber #12
(the area IS 345 m2) and from - 15°C to - 23°C m Chamber #32 (the area IS 730 m2) InsIde the
chambers mcandescent lamps are constantly lIt m Chamber #12 - 5 lamps of 100 W each, m
Chamber #32 - 9 lamps of 100 W each The celhng and floor regIsters of the evaporators are
Irregularly covered wIth Ice If dIfferent thIckness There are no plastIC thermomsulatmg curtams on
the gates Durmg the restonng operations there are "leaks" of the cold aIr and warm aIr from the
atmosphere, that occurs through the open gates

The efficIency of operatIOn of the refngeratmg system depends a lot on the operatIOn level of the
freezmg and refngeratmg chambers

ECO-8

The plant uses every year about 7,700 Gcal of artificIal cold, WhICh reqUIres 3 3 milhon kW h of
electnc power

It IS proposed to eqUIp each refrIgeratmg chamber wIth a dIgItal temperature recorder AVaIlabIlIty of
a temperature control WIll enable the followmg



COlTIlTIlSSlOmng costs

2 The reqUIred number of that sort of mstruments - 15 umts
3 The cost of the mstruments USD 455 • 15 umts = USD 6,825

1 The cost of the Type 4 mstrument (a recordmg thermometer from Davls Instruments - Catalog
# DK 266408, Model 8L 4350C7 wIth a dIgItal dIsplay, the temperature range IS from -30 to
+ 500C) wIth the VAT and transpIratIon costs IS USD 455
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The sImple payback penod USD 6,825 USD 7,855 = 0 9 year == 11 months
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APPENDIX B MEASURED AND COLLECTED DATA



"Scheduling" the operatIon mode of the steam boIlers DKVR 6,5/13 No 3 and DKVR 10/13
No 4 from 17 to 19 March 1998

COMBUSTION ANALYZER COMBUSTION ANALYZER COMBUSTION ANALYZER COMBUSTION ANALYZER

ID ID ID ID _

BACHARACH BACHARACH BACHARACH
MODEL CA300NSX MODEL CA300NSX MODEL CA300NSX

************************** ************************** **************************

(after adjustment)

% OXYGEN 105

% EXCESS AIR 92

% CARBON 
DIOXIDE 5,8

PPM CARBON 
MONOXIDE 3

PPMMOX 91

PPM SULFUR
DIOXIDE 12

% EFFICIENCY
90,8

% STACK LOSS
9,2

TEST PERFORMED
BY

SER NO VCO 513

TIME 1440

DATE 18,03,98

FUEL NATURAL
GAS

PRIMRYTEMP
<C>37

STACK TEMP
<C>164

(before adjustment)

% OXYGEN 13,1

% EXCESS AIR 153

% CARBON 
DIOXIDE 4,4

PPM CARBON 
MONOXIDE 0

PPMMOX 58

PPM SULFUR
DIOXIDE 6

% EFFICIENCY
86,7

% STACK LOSS
13,3

TEST PERFORMED
BY

SER NO VCO 513

TIME 1527

DATE 17,03,98

FUEL NATURAL
GAS

PRIMRYTEMP
<C>20

STACK TEMP
<C>164

DKVR 6,5/13 Boller #3 DKVR 10/13 Boller # 4 DKVR 10/13 BoIler # 4
(after adjustment)

% OXYGEN 9,5

% EXCESS AIR 76

% CARBON 
DIOXIDE 6,4

PPM CARBON 
MONOXIDE 4

PPMMOX 134

PPM SULFUR
DIOXIDE 15

% EFFICIENCY
89,6

% STACK LOSS
10,4

TEST PERFORMED
BY

SER NO VCO 513

TIME 0931

DATE 19,03,98

FUEL NATURAL
GAS

PRIMRYTEMP
<C>22

STACK TEMP
<C>179

BACHARACH
MODEL CA300NSX

DKVR 6,5/13 Boller #3

(before adjustment)

% OXYGEN 109

% EXCESS AIR 99

% CARBON 
DIOXIDE 5,6

PPM CARBON 
MONOXIDE 4

PPM MOX 91

PPM SULFUR
DIOXIDE 13

% EFFICIENCY
88,7

% STACK LOSS
11,3

TEST PERFORMED
BY

**************************

SER NO VCO 513

TIME 1506

DATE 18,03,98

FUEL NATURAL
GAS

PRIMRYTEMP
<C>26

STACK TEMP
<C>179
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Steam consumption schedule for the basIc production hne dUring 24 hours

'0""
~

March 8, 1998 (Sunday)
Production output - 0 tonne
Heat consumptIOn - 44 Gcal
Steam pressure - 6 7 barg

March 11, 1998
ProductIOn output - 13 1 tonnes

Heat consumption 62 Gcal
Steam pressure

---------------------
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APPENDIX C PHOTOGTAPHS OF THE PLANT

C - 1

~(
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({>OTO 1 KOMllpeccopHaH CTaHnHH 3aBo~a

Photo 1 Compressor station of the enterprise

({>OTO 2 Pacnpe~eJUlTeJ1bHaH rpe6eHKa no~a~1U aMMuaKa B MOP03UJlbHble KaMepbl
Photo 2 Dlstrlbutmg mamfold for ammomum snpply mto the freezmg chambers
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(J>OTO 3 HCCJJeJ(oBalme pacnpeJaeJJeUUH TeMnepaTyp B XOJJOJ(HJJbHOH IcaMepe
Photo 3 Study of the temperature distribution m a freezmg chamber

1Ii/li"~~~~

(J)OTO 4 06cymJ(eHHe I1peJ(oapHTeJJbHIbIX pe3YJJbTaTOB CpyKOBOJ(CTBOM 3aOOJJ;a
Photo 4 DIscussIOn of the prehmmary results with the enterpnse management

\
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APPENDIX D CONVERSION FACTORS
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CURRENCY EQUIVALENTS

I hrn - a Ukramlan money umt
I hrn =0,5 x US $1 (the state on Apnl 1998)

CONVERSION FACTORS

HEAT

I cal =4 187 J
I keal =4 187 kJ =3 968 Btu
1 Geal = 4187 103 MJ = 4187 GCal
1 Btu = 1,055 J = 1 055 kJ = I 055 10-3 MJ

POWER

I 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 keal = 1 163 10-3 kW
1 Geal =1163 kW =1 163 MW
1 kW =1 36 HP
1 kW = 1 34 hp

PRESSURE

1 kgf/em2 = 1 barg
1 barg = 101 325 kPa = 0 1 MPa
1 bar = 10' Pa = 100 kPa = 0 1 MPa

LENGTH UNITS

1 mm =0 0394 m =0 00328 ft
1 em =0 3937 m =0 0328 ft
I m = 39 37 m = 3 281 ft

WEIGHT UNITS

1 g = 2 2046 1O-3lb
1 kg =2 2046 lb
1 t =1000 kg =2 2046 103 Ib

AREA UNITS

1 em2=0 155 m2=1 076 10-3ft2
1 m2 = 155 103 m 2 = 1076ft2

VOLUME UNITS

1 m3 =35 31 ft3 =10001
11 =3531 1O-3 ft3

1 1=0 264 gal (US)



I
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HEAT CONTENT

1 kJlkg =0 43 Btullb I
1 kJ/m3 =26 84 10-3 Btu/ftJ
1 MJ/m3 = 26 84 Btu/ft3

I1 kCallm3 = 4 187 kJ/m3 =0 112 Btu/ftJ

TEMPERATURE

°C =0 56 (OF - 32) I
I
I
I
I
I
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APPENDIX E ABBREVIATIONS

E - 1
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ESCO
ECO
FIg
hrn
tel
USAID
VAT

barg - atmosphere gauge
°c - degrees CelclUs
cm2

- centImeter squares
OF - degrees FahrenheIt
g - gram
GCal - gigacalone
h - hour
kCal - kIlocalone
kg - kIlogram
kV - kIlovolt
kW - kIlowatt
kW h - kIlowatt hour
m- meter
m2

- meter squared
m3

- meter cubed
mm -mmute
t - tonne
tIh - tonnes per hour
W -watt

ABBREVIATIONS

- energy servICmg company
- energy conservatIOn OppOrUmIty,
- figure,
- hryvnIa,
- telephone,
- Umted States Agency for InternatIonal Development,
- value-added tax,


