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1 0 EXECUTIVE SUMMARY

1 1 Introduction

As part of Dehvery Order No 30, IndustrIal Energy Efficiency - Ukrame, the U S Agency for
InternatIOnal Development (USAID) sponsored energy efficIency audIts at 24 mdustnal plants
that met the cntena and were approved by USAID The purpose of the project was to develop
Ukramian energy serVIce company (ESCO) capabIhtIes To accomplIsh thIs task, Burns and
Roe Enterprzses, Inc (the pnmer contractor) hIred UkramIan engmeers These engmeers were
tramed m U S techmques of conductmg energy audits and m ESCO concepts The mdustrIal
energy audits were conducted to faCIlItate the ESCO trammg

ThIS report detaIls the findmgs of Burns and Roe Enterpnses, Inc, energy audIt performed at
the Collective Company Khmelnytskyz ConfectlOnary located m the city of Khmelnytskyl,
Ukrame The CollectIve Company Khmelnytskyz ConfectlOnary IS modern enterpnse and IS one
of the largest m ItS field m Ukrame

The project team consIstmg of two representatIves of the Amencan company Burns and Roe
EnterprIse, Inc, energy management experts Mr Viktor SVIstunov and Mr VladImIr
Prokopenko, performed the energy audIt durmg Apnl 12 to 18, 1998 tnp to the SIte Havmg
fulfilled ItS objectives, the project team prepared the followmg report

For budgetary reasons the audIt was restncted to one week Therefore It was necessary to
focus the energy audIt on more promIsmg areas of the plant Hence, the audIt IS based on what
we really managed to do m a week Though the audIt already mcludes many recommendatIons
for the plant management, It IS recommended to make a complete energy audIt of the entIre
plant We hope that the plant management wIll mVIte the specialIsts tramed withm the
framework of thIS project, to contmue the work, to obtam a full pIcture of energy consumptIOn
at the plant and to makmg a full lIst of opportumties to Improve the energy consumption at the
plant

1 2 Prmclpal Fmdmgs

1 A group of energy audItors between Apnl 12 - 18, 1998 perfonned an energy audIt at the
" CollectIVe Company "Khmelnytskyz ConfectIOnery"

2 The baSIC products at Khmelnytskyz ConfectIOnery are chocolates, caramels, toffee, dragee,
waffles WIth staffing, etc

3 In the penod between 1995 and 1997 the productIon output of the baSIC products mcreased
from 6,937 tonnes to 8,014 tonnes

4 The enterpnse has ItS own sources of provldmg thennal energy, cold energy as well as ItS
own baSIC and anCillary production faCIlIties provldmg a completed production cycle

5 In the process of the audit a lot of attractive opportunIties to Improve the energy effiCiency at
the plant by means ofboth short-tenn payback penods (up toml year) that do not requIre hIgh costs,
and middle-tenn payback penods (up to 2 years) requmng noticeable capItal mvestments

6 The total annual energy savmg after Implementation of the proposed measures Will
• be(wlthout takIng mto conSideratIon mteractlOn of the projects) as follows

• savmg ofelectnc power - 113,000 kW h,
• savmg ofnatural gas - 629,900 m\

1-1



• savmg of water - 19,800 m3

"i' The energy costs savmg IS US $71,900 per year, and the costs of the measures to be
Implemented bemg US $109,300 At the same tIme there WIll be attamed decreasmg of emISSIOns
mto the enVIronment ofharmful substances (CO, S02' NOx ash) by 3 2 tonnes per year

",,8 After the plant has chosen the pnontIes concerrnng ImplementatIOn of ECOs when makmg
the finanCIal estImatIon of a measure, mteractIOn of the projects must be taken mto conSIderatIOn

9 The plant has got reserves for further energy savmg Improvement, ImplementatIOn of whIch
reqmres a more detaIled energy audIt

1 3 Recommendations

Table 1 1 (see the next page) hsts the energy conservatIOn opportumtIes (BeGs) Identified for the
faCIlIty, as well as estimated energy savmgs and cost savmgs and the SImple payback penods The
maJonty of the opportumties have the SImple payback penod ofone year or less For example?
ECO #1 - "EstablIshment of energy management system" WIll enable regular work aimed at energy
savmg and creatIOn of energy management department The latter WIll be responsIble for controllIng
and analyzmg the energy consumption at the plant, as well as for development of recommendatIOns
and a reconstructIOn plant or for Improvement of any system that can lead to energy savmgs
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 measunng mstruments for energy audIts The gIven energy savmg opportumty
IS shown m the table as energy conservatIon opportumty #1 (ECO #1) The pomt ofthe
recommendatIOn IS to orgamze energy management departments that are to be responsIble for the
control, analySIS ofenergy consumptIOn at the enterpnse and to bear responsIbIlIty for development
recommendatIons aImed at redesigrung or upgradmg any systems If that can lead to energy savmg
As a rule, an energy management servIce should conSIst of three persons a technIcal 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 OpportunItIes capable
of gIVmg energy savmg
The mam dIrectIOns m regard of energy saVIng that are recommended after the energy audIt are as
follows
automatIOn ofthe system for metenng consumptIOn of natural gas (ECO #2),
Improvement of the effiCIency of the thermal energy utIlIzatIOn (ECOs #3, 4, 5,6 and 8),
utIlIzatIOn ofthe heat ofthe exhaust gases from the steam bOIler DKVR-4/13 (ECO #7)

Measures WIth a short payback penod (ECO #4, 6) are recommended for ImplementatIOn m the first
turn WhIle finanCIal condItIons are gettmg better, the plant management should conSIder the Issue of
ImplementatIon of the other measures (ECOs #2, 3, 5, 7 and 8)

1-2
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---------------------
Table 11

List of Energy ConservatIOn OpportuDltIes (E90S)

Cost of the Project costs, Payback penod,
ECO DescnptIon Savmg energy savmg, US$ year

USD

Electnc power, Natural gas, Water,
1,000 kWh 1,000 m3 1,000 m3

1 Estabhshment of energy management
system 113 130 13 18,782 27,892 15

2 AutomatIzatIon of the system for the
natural gas consumptIon metenng 1163 9,653 15,000 16

3 Temperature controllmg valves 143 1,187 1,800 15

4 Steam traps 214 1,776 1,400 08

5 Transfer of the heat supply system from
steam on hot water 730 12,109 13,500 1 1

6 UtlhzatIon of the heat from the contIguous
blowmg the steam botlers 114 1,936 1,700 09

7 UtlhzatIon of the heat from of the exhaust
gases from the DKVR-4/13 Boder 62 5,146 5,450 1 1

2
8 ModernIzatIOn of the steam and condensate

system 2015 4,8 21,305 42,550 2 I

Total 113 6299 198 71,894 109,292 15

1-3
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The average number of the employees at the plant was about 500 persons

2 3 Number of employees

2 2 Types of products

2 1 History of Plant

2 0 GENERAL BACKGROUND

Mr Vasyl Stamslavovych LlUbovetskyt
Mr VIktor Stepanovych Kostyshko

Tel (0382)-720489-08-88
Fax (0382)-720-650

DIrector General
ChIef Engmeer

The enterpnse produces confectionery chocolates, caramels, toffees, dragee, waffles wIth fillIng,
etc

At the plant there IS m progress upgradmg of the productIOn lInes aImed at widemng the assortment
of the fimshed products The plant has a set ofspeClalIzed shops

Khmelnytskyl ConfectlOnery was founded In 1928 wIth the yearly productIOn output of6,000 tonnes
ofconfectIOnery products In 1968 the enterpnse was reconstructed, WhICh made It possIble to
Increase the production output to 17,000 tonnes of confectionery products per year In 1993 the
enterpnse was reorgamzed mto the Collective Company "Khmelnytskyl ConfectlOnery" The basIc
processmg unItS at the enterpnse are as follows

• a caramel workshop,
• packaged candy-productIOn workshop,
• a waffle productIOn area,
• retaIl-purposed candy productIOn workshop,
• varymg-sort candy production workshop,
• a preparatory area,
• a compressor-and-coolmg workshop,
• other plant umts

Khmelnytskyl ConfectIOnery,
69, Shevchenko,
KhmelmtskyI, 280000,
Ukraine

There are plants of the SImIlar profile m all regIons ofUkrame TheIr total number IS about 25 Food
mdustry and Improvement of the effiCIency of energy utilIzatIOn m thIs branch IS very Important for
the populatIOn and economy ofUkrame

2 4 Slgmficance of the sector to economy
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3 ° CURRENT STATUS OF PRODUCTION

3 1 MaxlInum estImated productIon capacity of plant

The maxImum productIon capacIty of the plant IS about 12,000 tonnes per year

3 2 Real productIon capacity of plant

In 1995 - 1997 the plant operated not In ItS full capaCIty as the sale market was reduced

It IS possIble for the enterpnse to Increase the productIOn level to the desIgned value proVIdIng
availabilIty ofa sale market

The productlOn levels In 1995 -1997

Table 1

Products ProductIon level, tonne Note

1995 1996 1997

I ConfectIOnery products 6,937 6,800 8,014 The products of flour
IncludIng

Productlon output In 1997

Table 2

Month ProductIon level, tonne

Sugar products Flour products Total

-

January
- 626 - 53 679

February 629 59 688
March 653 59 712
Apnl 543 87 630
May 594 67 661
June 557 87 644
July 554 118 672

August 251 97 348
September 502 71 573

October 742 80 822
November 601 68 669
December 815 101 916

Totalm 1997 7,067 947 8,014
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The management of the plant makes all possIble efforts to Improve the competItIveness of the
products ofthe plant by Improvmg theIr qUalIty, enlargmg theIr assortment and decreasmg theIr net
cost There IS planned to mcrease the productIon level to 10- 12 thousand tonnes per year

FIg 1
The productIOn output IS mstable dunng a year WIth some nsmg by the end of the year, whIch IS
accounted for by nsmg ofthe demand DeclIne m the productIOn level m August IS accounted for by
the repaIr of the equIpment m the caramel workshop
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3 3 Current Trend

3 4 Export vs Domestic production

Accordmg to the data for 1997, about 40% of the total productIOn output were exported
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40 FINANCIAL STATUS OF PLANT

4 1 Currency vs Barter

Barter operatIons m 1997 were 8 to 9 per cent

4 2 VlabIlity of plant

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

4-1
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5 0 ANNUAL ENERGY CONSUMPTION AND COSTS

3 Hot water supply system (steam-and-water heaters)

2 Steam heat supply system (radIators, regIsters)

-10 tanks
- 10 machInes
-4 columns
-4umts
-15 heaters
-3 cabmets
-7 heaters

Thermal energy (steam)

1 Processmg needs
1 1 BOllIng tanks
1 2 Tenperers
1 3 BOllIng columns
1 4 Vacuum-apparatus
1 5 Heaters (cOIled)
1 6 Drymg cabmets
1 7 Water heaters

5 1 List of the baSIC processmg operations

Electrzc power (the mstalled capacIty ofthe equzpment)

I The caramel productIOn workshop (bOIlIng tanks, temperers, candy-glass machme, caramel
machme, toffee machme, etc) - N = 252 kW

2 The packaged candles productIon workshop (bOIhng tanks, basIc processIng productIon hnes,
etc)-N= 189kW

3 The waffle production area ( temperers, furnaces, mIlls, pumps, etc) - N = 134 kW
4 The retaIl-purpose candles productIOn workshop (temperers, basIc processIng hnes, pumps, etc)

-N=89kW
5 The varyIng-sort candles productIon workshop (temperers, basIc processIng hnes, whIppers, etc)

-N=81 kW
6 Preparatory area (mIlls, fillmg mIxers, pumps, etc) - N = 257 kW
7 The bOller-house (pumps, ventIlators, exhaust fans, etc) - N = 144 kW
8 The compressor-and-coohng workshop (aIr and coohng compressors, pumps, etc)­

N=293 kW
9 VentIlatIon system - N = 105 kW
10 Pupm statIon - N = 83 kW

5 2 BaSIC energy consummg eqUIpment

1 A mechanIzed conveyer hne for productIon of caramel wIth fillmg
2 A mechanIzed conveyer hne for productIon of candy glasses and ofpralme candles
3 A toffee productIOn lIne
4 A mechanIzed conveyer lIne for productIOn of cast candles
5 A mechanIzed conveyer hne for productIOn ofprahne candles
6 A mechanIzed conveyer hne for productIon ofwaffles
7 A meteonte lIne
8 A lIne for nougat candles deposItIon
9 A hne for castmg candles
10 A hne for production ofwhIpped candles
11 Chocolate productIon lme
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The structure of the total energy use and Its costs

5 3 Current tariffs on energy resources m 1998

5 5 Structure of energy consumption and Its cost m 1997
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- US $83 (withIOut VAT)
-US $0043
-US $024 (wIthout VAT)
- US $0 196 (wIthout VAT)

Energy resource ConsumptIOn Gcal Percentage Cost, Percentag
usn e

Natural gas 1,739,000 mJ 14,069 92 144,337 58
Electnc power 1,510,000 kW h 1,299 8 64,930 26
Water 173,600 m3 - - 41,664 16
Total - 15,368 100 250,931 100

q

Khmelnytskyl ConfectlOnery uses for ItS processmg needs electnc power, natural gas and drInkIng
water In 1997 there was consumed about 1 51 mIllIon kW h of electnc power that cost about

US $64,900, about 1 74 mIllIon m3 of natural gas that cost US $144,300, about 173,600 m3 of
water that COSI US $41,700

The structure of energy consumptIOn and Its costs IS shown m Table 3 and m FIg 2 to 3 The costs
on the energy resources for the needs of the plant Itself were respecttvely as follows natural gas ­
58 per Khmelnytsky ConfectlOnery uses for ItS processmg needs electnc power, natural gas and
drInkmg water cent, electnc power - 26 per cent, water - 16 percent of the total energy costs

Table 3

5 4 Metermg consumption of energy resources

CommerCIal metenng of the consumptIOn of natural gas supplIed to the factory IS provIded by
means of meters of RG- 640 (the bOller-house), RG-250 (the waffle productIOn workshop) and RG­
40 (drymg) types

CommerCIal metenng of electnc power consumptIOn was perfonned by means of actIve and
reactive power meters used m the hIgh-voltage CIrcUIt on the mput transfonner substatIOns

CommerCIal metenng of water consumptIOn was perfonned by means of mecharncal 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 and thennal energy
IS detennmed by calculatIOn on the baSIS of the plant specIfic consumptIOn rates

1,000 m3 ofnatural gas cost
1kW h ofelectnc power cost
1 m3 ofdrInkmg water costs
1 m3 ofwaste water costs

4 Natural gas
4 I DKVR- 4/13 steam boIlers WIth the productIon capacIty of 4 tonnes per hour-2 unIts
42 G-30 Waffle furnaces - 3 unIts



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 conservatlOn opporturutIes and to determme the
attamed base mdicators for a specIfic energy consumptlOn per product umt

Table 4

1,510

Total

Natural gas
58%

Electric power
8%

Water
16%

Months

5-3

FIg 3

Total consumptIon

Balance of costs

Natural gas
92%

Electric power
26%

Energy balance

5 6 1 Electrzc power. (kW h x 1(j)

5 6 Consumption of electrIc power, natural gas, thermal energy and water m 1997

I

1236

Note Data for the calculatlOn
1,000 m3 =809 Gcal 1,000 m3 ofnatural gas - US $83
1,000 kW h = 086 Gcal 1,000 kW h - US $43
1,000 m3 ofwater - US $240
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ElectrIc energy consumptIOn dunng a year IS maInly determIned by the productIon output The ratIO
between the declIne of the productIon and energy depends on the sort ofthe products

In Apnl declIne In the productIon output In by 17 per cent was accompamed by a 25- per cent of the
decrease In the energy consumptIon, whIle In August the decrease In the productIon level by 55 per
cent caused decreasIng the costs of energy resources equal to 37 per cent No detaIled analySIS In the
process of the energy audIt was done

The baSIC electrIc power users are

• Caramel, packaged sweets and waffles productIOn workshops,
• Compressor-and-coohng workshops,
• BOller-house,
• RetaIl-purposed candles and varYIng-sorts candles productIOn workshops,

• Otherumts

/
/

~~ ~ / \ /
\ / \ /

\ / \ /
\ / \ /

\V

562 ConsumptlOn o(electrlc power zn 1997 (kW h x 1rJ.l

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

XIIXIXIXVIIIVII

FIg 4

Months

VIVIVIIIII

160

ISO

140

130

120

110

100

90

80

70
I



ApprOXImate distrIbutIon In electrIc power consumptIOn

between the basIc productIOn UnIts and areas

188

Total

1,739

1,551

Table 5

Caramel and
packaged-candles

productIOn
workshops, waffle

productIOn workshop
42%

Other umts
2%

Retail-purpose and
varymg-sort candles

productIOn
workshops

12%

5-5

Months

Fig 5

BoIler-house

Total consumptIon

Waffle productIon area

BOller-house
14%

562 Natural gas em) x lrJl

Compressor-and­
cooling workshop

30%
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I
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1693
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Waffle productIOn area

Months

• Total consumptlOm • BOller-house

Waffle productIon
area
11%

ConsumptIon of natural gas

DIstributIOn of natural gas between the baSIC productIOn umts

FIg 7

5-6

BOller-house
89%

I?
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The amount of the natural gas consumptIOn IS not stable dunng a year and It has a seasonal
character Gas IS burnt In the botler-house to generate steam that IS used for the proceSSIng needs, to
heat water for hot water supply and In the heat supply system The heat load nses In the WInter
penod, and It takes about 20 per cent of the total energy consumptIon to cover that consumptIOn



5-7

Table 7

5 6 3 Drmlang water. mJ

174

Total

XIIXIXIXVII VIII

Months

VI

FIg 8

Months

VIV

ConsumptIOn of dnnkmg water
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~ 12
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172

The mam water consumers are

• Caramel productIOn workshop, packaged candles productIOn workshop, waffle production area,
• Compressor-and-coolmg workshop,
• BOller-house,
• RetaIl-purpose candy production workshop and the varymg-sort candles production,

• Others

Water consumptIOn depends on the season (heatmg load) and on the productIOn output Increasmg
ofconsumptIOn m July IS accounted for by washmg the eqUIpment before startmg the repaIr works
m the caramel workshop

The mam reserves m water saVIng are the followmg ones

• mcreasmg the portIon of the condensate returned to the boller-house,
• Improvement ofthe efficIency of the cIrcular water supply to the compressor-and-coolmg

workshop,
• decreasmg the costs on coohng the water blown m the boller-house
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Table 8

ApprOXImate dIstrIbutIOn of water between the basIc plant umts -

The specIfic gas consumptIon per generatIOn of 1 Gcalofheat
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aramel productIon
workshop and,

Packaged Candles
productIOn workshop,
waffle productIOn area

60%

Retail-purposed and
the varymg sort candy
productIOn workshops

10% Others
4%

FIg 9

Boiler-house
10%

5 6 4 Thermal energy

Compressor and­
coolmg workshop

16%

106 kcal 3

~
=136 m

8 090 kcal 3. 0 91, m

As at the boller-house there IS no metenng the consumptIOn of the produced steam and as at the
factory there IS no steam and condensate balance, the generatIOn of the thermal energy m 1997 was
determmed by calculatIOn on the basIs of the followmg mdicators
• the average gross efficIency of the boIlers (accordmg to the evaluatIOn tests dunng the audIt) ­

91 %,
• the lowest cahnfic value of the fuel - 8,090 kcal/m3 (data from factory)

Months

I

1,245

To estImate the effiCIency of operatIOn of the boIler-house and the effiCIency of the thermal energy
utIlIzatIon more preCIsely and obJectIvely, It IS reasonable to perform modernIzatIOn of the eXIstmg

5-8



assembly for metenng the steam consumptIon and to orgamze automattcal metenng of the provIded
thermal energy

The thermal energy productIOn level IS not stable dunng a year and has a clear seasonal character It
IS determmed by avaIlabIlIty of the heatmg load, productIon needs and provIdmg heat to off-factory
users

/ ~
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ProductIOn of thermal energy In 1997
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ApprOXImately, thermal energy IS dIstnbuted m the followmg way

• Processmg needs
• Heatmg
• Hot water supply
• Losses on some needs m the botler-house dIrectly
• Other users

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



DlstnbutIOn of thermal energy consumptIOn

between the basIc umts of the factory

As It IS seen from the balance of dIstnbutlOn of the thennal energy shown on the basIs of the data

for 1997, the mam dIrectIOn m energy conservation IS Improvement of the effiCIency of operatIon of

the processmg eqUipment, hot water supply and heat supply systems

5-10
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Other users
1%

Loses on the needs In
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directly

5%

Processmg needs
66%
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6 SPECIFIC ENERGY CONSUMPTION

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 I
tonne ofproducts and compare It WIth the better figures for the mdustry

In tills 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 Wltilln the terntory of the
plant

61 Specific ener2Y consumptIOn per 1 tonne of the maIn kInds of products for 1997

Table 9

Months ProductIon ElectrIC power Natural gas Drmkmg water
level,
tonne kWh kWhlt m3 m3/t m3 m3/t

January 679 123,600 1820 183,800 2707 17,200 253
February 688 131,400 1910 228,500 332 1 16,000 234

March 712 123,800 1739 138,500 1945 13,400 188
Apnl 630 93,000 1476 140,500 2230 12,200 194
Mav 661 126,600 1915 91,700 1387 11,500 174
June 644 125,800 1953 137,800 2140 13,400 208
July 672 128,400 191 1 120,400 1792 17,400 259

August 348 81,100 2330 84,300 2422 13,400 385
September 573 127,900 2232 120,200 2098 13,000 227

October 822 147,000 1794 154,700 1882 15,000 19 1
November 669 149,500 2235 153,600 2296 13,500 202
December 916 150,900 1647 184,800 201 7 16,800 183

Total 8,014 1,510,000 1884 1,739,000 2170 173,800 217

./~./ ~
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Specific consumption of electriC power
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In 1997 at the average productIOn rate of the basIc products m 688 tonnes per month (32 tonnes per
day) the specific energy consumptIOn was as followmg

To receIve a more preCIse estImatIOn, FIg 15 and 16 show specIfic energy consumptIOns per 1
tonne ofproducts versus the monthly productIOn level
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• electnc power - 188 kW hft (148 to 233 kW hft),
• natural gas- 217 m3/t (139 to 332 m3/t),
• water-21 7 m3/t (18 to 38 m3/t)



Specific consumption of natural gas versus the productIOn level

Specific consumption of electrIc power versus the productIOn level
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As It can be seen from Fig, 15 and 16, the specific consumptions of electnc power and natural gas
depend on the production output The specific consumption of electnc power practically does not
depend on the season, the speCific consumptIOn of natural gas per 1 tonne of the products m the
Winter penod mcreases by 25 to 30 per cent, which IS accounted for by consumption for the heatmg
purposes When mtroducmg the system fort controllIng and plannmg the energy costs the energy
manager of the facIDn'-should take mto consideratIOn this factor
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6 2 AnalysIs of the factory operation durmg March - 2 - 25, 1998

AnalysIs of the plant operatIOn dunng March 2 - 25, 1998 and of consumptIOn ofnatural gas III that
penod allows to estImate the specIfic consumptIon of natural gas separately for the productIOn area
for sugar products and for the productIOn area for the flour confectIOnery versus the dally
prodUCtIVIty of the factory and the regIme of Its operatIon

The results are gIVen III Tableas 10 and 11 and III FIg 17 to 24
Table 10

Day ProductIOn of sugar products, Consumption of natural SpeCific gas consumptIOn per 1
tonne gas 10 the boller-house, tonne of sugar confectIOnery,

m3 m3/tonne
203 2669 2,503 94
303 3009 6,558 218
403 3279 5,801 177
503 3296 5,983 182
603 31 46 4,341 138
703 0 0 0
803 0 0 0
903 3028 6,564 217
10 03 2334 6,300 270
11 03 27 14 5,286 195
1203 2843 6,087 214
1303 4724 6,154 130
1403 0 6,115 0
1503 0 0 0
1603 2744 5,030 183
1703 2741 6,423 234
1803 2575 6,015 234
1903 29,01 6,485 224
2003 48 15 6,103 127
21 03 0 5,819 0
2203 0 0 0
2303 24 6,320 263
2403 2349 5,929 252
2503 2292 6,848 299
Total 6085 116,665 191 7
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ProductIOn of sugar confectIonary

ConsumptIOn of natural gas In the boller-house

The factory works 5 days a week RIsmg of the production output on Fndays March 13 and 20 IS
conventIOnal, as at the end of the week remnants of the products produced earlIer and not sent to the
stock were receIved there Sop, these days were excluded from the analysIs of the specIfic
consumptIOn ofgas per 1 tonne ofthe products
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EfficIency of gas utIlIzatIon (thermal energy) nses wIth nsmg the production rate and at the
produCtIVIty of 28 to 30 tonnes of sugar products per day It IS 200 to 220 m3 per 1 tonne of the
products

SpecIfic consumptIOn of gas per 1 tonne of sugar products

6-6

FIg 19
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34,032,030,028,026,0

FIg 20

ProductIOn rate per day, tonne

24,022,0

SpecIfic gas consumptIOn per 1 tonne of sugar confectIOnery
versus the productIon rate per day
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ProductIOn output of flour Natural gas consumptIOn SpecIfic gas consumptIOn per 1
Day confectIOnery, by the waffle furnaces, m3 tonne of flour confectIOnery,

tonne m3/tonne

203 0 225 0
303 24 552 230
403 286 489 171
503 311 947 305
603 266 431 162
703 0 0 0
803 0 0 0
903 235 482 205
1003 1 78 437 246
11 03 259 718 277
1203 088 197 224
13 03 045 423 940
1403 0 0 0
1503 0 0 0
1603 231 207 90
1703 289 406 141
1803 264 375 142
1903 26 422 162
2003 226 446 197
21 03 0 0 0
2203 0 0 0
2303 1 77 385 218
2403 204 632 310
2503 251 191 76
Total 381 7965 2091
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Table 11

ProductIon of flour confectIOnery
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In case of mtroductIon of a system for controllIng and plannIng the natural gas consumptIOn per
urnt of the products, there should be matched m tIme the daIly data m regard of gas consumptIOn
and of the furnace productIVIty

The speCIfic consumptIon of natural gas per 1 tonne of flour confectIonery m a WIde range from 76
m3/t to 310 m3/t has a chaotIC character A probable reason for that may be mcorrect data about the
amount of the produced products
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4,03,53,02,52,0

FIg 24

1,5

Production level per day, tonne

1,00,5

Specific gas consumptIOn per 1 tonne of flour products
versus the productIOn level per day
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70 PREVIOUS ENERGY INITIATIVES

At the factory every year energy conservatIOn plans are developed In 1996 - 1997 the folloWIng
measures were Implemented

1 A system for automattcal controllIng the steam bOIlers ofDKVR-types was commIssIoned (the
level In the drum, the low pressure In the furnace, the steam pressure, the Fuel-to-aIr ratton)

2 A steam trap was Installed In the steam collector
3 A regular repaIr was performed for the steam supply pIpelmes and hot water supply pIpelmes
4 Water economIzers were fixed In the steam bOIlers

In 1998-1999 there IS planned the followmg

1 InstallatIOn of a dearator m the botler-house
2 Replacement ofthe gas meter In the botler-house wIth an automatIc system WIth the error

class of± 1 %
3 ModernIzatIOn ofthe steam trap assemblIes of the proceSSIng eqUIpment
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80 ENERGY CONSERVATION OPPORTUNITIES

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

At Khmelnytskyz ConfectlOnery, 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

It IS typIcal for mdustnal plants management to mamly thmk m terms ofproductIOn, 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 of the plant

J

(Eeo #1)
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EstablIshment of energy management system

• e1ectnc power - 113,000 kW h
• natural gas - 130,000 m3

• dnnkmg water- 13,000 m3

Project costs - US $27,892
Payback penod- 1 5 years

In addItIon, the energy management staff should also reVIew each process, and look for energy
saVIng opportunIties They should see that all cost effectIve energy Improvements are Implemented,
begmmng WIth the Items IdentIfied m tills energy audIt They should also have responsIbIhty to
reVIew all proposed changes to the facIhty to ensure that each process IS as energy effiCIent as
pOSSIble

Currently at Khmelnytskyz ConfectlOnery, hke at other Ukramian 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 thmk of Implementmg large projects wIth the mtent of savmg large amounts
of energy by savmg energy sources And at the same tIme at the facIhtIes 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
uncertamty of avmlabIhty of all fuels, an energy manager becomes Important Each plant should
senously consIder estabhshmg 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 vanatlOns m consumptIOn Where vanatIOns do occur, they should then
determme the cause of the vanatIOn and If remedIal actIOn IS reqmred For mstance, If monthly
consumptIOn mcreases, the reasons why should be determmed and If appropnate, steps taken to
correct any problem

It IS proposed to prOVIde the enterpnse WIth the needed measunng mstruments 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)
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In the energy balance of the factory about 8 to 10% of thermal energy IS used for heatmg water to
the temperature of 65 to 75°C that IS used for the processmg and domestIc and communal needs
Water heatmg IS done m steam-and-water tube heaters of the capacItive type

There are no automatic temperature controls on the heaters The water temperature at the heaters
outlet IS practically not prOVided Ifthe load changes

It IS proposed to mstall on each heater a system for automatIcal temperature control mcludmg a
control valve of "dIrect actmg" and a stramer
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(ECO #2)
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(ECO#3)

(ECO#4)

Temperature controllIng valves

AutomatIzation of the system for meterIng natural gas consumptIon

Steam traps

• natural gas -14,300 m3

Projects costs - US $1,800
Payback penod - 1 5 years

The steam-and-water heaters m the hot water supply system are not eqUIpped WIth steam traps,
whIch SIgnIficantly worsen the effiCiency of their work, causes steam flash and losses of heat m case
of the secondary bOllmg ofthe condensate

It IS proposed to mstall on each heater a float steam trap As It IS know from practice, thIS measure
will Improve the operation effiCIency not less than 15 per cent

Expected savmg

• natural gas - 21,400 m3

Project costs - US $1,400
Payback penod - 0 8 year

Metenng of gas consumptIOn IS performed by means of RG-640 rotatIOnal meter of 2 0 PreclSlon
Class The gas consumptIOn IS calculated on the basIs of dally readmgs and that IS entered mto the
register

The current metenng system does not allow to evaluate operatively the consumptIOn and efficIency
of gas utIhzatlon, nor develop a standard rate base and mtroduce a system for controlhng and
plannmg energy costs

It IS proposed to mstall at the confectIOnery an automatIzed system for gas consumptIOn metenng,
wIth the measurement error of ± 1 % that would make It possIble to Implement the effects gamed
from ImplementatIOn of the energy conservation measures and to make mutual settlements wIth the
gas supplymg organization on the baSIS of the objective data

Expected savmg

• natural gas - 116,300 m3

The project costs - US $15,000
Payback penod - 1 6 years
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UtIlIzatIOn of the heat after contInUOUS blOWIng of the steam boIlers (ECO #6)

Expected savmg

• natural gas - 73,000 m3

Project costs - US $13,500
Payback penod- 1 1 years

To decrease the salt content m the bOIler water that would proVIde the reqUIred steam qualIty, the
bOilers are contmuously blown from the bOIler balance The standard value of the portIOn of the
contmuous blowmg for the operated type of bOilers IS 5 to 10 per cent The bOIler water after
expandmg WIth the temperature of 11oOe IS supplIed then mto the blowmg well where It IS cooled
to the cold water WIth the temperature of 500e and after that It IS dIscharged mto the sewage system

It IS proposed to mount a plate-type heat exchanger coolmg the blown water to the temperature of
20 to 300e by heatmg the chemIcally punfied water commg mto the feedmg tank (deaerator) m the
bOller-house ThIs WIll make It pOSSIble to decrease the losses of heat on the needs dIrectly m the
bOller-house and to decrease the costs ofwater and waster water

Expected savmg

• natural gas - 11,400 m3

Project costs - US $1,700
Payback penod - 0 9 year

(ECO#5)Transfer of the enterprIse heatIng system form steam on hot water

The regIsters of the heatmg system are eqUIpped wIth steam trap assemblIes, whIch worsen theIr
operatIon efficIency, causes steam flash and Its further loss m case of the secondary bOilIng of the
condensate

The current steam heat supply system reqUIres hIgh relIabIlIty and It must be protected from the
pressure nsmg above 3 barg, whIle the pressure of the steam for the processmg needs must be not
lower than 4 to 5 barg In fact, steam IS taken from the collector of the common steam for the
processmg needs, the pressure IS decreased for the heatmg needs manually regularly by means of
dampers AutomatIc reductIon plants on the steam heat supply pIpelInes are absent, the protectIOn
valves on the steam ofold desIgn are not relIable m operatIon The factory should perform techmcal
measures aImed at Improvement of the relIabIlIty of operatIOn of the steam heat supply system m
accordance wIth the reqUIrements of the safety engmeenng and labor protectIOn code

It IS proposed to perform modernIzatIon of the steam heat supply system at the factory WIth
transfemng It on hot water wIth the temperature ofthe heat agent ofup to 95°e

The scope ofthe reconstructIon works should mclude the followmg

• exammatIon of the condItIons of the current system, makmg sure of the thermal loads, makmg
checkmg calculatIOns, development ofthe project,

• mstallatlon m the current premIses of up-to-date automatIzed mdependent thermal statIons WIth
thermal heat exchangers, CIrculatIOn pumps, an automatIcal temperature control system
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UtIlizatIOn of the heat from the exhaust gases from DKVR-4/13 Boiler (ECO #7)

sf

Steam IS used for the processmg needs, for hot water supply and for heatmg The condensate IS
returned back mto the bOller-house from the condensate back-pumpmg statIon that IS placed m the
mam productIOn bUIldmg Condensate from the sort-purposed candles productIOn workshop and
from the retaIl-purposed candles productIon workshop IS returned back dIrectly mto the condensate
collectIOn tank that IS placed m the bOller-house

As the steam and condensate supply system at the factory has been operated for a long tIme , It IS
not operated now efficIently and It needs eIther repaIr or modermzatIOn

It IS proposed to perform modermzatton of the steam and condensate supply system of the factory
on the basIs of up-to-date eqUIpment that would make It pOSSIble to mcrease the efficIency and
relIabIlIty of ItS operatIOn

Expected savmg

• natural gas - 201,500 m3

• water - 4,800 m3

Project costs - US $42,550
Payback penod - 2 years
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(ECO #8)ModernIzatIOn of the steam-and-water condensate system

Steam supply to the factory IS provIded from ItS mdependent bOller-house wIth two steam bOIlers of
DKVR-4/13-type workmg on natural gas The steam productIOn capacIty of the bOIlers IS 4 tonnes of
steam per hour, the steam pressure IS 13 barg

The actual average steam productIOn capacIty per year IS about 2 6 to 2 8 t/h at the steam pressure of
8 barg As there IS no deaeratIon plant, the average temperature of the feed water supplIed mto the
well IS sustamed at the level of 50°C

As m the boIler-house a dearatIon plant IS to be mstalled, the temperature of the feed water at the
mlet mto the boIler WIll be equal to 100 to 102°C Tills wIll cause nsmg of the temperature of the
exhaust gases approxImately by 15 per cent, or the boIler efficIency WIll be decreased by 0 9 to 1
per cent The dearator plant of the atmosphenc type WIll Improve In addItIon the losses of heat for
the needs In the bOller-house dIrectly approxImately by 0 4 to 0 5 per cent

It IS proposed to mount after the water economIzer a compact heat exchanger-recovery boIler to heat
the aIr used for burmng by usmg the heat from the leavmg exhaust gases ApplIcatton of the
recovery-bOIler wIll make It pOSSIble to Improve the boIler efficIency by 3 5 to 4 5 per cent WIth
that there are practIcally not to be changed the overSIze of the bOller-house, there remams the same
feedmg draught-and-blow eqUIpment, and the amount of the emISSIOns of harmful substances goes
down

Expected savmg

• natural gas - 62,000 m3

• water - 2,000 m3

Project costs - US $5,450
Payback penod - 1 1 years
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90 ENVIRONMENTAL IMPACTS OF THE RECOMMENDATIONS

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

[mtlal data for calculatLOns

The average amounts of the harmful emISSIons per 1,000 kW h of the produced e1ectnc power
withm the facIlIties of the Mmistry for Energy ofUkrame were as follows

co - carbon monoxIde - 0 51 kg
NOx - oXIdes ofmtrogen - 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 burmng natural
gas the DKVR-type steam bOIlers operated at the plant

co - 0 03 to 004 kg/Gcal (the average value IS 0 035 kg/Gcal or 0 28 kg per 1,000 m3 0fthe
burned natural gas),

NOx - 0 14 to 016 kg/Gcal (the average value IS 0 15 kg/Gcal or 1 215 kg per 1,000 m3 of
the burnt natural gas)

CalculatLOn ofthe decrease o(amount ofthe emzsszons mto the atmosphere

• Expected yearly savmg provIdmg ImplementatIOn ofthe ECOs
- natural gas 629,900 m3

- electnc power 133,000 kW h
• Decrease ofharmful emISSIons mto the atmosphere

co -629,900 m3 0 28 kg/103 m3 + 133,000 kW h 0 5 kg/l03 kW h =243 kg
NOx -629,900 m3 1,215 kg/I 03 m3 + 133,000 kW h 22 kg/l03 kW h = 1,058 kg
S02 - 133,000 kW h 99 kg/I 03 kW h = 1,317 kg
Ash - 133,000 kW h 4 4 kg/l03 kW h =585 kg

The total decrease ofharmful emISSIons - 3 2 tonnes per year

9-1
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ENERGY CONSERVATION OPPORTUNITIES (ECOs)

A-I
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Energy conservatIOn opportuDltles (ECOs)

IntroductIon of an energy management program

AutomatIzatIOn of metermg the natural gas consumptIOn

Temperature controllmg valves

Steam traps

Transfer of the enterprise heat supply system from steam on hot water

UtIlIzatIon of heat after contmuos blowmg of the steam bOIlers

UtIlIzatIOn of heat from the exhaust gases from DKVR-4/13 BOller

ModermzatIOn of the steam-and-condensate system



DescnptIOn of the OppOrtunIty

The set of the eqUIpment that would be useful for the plant should mclude the followmg

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

Energy conservatIon opportumtles

EstablIshment of ener2Y mana2ement systemECO-l

If there are a set of 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 tralmng course m
the Energy Managers Tralmng Center (KylV CIty, NatIonal TechnIcal Umverslty of Ukrame "KYIV
PohtechnIcal Institute") The baSIC task of the energy manger IS momtonng of energy usmg
systems, development of real rates WIth the aIm of contmuous momtonng 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

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 saVIng 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 provldmg such an operatIon of the plant when there IS consumed only
the amount of energy reqmred for the processmg needs The plant management IS well aware of the
benefits glVen by the energy effiCIency, but there are no techmcal facIlIties for quantitative
assessment of financIal advantages of the energy savmg measures

ProvIdmg avaIlabIlIty at the enterpnse of a measurmg system for a quantitative and qualItative
assessment of energy savmg opportunities, mtroductlon of an energy management system IS a
pOSSIbIlIty

• a combustIOn analyzer
• a contactless thermometer
• an ultraSOnIC leak detector (ammonIa, natural gas, compressed aIr)
• a WIre thermoanemometer
• a three-phase energy analyzer
• a tachometer
• a dIgItal contact thermometer
• an Illummatlon meter
• an ultrasonIc contactless flow rate meter
• a power meter
• a power factor meter (cos <p)
• a portable temperature/humldItyl'dew pomt" recorder
• a computer WIth a pnnter
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CommzsslOnzng costs

Calculatzon ora yearly savzng orcosts

The SImple payback penod IS US $27,892 US $18,782 ~ 1,5 years ~ 18 months
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1,510,000 kW h.°075 = 113,300 kW h
1,739,000.0075 = 130,000 m3

173,600 m3 • 0 05 = 13,000 m3

1 Electnc power
2 Natural gas
3 Water

1 If 1,000 kW h cos US $43, the saVing of the electnc power cost WIll be
113,300 kW h • US $43 =US $4,872

2 If 1,000 m3 of gas cost US $83, the savmg of gas costs WIll be
130,000 m3

• US $83 = US $10,790
3 If 1,000 m3 ofwater cost US $240, the savmg ofwater costs WIll be

13,000 m3 • US $240 = US $3,120
The total savmg of the energy costs WIll be

US $4,872 + US $10,790 + US $3,120 =US $18,782

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 from 5 to 1°per cent

ApprOXImate cost ofa set of the measunng mstruments IS US $24,000
The costs of ImplementatIOn of an energy management system, as It IS shown by practIce, are about
20 per cent of the expected savmg, or US $19,458.02 = US $3,892
The total costs are US $24,000 + US $3,892 =US $27,892

CalculatlOn ofthe yearly energy savzng

The energy savmg WIll be as follows

• 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,
• ImplementatIOn of energy conservatIOn opportumties If they are financed or costless,
• followmg-up of the energy conservatIon opportUnItIes after theIr ImplementatIOn and a

quantItative assessment of the actual savmg of the costs,
• dissem.natiOn 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 enterpnse

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



CommlsslOmng costs

DescnptlOn of the opportumty

CalculatlOn o(savzng the costs

CalculatlOn ofthe yearly energy savzng

AutomatIzatIon of the system for metering the natural gas consumptIonECO-2

1 1,000 m3 of gas cost - US $83
2 Yearly savmg of the costs 116,300 m3

• US $83 =US $9,653

The automatIcal metenng system "Flowtech" that IS mcluded mto the State RegIster ofUkrame or
an eqUivalent to be mstalled on the "turn-key" baSIS IS US $15,000

SImple payback penod US $15,000 US $9,653 = 16 years == 19 months

1 Yearly saVing ofnatural gas for the boller-house - 1,550,000 m3

2 Expected savmg of the costs (set) -75 %
3 Expected savmg ofnatural gas

1,550,000 m3
• 0 075 = 116,300 m3

The enterpnses consumes dunng a year 1 7 mIllIon m3 of natural gas that cost about US $144,000,
1 55 mIllIon m3 out of that that IS used at the boller-house, that costs approxImately US $129,000
Metenng of gas consumption IS done by means of RG-640 rotatlOnal- type meter of 20 precIsIOn
class Gas consumption IS calculated on the basIs of the dally data and they are entered mto the
regIster

The current metenng system does not allow to evaluate operatIvely the consumptIOn and effiCIency
of gas utIllzatIOn, nor develop a standard rate base and mtroduce a system for controlllng and
plannmg energy costs

It IS proposed to mstall at the confectIonery an automatIzed system for gas consumptIOn metenng,
wIth the measurement error of ± 1 % that would make It pOSSIble to Implement the effects gamed
from ImplementatIOn of the energy conservatIOn measures and to make mutual settlements wIth the
gas supplymg orgarnzatIOn on the baSIS of the objectIve data

At any time complete mformatIon IS avallable concermng the gas consumption, wmch makes It
pOSSIble to make urgent decIsIons m regard of controllmg the operatIOn mode of the eqUipment, the
Issue of savmg the consumptIon mcludmg The expected saVing of the gas consumption IS 5 to 10
per cent
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It IS proposed to mstall on each heater a system for automatIc controllIng the temperature, the
system should mclude a controllIng valve of the "dIrect actmg" and a stramer The expected effect
wIll be decreasmg the steam consumptIOn by not less than 10 per cent

In the energy balance of the enterpnse about 8 to 10 per cent of the thermal energy IS used for
heatmg water to the temperature of 65 to 75°C that IS then used for the processmg needs as well as
for the domestIc purposes Heatmg of water IS done m steam-and-water heaters of the capacItIve
type

There are no automatIc temperature controls on the heaters There IS practIcally no provlSlon of
changmg the temperature of the water at the mlet mto the heaters, If the load vanes

Dunng the measurements fulfilled whIle performmg the audIt, the temperature of the water after
Heater #1 was 95°C, that after Heater #2 was 85°C

DescnptIon of the OPPOrtunIty

Calculatlan ofthe yearly energy sayzng
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US $1,800 US $1,187 = 1 5 years == 18 months

Temperature controllm2 valvesECO-3

COmmlSSlanzng costs

1 The cost of a dIrect-effect controllmg valve, of steel, flanged, normally opened DN32 m the set
WIth a sensor-actuator and a stramer IS US $800

2 InstallatIOn costs (set) - US $100
3 Total costs of two heaters (US $800 + US $100).2 =US $1,800

Sunple payback penod

Calculatlon ofthe yearly saYzng ofthe costs

1 1,000 m3 of gas cost-US $83
2 Yearly savmg of the costs

14,300 m3
• US $83 = US $1,187

1 The amount of the generated thermal energy per year -11,407 Gcal (calculated value)
2 The portIOn of the thermal energy for hot water supply (accordmg to the balance) - 9%
3 ConsumptIon ofthermal energy for hot water supply

11,407 Gcal. 0 9 = 1,027 Gcal

1 Expected decreasmg of the steam consumptIOn (set) -10 %
2 Decreasmg the thermal energy consumptIon

1,027 Gcal. 0 1 = 103 Gcal

1 SpecIfic gas consumptIOn per 1 Gcal ofthe generated heat (calculated value) -135 m3

2 ConsumptIon dIrectly for the needs of the boller-house - 3 %
3 SpeCIfic gas consumptIOn per 1 Gcal ofthe prOVIded heat

135 m3
• 1 03 = 139 m3

Expected yearly gas savmg
103 Gcal. 139 m3/Gcal = 14,317 m3



CommissIoning costs

DescnptIon of the opportumty

Calculatzon ofthe vearly savzng ofthe costs

Calculatzon ofthe energy savzng

US $1,400 US $1,776 =08 year::: 10 monthsSImple payback penod

1 The cost of an mverted bucket trap, of steel, flanged, ofDN25 type wIth a bUI1t-m stramer ­
US $600

2 InstallatIon works (set) - US $100
3 Total costs on 2 heaters (US $600 + US $100).2 =US $1,400

1 1,000 m3 ofgas cost- US $83
2 Savmg of the costs per year 21,400 m3

• US $83 =US $1,776

1 Thermal power consumptIon for the heaters per year (ECO #3) - 1,027 Gcal
2 Expected decreasmg of the steam consumptIon (set) - 15 %
3 Decrease m consumptIOn of the thermal energy

1,027 Gcal. 0 15 = 154 Gcal

4 SpecIfic gas consumptIOn per 1 GCal ofthe prOVIded heat (ECO #3) - 139 m3

5 Expected gas savmg
154 Gcal. 139 m3/Gcal =21,406 m3

ECO - 4 Steam traps

It IS proposed to mstall on each heater a float steam trap As It IS known from the world practIce,
ImplementatIOn of thIS measure WIll Improve the effiCIency of operatIon of the heaters by not less
than 15 per cent

Steam-and- water heaters m the hot water supply system are not eqUIpped wIth steam traps, whIch
sIgmficantly worsen the efficIency of theIr operatIon, causes steam flash and losses ofheat m case
ofthe secondary boIlmg of the condensate
Dunng the measurements whIle performmg the audIt, the temperatures ofthe steam and of the
condensate were the same and they were respectIvely equal to 154 to 1500C afor Heater #1 and 135
to 130°C for Heater #2, whIch proves presence of steam flash
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DescnptIOn of the opportumty

Calculatwn ofthe yearly savzng ofthe costs

Commlsslonzng costs

Calculatwn ofthe yearly energy savzng
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US $13,500 US $12,109 = 1 1 years == 13 months

Transfer of the enterprIse heatmg system from steam on hot waterECO-5

SImple payback penod

implementatIOn ofthe project on the "turn-key" baSIS (study, desIgmng, mstallatIon, adJustment)­
US $13,500

1 Yearly consumptIOn ofnatural gas for the bOller-house -1,550,000 m3

2 The portIon of the gas consumptIOn used to cover the thermal load m respect ofheatmg - 19 %
3 ConsumptIOn ofgas for heatmg purposes 1,550,000 m3

• 0 19 = 294,500 m3

4 Expected decrease m the natural gas consumptIon - 25 %
5 Savmg ofnatural gas 294,500 m3

• 025 = 73,600 m3

1 1,000 m3 of gas costs - US $83
2 Savmg ofthe costs resultmg from decreasmg the gas consumptIOn (set)

73,600 m3
• US $83 =US $6,109

3 Savmg of the costs almmg at Improvement the relIabIlIty of the current steam system (set) - US
$6,000

4 The total savmg ofthe costs US $6,109 + US $6,000 =US $12,109

The enterpnse has a heat supply system usmg 18 to 20 per cent of the generated thermal
energy per year The regIsters of the heatmg system are eqUIpped wIth steam trap assemblIes,
whIch worsen theIr operatIOn effiCIency, causes steam flash and Its further loss m case of the
secondary bOIlmg of the condensate

The current steam heat supply system reqUIres hIgh relIabIlIty and It must be protected from the
pressure nsmg above 3 barg, whIle the pressure of the steam for the processmg needs must be not
lower than 4 to 5 barg In fact, steam IS taken from the collector of the common steam for the
processmg needs, the pressure IS decreased for the heatmg needs manually regularly by means of
dampers AutomatIc reductIOn plants on the steam heat supply plpelmes are absent, the protectIOn
valves on the steam of old deSIgn are not relIable m operatIon The factory should perform techmcal
measures aImed at Improvement of the relIabIlIty of operatIOn of the steam heat supply system m
accordance WIth the reqUIrements of the safety engmeenng and labor protectIOn code

It IS proposed to perform modermzatIon of the steam heat supply system at the factory WIth
transfemng It on hot water WIth the temperature of the heat agent of up to 95°C

The scope of the reconstructIOn works should mclude the followmg

• exammatIOn of the condItIOns of the current system, makmg sure of the thermal loads, makmg
checkmg calculatIOns, development of the project,

• mstallatIOn m the current premIses of up-to-date automatIzed mdependent thermal statIOns WIth
thermal heat exchangers, CIrculatIon pumps, an automattcal temperature control system The
thermal capaCIty ofthe mdependent thermal statIOns IS approXImately 0 2 to 0 35 Gcal



DescnptIOn of the opportumty

CalculatlOn ofthe natural gas consumptlOn

CalculatIOn of the yearly savmg ofwater

CalculatlOn ofthe yearly savzng ofthe costs

UtIlizatIon of the heat after the contmuous blowm~ of the steam bOilers

1 The amount ofthe water for the contmuous blowmg that IS dIscharged mto the canalIzatIon
system WIth the temperature of 110°C 1122. 106 kcal 110 kcal/kg = 1,020 t (m3

)

2 The amount ofwater, WIth the temperature of20°C that IS reqUIred for lowenng the temperature
ofthe blowmg water to 500C(accordmg to the heat balance) - 2,020 m3

3 Savmg ofwater- 2,020 m3

4 Savmg ofwaste water- 2,020 m3

1 Steam pressure m the boIler drum - 8 barg
2 Thermal content ofthe steam - 662 5 kcal/kg
3 Thermal content of the steam water - 177 kcal/kg
4 Yearly productIon output of the thermal energy by the bOller-house (calculatIOn) - 11,407 Gcal
5 Steam productIOn per year 11,407 • 106 662 5 = 17 2 • 106 kg
6 Percentage of the contmuous blowmg (set) -7%
7 The amount ofthe blowmg water per year 17 2 • 106 kg • 0 07 = 1 2 • 106 kg
8 Percentage ofthe blowmg water WIth the temperature of 110°C that IS dIscharged mto the

canalIzatIOn system after the flash vessel (p = 0 5 barg) - 85%
9 Amount of the blowmg water dIscharged mto the canalIzatIOn system

1 2 • 106 kg • 0 85 = 1 02 • 106 kg

10 Thermal content of the dIscharged water - 110 kcal/kg
11 Amount ofheat lost WIth the blowmg water

12. 106 kg. 110 kcal/kg = 1122 Gcal

12 Decrease m the losses ofheat after mstallatIon of a heat exchanger - 75%
13 Heat savmg 1122 Gcal. 0 75 = 84 2 Gcal
14 SpeCIfic gas consumption per 1 Gcal ofthe generated heat (calculated value) -135 m3

15 Expected gas savmg per year 842 Gcal. 135 m3 = 11,367 m3

ECO-6

To decrease the salt content m the bOiler water that would provIde the reqUIred steam qualIty, the
bOilers are contmuously blown from the bOiler balance The standard value of the portIOn of the
contmuous blowmg for the operated type of bOIlers IS 5 to 10 per cent The bOiler water after
expandmg WIth the temperature of 110°C IS supplIed then mto the blowmg well where It IS cooled to
the cold water WIth the temperature of 50°C and after that It IS dIscharged mto the sewage system

It IS proposed to mount a plate-type heat exchanger coolIng the blown water to the temperature of
20 to 30°C by heatmg the chemIcally punfied water commg mto the feedmg tank (deaerator) m the
bOller-house Thts wIll make It possIble to decrease the losses of heat on the needs dIrectly in the
boller-house and to decrease the costs ofwater and waste water
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1 1,000 m3 of gas cost - US $83
? COn. ~~ ~~+1.."" rrn", ,..~"'+'" 11 A(\(\ m3 US $83 - US $946_ .:1(1. V 1115 VI UllOi 5(1.i:) ""Vi:)~i:) .. -r,"l't1V. -

3 1 m3 ofwater (the tanff) - US $0 24
4 Savmg of the water costs 2,020 m3

• US $024 =US $586
51m3 ofwaste water (the tanff) - US $02



1 The cost of a heat exchanger of"water-water" type wIth the thermal load of200 kW (0 17 Gcal)
-US $1,300

2 The cost of an anCIllary blockmg fixture and the costs of the mstallatIOn works (set) - US $400
3 Total costs US $1,300 + US $400 = US $1,700

CommlsslOmng costs

US $1,700 US $1,936 = 0 9 year == 11 months

6 Savmg of the waste water costs
7 Total savmg ofenergy costs

SImple payback penod

2,020 m3
• US $0 2 = US $404

US $946 + US $586 + US $404 = US $1,936
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DescnptlOn ofthe opportumty

CalculatlOn ofthe yearly savmg ofthe costs

CalculatlOn ofenere.Y savmg

1 1,000 m3 of gas cost - US $83
2 Savmg ofgas costs 62,000 m3

• US $83 = US $5,146

UtIlIzatIOn of the heat from the exhaust gases from the DKVR-4/13 Boller

I Yearly consumptIon of natural gas m the botler-house - 1,SSO,OOO m3

2 Expected decrease m gas consumptIOn - 4 0%
3 Savmg of natural gas per year 1,SSO,000 m3

• 0 04 =62 000 m3

The overSlze of the recovery-boller

800 X 800 X 800

ECO-7

Wnenihe arrdltwas bemgperfonned; atthe load-of 2 -&-t/h Boder #2 had the followHlg-­
charactenstlcs

• steam pressure m the drum - 8 0 barg,
• the temperature of the exhaust gases before the economIzer - 306°C,
• +t.~ t"'.........."'.."+-.,..'" nf'th'" "'Vh<ll1",t (1'"",,,,,,, "-11-",,. th'" ",,,n1"lomlzer I 44°Cttn:; """J.J.J.}J"".1U"II,.U"" V~ U.1"" \"In..LJ.u. ......Ol" O"'-JI'-'\oJ! u..L"...,.a. "....L~1 - ,

• excess aIr before the economIzer - 4S%,
• excess aIr after the economIzer - 49%,
• NOx-content after the econOmIzer - 231 ppm,
• CO-content after the economIzer - 2 ppm

Steam supply Id provIded at the confectIonery from Its own bOller-house wIth two steam bOIlers of
DKJi'R-4113-typeworkmg on natural gas The steam productIon capacIty ofthe bOIlers IS 4 tonnes of
steam per hour, the steam pressure IS 13 barg

The actual average steam productIOn capacIty per year IS about 2 6 to 2 8 t/h at the steam pressure of
8 barg As there IS no deaeratIOn plant, the average temperature of the feed water supphed mto the
well IS sustamed at the level of SOoC

The measurements were made by means of "BACHARACH" gas analyzer As at the bOller-house a
dearatmg plant IS top be mstalled, the temperature ofthe feed water at the mlet mto the botler WIll
be equal to 100 to 102°C ThIS WIll cause the temperature of the exhaust gases approxImately by
lSoC, or m other words, It WIll decrease the bOIler effiCIency by 0 9 to 1 per cent The deaerator
plant of the atmosphenc type WIll mcrease the heat losses stIll more, whIch IS accounted by the own
needs m the bOller-house dIrectly, approxImately by 0 4 to 0 S per cent

It IS proposed to mount after the water economIzer a compact heat exchanger-recovery botler to heat
the aIr used for burnIng by usmg the heat from the leavmg exhaust gases ApphcatIOn of the
recovery-bOIler WIll make It pOSSIble to Improve the bOIler effiCIency by 3 S to 4 S per cent WIth
that there are practIcally not to be changed the overSIze of the botler-house, there remaIns the same
feedmg draught-and-blow eqUIpment, and the amount ofthe emISSIons ofharmful substances goes
down
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CommlsslOnzng costs

1 The costs of the recovery bOIler deSIgnIng works, of the contract supervlSlon and of the
adjustment - US $4,950

2 InstallatIOn costs - US $500
3 Total costs US $4,950 + US $500 = US $5,450

SImple payback penod US $5,450 US $5,146 = 1 1 years == 13 months
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ECO - 8 ModermzatlOn of the steam-and-condensate system

DescnptIOn of the opportumty

The enterpnse has Its own bOller-house that m 1997 provIded productIon of about 11,400 Gcal of
thennal energy m fonn of saturated steam wIth the pressure of 8 to 8 5 barg

Steam IS used for the processmg needs, for hot water supply and for heatmg The condensate IS
returned back mto the bOller-house from the condensate back-pumpmg statIOn that IS placed m the
mam productIOn bUIldmg Condensate from the sort-purposed candles productIOn workshop and
from the retaIl-purposed candles productIOn workshop IS returned back dIrectly mto the condensate
collectIOn tank that IS placed m the boller-house

As the steam and condensate supply system at the factory has been operated for a long tIme , It IS
not operated now efficIently and It needs eIther repamng or to be modernIzed

1 For the maJonty of the eqUIpment steam traps are not operateable Due to the steam flash the
thennal efficIency of the eqUIpment decreases, WhICh leads to overconsumptIon of steam by 10
to 15 per cent

2 There has got out of fit the Jacket-and-tubular heat exchanger used for coolmg and recovery of
the condensate heat The overheated condensate at the temperature of 125 to BODC comes mto
rhe condensare rankwhere ItS secondary boIlmg takes place, the pressure m the tank nses and the
steam ejects mto the atmosphere The approXImate losses of heat are 4 to 5 per cent

3 Tnere are absent or they are not operateable the steam traps used for removal of condensate from
the dlstnbutmg steam collectors and lIne-end sectIOns of steam plpelmes m the productIOn
bUIldmgs
There are no automatIc aIr valves m the steam dlstnbutmg system at the enterpnse

In condItIons of everyday statmg and stoppmg the productIon facIlItIes the presence of
condensate and aIr m the steam system sIgmficantly worsen the qualIty of the steam and the
efficIency of Its utIlIzatIOn ApproXImately the heat losses are 1 5 to 2 0 per cent

4 OperatIOn of a separate pIece of the steam eqUIpment IS accompamed by a forced dIrect dIscharge
of the condensate wIth the temperature of 90 to 11oDe mto the canalIzatIOn system The mam
cause IS an msufficlent condensate pressure to overwhelm the pressure m the common
condensate lme

5 The eqUIpment used m parallel the check-valves are absent or they are not fit, whIch worsens the
condItIOns for startmg a plant from the cold state and It causes addItIonal losses of steam and
condensate

6 In the thennal statIon of the mam productIOn bUIldmg the automatIc controller of the pressure 6/4
barg IS not operateable Pressure control IS perfonned regularly manually, WhICh does not
proVIde the reqUIred parameters of the steam and Its effiCIent utIlIzatIon

7 Accordmg to estImates, losses of condensate are 55 to 60 per cent, WhICh mcreases the fuel
consumptIOn m the boller-house by 5 to 6 per cent

8 The steam supply and condensate return system m the future can become a factor brakmg
development of the baSIC productIon faCIlItIes of the factory

It IS proposed to perfonn modernIzatIOn of the steam and condensate supply system of the
factory on the baSIS of up-to-date eqUIpment that would make It pOSSIble to mcrease the effiCIency
and relIabIlIty of Its operatIOn

• to Improve the effiCIency of the processmg eqUIpment usmg steam, by mstallmg new up--to­
date steam traps,

• to decrease heat losses WIth the secondary bOIlmg steam by mstallmg an expanSIOn tank and
usmg the secondary steam for water heatmg,

• to recover the condensate heat by mstallIng plate-type heat exchangers,



• to Improve the qualIty of steam by mstallmg m the steam dIstnbutIOn system steam traps and
automatIc aIr dIscharges,

• to provIde optimal condItIOns for operatmg the bOIlers dunng everyday starts from the cold
state, by mstallIng automatic air dIscharges and vacuum breakers,

• to provIde stable work of the parallely operated eqUIpment by Installmg dISk check valves,
• to provIde sustammg the reqUIred steam pressure by mstallmg an automatic valve of the

"dIrect actmg",
• to repair steam and condensate leaks by replacmg the fixture WIth hIghly tight and relIable

one

ImplementatIOn of thIS proposal wIll make It possIble to Improve the effiCIency of the thermal
energy utIlIzatIOn approxImately by 20 per cent At the same tIme the relIabIlIty of functIOnIng of
the condensate collectIOn and return system will get better

CalculatIOn ofthe expected energy savzng

1 Yearly consumptIOn ofnatural gas for the bOller-house - 1,550,000 m3

2 Percentage of the consumptIOn of thermal energy for the proceSSIng needs (accordmg to the
balance) - 65%

3 Expected Improvement of the effiCIency of the steam and condensate system provIdIng
ImplementatIOn of the set ofmeasures (set on the ground of an eStImatIOn) - 20%

4 SaVIng of gas per year 1,550,000 m3
• 0 65 • 0 2 = 201,500 m3

CalculatlOn ofthe expected savzng ofthe chemlcally treated water

1 Yearly productIOn of steam (ECa #6) - 17 2 • 106 kg
2 Expected decrease m steam consumptIOn per year

17 2 • 106 kg • 0 2 = 3A4 • 106 kg

3 SavIng of the chemIcally treated water per year - 3440 m3

4 SaVIng ofwater for regeneratIOn and washIng filters (set as 20 per cent of the consumptIOn of the
chemIcally treated water) 3,440 m3

• 0 2 = 688 m3

5 SavIng of contammated waste water - 688 m3

6 Total savmg ofwater per year 3,440 m3 + 688 m3 + 688 m3 = 4,816 m3

CalculatlOn ofthe expected savzng ofthe costs

1 1,000 m3 of gas cost - US $83
2 Savmg of the gas costs 201,500 m3

• US $83 = US $16,725
31m3 of chemIcally treated water costs US $0 075
4 Savmg ofcosts of the chemIcally treated water 3,440 m3

• US $0 75 =US $2,580
5 Total savmg of the costs US $16,725 + US $2,580 = US $19,305

Regular repazr

The costs of the regular repaIr ofthe current eqUIpment per year (set) - US $2,000

Total savmg of the costs US $19,305 +US $2,000 =US $21,305
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CommlsslOnmg costs

Note The cost ofthe recommended equIpment was set approxImately When azmmg at development
ofa certam prOject ofmodermzatlOn, choosmg equzpment and the supplzer, malang a speczficatlOn
for ordermg, works concermng malang the steam and condensate balance should be done

1 The cost ofmverted bucket steam traps and of thermodynamIC traps, flanged, wIth bUIlt-m
stramers, of DN15 20, 25 and PN16 types (30 to 35 umts) - US $8 000

2 The cost of dIsk check valves mounted between the flanges, ofDN15, 20 and 25 and PN16
types - US $1,000

3 The cost of ball valves, flanged, ofDN15, 20 and 25 and PN16 types (20 to 25 umts) -
US $3,000

4 The cost of the aIr valves, threaded, 'h" (20 umts) - US $1,200
5 The cost of the vacuum breakers, threaded, 'h" (20 umts) - US $1,200
6 The cost of the flash vessel m a set WIth a safety valve and a steam trap assembly (1 umt) - US

$2000
7 The cost of the pressure reducmg valves ofdIrect actmg DN80 and PN16 types, flanged, m a set

WIth a stramer (1 umt) - US $2,500
8 The cost of the plate-type heat exchangers (2 umts) - US $2,800
9 The total cost of the baSIC eqUIpment - US $21,700
10 The total cost WIth takmg mto account the VAT, transportatIOn costs and customs fees and duties

(set as 50 per cent)
US $21,700. 1 5 = US $32,550

1 The cost of the desIgnmg, mstallatIon and adjustment works as well as that of the anCIllary
eqUIpment (set) - US $10,000

2 The total costs US $32,550 + US $10,000 = US $42,550
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SImple payback penod US $42,550 US $21,305 =2 years == 24 months
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APPENDIX B AUDIT RECORDS AND ENTERPRISE DATA

B-1



"Photographs" of the operation schedule ofDKVR-4/13 BOIlers on Apnl 15, 1998

COMBUSTION ANALYZER COMBUSTION ANALYZER COMBUSTION ANAL't ZER COMBUSTION ANAL't ZER

ID ID ID ID _

DKVR-4/13 Boder #2 DKVR-4/13 Boder #2
(after the economIZer) (before the economIZer)

BACHARACH BACHARACH
MODEL CA300NSX MODEL CA300NS,\

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

DKVR-4/13 Boller #2
(before the economIZer)

BACHARACH
MODEL CA300NSX

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

SER NO YCO 513

TIME 09 12

DATE 15,04,98

FUEL NATURAL
GAS

PRIMRY TEMP <C>
31

STACK TEMP <C>
306

%OXYGEN 6,9

% EXCESS AIR 45

% CARBON -
DIOXIDE 7,8

PPM CARBON­
MONOXIDE 5

PPMNOX 243

PPM SULFUR­
DIOXIDE 15

% EFFICIENCY
84,6

% STACK LOSS
15,4

TEST PERFORMED
BY

SER NO YCO 513

TIME 0909

DATE 15,04,98

FUEL NATURAL
GAS

PRIMRY TEMP <C>
31

STACK TEMP <C>
282

%OXYGEN 7,1

% EXCESS AIR 47

% CARBON -
DIOXIDE 7,7

PPM CARBON ­
MONOXIDE 2

PPMNOX 204

PPM SULFUR­
DIOXIDE 13

% EFFICIENCY
85,8

% STACK LOSS
14,2

TEST PERFORMED
BY

SER NO YCO 513

TIME 0855

DATE 15,04,98

FUEL NATURAL
GAS

PRIMRY TEMP <C>
29

STACK TEMP <C>
138

O/OOXYGEN 7,3

% EXCESS AIR 49

% CARBON -
DIOXIDE 7,6

PPM CARBON ­
MONOXIDE 3

PPMNOX 196

PPM SULFUR­
DIOXIDE 11

% EFFICIENCY
93,8

% STACK LOSS
6,2

TEST PERFORMED
BY

DKVR-4/13 Boder #2
(after the economIZer)

BACHARACH
MODEL CA300NSX

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

SER NO YCO 513

TIME 0852

DATE 15,04,98

FUEL NATURAL
GAS

PRIMRY TEMP<C>
29

STACK TEMP <C>
144

%OXYGEN 7,0

% EXCESS AIR 46

0/0 CARBON -
DIOXIDE 7,8

PPM CARBON ­
MONOXIDE 2

PPMNOX 231

PPM SULFUR­
DIOXIDE 13

% EFFICIENCY
93,6

% STACK LOSS
6,4

TEST PERFORMED
BY
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APPENDIX C ENTERPRISE PHOTOGRAPHS
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<J)OTO 1 A~MHHHCTpaTlIBHbIU H rJ1aBHblU npoH3Bo~cToeHHblii Kopnyca eJla6pHICH
Photo 1 AdmlDlstratIve and MaIO ProdnctIon BUlldmg of the Confectionery

<J)OTO 2 BaKyyMHo-HarpeOaTeJ1bHaH yCTaHooKa KapaMeJ1bHOU J1HHHH
Photo 2 Vacuum-heatmg plant on the caramel productIOn hne
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cDOTO 4 06cY'lmeHUe npe,nBapUTeJIbHblX pe3YJIbTaTOB C PYKOBO,nCTBOM ljla6puKu

Photo 4 DIscussIOn of the prebmmary results with the confectionery management
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cDOTO 3 BapO'lHhle KOTJIbi Photo3 Cookmg tanks
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APPENDIX D MEASUREMENT UNITS

D - 1
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barg - atmosphere gauge
°c - degrees CelclUs
cm2

- centImeter squares
of - degrees FahrenheIt
g - gram
Gcal - glgacalone
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

MEASUREMENT UNITS
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APPENDIX E ABBREVIATIONS

E - 1
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ESCO
ECO
Fig

I
hrn
tel
USAID

I
VAT
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ABBREVIATIONS

- energy servlcmg company
- energy conservatIOn opportunIty,
- figure,
- hryvnIa,
- telephone,
- UnIted States Agency for InternatIOnal Development,
- value-added tax,


