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FOREWORD

As part of Delivery Order #30, Industnal Energy Efficiency - Ukraine, the US Agency for
International Development (USAID) sponsored energy efficiency audits at 24 mdustnal plants
that met the criteria and were approved by USAID

Each facility was evaluated based on selection criteria (approved by USAID) for the selection of
target plants, which included the long term economic viability of the plant, 1t s financial
conditions, 1ts generation and export revenues, 1ts current production capacity ratio, the potential
energy savings, the extent of replicability to similar industries, and 1ts access as a demonstration
facility

The given report includes the findings of the energy audit performed by Burns & Roe
Enterprise, Inc at the Open Jomt-Stock Company “PRESMASH” n Apnl 13 to 17, 1998



1 EXECUTIVE SUMMARY

11 Introduction

The Open Joint-Stock Company “Presmash” (JSC “Presmash”) 1s an up-to-date enterprise that 1s
one of the largest in Ukraine 1n the field

Aimming at a continuous renewing of the production, searching new technologies allow the plant
to manufacture products with guaranteed quality

This energy audit has been conducted under a program of the technical assistance “Industnial
Energy Efficiency - Ukraine” sponsored by the US Agency for International Development This
project, referred to as Delivery Order #30, consisted of performing twenty four audits throughout
Ukraine The purpose of the project was to develop Ukrainian energy service company (ESCO)
capabilities To accomplish this task, Burns and Roe Enterprises, Inc (the primer contractor)
hired Ukrainian engineers These engineers were trained in U S techniques of conducting energy
audits and 1n ESCO concepts The industrial energy audits were conducted to facilitate the ESCO
training

A team consisting of two representatives of the company Burns and Roe Enterprise, Inc -
energy management experts Mr Viktor Lvovich Svistunov and Mr Vladimir Vasilyevich
Prokopenko performed an energy audit at OJSC “Presmash” 1 Apnl from 13 to 17, 1998
according to the objects of the project and prepared this report

There were certain reasons to restrict the audit to one week However, the engineering personnel
was prepared for development of measures that could be implemented for the whole plant In
many cases there occutred a necessity to focus the energy audit works on one processing line or
on one plant department Hence, the given audit 1s based on what we really managed to do for a
week Though the audit already includes a whole set of recommendations for the plant
management, 1t 1s expedient to make a complete integral energy audit of the plant It 1s desirable
that the plant management should mvite specialists prepared within the framework of this project
to continue the work, which must bring to improvement of the whole situation with energy
consumption at the plant and to making the full list of the measures to be used to improve the
energy consumption at the plant

12 Principal findings

e OJSC “Presmash”, against the Ukramnian standards, 1s considered to be quite a reliable
enterprise

e 63% of the total energy consumption at the plant is electric power consumption As natural
gas consumption 1s concerned, about 60% 1s used n the boiler-house, and 35% — by the
thermal equipment 1n the casting and smith-and-pressing workshops These uses are the basic
ones that determine the main opportunities for energy conservation In the net cost of the
products 20% are the energy costs

» As expected, the audit group found a lot of attractive opportunities for improvement of energy
efficiency on the current energy prices When the energy prices were 20 to 30 times lower,
energy efficiency improvements were uneconomical Today energy efficiency improvements
make sense, but they are difficult for accomplishment due to exorbitant interest rates and
distortions 1n economic mncentives caused by the bartering system and mutual non-payments

» Absence of a system for technical metering the energy consumption by separate workshops
prevents from setting-up a basis for energy conservation and to introduce into practice an
energy management system

¢ A sigmficant energy saving reserve 1s improvement the efficiency of natural gas utilization by
improving the combustion modes 1 the thermal plants in the casting workshop and 1n the



boiler-house, as well as by using steam traps, improving the thermoinsulation of the steam-
and condensate ducts, hot water supply pipelines

¢ Reduction 1n energy consumption can be received by improving the efficiency of using the
ventilation system, heat supply system, system for production and utilization of compressed
air, by using highly efficient light sources

13 Recommendations

The below table 1 1 shows a list of energy conservation opportunities (ECOs) 1dentified for the
facility, as well as estimated energy savings and cost savings and the simple payback period for
each of the opportunity, the majority of them have the simple payback period up to one year So,
ECO #1- “Orgamzation of an energy management system” will enable to set a regular work
aimed at energy saving at the plant, for what a division for energy management shall be set-up

The latter shall be responsible for controlling and analyzing the energy consumption at the plant,
as well as for development of recommendations and a reconstruction plan or for improvement of
any systems that can lead to energy saving

To encourage the facility to implement energy efficiency and energy conservation, USAID 1s
contributing energy auditing equipment to the plant This equipment consists of standard energy
auditing mstrumentation and meters that will enable them to implement an energy management
system

ECO #2 “Adjustment of boiler-aggregates operation modes”, by optimization of the natural gas
combustion processes 1n the boiler, with the help of using a portable combustion analyzer, will
enable to improve the combustion efficiency and, as the result, to reduce gas consumption
noTpebieHue

ECO #3 by redesigning the system for hot water preparation form the needs of the hot water
supply system which consists 1n replacement of the DE-6,5-13-type boiler with a 100-kW
capacity water-heating boiler, there shall be reduced consumption of natural gas for the above
needs,, the latter are accounted for by frequent starts of the power boiler, low load and low
efficiency

ECO #4 “Thermal insulation of steam pipelines, pipelines in the hot water supply system” will
enable to reduce thermal energy losses on the sections with the total length of 252 m

ECO #5 “Improvement of the level of the reactive power compensation 1n the electric power
supply system” from #ggr = 07666 to tgg: = 023 will enable to receive saving of
228,000 kW h per year

ECO #6 by introduction of 150 efficient light sources instead of the DRL-250-type lamps and
the incandescent lamps in the external lighting system at the plant, its reliability should be
improved and the total electric power consumption should be decreased

ECO #7 “Improvement of the efficiency of operation of drying furnaces n the casting
workshop” by msulating the gates of the glass furnaces, doing adjustment of the operation modes
and introducing urgent control of the natural gas combustion process with using combustion
analyzers, all that will enable to decrease consumption of natural gas

ECO #8 “Automation of metering the consumption of energy resources” will enable to provide
without manual work a real situation 1n regard of the energy consumption at the plant, support
the reasons for conducting energy saving works, prove the true figures for the energy
consumption by the plant units providing the self-supporting basis of fulfilling the activities

ECO #9 suggests to use instead of the air heating system for the whole space 1n a partially 1dling
workshop only heating the working places by means of highly-efficient infra-red gas-fire heaters
, which will enable to decrease the consumption of natural gas by 50%



ECO #10 to provide reduction 1 electric power consumption by replacing the water pump with
excessive capacity and head pressure that 1s used in the compressor station cooling system with a
pump of lower capacity

ECO #$11 ntroduction of instrumental control, use of the installed capacities of the electric
equipment will enable to eliminate the non-reasonable operation modes and provide decreasing
the non-reasonable utilization of electric power

ECO #12 “Thermal mnsulation of the hot water accumulating tank” will provide saving of natural

gas by eliminating direct losses of thermal energy and decreasing the time for warming-up the
boiler after 1ts having been shut down

The capital mvestments of USD 66,107 aimed at improvement of the energy efficiency with the
short-term payback periods (ECO # 2, 4, 9, 10, 11 and 12) will lead to the yearly saving of USD
237,400, as well as to decreasing the electric power consumption by USD 151,800 kW h and that
of natural gas by 1,345,000 m® The mvestments of USD 131,275 aimed at improvement of the
energy efficiency with the simple payback periods of more than one year (ECO #1, 3, 5, 6, 7, 8)
will bring to the yearly saving of USD 80,505, as well as to decreasing i consumption of
electric power by 1,106,700 kW h and 1 that of natural gas by 223,600 m3

The total decrease n the electric power consumption will be 71,258,500 kW h (16 3% of the
consumption for 1997), and that 1n the consumption of natural gas will be 501,600 m3 (35 8% of
the consumption for 1997) If to take mto account use of the imfra-red heaters, the saving of
natural gas will be 1,568,600 m?3

The total decrease m the amount of emissions mto the atmosphere of harmful substances
resulting from implementation of the proposed measures will be 22 tonnes, including there n
particular 5 54 tonnes of solid particles, 0 82 tonne of carbon oxides, 3 14 tonnes of nitrogen
oxides and 12 46 tonnes of sulfur oxides



List of energy conservation opportunities

Table 1 1

# Description Saving of Saving of | Saving of Yearly Costs of the Sumple
ECO electric power, |natural gas,{ water, saving, USD measures, payback,
kWhx103 m3x10° | m3x10° | (in prices for yr
USDh
1997)
(m process for
1997)

1 |Organization of an energy 386 701 8 27,200 33,500 12
management system

2 | Adjustment of the boiler 140 13 860 6 500 047
aggregates operation modes

3 |Redesigning the hot water 282 28 4020 9000 22
preparation system

4 | Thermal msulation of the steam 1187 15021 4677 03
pipelines and the hot water supply
pipelines

5 | Automation of the plants for 228 6,860 8 000 117
controlling the devices for
compensating the reactive power

6 |Introduction of energy efficient 783 3443 8,275 19
light sources

7 |Improvement of the efficiency of 554 5482 7520 137
operation of the drying furnaces in
the casting workshop

8 | Automation of metermg the 3862 701 8 33 500 65,000 19
consumption of energy resources

9  |Introduction of infra red gas fire 1,067 0 200,534 48,800 024
heating systems in the plant
production buildings

10 | Optimization of the compressor 358 1575 270 017
plants cooling system

11 {Monttoring and optimization of the 116 4,500 5104 09
power consumption by the electric
equipment

12 | Thermal msulation of the hot water 193 1910 756 04
accumulating tank

Total 1,258 5 1,568 6 16 317,905 197,382

The above energy conservation measures can be implemented at other industries, that 1s 1n other

Arda
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they can be-considered like standard settlements of solving standard problems



14 Operation and energy management

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

For OJSC “Presmash”, as with most industries 1n Ukraine, n the past the energy costs were
sigmficantly subsidized, therefore energy saving was not a major consideration in the plant
operations

With the rnising energy costs during the past few years, the energy costs have now become very
influential part of the expenses The energy costs at PRESMASH Plant are about 20 per cent of
the total cost of the products produced

Currently, at the OJSC “Presmash”, like at other Ukrainian enterpnises too, though the problems
in relation of the energy resources and energy costs are now well understood by the staff, there 1s
a tendency to think of implementing large projects with the intent of saving large amounts of
energy And at the same time at the facilities a large number of small energy saving projects exist
that have short payback periods

Most industries 1n Ukraine have a person or persons who are referred to as energy engineers
These people are typically responsible for ensuring that there 1s an adequate supply of energy to
the plant, not to improve the energy efficiency of the plant But with the rise 1 energy prices and
the uncertainty of availability of all fuels, an energy manager to conserve energy becomes
important Each plant should seriously consider establishing an energy manager position as a
mimimum, and for large industries, possibly even an energy management section

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

In addition the energy management staff should also review each process and look for energy
saving opportunitites They should see that all cost effective energy improvements are
implemented, beginning with 1tems 1dentified in this energy audit They should then also have
responsibility to review all proposed changes to the facility to ensure that each process is as
energy efficient as possible .
A plant the size of OJSC “Presmash” should have several people working in an energy
management group As a minimum, 1t would be good to have a thermal specialist (someone who
1s knowledgeable about steam and gas supply systems) and a specialist 1n the electrical power
engineering There should be a third person to manage all of the activities of this group, and to
report directly to the top plant management

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



15 Implementation

Implementation of the measures given 1n Table 1 1 1s planned after completion of the following
project phases and after agreement of the equipment to be introduced



2 GENERAL BACKGROUND

Name of the enterprise — Open Joint-Stock Company “Presmash”

Director — Mr Leonid Fedorovych Vykhvoten’

Chief Engineer — Mr Valentin Anatoliyovych Kacherovsky:

Tel (0482)22-38-23

Fax (0482)33-93-12

Address Presmash Plant, 28, Stolbovaya Str, Odesa City, Ukraine, 270098

21  Plant History
The plant was founded 1n 1952 It 1s located n the western industrial area 1n Odesa City between

the stations Zastava I Zastava II at Odesa Railway Section

The territory of the plant 1s made up by two production grounds the main ground 1s 13 5 ha, the
warehouse ground 1s 6 7 ha

The profile of the plant 1s manufacture of different sorts of smith-and-pressing machines

The presses manufactured by the plant were used first for mastering of production of the
synthetical fiber

Annually the plant manufacture about 50 sorts of smith-and-pressing machines, the total list of
the plant assortment includes about 730 kinds of the smith-and-pressing machines that provide
40 technologies of processing materials by pressing

On the territory of the industrial area of the plant the following buildings and structures are
located

e Bulding #1

mechanical workshop for processing components for cases and bodies,

machine (mechanical) workshop for middle-size parts,
— mechanical workshop for hydraulic equipment,

— assembling workshop,

— painting section,

- conservation and packaging section,

— ancillary services,

— utility rooms

e Building #2
electroplating-and-thermal processing workshop,

— mechanical workshop for heavy presses,

— heavy presses assembling workshop,

— basic components area (Scoda),

— painting section,

— conservation and packaging section, washing machines area,
— ancillary services,

— utility rooms

e Bulding #3
— tool workshop,
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— repair and maintenance workshop,
— workshop for consumers goods,

— utility rooms,

¢ Bulding #4
- foundry,
— ancillary rooms,
— utility rooms,

e Bulding #5
— pattern workshop,
~ stock-house of the operation and dispatching department,
— utility annex,

e Building #6
— cutting area within the I'TL] workshop,
— workshop for welded structures,

mechanical workshop for the parts for thermoplastic automatical machines,
- ancillary services,
— utility rooms,

¢ boiler-house,

e compressor station,

s admmistration building

In 1995 Odesa Plant for Presses and Automatical Machines was reorganized mnto the Open Joint-
Stock Company “Presmash” The shares were distributed 1in the following way 26% — to the
state, 74% — to the personnel of the enterprise and to individuals

Historically “Presmash’ 1s the largest manufacturer and supplier of thermaplastical automates for
processing of plastical presses, presses and special presses of different sorts, remaiming the only
in the CIS-countries manufacturer of thermoplastautomates with the injection volume of above
2000 cm3, presses for in-pressing and dispressing the pairs of wheels and some other equipment

22 Types of products

At the present time “Presmash” Plant manufactures various kinds of machines among which first
of all there should be mentioned the following ones

e casting machines for processing thermal flexible and thermal reactive plastic masses with the
force of 250 to 5,000 tonnes,

e presses for briquetting metal chips with the force of 400 to 630 tonnes,
e tube-bending machines,

o presses for packaging sheet metal wastes,

e presses for i1sothermal pressing,

o presses for deep drawing and special presses,

e hot-pressing multi-positional, hydroelectric pulse machines for machine-building, aviation,
civil engineering, metal processing and other branches of industry

11



The current number of the personnel 1s 7,722 persons

23 Significance of the sector for the state economy

There are in Ukrame plants of the similar profile However, concerning some sorts of the
products this plan remains to be the monopolist not only in Ukraine, but 1n the CIS-countries

Shipment of the equipment versus the shipment places 1s as follows

10% — the far abroad area,
60 - 65% — the CIS-countries,
25-30°% - Ukrame

12



3 CURRENT STATUS OF PRODUCTION

31 Maximum estimated productivity

The designed production capacity of the enterprise provides manufacturing of products on
UAH 40,217,000

32 Actual production capacity 1997 against 1995 and 1996

Between 1995 and 1997 plant operated not being loaded completely, the load was not higher
than 12 5%, which was accounted for by re-orientation of the suppliers of components for the
equipment, reduction of the paying capabilities of the customers The production volumes are
shown i Table 3 1

Table 3 1
Production volumes
Name Measure Production level % 1 1997
against
unit 1995 1996 1997 1996
1 Volume of the goods for sale - m|hm x 10°
total, and ncludmng 3,355 | 4,442 | 5,006 113
2 Manufacture offhrm x 10*°| 860 1,184 679 57
thermoplastmachines
3 Manufacture of special presses hrm x 10°| 967 2,320 | 3,145 136
4 Precise-bending machimes hm x 10°| 570 141 36 26
5 Co-operated shipping hm x10°| 219 227 336 148

Analysis of the data in Table 31 shows that the absolute volumes of production 1n 1996 as
comparing them with those 1995 were as follows for thermoplastmaschines — 137 7%, for the
special presses — 240%, for the precise bending machines — 25%, the co-operated shippings were
103 7%, the total amount of the goods for sale was 132%

The stmilar absolute production volumes 1n 1997 as comparing them with those 1n 1996 were as
follows 57%, 136%, 26%, 148% and the total amount of those for sale was 113% There 1s
evident a trend to increasing the production rates

33 Development_of prospects

The marketing, processing and technical services of the plant are engaged 1n works aimed at
prospective development of the facility In particular, the association 1s actively engaged 1n
enlarging the assortment of the products for sale

34 Export vs Domestic Consumption

The Association exports 1ts products The total amount of such sale 1s up to 75%, including also
that to the CIS-countries that 1s up to 65%

These data show that the plant has reliable position on the external market

13



4 FINANCIAL STATUS OF THE PLANT

41 Currency vs Barter

In 1ts economic activities of the OJSC “Presmash” the barter operations are a significant part ”

So, 1n 1995 the barter operations were 38 5%, 1n 1996 — 21 5%, in 1997 — 56 9%, which can be
explained by the payment crisis in Ukraine

472 Viability of the plant

The main financial results of the operation of the plant are shown in Table 4 1 Their analysis
suggests the 1dea that the balance profit of the plant in 1997 was I 46 times higher than that in
1996, while the gross income was higher by 7 39 times

Table 4 1
Main financial results
Indicator Values vs the years, hrn x 10°

1995 1996 1997
1 Gross mcome 2,703 3,521 4,902
2 VAT 337 215 605
3 Costs of manufacturing of the products 1,657 2,663 3,655
4 Balance profit 883 787 1,145
5 Net profit 500 389 495

The data mn Table 4 1 show that 1n 1997, as compared with 1996, the gross income increased by
39%, the production costs by 37%, which together with the data from Table 3 1 allow to make
the conclusion about improvement of the financial status of the plant during the recent two years

The data of the viability of the plant shown m Table 4 2 have satisfactory values, they show a
stable financial status

Table 4 2
Indicators of the financial stability
Indicator 1995 1996 1997
1 Profitability, % 226 58 115
2 Liquidity factor 518 208 19 22

The plant has no delays 1n payments for the energy resources

The expense bills and the income balls are kept for each year in form of special books
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5 YEARLY ENERGY CONSUMPTION AND PRICES

51 Consumption 1n 1997 against that in 1995 and 1996

At the OJSC “Presmash” the primary energy resources are used that are purchased from the local
energy supplying organizations in form of electric power, natural gas and drinking water
Thermal energy 1n form of saturated stream with the pressure of 4 kg/cm? 1s generated by the
boiler-house of the plant that 1s equipped with boilers of DKVR-10/13 and DKVR-6,5/13 (water
heating) and with one DKVR-6,6/13 boiler (a steam boiler) The yearly consumption and the
energy costs are shown m Table 51 The electric power and natural gas consumptions are
correspondingly 33 75% and 66 25% of the total energy consumption at the plant However, if
the cost 1s considered, the figures are somewhat different electric power - 55 9%, natural gas -
20 5%, drinking water - 23 6%

Table 5 1

Total energy consumption and the energy costs due to the data for 1997

Energy Yearly Yearly Percentage of the Yearly | Percentage of
resources consumption, | consumption, total consumption, costs, the yearly
Geal % USD costs,
%

Electric power |7,723,000 kW h 6,642 3375 334,730 559
Natural gas 1,402,000 m3 13,039 66 25 122,398 205
Drinking water [160,000 m3 - - 141,267 236
Total - 19,681 1000 598,395 1000

Fig 51 and 52 show the distribution of the costs and amounts of the consumed energy
versus the energy sort for 1997 The monthly energy consumption 1s shown 1n Tables 5 2 and 1n
Fig 53and 54

Electric power
33 75%

Natural gas
66 25%

Fig 51 Daistribution of energy resourses for 1997
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Natural gas
21%

Drinking water Electric power
24% 55%

Fig 52 Energy costs distribution for 1997

Energy consumption at OJSC “Presmash” for 1997

Month in 1997] Electric power Gas consumption,
consumption, 1,000 m*
kW hx 10°
January 1,114 453
February 849 350
March 904 103
Aprnil 723 56
May 494 33
June 497 8
July 370 0
August 207 0
September 365 22
Qctober 548 41
November 711 114
December 943 222
Total 7,725 1,402
16
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kWh x 1,000

month

April
May
June
Julp
August
September
October
November §
December

Fig 5 3 Electric power consumption

January
February
March
April
May
June
July
August
October

Months

September
November
December

Fig 54 Gas consumption

The total consumption of electric power in 1997 was 7,723,000 kW h, that of natural gas —
1,402,000 m3, of water — 160,000 m3 The period of the largest production load 1s 1n Quarters 7
and IV The maximum consumption of natural gas in 1996, 1997 was in winter period, and for
1997 1t was 453,000 m3 The yearly plots for consumption of electric power and natural gas
show evidently a decrease 1n energy consumption 1n summer time which 1s accounted for by the
impact of the load for providing heating
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52 Current tanffs on energy and fuel

OJSC “Presmash” m 1997 paid for the energy resources USD 670,000 The energy costs are
about 20% of all production costs That 1s why the measures aimed at energy saving can
noticeably improve the financial indicators for the plant

The system of payment for electric power 1s a two-rate based tanff with paymng for the used
reactive power Once a year the plant makes a contract with an electric power supplying
organization concerning the payment for electric power consumption According to this contract,
there must be provided a prelimmary payment of a set amount of the consumed electric power
The utihization of the set amount of electric power 1s checked every months by the readings of
the meters of the active power that are provided on the mput feeders

Currently the agreed price on electric power 1s USD 3 8 per I kW of the officially ordered
amount of power, USD 0 035 per 1 kW h of the used amount of power, USD 0 0028 per 1 kVAr
of the used reactive power The averaged tariff1s USD 0 044 per 1 kW h

Natural gas 1s provided to the plant from the main city gas supply line, and 1t 1s chiefly used to
generate steam 1n the boiler-house There are gas meters at the gas distribution station Gas
consumption 1s paid for monthly on the basis of USD 83 per 1,000 m3> Since November 1, 1997
the price of gas has been USD 99 for 1,000 m3

Drinking water 1s provided to the plant through two flow-rate meters from the city water supply
system The price on water 1s USD 0 075 per I m3

53  Profile of energy utilization
Production areas and shops consume the following sorts of energy resources

¢ clectric power 1s supplied to the plant from an intermediate distribution station “Zahrava”
within the State Joint-Stock Energy Company “ODESAOBLENERGO”

* the production ground 1s provided with electric power from three distribution 3 stations of
6 kV each and, further, from 16 voltage converting-down substations for 6/0 4 kV with the
nstallation capacity of 15,360 kVA The power voltage for the electric power consuming
devices 1s 380 V, 50 Hz, that for the hghting fixture 1s 220 V, the frequency 1n the main

power supply line 1s 50 Hz The mstalled capacity of the electric power consuming devices
1s 73,300 kW

The electric power supply system includes 39 compensators with the total capacity of 7,690 kVA
in the 0 4-kV circuit, with the total capacity of 690 kVA m the-6-kV circuit

The following equipment consumes electric power electric furnaces, high-frequency current
plants with electric machines, electric welding plants, electroplating tanks, rectifiers, electric
calorifers, heating devices, electric dnives differing 1n their capacities and types, electric lighting
fixture

¢ natural gas 1s provided to the plant from the city gas supply line, that 1s a pipe of 279 mm, and
through one flow-rate meter The operation mput pressure varies from 0 5 kg/cm? (in winter)
to 3 kg/cm? (1n summer)

The basic gas consumers are

~ the boiler-house with three boilers DE-6,5-13 (a steam boiler), DKVR-6,5-13 (a water
heating boiler), DKVR-10-13 (1t 1s under repair currently),

~ a foundry shop with a two-chamber furnace, a furnace for drying bars, five posts for
drying moulds,

- electroplating and thermal processing workshop with plasmic furnaces,

18



— aworkshop for welded structures with the gas-dismantling posts for metal cutting,
— the utility and everyday loads

e drinking water 1s provided from the city water supply system through two inlets and two
water consumption meter The maximum water consumption 1s 324,000 m3/yr The ,plant has
25 functioming water circulation supply systems with the maximum water circulation amount
of 2,500,000 m3/yr

e thermal energy - 1t 1s generated 1n the central boiler-house

The basic plants consuming thermal energy are as follows

- heating and ventilation systems 1n the production workshops, hot water supply systems 1n
the plant workshops,

— the electroplating workshop, wood drying, emulsion preparation
— heating of the building for the Main Design Bureau, combined facility, etc

o the compressed air with the pressure of 8 kg/cm? 1s generated by the central compressor
station equipped with compressors of VP-50/8 and 2M-10-50/8 types that have the drive
capacity 300 kW Compressed air 1s used 1n all production workshops

The figures for the production output between 1995 and 1997 are shown 1n Table 3 1, the figures

concerning the energy consumption for all sorts of products and works are given in Tables 5 3,
54and 56

There 1s no nstrumentally-based metering of the used amount of natural gas, thermal energy
versus the production areas, workshops, sorts of products, so there are absent objective
estimations of the electric energy consumption concerning the said aspects Currently these
estimations are done by the department for economics of the plant by calculation on the basis of
designed specific consumptions and volumes of the manufactured production The data
concerning the consumption of fuel and energy resources are reported in the state documentation
Form #11 mmn “Report on fuel, thermal energy and electric power consumption”

Consumption of natural gas by the plant depends on the needs of the productions subdivisions 1n
steam and hot water The yearly consumption of thermal energy in 1996 was 10,412 Gcal, and
that for 1997 was 9,618 Gcal

— Table 5 3
Year | Production | Casting | Forging, Thermal Drymg of
of thermal of pig tef processing, moulds,
energy, ron, tef tef
tonnes of
tef
conventional
fuel (tcf)
1995 935 110 35 32 255
1996 723 81 38 40 150
1997 579 60 66 61 274
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Fig 5 5 Consumption of natural gas versus sorts of products or works
Table 5 4
Years Total Products for Domestic
consumption , machine building purposes,
Geal industry, Geal
Gecal
1995 9,843 5,667 4,176
1996 10,412 4,382 6,030
1997 9,618 3,509 6,109
Domestic purposes
01997
W1996
Products for machine Q1995
building ndustry
Total consumption
‘ Geal
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Fig 5 6 Consumption of thermal energy versus the sorts of products or works
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Table 5 5

Years Total Products for Domestic purposes,
consumption, machine-building kW h x 10°
mdustry,
kW h x 10° 5
kW hx10

1995 6,274 5,837 437
1996 7,678 5,489 2,189
1997 7,723 5,309 2,414

Domestic purposes

Products for machme
building mndustry

Total consumption

1000 2000

3000 4000 5000

6000 7000

800

Fig 57 Consumption of electric power versus the sorts of products or works

Energy consumption balances for the production subdivisions are shown in Fig 58 - 5 10
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Fig 5 10 Balance of thermal energy consumption at OJSC *“Presmash”
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6 PREVIOUS ENERGY IMPROVEMENTS

Some work 1s 1n progress at the plant concerning implementation of energy conservation
measures

A plan of measures aimed at saving fuel-and-energy resources has been worked out

A plan of decentralization of the compresses air supply system has been worked out At the
painting area and at the consumers goods area two independent compressors were 1nstalled

In 1996 the 1dling high-voltage transformers were disconnected from the electric power
supply system Instead of four transformer substations two are connected at the present time

Thermal insulation was repaired on the main steam pipelines, hot water supply pipelines and
condensate ducts

In 1996 DKVR-6,5-13 Boiler was connectd to the water-heating operation mode

Components are produced using the proper-size machines, so as to consume the least amount
of electric power

In the boiler-house there are mstalled two condensate tanks and a new steam pipeline

The main problem that remains 1s absence of broad-scaled and continuous efforts aiming at
energy saving The majority of the measures aimed at energy conservation were implemented on
an 1rregular basis and m conditions of no energy management system available That 1s why a lot
of energy conservation opportunities remamed 1n the process of the current operation un-
nototiceable At the plant there 1s also no engineer responsible for energy saving, which makes
the work 1n relation of energy saving more complicated
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7 ENERGY AUDIT

Analysis of the data of the efficiency of utilization by the plant of the fuel-and-energy resources
that were given 1n Section 5 1n this report, as well as the study of the actual utilization of the
energy resources served as a basis for working out proposals concerning energy conservation
opportunities (ECOs) considered below They allow to decrease consumption of electric power
by 1,258,500 kW h (16 3 per cent of the total consumption 1n 1997), that of natural gas by
501,600 m’ (35 8 per cent) Taking mto account the infra-red heating systems to be mtroduced
mto practice, the natural gas saving will amount to 1,568,600 m’ It must be noted that the plant
has got other energy conservation opportunities too which cannot be considered currently
economically reasonable, as the production facilities i the country are loaded very little

The proposed ECOs can be implemented at other enterprises, and they can be considered hike
standard settlements of a standard problem

ECO #1 Organization of an energy management system

The main mstrument 1n reduction of energy consumption and improvement of the efficiency of
the energy utilization at mdustrial enterprises 1s energy management Energy management 1s a
management system based on carrymg out typical measurements and checkings and providing
operation of a plant that leads to consumption of the amount of energy really required for this
processing only

By introduction of enervy management one can gain a more detailed picture of energy
utilization, which allows to compare the energy consumption levels with those at other
enterprises, 1n order to estimate more precisely the projects aimed at energy saving that are
planning for their implementation at the given plant

It 15 proposed to mtroduce at the plant an energy management system in 1ts full scope
Implementation of this proposal will enable to decrease consumption of energy resources by 5%

According to the data for 1997, the plant consumes during a year 7,723,245 kW h of electric
power, 160,000 m3 of drinking water and 1,402,000 m3 of fuel (gas) The world practice
confirms that 1in case of introduction of an energy management system there 1s guaranteed
decreasing of consumption of energy resources by 5% Energy resources saving will be as
follows

1) Electric power — 386,160 kW h

2) Gas - 70,100 m*

3) Water - 8,000 m3

Project implementation costs —USD 33,500

Yearly saving of costs -8, =USD 27,200

Simple payback period for the project1s - I 2 years
For the details in regard of this proposal see Appendix A, ECO #1

ECO #2 Adjustment of the operation modes of the boiler aggregates

To meets the needs 1n thermal energy, 3 types of boilers are used at the plant DE-6,5-13 — a
steam boiler, DKVR-6,5-13 (that was redesigned into a water-heating boiler), DKVR-10-13 — a
redundant boiler To operate the said boilers operation mode charts were worked out, however no
automatic control of gas-to-air-ratio due to the load change has not been provided

It 1s proposed to provide for the operation service at the plant boiler-house a combustion analyzer
of "ENERAC-2000" or BACHARACH type and to put on the operators to check regularly the
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combustion conditions, which will ensure making adjustment and maintenance works m due
time, improvement of the boiler combustion efficiency and saving of natural gas

Gas saving 1n natural units S oas nat, unis = 140,000 m3
Yearly gas saving S, =USD 13,860
Commuissioning costs Commus .= USD 6,500
Simple payback period 1s 0 47 years (6 months)

For more details 1n regard of this proposal see Appendix A, ECO #2
ECO #3 Redesigning of the system for hot water preparation

The current system for hot water preparation includes a steam boiler of DE-6,5-13 type that
produces steam with the following parameters P = 5 0 kgf/cm? and temperature ¢* = 151 °C

This steam 1s supplied into steam-to-water heat excganger and then into the distnbuting tanks of
the system for hot water supply for the buildings

The energy audit results have shown that under the current system of hot water preparation there
are thermal energy losses that are accounted for by frequent starts-shutting-downs of the steam
bouiler, 1ts low efficiency

It 1s proposed to change the scheme and the set of the equipment for hot water preparation For
that, as the thermal energy source a 100-kW boz1ler operating 1n the temperature range 95 to 70
°C with the efficiency not lower than 92% should be 1nstalled

Saving of natural gas - 8 = 28,070 m3

Saving of electric power will be - Sppwer=28,200kW h
Yearly saving — USD 4,020
Commissioning costs - Commus,, =USD 9,000
Simple payback period - 2 2years

For more details concerning this proposal see Appendix A, ECO #3
ECO #4 Thermal insulation of the steam pipelines and hot water pipelines

The carried our analysis of the steam distribution has shown that some steam pipelines and 1its
branches, as well as the pipes of the hot water supply system have no msulation

It 15 proposed to insulate completely the steam pipe network and the network of the hot water
supply system

Yearly saving will be -~ 118,700 m3 of natural gas
Yearly costs saving - 8,4 = USD 15,021 year'
Commuissioning costs ~  Comnus,, =USD 4,677
Simple payback period — 0 3 year (4 months)

For more details concerning this proposal see Appendix A, ECO #4
ECO #5 Automation of the reactive power control

At the plant there are operated devices for the reactive power compensation the total nstalled
capacity of which 1s 8,380 kV A’ including here those on the side of 0 4 kV - 7,690 kVA, 39
unuts, and those on the side of 6 kV — 690 kV A, they are not equipped with the systems for
automatic control of the supplies power, which results in the average weighted power factor in
the electric power supply for the plant being significantly lower than the value determined by the
project (cos$ = 0 975 on the side of @ 4 kV with taking into consideration the compensation, and
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0 94 on the side of 6 kV), and 1t 15, according to the plots made by the plant 1n regard of the
monthly loads for 1997 coesg = 0652 to 0 999 (Appendix C)

It 15 proposed to equip the reactive power compensation means with an automatic control system

Yearly electric power saving — Sponer = 228,000 kW h
Yearly costs saving — Secosts=USD 6,860 per year
Commuissioning costs — Comnus,,,, =USD 8,000
Simple payback period -~ 117 years

For more details concerning this proposal see Appendix A, ECO #5
ECO #6 Implementation of energy efficient ight sources

The system for the external lighting of the territory of the plant includes 50 SPZR-type
illuminants with the mercury high-pressure lamps of DRL-400 type (35 unts) and DRL-250-type
(I5 units) Apart of the territory of the plant adjoining to the production buil,dings 1s lit
with ordinary incandescent lamps with the capacity of 500 W and 1,000 W The system of the
mternal highting of the production area of the plant includes 770 i1lluminants with DRL-1000
type lamps, 140 illummnants with DRL-700 type lamps, 380 illummants with DRL-400 type
lamps, 65 1lluminants with DRL-250 type lamps, 109 1lluminants with incandescent lamps with
the capacity of 300 to 500 kW and 110 illuminants with luminescent lamps The total installed
capacity of the lighting fixture for the internal lighting 1n the production rooms 1s 480 kW

Taking nto consideration that more than a half of the capacity 1s associated with these lamps, 1t
1s proposed a project of replacing the mercury lamps of DRL-400 lamps used for the external
lighting of the terntory of the plant and for the internal lighting 1n the shops with the sodium
high-pressure lamps of DNaT-250-3 type, while the lamps of DRL-250 type to be replaced with
the lamps of DNaT-100-3 types, and remain the current illummants fixture but replacing the
stating-up devices The sodium high-pressure lamps of DNaT-250-3 type produced 1n the City of
Poltava, Ukraine, have a longer life time — 712,000 hours at the i1llummant flux of 25,000 Lm,
while respectively for DNaT-100-3 those are 6,000 hours and 9,000 Lm

Yearly saving of electric power will be = Spower= 78,267 kW h
Yearly saving of costs ~ Seosts= 3,443 yr'!
Commussioning costs - Commus, = USD 8,275
Simple payback period — 19 years
For more details concerning this proposal see Appendix A, ECO #6
ECO #7 Improvement of the operation efficiency of the drymg furnaces i the
foundry

Drying of moulds and bars 1s performed 1n the foundry in chamber furnaces with an immovable
bottom The drying 1s done by the products of combustion of natural gas that 1s burned 1n the
dryer of bars - by means of 2 burners with the gas flow-rate of 40 m3/h, 1n a two-chamber dryer
for moulds - by means of 4 burners with the gas flow-rate of 90 m3/h The combustion process 1s
controlled manually by changing the temperature in the chamber The gas-to-air ratio cannot be
controlled The study of the state of the gates showed that they are closed not tightly leaving a
gap of ~ 80 mm, the gate panels have no thermal insulation inside

It 1s proposed to repair the chamber gates, to provide their operation mode adjustment and
organize monitoring of the combustion parameters in the furnaces for burning natural gas using
for that combustion analyzer of ENERAC or BACARACH type

Gas saving will be — S, =55,370 m?
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Yearly saving of costs - 8., =USD 5,482
Commuissioning costs — Comnus_, =USD 7,500
Simple payback period — 137 years

For more details concerning this proposal see Appendix A, ECO #7
ECO #8 Automation of the system for metering energy resources consumption

The plant consumes several sorts of energy resources electric power, gas, steam, compresses air,
technical and drinking water

A detailed study of the plant showed that each subdivision of the plant calculates the amount of
1ts independent consumption of steam, electric power, gas, compressed air, cold and hot water 1s
done on the basis of the standard rates and actual volumes of the manufacture products No
mnstrumental metering of energy resources consumption 1is available at the plant

It 1s proposed to automatize the commercial and technical metering of energy consumption with
the help of the mstruments for controlling and metering consumption of energy resources of
ITEK type manufactured by "Enerhiya” Research Institute, Kyiv City These metrological
instruments are certified in Ukramne and used for continuous or regular measurements/registration
of physical parameters

To implement the measure there 1s planned to organize commercial metering of electric power
consumption m 3 points, commercial metering of gas consumption - in 2 points, that of hot
water - 1n 3 points, of drinking water - in one point

Technical metering of electric power will be provided 1n 40 points, technical metering of hot
water for processing needs — 1n 6 points, that of compressed air — 1n 4 points, gas — in 4 ponts

Experience prompts that, after introduction of an independent energy metering system and
introduction of a system for checking and planning the energy resources costs, the expected
saving will be lower than 5 per cent

So, according to the data for energy consumption m 1997, the saving of natural gas will be
70,100 m3, that of electric power — 386,200 kW h, water — 8,000 m3

Yearly saving of costs - 8, =USD 33,500
Commissioning costs - Comnus,,,, = USD 65,000
Simple payback period 1s — 1 9 years

For more detailes concerning this measure see Appendix A, ECO #8

ECO#9 Introduction of mfra-red gas-fire heatmg systems m production buildings at the
plant

They use air radiator stream heating of production buildings combined with the nmpurouHoit
BeHTWIALMEH The total number of the heated buildings 1s 11, their total volume 1s 757,000 m3
and the total consumption of thermal energy 1s 12,000 Gceal It should be noted that the maximum
need at the plant for heat, with taking into account the heat for the dwelling houses and canteen
included 1nto the system, 1s 26 to 30 Geal/h However, the boiler-house does not provide the said
amount of the needed heat, its maximum production capacity 1s 16 Geal/h So, m workshops
electric heating 1s used It was found from analysis of the plots of electric loading at the plant for
1996-1997, a clearly evident winter maximum exists accounted for by addition of the load
associated with starting electric heating in 1997 1n January-March, November-December for the
purposes of electric heating 1,022,000 xkW h were used and USD 44,300 were paid to the
energy supplying company Though the required temperature of the air was not provided in the
workshops A similar data concerning the energy efficiency are the amount of natural data 1s
141,000 m3 that cost USD 14,000
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It 1s proposed to 1nstall in Buildings # 1, 2, 3 and 6 infra-red gas-fire heating systems

Saving of natural gas will be ~ 8¢ = 1,686,400 m3
Yearly saving of coasts of energy resources - 8= USD 200,534

Costs of commissioning the heaters — Comnus,,,. =USD 48,800
Simple payback period 1s — 024 year

For more details concerning this proposal see Appendix A, ECO #9
ECO #10 Optimization of the system for cooling the compressor plants

The air source for the plant if the central compressor station with air compressors Currently, as
the need for production of compressed air decreased, only one compressor 1s 1n use, usually of
VP-50/8-type, cooling of which requires 6 m3/h of water The compressor station cooling system
1s designed on the total cooling water flow-rate of 60 m3/h and 1t consists of two loops Loop I—
a service tank — a water pump of 6K8-type with the production capacity of the electric drive
equal to 22 kW h, productivity of 60 m3/h — compressor— accumulating reservoir of 25 m3, Loop
IT accumulating reservoir — water pump of 6K8-type — spray-cooling pond — a service tank The
pump cycle of Loop I is a continuous for 9 hours per day, that for the pump 1n Loop II switches
on for work for 15 min to empty the accumulating tanks every 40 min

It 1s proposed to make the parameters of the pump in Loop I match the real need of the
compressor station, for that the pump of K8/18 with the following parameters the maximum
production capacity 1s G = 15 m3/h, the power capacity of the electric drive 1s P = 15 kW,
which will allow to decrease the consumption of electric power for the purposes of cooling the
compressor station with the pumps in Loops 7 and I

Total saving of electric power ~ Spower =35,784kW h
Yearly saving of costs - S, =USD 1,575
Commuissioning costs —~ Commnus ,,, = USD 270
Simple payback period 1s — 0 17 years (2 months)

For more details concerning this proposal see Appendix A, ECO #10
ECO #11 Monitoring and optimization of the capacity of the electric devices

According the data for 1997, the basic manufacture consume about 69 per cent of the total
amount of the electric power consumed by the plant, which 1s 5,309,000 kW h per year that cost
USD 233,000

One of the basic consumers of electric power 1s electric drives for the processing, pumping and
ventilation equipment

In the process of operation of the plant, 1f motors failed, they were replaced without taking into
account the nominally required capacity As 1t was shown by the measurements of power on
Feeder #5 supplying power mto the pattering workshop and into the repair and maintenance
workshop, the installed designed capacity of the motors 1s used on 75 to 30 per cent

It 1s proposed to introduce at the plant operation control of the power that 1s actually consumed
by the electric equipment using for that a set of portable instruments and by measuring the power
factor Implementation of the proposed measure will allow to carry out monitoring of the actual
load of motors, analyze their effictency and orgamize their planned replacement with more
efficient ones Implementation of this proposal will permit to save mot less than I § per cent of
electric power that 1s used for the processing needs during a year

Yearly saving - 116,000kW h
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Decreasing of energy costs - USD 5,104
Commussioning costs - USD 4,500
Sumple payback period 1s - 0 17 years (2 months)

For more detailed information concerning the proposal see Appendix A ECO #11
ECO #12 Thermal insulation of the hot water accumulating tank

In the boiler-house of the plant a hot water accumulating tank 1s installed with the volume of V' =
22 8 m3 that performs the function of the deaerator of the stream boiler and 1s also used for
condensate collecting, The total external area of ha tank 1s F = 63 0 m2 Currently the tank 1s not
msulated The temperature of the external surfaces of the tank varies from 60 to 80°C There are
losses of heat into the environment through the non-insulated tank walls

It 1s proposed to provide msulation of the tank by spraying foam polyurethane with 1ts covering
with the aluminum paint followed, which will decrease the thermal losses into the environment
by 90 to 95 per cent

Gas saving will be - 19,290 m3/year
Yearly saving - USD 1,910
Commuissioning costs - USD 756 0
Sumple payback period 1s - 0 4 year

For more details concerning this proposal see Appendix A, ECO #12
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8 ENVIRONMENTAL IMPACT OF RECOMMENDATIOQONS

The most efficient way to decrease the amount of harmful emissions into the atmosphere 1s by
decreasing the amount of the used fuel and electric power, so implementation of the proposed
recommendations 1s mmportant from the ecological point of view too Chapter 7 contains
calculations made to prove possibility of opportunities to save thermal energy, natural gas and
electric power

Taking into consideration that the plant provides meeting 1ts needs for thermal energy from 1ts
own boiler-house, 1ts energy saving 1s 1n saving natural gas

The saving of natural gas after implementation of the proposed measures will be as follows

ECO #1 - 81, = 70,100 m3/year,
ECO #2 — 82, = 140,000 m3/year,
ECO #3 - 83, =28,000 m3/year,
ECO #4 — 84, = 118,700 m>/year,
ECO #7 - 87, = 55,400 m3/year,
ECO #8 ~ 85, =70,100 m3fyear,
ECO #9 - 89, = 1,067,000 m3/year,
ECO#12 - Si, = 19,300 m3/year,

The total saving of natural gas will be
Sootatgas = S1g + 82, + 83, + 84, + 857, + 85, +.89, + 512, =
= 70,100 + 140,000 + 28,000 + 118,700 + 55,400 + 70,100 + 1,067,000 + 19,300 =
= 1,568,600 m3/year

When natural gas 1s burned, the carbon oxide s CO and nitrogen oxides NO, emitted into the
atmosphere

We will determine the value of the prevented emissions into the atmosphere using the results of
the study of the boiler and of the combustion furnace (Appendix C), they showed that the
emissions are as follows

o for the carbon oxide
- fromthe boiler  Mcoy = hcos (Siuiges -S7,)=0116 1,513 2 =175 5xr,
- from the furnace Mcor = hcor S7,=0206 554 =114 kr,
Total Mco=1755+ 114 = 187 xr,
o for nitrogen oxides
- from the boiler  MnNoxz = hNoxg (Syuuges -S7,)= 0234 1,513 2 = 354 xr,
- from the furnace Mnoxy = hnoxy S7,= 019 554 =10 5 kr,
Total Mnox =354 + 10 5 = 365 xr,

where hco, hvox — the specific emussions for the carbon oxide and mitrogen oxides
respectively, kg/1,000 m¥

The results of the calculations are given in Table 8 1

The saving of electric power at the plant providing implementation of the measures will be as
follows

ECO#! - Wi1=386,000 kW h,
ECO#3 - W3;=28200kW h,
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ECO#5 - W5=228000 kWh,
ECO#6 - Ws=78300kW h,
ECO#8 -~ Ws=386,200kW h,

ECO#10 - Wi =35800 kW h,
ECO#11 - Wpu=116,000kW h,

The total saving of electric power will be
Wpad=Wit Wi+ Ws+ W+ W+ Wi+ W=
= 386,000 + 28,200 + 228,000 + 78,300 + 386,200 + 35,800 + 116,000 = 1,258,500 kW h/yr

According to the data from the Ministry of Energy of Ukraine for 1996, the average amounts of
emissions to produce 1,000 kW h of electric power were as follows

emissions of hard particles — 4 4 kg,
carbon oxide CO - 05kg,
nitrogen oxides NOx - 22kg,
sulfur dioxide SO2 - 99kg

The results of the calculations for the amounts of prevented emissions of harmful substances into
the atmosphere and the electric power saving are given in Table 8 1

Table 8 1
The summing up figures for the amounts of the prevented emissions of harmful substances

mnto the atmosphere as the result of implementation of the proposed measures

Sort of emussion Enussion of Decreasmg the amount of | Total decreasmg
natural gas the emussion versus the during a year
electric power saving

Hard particles, tonne 554 554

Carbon oxide, tonne 0187 063 082

7 |Nitrogen oxides, 0365 B 277 314
tonne

Sulfur oxides, tonne 12 46 12 46

So, implementation of the proposed measures will bring to decreasing the emissions of hard
particles into the atmosphere by 22 tonnes, which, of course, will be of the positive effect on the
ecological environment 1n the City of Odesa
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APPENDIX A ENERGY CONSERVATION OPPORTUNITIES (ECOs)
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ECO#1 ORGANIZATION OF EENRGY MANAGEMENT

Description of the opportunity

The mamn nstrument to decrease energy consumption and improve the efficiency of energy
utilization at industnial enterprises 1s energy management Energy management 1s a system of
controlling based on making typical measurements and checks that provides such operation of an
enterprise when 1t consumes the amount of energy just exactly required for its production needs

Energy management 1s an instrument of managing the enterprise that provides a continuous study
and, therefore, some knowledge of the distribution and the conditions at the plant as well as that
of the optimal utilization of energy resources for both the production needs, and for the heating
and some other non-production purposes

Cycling character of energy management

Implementation of the
planned measures

Malkang the energy

Planmn
& consumption chart

Registing the
readings of meters

By ntroduction of energy management a more detailed picture of the energy use can be received,
which will allow to make a comparison of the consumption levels with consumption levels at
other enterprises to estimate as exactly as possible the energy saving projects that are to be
implemented at a given plant

Energy management starts from appointment by the administration of the plant on the post of the
energy manager of a person to be responsible for implementation of the energy management at
the plant The principal duties of the energy manager are as follows

e Participation 1n making the chart of the energy consumption at the plant (probably, in
cooperation with an involved consultant - an energy auditor)

e Collecting data mn regard of consumption of fuel and energy resources using energy
consumption meters and other measuring instrumentation

e Making a plan of installment of ancillary meters and measuring instrumentation

e Collection of data 1n regard of the streams of the raw matenals, fuel and energy resources as
well as of the finished products



* Calculation of the key data concerning improvement of the energy utilization efficiency - on
the whole and 1n regard of some certain sorts of production

¢ Introduction of new technologies at the current and new energy systems aiming at
improvement of the energy efficiency of the production facilities

* The energy manager shall maintain 1ts own awareness of the current energy policy and of the
related aspects (for example, of a new taxation law, valid limits mn respect of energy
consumption, subsidies, the environment protection, etc )

It 1s proposed to implement at the plant an energy management system i 1ts full scope
Implementation of this proposal will provide an opportunity to decrease energy resources
consumption by 5 per cent

Implementation of energy management at the plant requires development and introduction of a
system for metering the electric power consumption with deciphering the readings of the electric
power meters 1n relation of all the transformer substations in the time scale The existing
commercial metering allows to check the total electric power consumption, while the mternal
consumers can be controlled only from time to time

It 1s necessary to develop a system for metering consumption of all sorts of energy resources
using up-to-date computer-based technology, which will allow to estimate the dynamics 1n
energy consumption when manufacturing products and to work out recommendations aimed at
saving energy resources

Calculation of the yearly energy saving

According to the data for 1997, the plant consumes yearly 7,723,245 kW h of electric power,
160,000 m3 of drinking water and 1,402,000 m? of fuel (gas) The world experience and practice
prove that introduction of energy management guarantees decreasing of consumption of energy
resources by 5 per cent Saving of energy resources will be as follows

1) electric power - 7,723,245 x 0 05 = 386,160 kW h
2) gas - 1,402,000 x 0 05 = 70,100 m3
3) water — 160,000 x 0 05 = 8,000 m3

Calculation of the yearly saving of costs

1 If 1 kW h of electric power costs USD 0 044, then saving of the costs will be
386,160 x 0 044 = USD 17,000
2 If I m’ of gas costs USD 0 083, saving of the costs will be
70,100 x 0 083 = USD 5,800
3 If I m’ of water costs USD 0 55, then saving of the costs will be
8,000 x 0 55 =USD 4,400

The total saving of the energy costs 1s
17,000 + 5,800 + 4,400 = USD 27,200
Commissioning costs

The world practice shows that the costs of implementation of energy management are planned
and they are 5 per cent of the cost of the enrage resources It includes the costs of improvement
of the systems for metering the energy resources consumption, the payment of the plant energy
manager, expenses on involvement of a consulting company providing services in the energy
saving field, this company 1s expected to do the following

™~



e review of the stream of energy at the plant,
e energy consumption chart,
e energy consumption balance,
as well as
o putting forward proposals aimed at improvement energy efficiency,
e 1mplementation of an energy management system,

¢ help in organization of purchasing energy efficient equipment

If the yearly energy costs (due to data for 1997) are USD 670,000, the total costs of
implementation of energy management will be

670,000 x 0 05 = USD 33,500
Estimation of the simple payback period
Projects implementation costs —USD 33,500
Yearly saving of costs —USD 27,200
Simple payback period 1s ~ 33,500/ 27,200 = 1 2 years




ECO#2 ADJUSTMENT OF OPERATION MODES OF THE BOILER
AGGREGATES

Description of the opportunity

To meets the needs 1n thermal energy, 3 types of boilers are used at the plant DE-6,5-13 —a
steam boiler, DKVR-6,5-13 (that was redesigned into a water-heating boiler), DKVR-10-13 — a
redundant boiler To operate the said boilers operation mode charts were worked out, however no
automatic control of gas-to-air-ratio due to the load change has not been provided The air
consumption ratio 1s checked regularly by the pressure of the forced air, while that for the gas 1s
done by the pressure before the bumers, which, 1n the conditions of the uncontrolled air
infiltration, does not allow to speak with the full nght about the optimal combustion mode
Control of how close the combustion mode is close to the optimal one 1s performed by the
subjective acceptation of the color of the flame by the furnace operator

The above said 1s proved by the data of measuring the efficiency of burming natural gas ion the
boiler of DE-6,5/13-type that was done by means of BACHARACH combustion analyzer
(Appendix C)

As 1t was found from the measurements results, the amount of oxygen 1n the exhaust gases duct
1s 16 3 to 19 7 per cent, the exceeding air coefficient 1s 3 62 to 4,99, the temperature of the
exhaust gases after the boiler 1s 215°C, that before the exhaust fan 1s 69°C, the efficiency of gas
combustion 1s 69 5 to 71 § per cent (without taking into consideration the temperature of the
blown air and the economizer)

It 1s proposed to provide for the operation service at the plant boiler-house a combustion analyzer
of "ENERAC-2000" or BACHARACH type and to put on the operators to check regularly the
combustion conditions, which will ensure making adjustment and maintenance works 1n due
time, improvement of the boiler combustion efficiency and saving of natural gas

Calculation of the yearly energy saving

According to the data given 1n the form of the statistical reporting #11 ammn "Report on the
results of utilizing fuel, thermal energy and electric power”, i 1997 the plant produced 3,509
Gcal, for the industrial and domestic needs - 4,850 Gceal, with that the actual consumption of
fuel was G = 1,282 tonnes of the conventional fuel or 1,115,000 m? of natural gas Due to the
manufacturer’s certificate on the boilers of DKVR-6,5-13, DE-6,5-13, and DKVR-10-13 types
equipped with an economizer, shall have the efficiency n = 92% and the consumption of the
conventional fuel equal to 155 12 kg of the conventional fuel per 7 Geal

The results of the measurements showed that the averaged value of the boiler efficiency 1s 7.,
= 77 0 % at the actual specific consumption of 185 6 kg of the conventional fuel per I Gceal

Implementation of the said measure will decrease the specific rate of consumption by b ~ 12 5%
and 1t will make 1t equal to 162 34 kg of the conventional fuel per I Geal, improve the averaged
weighted boiler efficiency up to 88 per cent

Saving of gas 1n the natural umits 1s
Sees =G b=1115 0125 = 140,000 m3
Calculation of the yearly saving of costs
Saving of the costs, 1f 1,000 m* cost USD 99, will be
S osts = Sge 83 =140 99 =USD 13,860 yr'



Commissioning costs
Expenditures to purchase ENERAC - 2000 combustion analyzer
S = USD 5,000
Transportation and shipping S$2=USD 1,500
Total Srora =81+ 82 = 5,000+ 1,500 = USD 6,500

Estimation of the simple payback period
Yearly gas saving — 8,45 coss = USD 13,860 per year

Commussioning costs ~ Commus =TUSD 6,500

costs

Simple payback period 18
SPP =S8,,r./S

costs

= 6,500/13,860 = 0 47 years (6 months)



ECO #3 REDESIGNING THE HOT WATER PREPARATION SYSTEM

Description of the opportunity

The current system for hot water preparation includes a steam boiler of DE-6,5-13-type that
produces steam with the following parameters P = 5 0 kg s/cm? and the temperature ¢° = 151°C

This steam comes 1nto a steam-to-water heat exchangr and then into the service tanks in the hot
water supply system for the buildings

As 1t was found 1n the energy audit, providing the current system for hot water preparation
thermal losses are present, they are accounted for by frequent starts and shut-downs of the steam
boiler, low loading of the boiler low efficiency

It 1s proposed to change the scheme and the types of the equipment in the system for hot water
preparation For that, a 100-kW bouler should be installed operating in the temperature range of
95 to 70 °C and having the efficiency of not lower than 92 per cent

o the coolant from the boiler goes into the water-water plate heat exchanger with the
corresponding thermal conductivity The electric motors of the circular pump and the
ventilator of the burner consume not more than 3 kW,

o cold water 1s heated in the plate water heater up to #°,, = 60°C and then 1t goes nto the hot
water accumulating tanks that are installed 1n the buildings

The steam boiler should be used to compensate for the deficit of the thermal energy on the areas
not ncluded to be covered in ECO #10

Calculation of the yearly energy saving

Consumption of thermal energy for the hot water supply purposes can be determined from
the formula

Qs =1 Craer (e = tot)  (Mopoer Ehogshower ¥ Merane Ghoverane) T 1075 Geal,
where n — the number of the working days 1n a year, n = 254 days,
C,.. — thethermal capacity of water, kcal/(1 °C), C,,,.,=1 0kcal/(1 °C),
mg,.. M., — the calculated numbers of the users of shower and cranes,

Erovshower Shoveranes —  the rate for consuming hot water for showers and cranes, 1/person,
g hot/shower = 2 70 1/ person9 g hot/crane = 60 l/ person »

o Los — calculated temperatures of the hot and cold water in the non-heated period, °C,

T ~ time for washing, hour, 7= I hour
0,..=254 1(60-15) (30 270+12 60) 1 106= 1008 Gceal

Consumption of hot water 1s 8,820 1 per day, consumption of thermal energy of the heated water
1s @ = 0 31 Geal per day

DE-6,5-13 boiler operates 3 hours a day, 2 hours of those are used for kindling and 7 hour 1s used
directly for water heating i a boiler with the efficiency 7; = 70% and the specific heat
consumption by = 177 46 m3/Gcal

It 1s proposed to nstall a water heating boiler of K7-0,1 type having the thermal capacity 100
kW, efficiency 772 = 92 % and the specific consumption b; = 134 88 m3/Gcal,

Saving of natural gas when kindling the boilers 1s

S astndt = (Biunail = Brnaz) 1 = (250-50) 140 = 28,000 kg of the conventional fuel or
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24,350 m3,
where B, 1and B,,,2 — rates of the conventional fuel for kindling, respectively, of the
boiler of DE-6,5-13 type after 27 hours of 1ts 1dling and of the boiler of KV-0,1
type after its 18 hours of 1dling
B,...1 = 200 kg of the conventional fuel
B,,..: = 50 kg of the conventional fuel,
n — the number of the working hours 1n a year, n = 140 days

Saving of natural gas while heating water 1s
Sp=Ohs 11 (b1-b2)=1008 11 (177 46- 134 88) =4,720 m3
Saving of natural gas1s S, = 24,350 + 4,720 = 28,070 m3

gas

DE-6,5-13 boiler operates 3 hours a day, with that DN-10 exhaust fan 1s operating having the
capacity of the electric drive NVgp1 = 40 kW, the power consumed 1s I8 kW

Consumption of electric power by the circular pump and by the fan of the burner at KV-0, I boiler
1s not more than Ngpz = 3 kW

Saving of electric power will be
W = (Ngp1-Ngoz) 3 n=(40-3) 3 254=28200kWh
Calculation of the yearly saving of costs
Saving of the costs of natural gas, 1f I m? costs USD 0 099, 1s
Sg, =3, 0099=28,070 0099=USD 2,780
Saving of electric power, 1f I kW h costs USD 0 044 1s
Sepower = W 0044 = 28,200 0,044 =USD 1,240

The total saving of the costs after implementation of the measure

2,780 + 1,240 = USD 4,020

Commuissioning costs

The cost of the boiler and water heater — USD 6,000
The cost of the designing works - USD 1,000
The cost of the installation works — USD 2,000
TOTAL — USD 9,000
Estimation of the simple payback period

Yearly saving —USD 4,020
Commuissioning costs —USD 9,000

Simple payback period 1s

9,000/4,020= 2 2 years
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ECO#4 THERMAL INSULATION OF THE STEAM DUCTS AND HOT WATER
SUPPLY DUCTS

Description of the opportunity

The fulfilled analysis of the steam distribution system, there was found that some steam
pipelines, branches and the piping part of the hot water supply system have no thermal
insulation

The data concerning the broken msulation and of the non-destroyed pipe system were received
while doing measurements at the enterprise and they are given in Table A 4 1

Table A 4 1
Pipeline use Total |Diameter, | Number | Number t°C
length, m mm of flanges | of valves

1 Steam pipeline 54 250 8 1 160
2 Steam pipeline 15 200 - - 160
3 Steam pipeline 14 125 10 1 160
4 Steam pipeline 39 100 10 2 160
5 Hot water 8 200 - - 60
6 Hot water 40 150 ~ - 60
7 Hot water 17 100 - - 60
8 Hot water 47 50 - - 60

The efficiency of the boiler, as the made measurements showed that, 1s 87 per cent, the
efficiency of the system for steam distribution 1s 78 per cent Steam consumption at the pressure
of 4kg/cm? 1s 5 tonnes/hour, and the steam boiler operating all the year round 1n average 1t 1s 70
per week, so 1t makes 52 weeks per year

It 1s proposed to insulate completely the steam pipeline network and the hot water supply
network

The thickness of the msulating tape shall have a thickness depending on the tube diameter and 1ts
purpose (Table A 4 2)

Table A 42
Purpose Diameter, mm Insulation thickness,
mm
1 Steam 100 to 250 100
2 Hot water 200 92
3 Hot water 50 to 150 42

L



Calculation of the yearly energy saving

We determune the thermal losses for the msulated and non-nsulated pipelines in accordance with
the approach given in the Methodical instructions concerning determination of the losses of fuel

and energy resources P45 E/IHB 015 - 008 - 94, 1ssued by the Ministry for Machine Building
mn 1994, Lviv City, Ukraine

The losses of thermal energy by the non-insulated pipelines are determined be means of the
formula

OQrow =410w Lo k,keallh,
where ¢q,,, — spectfic losses by the non-insulated pipelines, kcal/m h,

k - acorrecting coefficient whose value depends on the temperature 1n the air and on
the difference between the temperatures of the pipeline walls and of the arr,

L, - thereduced length of the pipeline, m
Ly =L+(Ilm n)+(0,5m f),

n the number of valves on the area, pieces,

S
For Pipeline #1 from Table 1

Oronmst = 1,500 (54 +1+4) 096 =84,960kcal/h

The further calculations are made 1n a similar way, the results are summed up 1in Table A 4 3

the number of flanges on the area, pieces

Thermal losses on the msulated pipelines (kcal/h) can be determined by means of the formula

Qms = G ins (tI = 1'2) a b Lo,

where ¢, ~— the specific loss of | m of a pipeline 1f the difference (¢ - t2) =I°C depending
on the thickness of the insulation, kcal/h,
t; - the temperature of the pipeline wall that 1s set equal to the ambient temperature, °C,
t2 - the temperature of the air, °C,
a - a correcting coefficient depending on the insulation thickness, coefficient of the

thermal conductivity, coefficient of the insulating and on the temperature difference
between the coolant and the air If the insulation thickness 1s 7100 mm and the
temperature difference 1s up to 300°C, then 1t 1s set that a = 1,

b - a correcting coefficient taking nto account influence of the wind (when the wind
velocity 1s above 5 m/s)

Currently, 1t 1s really to speak about decreasing the thermal losses 1 the thermal network by
using up-to-date efficient sorts of thermally 1nsulating matenals, such as cellular plastic masses,
for the steam pipelines, foam-based materials for the condensate ducts, etc with the coefficient
of the thermal conductivity in the range of 003 to 005 kcal/(im h °C) We suppose for the
insulating purposes to be used the said materials

For Pipeline #1 from Table A4 1
0,.1=0426 (160-15) 1 104 59=3,790kcal/h

The simular calculations were done for all the pipelines, the results a re given 1on Table A4 3

The net saving was estimated with taking into account the length of the pipeline, while the full
one was gamned taking into account the efficiency of the boiler and that of the steam distribution
system



Table A43
Pipeline # Reduced Thermal losses | Thermal losses with| Net saving | Full saving
length without msulation
Ly, m O on ms» Kcal/h 0., kcal/h S, kKeal/h | S, keal/h
1 59 84,960 3,790 81,170 119,614
2 15 14,400 823 13,577 20,006
3 20 15,360 618 14,742 21,724
4 46 26,880 1,602 25,278 37,250
5 8 1,900 161 1,739 2,563
6 40 7,600 1,079 6,521 9,609
7 17 2,422 337 2,085 3,072
8 47 4,465 595 3,870 5,703
Total 148,982 219,541

So, the yearly saving will be
Sous = 219,541 kcal/n 70h 52 weeks 106 =799 Gcallyear,
which 1s 118,700 m3 of natural gas

Calculation of the yearly saving of costs
I Gceal costs = USD 18 8
Yearly saving i the pecuniary units
8., =799 188=USD 15,021

Commuissioning costs
The total cost of the insulation that 1s required to be provided at the plant 1s
S,=Los Cpa+Lon C,n=112 8+ 122 105= USD 2,177,

where Los — the total reduced length of the hot water supply pipelines # 5, 6, 7, 8 1n Table
Adl,m

Lon — the total reduced length of the steam pipelines #1 to 4 1n Table A 4 3, m,

C,.s C,.n— the cost of I runming meter of insulation respectively for the pipelines of hot water
supply and the steam supply, USD /m

Costs of the installation works
C,..a = USD 2,500
So, the total expected expenses are
Cop =Cs + Cpy = 2,177 + 2,500 = USD 4,677

Estimation of the simple payback period
Yearly saving of costs — S, = USD 15,021 per year

costs

Commissioning costs — Comnmus ,,, =USD 4,677

Simple payback period
SPP =C,,/S.,. = USD 4,677/15,021 = 0 3 year (4 months)



ECO #5 AUTOMATION OF CONTROLLING THE REACVTIVE POWER
PLANTS

Description of the opportunity

At the plant there are operated devices for the reactive power compensation the total mnstalled
capacity of which 1s 8,380 kVAr, including here those on the side of 0 4 kV — 7,690 kVAr, 39
units, and those on the side of 6 kV — 690 kVAr, they are not equipped with the systems for
automatic control of the supplies power, which results 1n the average weighted power factor m
the electric power supply for the plant being sigmificantly lower than the value determined by the
project (cos¢ = 0 975 on the side of 0 4 kV with taking into consideration the compensation, and
0 94 on the side of 6 kV), and 1t 1s, according to the plots made by the plant 1n regard of the
monthly loads for 1997 cosg = 0 652 to 0 999 (Appendix C) The plot for the load made for the
power supply line to the pattering workshop from the 0 4-kV Distribution Station mn the
compressor station for the 24 hours from April 14 to Apnl 15,1998 (Appendix C) showed that
the natural power factor cos¢ varies 1n the range of cosg = 05 to 0 99 The low value of the
power factor brings to losses of electric power Besides, as 1t was found after the measurements,
there takes place re-compensation, which results 1n voltage nising from 216 8 to 241 3 V 1 the
modes of the maximum loads

It 1s proposed to provide means for compensating the reactive power by the electric power
automatic control system

Calculation of the yearly energy saving

Decreasing of losses 1n the electric lines by increasing the power factor of the electric power
consuming devices will be

S=k (Wiu-Wy) =008 (4070-1,220) = 228,000kW h,

where W,1, kVAx 10° - consumption of reactive power before implementation of the
proposal at the average weighted value of £tg¢ = 0 7666,

Wi, kVAx 10 - consumption of reactive power after implementation of the proposal at
the average weighted value of 1g¢ = 0 23,

k —~ economic equivalent of the reactive power, k = 0 08 kW/kVA

The figures for consumption of electric power by the OJSC “Presmash” in 1997 are shown
Table A 5 1, they were received from the plant

Table A5 1
Parameter Measure Parameter value
unit
actual mn after
1997 mmplementation
of the measure
1 Consumption of active power kW hx 10° 5309 5309
2 Consumption of reactive power kVArx 10° 407 122
3 Power factor, tgd - 0 7666 02309
4 Payment for the reactive power USD 9,800 2,940

Implementation of the proposal will decrease losses of electric power 1n electric lines by

228,000 kW h, besides the payment for the reactive power consumed will go down (see Table
A 51)by USD 6,860



Commuissioning costs

To provide compensation of the reactive power to the designed value of the power factor tg¢ =
0 23, at the plant, taking 1nto consideration the actual load, there should be installed systems for
controlling the cosinus capacitors with the total power of 860 kVAr The cost of the equipment
and 1nstallation works 1s USD 8,000

Estimation of the ssmple payback period
Yearly saving of costs — S, = USD 6,860 per year
Commussioning costs — Commus ., = USD 8,000

Simple payback penod 1s

SPP = Commus ,,/S.,..= 8,000/6,860= 1 17 years

N
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ECO #6 INTRODUCTION OF EFFICIENT LIGHTING SOURCES

Description of the opportunity

The system for the external highting of the termtory of the plant includes 50 SPZR-type
illummnants with the mercury high-pressure lamps of DRL-400 type (35 unmits) and DRL-250-
type (15 units) Apart of the territory of the plant adjoining to the production buil,dings 1s
it with ordinary incandescent lamps with the capacity of 500 W and 1,000 W The system of
the internal lighting of the production area of the plant includes 710 1lluminants with DRL-1000
type lamps, 140 illuminants with DRL-700 type lamps, 380 illuminnats with DRL-400 type
lamps, 65 1llununnats with DRL-250 type lamps, 109 1lluminants with incandescent lamps with
the capacity of 300 to 500 kW and 110 1lluminnats with luminescent lamps The total nstalled
capacity of the lighting fixture for the internal lighting in the production rooms 1s 480 kW

It was found 1n the course of the energy audit that the average yearly capacity factor 1s 02 to
0 3 and the number of the 1lluminants switched at the same time 1s not higher than 30 per cent
Therefore, when calculating the amount of the electric power consumed by the 1lluminants from
the internal lighting system, providing a one-shift operation mode of the plant, 1t was set that in
average a third of the lamps are switched 3 hours every day

The hight flux of the DRL-400-type lamp 1s 23,000 Lm, while 1ts nominal life time 1s 6,000
hours, for the DRL-100 type 1t 1s correspondingly 10,000 Lm and 2,400 hours

Taking mto consideration that more than a half of the capacity 1s associated with these lamps, 1t
1s proposed a project of replacing the mercury lamps of DRL-400 lamps used for the external
highting of the territory of the plant and for the internal highting 1n the shops with the sodium
high-pressure lamps of DNaT-250-3 type, while the lamps of DRL-250 type to be replaced with
the lamps of DNaT-100-3 types, and remain the current illuminants fixture but replacing the
stating-up devices The sodium high-pressure lamps of DNaT-250-3 type produced in the City of
Poltava, Ukraine, have a longer life ttme — 12,000 hours at the 1lluminant flux of 25,000 Lm,
while respectively for DNaT-250-3 those are 6,000 hours and 9,000 Lm

Calculation of the yearly energy saving
“External ighting” —
The electric power of one SZPR 1llummant equipped with DRL-400 mercury lamp 1s
P,,=(P,,+P,,,) cosp
where P, , =400 VA 1s the capacity of one DRL-400 lamp,
P, = 85 VA 1s the capacity of the starting-up device,
cosp =098
P,, =(400+85) 098 =475W or 0475 kW

The amount of the electric power that 1s consumed by 35 illuminants for a year, providing that
they are switched 1n average 10 hours per day

P, =Py, n, Fy
where n, = 35 — 1t 1s the number of the 1lluminants,
F, =10 365 = 3,650 hours — the yearly fund of the operation time for an 1lluminant
P;=0475 35 3,650 = 60,681 kW h



The electric power of one SZPR 1lluminant with a sodium DNaT-250-3 lamp 1s
Py,=(P.;+Py,,,) cosp,
where P,_, = 250 VA 1s the capacity of the DNaT-250-3 lamp,
Psiarez = 34 7 VA 15 the capacity of the starting-up device,
cosp =098
P,,=(250+347) 098=279 Wor0279kW

The amount of electric power consumed by 35 illuminants for a year, 1f to switch them 1n
average for 10 hours a day 1s

P,=P,, n, F,=0,279 35 3,650=35,642kW h
The yearly saving of electric power m the natural units, 1f to use DNa7-250-3 lamps
Seipow1 = P11~ P2 = 60,681 - 35,642 = 25,039 kW h
The electric power of one SZPR illuminant with a mercury DRL-250 lamp 1s
Pys =(P,_; + Py, ;) cosp,
where P, _, =250 VA s the capacity of DRL-250 lamp, W,
P, =54 1 VA 1s the capacity of the starting-up device,
cosp =098
P,,=(250+541) 098 =298 W or 0 298 kW

The amount of the electric power consumed by 15 1lluminants for a year, 1f 1n average each 1s
switched for 10 hours, 1s

P,=P,;, n, F,,
where n, = 15 — the number of the 1lluminants,
P;=0298 15 3,650 = 16,315kW h
The electric power of one SZPR 1llummant with a sodium DNaT-100-3 lamp 1s
P,, =P, ,+P,, ,) coso,
where P, , = 100 VA — the capacity of one DNaT-100-3 lamp,
p

start-4

=7 VA- the capacity of the starting device,
cosp =098
P,,=(100+7) 098=105 Wor 0 I05kW h

The amount of electric power consumed by 15 1lluminants for a year, 1f in average each 1s
switched for 70 hours per day 1s

P =P, n, F,=0105 15 3,650=5,748 kWh
The yearly saving of electric power 1n the natural unuts, 1f to use DNaT-100-3 lamps, 1s

SeLpower"z = PJ - P4 = 16!315' 5:748 = 10,567kw h

s



“Internal ighting”

The amount of the electric power consumed by 720 illuminants with DRL-400 lamps for a year,
1f 1n average each 1s switched for 3 hours per day 1s

P,=PF,, n; F,,
where n; = 120 — the number of the illuminants,
P, =0475 120 1095=62,415kWh

The amount of the electric power consumed by 720 1lluminants with DNaT-250-3 lamps for
a year, 1f 1n average each 1s switched for 3 hours per day, 1s

P.=P,, n, F,=0,279 120 1095 = 36,660 kW h
The yearly saving of electric power 1n the natural units, i1f to use DNaT-250-3 lamps, 1s
Sotpowers = Ps = Ps = 62,415 - 36,660 = 25,755 kW h

The amount of the electric power consumed by 80 illuminants with DRL-250 lamps for a
year, 1f each 1s switched for 3 hours per days, 1s

P,=P,, n, F,,
where n = 80 - the number of the 1lluminants,
F, 3 365 = 1,095 hours — a yearly funs of the operation time for the 1lluminant
P,=0,298 80 1,095=26,104kW h

The amount of the electric power consumed by 80 1lluminants with DNa7-100-3 lamps for a
year, 1f each 1s switched m average for 3 hours per day, 1s

P,=P, n, F,=0105 80 1095=9198 kWh

The yearly saving of electric power 1n the natural units, 1f to use DNaT-100-3 lamps, 1s
Setpowers = Py = Py = 26,104 - 9,198 = 16,906 kW h
In the result, the yearly saving of electric power for the plan will be
Sror4L power = 25,039 kW h + 10,567 kW h + 25,755 kW h + 16,906 kW h = 78,267 kW h

Calculation of the yearly saving of costs
Saving costs 1n the pecumary umts, 1f I kW h costs at the plant USD 0 044, 1s
Secosts = St014L power 0 044 = 78,267 0 044 =USD 3,443 per year

Commissioning costs

One DNaT-250 lamp with the starting-up device costs -C,=USD 35

One DNaT-100 lamp with the starting-up device costs - C2 =USD 30

One DRL-400 lamp costs - C; =USD 6 5

One DRL-250lamp costs -C,=USD 55

Commissioning costs Commus _,,, =USD 35 55+ USD 30 95=USD §275
The costs of the installation works 1s not included, as these works to be fulfilled by the plant
itself



Estimation of the simple payback period
For the systems of providing the external and internal lighting the yearly saving of costs 1s
S.0sis = USD 3,443 per year
Simple payback period
SPP = Comnus . /S, = [(C-2C)) 55+(C,-2C) 95/8,,.=[(35-2 65) 55+ (30-2
55) 95/3,443 =19 years

e
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ECO #7 IMPROVEMENT OF THE EFFICIENCY OF THE DRYING FURNACES
IN THE FOUNDRY

Description of the opportunity

Drying of moulds and bars 1s performed 1n the foundry in chamber furnaces with an immovable
bottom The drying 1s done by the products of combustion of natural gas that 1s burned 1n the
dryer of bars - by means of 2 burners with the gas flow-rate of 40 m3/h, 1n a two-chamber dryer
for moulds - by means of 4 burners with the gas flow-rate of 90 m3/h The combustion process 1s
controlled manually by changing the temperature in the chamber The gas-to-air ratio cannot be
controlled The study of the state of the gates showed that they are closed not tightly leaving a
gap of ~ 80 mm, the gate panels have no thermal insulation inside As 1t was shown by the
results of measurements of parameters of the natural gas combustion 1n a two-chamber moulds
(Appendix C), the efficiency of gas combustion 7 = 68 47 per cent, the coefficient of the
exceedent air1s =2 98 to 3 32, the oxygen content 1n the combustion products 1s 14 3 to 15 0,
the temperature 1 the chamber 1s 314 to 271°C, which shows a non-satisfactory organization of
natural gas utilization

It 1s proposed to repair the chamber gates, to provide their operation mode adjustment and
organmize monitoring of the combustion parameters in the furnaces for burning natural gas using
for that combustion analyzer of ENERAC or BACARACH type

Calculation of the yearly energy saving

As was found from the results of the energy audit, the mamn causes for the non-economical
utilization of natural gas in the furnaces of the dryers are as follows

1) low efficiency of combustion of natural gas that 1s equal to 1 = 68 47% — as the average
value of three measured values Provision of a continuous control of the combustion process
using combustion analyzers, 1f that corresponds to the operation mode chart, as well as
elimmation of the cause of the non-rational exceeding amount of the air and making 1its value
equal to a = 1,15 (instead of the measured value , = 2 98 to 3 32, will enable to improve
the efficiency to 97 percent and to decrease consumption of natural gas by

B 1 274 1
B, ==X~ [1— J = (1— ) = 52,500 m3,
115 2-1,) how) 115 (2-06847) 097

where  Bg7 — consumption of natural gas for drying moulds, according to the statistical
reported data included in Form #11 mmn “Report on utilization for boiler-houses
and furnaces of fuel, thermal energy and electric power” for 1997 (in tonnes of the
conventional fuel),

77, ——themeasures valae of the efficiency of combustion of natural gas in the furnace,
ne = 06847,
M..m— the nominal value of the efficiency of combustion of natural gas n the furnace,
Thom = 0,97,
2) losses of heat through the nsulation of the chamber gates As 1t was shown from the results
of the energy audit, the chamber dryers are closed by the gates with the size of

4,000 x 2,800 x 100 — 2 units, and of 3,400 x 2,800 x 80 — 1 umt The gates shall be thermally
msulated from inside - but there 1s no 1nsulation

The thermal losses through the msulation of the gates of the chamber for drying moulds can be
determined by means of the formula

081 =F, 1 (901 - Quom1) Te=112 (4,600-1,230) 475= 17,926,500 kcal,
where F,,1 —the area of the gate, m> We setitequalto 28 x4 =112 m?,



4,1 — the actual specific thermal flux at the temperature of £ = 350°C through the double-
gate of  metal with an air gap between the panels,
g o1 = 4,600 kcal/m? h,

qwm1 —the mnomal specific thermal flux through the gate relining,
Gpom = 1,230 kcal/m? h,

T; - the number of the working hours of the furnace, we will determine 1t on the basis of
the data about the loading the production equipment, T, = 475 hours

Similarly, the thermal losses through the insulation of the chamber gate in the dryer0 for bars
are as follows
O8:=F2 (9p2-qun2) To=952 (4,600-1,530) 475 = 13,882,540 kcal,
or 2,520 m3 of natural gas
Fo2=28x34=952m?,
3) thermal losses by heat radiation through the faulty sealing when the gate 1s closed can be
determined using the formula

_e (1) F _ (EZE) ’ _
0.=6G, \700) ~Foaf T 2=496 700 0544 07 475 2=1,934,200 kcal,
or 350 m3 of natural gas,

where Gs— radiation coefficient, G = 4 96 kcal/m? h,

— average temperature of the furnace, T = 573°K,

pen.  —area of the gap resulting from failing to close the door tightly, F,,, = 0 544 m2,

open

¢ N

¢ — the diaphragming coefficient, ¢ =07
The gas saving will be
S, =325 +252+035=55370m’
Calculation of the yearly energy saving
Saving of funds 1n the pecuniary units, 1f 1,000 m®cost USD 99, 1s
Seosts =8es 99=5537 99 = USD 5,482 per year
Commissioning costs
The cost of the gate msulation — USD 1,000

The cost of the mnstallation works 1s not mcluded, as these works are to be fulfilled by the
plant itself

The cost of the combustion analyzer of ENERAC type —~USD 6,500

Estimation of the sumple payback period
Yearly saving of costs  —.S,,,, = USD 5,482

Commussioning costs ~ ~ Commus _,,.= USD 7,500

costs

Sumple payback period 1s
SPP = Commus ., /S.,.. = 7,500/5,482= 1 37 years

With nising the loading level the saving will rise too



ECO#8 AUTOMATION OF METERING CONSUMPTION OF ENERGY
RSOURCES

Description of the opportunity

The enterprise consumes several sorts of energy resources electric power, gas, steam,
compressed air, technical and drinking water

Electric power 1s supplied to the plant through three cable inputs of 6-kV each to three
distribution devices RP-1, RP-2 and RP-3, they have two nputs of 6-kV each At the production
are distribution of the electric power 1s done through 16 transformer substations 6/0 4 kV with
the total capacity of 15,360 kVA Commercial metering of electric power consumption 1s
provided on the inputs at Distribution Substation #1 (RP 1), Distribution Substation #2 (RP 2),
Distribution Substation #3 (RP 3) The readings from the meters are made manually No
technical metering 1s done at the plant

A detailed study of the plant showed that each subdivision of the plant calculates the amount of
its independent consumption of steam, electric power, gas, compressed air, cold and hot water 1s
done on the basis of the standard rates and actual volumes of the manufacture products No
instrumental metering of energy resources consumption 1s available at the plant

It 1s proposed to automatized commercial and technical metering of energy consumption by
means of the instruments for metering and checking the energy consumption produced by the
Research Institute “Enerhiya”, Kywv City These metrological instruments are certified in
Ukraine and they are designed for a continuous or periodical measuning/recording of physical
parameters N

Introduction 1nto practice of ITEK-x1x allows 1ts users to pay for the electric power according to
a one-rate tanff that 1s different due to the day time zone, which together with the measures
aimed at decreasing the energy consumption 1n the peak hours gives a significant economic
effect, the latter has been proved repeatedly by a yearly operation of a lot of Ukraiman objects

ITEK-210 and ITEK-310 are designed for commercial and techmcal metering the electric power
consumption (that 1s different in time) and for making automatized metering systems for
metering and monitoring electric power consumption together with electric power consumption
meters - those three-phase induction ones that are provided with pulse formation devices (such as
E440, E870, UP-1, UP-2, UP-3, SU-500), or electronic ones (produced by Siemens,
Landis&Gyr, Alpha-ABB etc) that have a pulse output They support 64 (for ITEK-210) or 12
(for ITEK-310) metering channels, 4 tariff zones, a round-the-clock schedule for all the metering
channels - mimmimum 5 days, 2 independent information interfaces

ITEK-210 can be used together or instead of the installed TsT5000 systems by connecting to the
existing matrix of the primary transducers ITEK-210 1s included into the State Measuring
Instruments Register of Ukraine

ITEK-410 1s a device of 4 metering channels that 1s similar to the above ones It supports 1n
addition the tanffs that are differentiated due to energy and power, as well as traces the
consumption process and controls 1t (1f this mode 1s activated) The daily schedules 1n relation to
4 channels are saved for no less than 1 month

Introduction 1nto practice of ITEK-x2x allows the users to perform metering the consumption of
energy resources with a high precision and pay for the used recourses not according to the fact
but 1n proportion to the used area

ITEK-220, ITEK-320 are designed to be used in automatic systems for commercial and
telemetric monitoring of the provided and consumed liquids, steam and thermal energy together



with any standard primary transducers for measurements of flow rate, temperature and pressure
differences that have rated output parameters, at the suppliers’ (Heat Power Plants, heat and
power supply lines, boiler-houses) and at the consumers’ (industrial plants, utility objects) The
design of ITEK-x20 meets the requirements of RD-50-213-80, PR34-70-010-85, GOST 6651-
84 and R75 MOZM

ITEK-220, ITEK-320 are designed to be used a the objects belonging to Metering Group 1 (up
to 4 objects) of a complicated network of the ncoming and outcoming pie lines (ITEK-220) and
to Metering Group 1 and 2 (1 objects) (ITEK-320)

For implementation of the measure there 1s planned to provide a commercial control of the
electric power consumption 1n 3 check-points, a commercial metering of gas consumption 1n 2
check-points, that of hot water - 1n 3 check-points, and that of drinking water consumption - in 1
check-point

Technical metering of electric power consumption will be provided mn 40 points, technical
metering of hot water consumption - m 6 points, that of compressed air — 1n 4 points, that of gas
— 1 4 points

Calculation of the yearly energy saving

Practice show that after implementation at the plant of an independent automatical system for
metering energy consumption and after mtroduction at the plant a system for controlling and
planning energy costs, one can expect to have energy saving not worse than 5 per cent

So, according to the data of energy consumption in 1997, saving of natural gas will be
70,100 m3, that of electric power — 386,200 kW h, that of water - 8,000 m3

Calculation of the yearly energy saving

Currently, the plant pays for the energy resources USD 670,000 Therefore, energy saving in the
pecuniary form will be

S...= 670,000 005=USD 33,500

Commissioning costs
The cost of the equipment and the costs of the works, USD
Commercial metering of consumption of electric power, gas, hot and drinking water

USD20,000
Technical metering of consumption of electric power, hot water, compressed air, gas

USD 30,000
Construction and commissioning works USD 15,000

The total costs that can be expected C.... = USD 65,000

Estimation of the ssmple payback period
Yearly saving of the costs - S5 = USD 33,500 per year
Commissioning costs - Commus _,,,= USD 65,000

costs ~
Simple payback period 1s

SPP = Comnus /S, = 65,000/33,500 = 19 years



ECO#9 INTRODUCTION OF INFRA-RED GAS-FIRE HHEATING SYSTEMS IN
THE PRODUCTION BUILDINGS AT THE PLANT

Description of the oopportunity

Steam 1s no used for heating of production buildings The total number of the heated buildings 1s
11, therr total volume 1s 757,000 m3 and the total consumption of thermal energy 1s 12,000 Geal
It should be noted that the maximum need at the plant for heat, with taking mnto account the heat
for the dwelling houses and canteen included into the system, 1s 26 to 30 Geal/h However, the
boiler-house does not provide the said amount of the needed heat, its maximum production
capacity 1s 16 Geal/h So, m workshops electric heating 1s used As 1t was found from analysis of
the plots of electric loading at the plant for 1996-1997 that are shown in Fig A 91, a clearly
evident winter maximum exists accounted for by addition of the load associated with starting
electric heating
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One can see from Fig A 91 that in 1997 1 January-March, November-December for the
purposes of electric heating 1,022,000 xkW h were used and USD 44,300 were pad to the
energy supplying company Though the required temperature of the air was not provided 1n the
workshops A simular data concerning the energy efficiency are the amount of natural data 1s
141,000 m3 that cost USD 14,000

It 1s proposed to install n Buildings #1, 2, 3 and 6 infra-red gas-fire heating systems The
proposed systems have several advantages as compared to the traditionally used systems

o saving of natural gas 1s 30 to 50 per cent,

e no need to move air streams, less “droughts” and creation of conformable conditions for
working while the thermosetting temperature decreased by 5 to 10°C,

e quick attaining the required temperature in a room by heating first the floor, equipment,
clothes and then the air using convection from them,

e opportunity to provide heating in separate zones where 1t 1s required by the processing
schedule,



¢ availability of automatical controlling the temperature, and 1n particular provision of a stand-
by heating 1n the non-working time and on week-days and days-off,

e simple and easy operation and maintenance

In conditions of not full loading of the production areas there 1s proposed to heat not the whole
building, but the working places only

Calculation of the yearly energy saving

According to the data from the plant (see Appendix D) the heating needs 1n regard of Buildings #
1, 2, 3 and 6, with taking mto account the losses in the hnes and excluding the air-and-thermal
gate, require the thermal energy Q,... .. = 11,686 Gcal of heat or By = 1,880,000 m3 of natural
gas (Table A 9 1) that 1s consumed by the boiler-house

The thermal energy needed for heating purposes equal to 10 4 Gcal/hour 1s not provided now,
and currently 1ts deficit at the plant 1s not compensated

It 1s proposed to mstall on the walls at the corner of 45°, lower the crane lines, from the both
sides of the bay in the locality of the working places, with taking into account the designed
values of the thermal losses 1n the building, the following

¢ 1n the bays in Building #1 — 70 lughly-efficient heaters with the total thermal capacity equal to
1,330 Mcal/h (1,540 kW),

e 1n the bays in Building #2 — 60 highly efficient heaters with the total thermal capacity equal to
1,140 Mcal/h (1,320 kW),

¢ 1n the bays mn Building #3 — 40 highly efficient heaters with the total thermal capacity equal to
760 Mcal/h (880 kW),

* 1n the bays m Building #6 — 40 lighly efficient heaters with the total capacity equal to

760 Mcal/h (880 kW),

The total installed capacity of the heaters

N,om = 3,990 Mcal/h (4,620 kW)
The maximum gas consumption per hour will be
By=1 b.=210 212=4452mn,
where I — the number of the highly efficient heaters, units,
b. — consumption of natural gas per hour by the highly-efficient heaters, m3/h

With taking into consideration the stand-by mode the gas consumption in which 1s 30 per cent of
the consumption 1n the main operation mode, the gas consumption 1n the heating period will be

Bg=Bgz [114 (t1 + ks t2) thks 24 51]=4452 [114 (8+03 16)+03 24 51] =
813,000 = 813 thousand m®,

where ty, t3, 24 — the time of operating the heating system in the man operation
mode, 1n the stand-by operation mode on the working days and 1n the stand-
by operation mode on days-off, respectively, hours,

114 51 - the number of the working and non-working days in the heating
pertod for Odesa Oblast, days,

k3 — the coefficient of the thermal energy utilization for the heaters 1n the stand-
by operation mode, k3 =0 3

The gas saving will be
Seos = B1-B, = 1880 - 813 = 1,067,000 m3
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Loading of the production facilities m 1997 was 12 per cent The number of the working places
in the workshops decreased correspondingly To maintain the production activities it 1s proposed
to install 1n the buildings 50 infra-red heaters

Then B2 =50 2 12 = 106 m*h, N',,, = L100kW
B,=106[114 (8+03 16) +03 24 51]=193,600 m3
Saving of natural gas 1n this case will be
S, =B1-B,=1880-1936 = 1,686,400 m>
Calculation of the yearly saving on energy resources
The cost of the thermal energy required for heating the said workshops
WSpe =Qsy Cre=11,686 376 =UAH 439 400 =USD 219,700,

where Cpz — thenet cost of 1 Geal of heat, hrn

The cost of the natural gas used for the infra-red heating 1s

WSeu=B; C2=1936 99 =USD 19,166

Where C2— the cost of 1,000 m3 of gas, USD

The yearly saving of costs  So = WSy, - WSy = 219,700 - 19,166 = USD 200,534

Saving of costs in comparison with the electric heating

S ,s=44 3 - 19 16 =USD 25,140
Commussioning costs

We propose to use highly-efficient heaters infra-red heaters from the company ”“Schwank”
that operate on natural gas of low pressure

The cost of the equipment
Co=1 Cyy =50 576 =USD 28,800,

where Cyuey — the price on a highly-efficient heater with taking into account the VAT,
USD

The costs on commussioning (the project cost, the gas supply, the costs of the mstallation works)
works we set equal to C,,,,... = USD 20,000

Total costs

C=Cp+C

commis.

= 28,800 + 20,000 = USD 48,800

AS 1t was already mentioned above, the plant lacks some thermal energy to meet 1ts production
needs, so, as an example, we can use for comparison installation of an additional boiler of the
water-heating type KVG-7,56-150 with the total cost of the equipment with the VAT equal to
USD 80,000 Construction, mnstallation and adjustment works are ~ USD 50,000 All 1n all 1t 1s
USD 130,000 However, 1n our calculation we take into account only the costs on installation of
the heaters

Estimation of the simple payback period
The yearly saving of costs on energy resources - Sp = USD 200,534
The cost on commissioning the heaters — C1=USD 48,800
Simple payback period

SPP = C/Co = 48,800/200,534 = 0 24 year,

or, 1n other words, implementation of the proposal will be paid back 1n one heating season



Table A9 1
Production Calculated Specific rate of thermal Needs for the
Wotsiop | " |Volume | ioom | nreyonsmton o | bestng
m*x 10 °C keal/(h m3 °C) Geallyear
Building #1 (17-m high)

03 4,020 68 34 16 04 1,070
04 1,760 2992 16 04 470

05 5,040 85 68 16 04 1,342
07 3,000 510 16 04 800

Total 3,682

Building #2 (15-m high)

08 10,470 1570 16 04 2,460

15 12,100 1815 16 04 2,843
10 3,060 459 16 04 720

Total 6,023

Building #3(8-m high)
Tool Workshop 1,620 1296 16 045 228
Reparr & 2,010 16 0 16 045 282
Mamtenance
Workshop
Workshop for 1,550 124 16 045 218
Consumers’ Goods
Total 5,180 728
Buwldng #6 (13 5-m high)
Workshop for parts 5,930 80,0 16 0,4 1,253
for the thermoplastic
automates
Total 1,253
The sum 11,686

u\



ECO #10 OPTIMIZATION OF THE SYSTEM OF COMPRESSOR PLANTS

Description of the opportunity

The air source for the plant 1f the central compressor station with air compressors Currently, as
the need for production of compressed air decreased, only one compressor 1s 1n use, usually of
VP-50/8-type, coohing of which requires 6 m3/h of water The compressor station cooling system
1s designed on the total cooling water flow-rate of 60 m3/h and 1t consists of two loops Loop I-
a service tank — a water pump of 6K8-type with the production capacity of the electric drive
equal to 22 kW h, productivity of 60 m3/h — compressor— accumulating reservoir of 25 m3, Loop
II accumulating reservoir — water pump of 6K§-type — spray-cooling pond — a service tank The
pump cycle of Loop 7 1s a continuous for 9 hours per day, that for the pump 1n Loop I switches
on for work for 15 min to empty the accumulating tanks every 40 min

It 1s proposed to make the parameters of the pump in Loop I match the real need of the
compressor station, for that the pump of K&/18-type with the following parameters the
maximum production capacity 1s G = 15 m3/h, the power capacity of the electric dnive1s P =15
kW, which will allow to decrease the consumption of electric power for the purposes of cooling
the compressor station with the pumps 1n Loops I and I

Calculation of the yearly saving

It takes Pump 1n Loop I 40 minutes to fill the accumulation reservoir of ¥ = 25 m3 Using the
characteristic for the pump of 6K8-type we will find that the pump consumed N; = 12 7 kW at
the productivity of G = 34 m3/hour

Electric power consumption by a pump of 6K8-type in Loop 1
Wi=N; t; n=127 9 252 =28 804 kW h/year,

where N7 - the power consumed by the pump at G = 34 m3/hour, kW,

t;— the time of operating the pump per day, hour,

n — the number of the working days 1n a year, day
Electric power consumption by a pump of K8/18-type

W2=N: t1 n=07 9 252=1588kW hlyear,

where NN; — the power consumed by the pump at Gz = 6 m3/hour, kW

Consumption of electric power by a pump of 6K8-type in Loop 17, 1f in Loop I a pump of 6K§-
type works, 1s

Ws=N; t; n=17 25 252=10,710kW h,
where V3 — the power, consumed by the pump at G3 = 100 m3/hour, kW,
t2— the time of operating the pump per day, hour,

Consumption of electric power by a pump of 6K8-type 1n Loop I, if in Loop I a pump of K/18-
type works, 1s

Wi=N; t; n=17 05 252=2,142kW h,
where ;- the time of operating the pump per day, hour
The total electric power saving 1s
W =28,804 + 10,710 - 1,588 - 2,142 = 35,784 kW h

Calculation of the yearly saving of costs



Saving of costs 1n the pecuruary units, 1f 7 kW h costs USD 0 044
S =W 0044 =35784 0044 =USD 1,575
Commuissioning costs
The cost of the pump of K 8/18-type - C;=USD 270

The costs of the nstallation works are imsigmificant, and they will be fulfilled by people from
the plant personnel

Estimation of the simple payback period
Yearly saving of costs - S;=USD 1575
Commuissioning costs —~ Comnus _,,, = USD 270

Simple payback period
SPP = Comnus ../ S;= 270/ 1,575 = 0 17 year (2 months)

N
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ECO #11 MONITORING AND OPTIMIZATION OF THE POWER CAPACITY
OF THE ELECTRIC POWER CONSUMING PLANTS AND MACHINES

Description of the opportunity
According the data for 1997, the basic manufacture consume about 69 per cent of the total
amount of the electric power consumed by the plant, which 1s 5,309,000 kW h per year that cost
USD 233,000

One of the basic consumers of electric power 1s electric drives for the processing, pumping and
ventilation equipment

In the process of operation of the plant, 1f motors failed, they were replaced without taking into
account the nomnally required capacity As 1t was shown by the measurements of power on
Feeder #5 supplying power imto the pattering workshop and into the repair and maintenance
workshop, the installed designed capacity of the motors 1s used on 15 to 30 per cent

At the plant there are provided 16 transformer substations of 6/0 4-kV type, 36 compensating
devices with the capacity of 7,690 kVA, induction and welding plants with electric furnaces,
tanks for electric plating, etc The total capacity of the electric equipment 1nstalled at the plant 1s
73,300 xkW

It 1s proposed to mtroduce at the plant operation control of the power that 1s actually consumed
by the electric equipment using for that a set of portable instruments and by measuring the power
factor Implementation of the proposed measure will allow to carry out momitoring of the actual
load of motors, analyze their efficiency and orgamze their planned replacement with more
efficient ones Implementation of this proposal will permit to save mot less than 1 5 per cent of
electric power that 1s used for the processing needs during a year

Calculation of the yearly saving
1 Yearly electric power consumption according to the data for 1997 — 7,723,000 kW h
2 1,000 kW hcosts - USD 44
3 Expected decreasing in electric power consumption - 15%
4 Expected saving

7,723,000kWh 0015 =116,000kW h
5 Decreasing 1n the costs
116,000 44 =USD 5,104
Proposed equipment and 1ts cost

One set of portable instruments a sort of “2000 A Wattprobe” or “Power Factor Meter, TIF
23007, with taking 1nto account the overcast costs and the transportation costs  — USD 1,000

The costs of orgamzing and carrying the monitoring and analysis of the efficiency of the
equipment loading (set) — USD 3,500

The total costs — USD 4,500

Simple payback period
USD 4,5001USD 5,104 = 0 9 year



ECO #12 THERMAL INSULATION OF THE HOT WATER ACCUMULATING
TANK
Description of the opportunity

In the boiler-house of the plant a hot water accumulating tank 1s mstalled with the volume of V =
22 8 m3 that performs the function of the deaerator of the stream boiler and 1s also used for
condensate collecting, The total external area of ha tank 1s F = 63 0 m? Currently the tank 1s not
insulated The temperature of the external surfaces of the tank varies from 60 to 80°C There are
losses of heat into the environment through the non-insulated tank walls

It 1s proposed to provide msulation of the tank by spraying foam polyurethane with 1ts covering
with the alumium paint followed, which will decrease the thermal losses into the environment
by 90 to 95 per cent

Calculation of the yearly energy saving

The total area where thermal msulation 1S absent 1S
F =63 0 m? The thermal losses into the environment 1s determined by means of the formula

Qs =Ly F At 7 106, Geal,
where Ljp— the coefficient of thermal release 1s
Ly=84+006 (t,;-tisover) =84 +006 (70-18) = 1152%kCal/(m?h °C),
F = 63 0 m? — the area of the heat exchange,
L, - the temperature of the tank surface, ¢, = 70°C,

.. over— the average ambient temperature for a year i the space of the accumulator, ¢
= 18°C,

amb

aver

7 — the operation time of the accumulating tank, hour,
T=24 Ry *3 Moy pesy =24 114+ 3 140 = 3,156 hours,
where n,,,, — the number of the working days in the heating period, »,,,, = 114 days,
Ry e, — the number of the working days i the non-heating peniod, n,,, ,... = 140 days
Q... =1152 63 (70-18) 3,156 106 =119 I Gcal
The specific consumption of gas in the boiler-house 1s b = 162 m3/Gceal
The gas saving will be
S, =0, b=1191 162 = 19,290 m3/year
Calculation of the yearly saving of costs
Saving of the costs on natural gas, 1f I m® of gas costs 0 099
19,290 0099 =USD 1,910 per year
Commissioning costs
The cost of the insulation for 63 0 m? of the tank surface, 1f 7 m ? of the insulation costs
USD 10 and the deposition method 1stobeused - 63 10 =USD 6300
The overhead costs (set as 20%) - USD 126 0

=



Total - USD 756 0

Estimation of the simple payback period
Yearly saving - USD 1,910
Commuissioning costs - USD 7560

Simple payback period

756 0/ 1,910 = 0 4 year



APPENDIX B PRELIMINARY SPECIFICATIONS



Table B |
\
Specifications for the equipment to be supplied to OJSC ”Presmash”
Measure (due Equipment Type Manufacturer, Basic Quantity required Price Delivery cost Notes
to Section 7) model country parameters
Umt |Quantity | UAH | USD | UAH | USD
1 2 3 4 5 6 7 8 9 10 11 12
ECO #1 Non-contact infra red Model PM3L3SZ Company Raytek USA =-20 + unit 1 - 1 600 - 1 600
pyrometer + 1000 °C
Lusmy=10m
Power analy 7er Model Company “Dranetz unit I - 5,000 5000
DRANETZ Technologies Inc USA
Portable anemometer Model 444HT Company ‘Kurz Instruments, unit | - 1,300 - 1,300
Inc USA
Tester Model 87 Company Fluke Mig Co unit | - 500 - 500
Inc USA
Power factor meter Model Company TIF Instruments, umt 1 600 600
Inc ,9101 N W Tth Avenue
TIF 2300 Post Office Box 1338 Miamu
Florida 33238 9990
Watt Meter Model Company TIF Instruments, unit 1 - 600 - 600
TIF 2000 A Inc 9101 N W 7th Avenue
Post Office Box 1338 Miam:
Flonda 33238-9990
ECO #2 Combustion analyzer ENERAC - 2000 Energy Efficiency Systems, |Gases whose untt 1 - 5,000 - 5000
Inc , 1300 Shames Drive content 1s to be
Westbury NX 11590 USA |analyzed O:
CO: SO: NO:
ECO #3 Water-heating boiler KV-0,1 GN JSC Ukrkotposervis’ unit 1 4,940 | 2500 | 4940 | 2500
Donetsk City, Ukraine
ECO #4 Thermal 1nsulating materials Glass fiber with the USA t=150°C m 122 195 105 | 2380 | 1280
for steam pipelines casing of aluminum
Thermal nsulating materials Foampolyuritan OISC Vasylkiv Plant for t=100°C m 112 159 8 1780 | 900
for the hot water supply Refigerators
prpelines Vasylkiv Town Kyiv Region
72 Soborna Str, Ukrainess 72
Ykpauna
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Table B 1 (cont)

1 2 3 4 5 6 7 8 9 10 11 12
ECO #5 System for automatic UKM 62-0,4 U=04kV 8000
controlling condensate plants
ECO #6 Sodium high pressure lamp DNaT 250 3 OJSC Poltava Gas-Dischargingg U=220V unit 55 - 350 - 1925
with the starting up device Lamps Plant _
3 Zavodska Str  Poltava P=250wW
DNaT-100 3 Ukraine, P=250W unit 95 - 300 - 2850
ECO#7 Combustion analyzer ENERAC-2000 } Energy Efficiency Systems, |Gases the content] unit 1 - 5000 - 5000

Inc 1300 Shames Drive of which should
Westbury NY 11590 CHIA |be analyzed O:

CO: SO: NO:
ECO #8 A set of technical mstruments ITEK (with USA | R&P Institute Enerhiya® 37 § Commercial and
for metering and checking components) Peremoha Prospekt Building b set I 20,000 20,000
energy consumption 22, technical
metering
Kytv Ukramne 252056 set 1 30,000 30,000
ECO #9 Infra-red gas-fire hughly JR - 50 P=22kW unit 50 576 46 440
efficient heaters
ECO #10 Cold water pump K8/18 G = 15 m3/h unit 1 270 270
P=]15kW

U=380V
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The results of measurements of parameters of gas combustion 1n the two-chamber drying furnace
by means of “BACHARACH” analyzer

Place of measurement

In the center of the

In the center of the

In the center of the

furnace at 2/3s of the furnace under the furnace under the
height ceiling cetling
BACHARACH BACHARACH BACHARACH
MODEL CA300NSX MODEL CA300NSX MODEL CA300NSX

a6 3¢ 3¢ 3k e e sk de e e e 3f¢ e ok e 2k sk vde o 3k Ak k¢ e ok ke vk e 3k e 3¢ ok 3¢ sl 3k sde ke 2k ke ok 20k 24¢ ok 3k 24 o 3 e ok ke ¢k K e st ofe 3k 2k ok 24 e ok ok 3¢ sfe ke ofe vk ke ok 3¢ ok ok sk ke ke e ok Ak
COMBUSTION ANALYZER | COMBUSTION ANALYZER | COMBUSTION ANALYZER
ID ID ID
SER NO VCO 512 SER NO VCO 512 SER NO VCO 512
TIME 21 45 TIME 21 50 TIME 21 52
DATE 14, 04,98 DATE 14, 04, 98 DATE 14, 04, 98

FUEL NATURAL GAS

PRIMRY TEMP <C>
21

STACK TEMP <C> 271
% OXYGEN 15,0
% EXCESS AIR 232

% CARBON -
DIOXIDE 3.3

PPM CARBON -
MONOXIDE 23

PPM MOX 29

PPM SULFUR -
DIOXIDE 0

% EFFICIENCY 70,2"
%STACK LOSS 29,8
TEST PERFORMED BY

FUEL NATURAL GAS

PRIMRY TEMP <C>
21

STACK TEMP <C> 324
% OXYGEN 14,4
% EXCESS AIR 202

% CARBON -
DIOXIDE 3,6

PPM CARBON -
MONOXIDE 39

PPMMOX 30

PPM SULFUR -
DIOXIDE 0

% EFFICIENCY 66,9*
%STACK LOSS 33,1
TEST PERFORMED BY

FUEL NATURAL GAS

PRIMRY TEMP <C>
21

STACK TEMP <C> 314
% OXYGEN 14,3
% EXCESS AIR 198

% CARBON -
DIOXIDE 3,7
PPM CARBON -
MONOXIDE 55
PPM MOX  3i
PPM SULFUR -
DIOXIDE 0

% EFFICIENCY 683"
%STACK LOSS 31,7
TEST PERFORMED BY

o)



The results of measurements of the parameters of gas combustion 1n the boiler of DE-6,5-13
by means of “BACHARACH?” combustion analyzer, the steam pressure was 5 kg/cm?3

Place of measurement

After the economizer

Before the economizer

Before the economizer

BACHARACH BACHARACH
MODEL CA300NSX MODEL CA300NSX
koo ok R e ok iRk | etk e ek ek e ek ok okl e e e ok ok o
COMBUSTION ANALYZER | COMBUSTION ANALYZER

ID ID

SER NO VCO 512 SER NO VCO 512
TIME 1525 TIME 1540
DATE 14, 04,98 DATE 14,04, 98

FUEL NATURAL GAS

PRIMRY TEMP <C>
25

STACK TEMP <C> 69
% OXYGEN 197
% EXCESS AIR 499

% CARBON -
DIOXIDE 0,7
PPM CARBON -
MONOXIDE 379
PPMMOX 0
PPM SULFUR -
DIOXIDE 7

% EFFICIENCY 77,3
% STACK LOSS 22,7*
TEST PERFORMED BY

FUEL NATURAL GAS

PRIMRY TEMP <C>
27

STACK TEMP <C> 218
% OXYGEN 16,3
% EXCESS AIR 323

% CARBON -
DIOXIDE 2,6

PPM CARBON -
MONOXIDE 1474

PPM MOX 1

PPM SULFUR -
DIOXIDE 27

% EFFICIENCY 71,5
%STACK LOSS 28,5
TEST PERFORMED BY

BACHARACH
MODEL CA300NSX

2k 3k ke 3k e sk 2k sk 2k ke e dfc ke e g K ke e ok e ke ok ke sk

COMBUSTION ANALYZER
ID

SER NO VCO 512

TIME 1544

DATE 14, 04, 98

FUEL NATURAL GAS

PRIMRY TEMP <C>
27

STACK TEMP <C> 215
% OXYGEN 167
% EXCESS AIR 362

% CARBON -
DIOXIDE 24

PPM CARBON -
MONOXIDE 1420

PPM MOX 1

PPM SULFUR
DIOXIDE 32

% EFFICIENCY 69,5
% STACK LOSS 30,5
TEST PERFORMED BY
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Results of measurements of parameters for the plots of the electric loading for the group of drums i the

tanning workshop on 2503 98 r



Results of measurements of electric loading on June 25, 1997

Day time 1 2 3 4 5 6 7 8 9 10 )11 |12} 13 (14]15]16 {17 | 18 |19 | 20 21 { 22 | 23 | 24

P W 300 | 300 { 250 | 250 | 250 | 500 | 500 | 700 | 1100|1150} 1150 | 1500 § 1500 [ 1500 | 1500 | 700 | 500 | 500 | 400 { 400 | 400 { 300 { 300 | 300

Q kVA | 200 | 200 { 150 | 150 | 150 | 250 | 250 | 300 | 350 | 400 | 400 | 500 | 500 | 500 | 300 | 250 | 250 | 250 | 250 | 250 | 200 | 200 | 200 | 200

1600

1400 +

1200 +

1000 +

800 +

0 T T T T T T T T T 1 T T T T 3 T T T T T ¥ ¥

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daytime

The plot for loading at OJSC “Presmash” on June 26, 1997 (the nstalled capacity 1s 15,500 kW,
the maximum loads at the peak moments are as follows 1,500kW, A, = 16,250 kW h,
0 =7150kVA, cosp=04)

day

Results of mesurements of electric loading on December 17, 1997

Day time 1 2 3 4 5 6 7 8 9 10|11 )12 (13f14 1516417 |18 |19 | 20 21 |22 | 23 | 24

P W 800 | 800 | 700 700 | 700 { 900 | 900 | 1000 | 1400 | 1200 | 1200 { 2200 | 2200 | 2200 | 2200 | 1800} 1500 | 800 | 800 | 800 | 700 | 700 | 700 | 700

Q kVA | 300 | 300 [ 200 | 200 | 200 } 350 | 350 | 400 | 600 | 500 | 500 } 700 | 700 | 700 | 700 | 500 § 300 | 300 | 300 | 300 | 250 | 250 | 250 | 250

2500

0 T T T T T T T T T T T T T T T T T T T T T T

I 2 3 4 56 7 8 9 10 11 1213 14 1516 17 18 19 20 21 22 23 24 Day tme

The plot for the loading at JSC “Presmash” on 17 12 97 (the nstalled capacity 1s 15,500 kW, the
maximum loads at the peak moments are as follows 2,200kW, 4, = 28,900 kkW h,
0=9400kVA, cosp=03I])

7\V
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Summed up figures of electric power utihization at OJSC “Presmash” m 1997

Sort of energy | Measure Months in 1997

unit 01 02 03 04 05 06 07 08 09 10 11 12
Active iWhx10° | 78584 | 5619 | 61787 | 4537 | 28946 | 30581 | 25466 | 10383 | 2515 | 38173 | 54711 | 75595
Reactive kvar x10° | 5385 | 6533 | 5138 | 3751 | 3268 | 3100 | 2759 | 868 | 2884 | 3721 | 3227 61
Power factor - 0825 | 0652 | 0769 | 0771 | 0663 | 0702 | 0678 | 0767 | 0657 | 0716 | 0861 | 0999




APPENDIXD PHOTOGRAPHS OF THE PLANT
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I'openxa TMI - 5M, yctaHosleHHas Ha kotie JIE - 6,5/13
GMG- 5m Burner installed on DE- 6,5/13 Boiler

2

/\



noMo1sio npubopa DRANETZ
Measurement of electric parameters of the output line 7P-8 1n Building #5
by means of DRANETZ meter

CocrosHue TepMON3OJIAIHH
Thermal 1insulation state

E 3



Hcmnons3oBanue rasa s npeBapuTeIbHOl cymku dopm
Use of gas for the preliminary drymg of moulds

E
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CocrosiHue TeTJIOBbIX 3aBeCOB BOPOT IIPOM3BOJCTBEHHOI'O KOPILyCa
State of the thermal gate in the production workshop




Cocrosnre BOPOT CYIMMIBHON KaMepHI
State of the drying chamber gate




Cocrosuue 6oitnepa 1 KOHAEHCATOOTBOTHEIX Y3JI0B B KOTEILHOMN
State of the boiler and condensate trapping assembles 1n the boiler-house




APPENDIXE CONVERSION FACTORS



Currency rates of exchange

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

Conversion factors
Heat

1cal=4187]J

1 kcal =4 187 kJ =3 968 BTU

1 Geal=4187x10°=4 187 GJ

1BTU=1055J=1055kI=1055%x10°MJ

1 tce (tonne of coal equivalent) = 7,000 kcal x 3 968 BTU = 27,78 x 10° BTU = 27,78 MBTU

Power

1W=36x10°T=36Kk]

1 kW =3 6x 10°kJ = 3 6 MJ = 860 Kcal
1 MW =3 6 x 10° MJ = 860 Kcal
1keal=1163x10°

1 Geal = 1163 kW =1 163 MW

1 kW =136 HP

1kW=134hp

Pressure

1 kg/em® =1 atm
1 atm =101 325kPa=01 MPa
1 bar=10°Pa=100kPa=0 1 MPa

Length

1 mm =003937 1n=0 00328 fi
1ecm=039371n=00328 ft
Im=3937m=32811ft

Weight

1 gram = 2 2046 x 10° Ib
1 kg =2,2046 Ib
1t=1000kg = 2 2046 x 10* ft

Area

1 cm*= 0 155 square in =1 076 x 10° square ft
1 m*=1 55 x 10’ square in = 10 76 square ft

VYolume
Im*=3531cuft=10001

11=3531x10°cu ft
11=0 264 US gal

=



Heat content

1 kJ/kg =043 BTU/lb

1kJ/m*=26 84x10° BTU/cu ft

1 MJ/m® = 26 84 BTU/cu ft

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

Temperature

°C =0 56 (°F-32)

%\
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APPENDIXF ABBREVIATIONS



ABBREVIATIONS
ESCO - energy servicing company
ECO - energy conservation opportunity,
Fig - figure,
hrm - hryvnia,
tel - telephone,
USAID - United States Agency for International Development,
VAT - value-added tax,

barg - atmosphere gauge
OC - degrees Celcium
cm’ - centimeter squares
°F - degrees Fahrenheit
g - gram

Gcal - gigacalorie

h - hour

kcal - kilocalorie

kg - kilogram

kV - kilovolt

kW - kilowatt

kW h - kilowatt hour

m - meter

m’ - meter squared

m’® - meter cubed

min - minute

t - tonne

t/h - tonnes per hour

W - watt



