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PREFACE

As part of Delivery Order #30, Industrial Energy Efficiency - Ukraine, the US Agency for
International Development (USAID) sponsored energy efficiency audits at 24 industrial plants that
met the critenia of USAID

Each facility was evaluated based on selection criteria (approved by USAID) for the selection
of target plants The criteria included a long-term economic viability of the plant, its financial
condition, 1ts generation of export revenues, production output versus nominal capacity, energy
conservation potential, possibilities of project replication at similar enterprises and 1its access as a
demonstration facility to other plants

This report details the findings of BURNS & ROE ENTERPRISES, Inc energy report
performed at the Yalta meat processing plant



1. EXECUTIVE SUMMARY

1.1. Introduction

The Yalta meat processing plant 1s a modern dynamically growing enterprise and one of the
largest 1n 1ts sector 1n the Autonomous Republic of Crimea

Ornentation at the continuous renovation of products and search for new technologies allow the
plant to mmcrease production annually and consistently produce the output of guaranteed quality

This energy audit has been conducted under the Industnial efficiency in Ukrane technical
assistance program sponsored by the US Agency of International development referred as Delivery
Order #30

This project consisted of performmgtwenty four audits of industrial enterprises in Ukraine The
purpose of the projectwas to develop Ukraiman energy service company (ESCO) capabilities To
accomplish this task Burns and Roe Enterpnises, Inc (the primary contractor) hired Ukrainian
engineers These engineers were trammed in U S techniques of conducting energy audits and ESCO
concepts The industnal energy audits were conducted to facilitate the ESCO training

An energy audit team made up of one US expert and two Ukraimian engineers carried out energy
audit November 24 through 28, 1997 in comphance with the objectives of the project and prepared
the report

Since these industries are very large a one week site visit 1s not sufficient to adequately audit the
entire facility In many cases 1t was necessary to focus auditing efforts on one system or only a
portion of the entire plant Therefore, this audit 1s based on what could be accomplished during one
week allocated While this audit contains numerous recommendations for the plant management, the
plant management 1s encouraged to perform a complete audit of the entire facility Hopefully, the
plant management will consider hiring the engineers trained under this project to continue this work,
which will result 1n a complete understanding of energy usage within the plant, as well as a complete
listing of all potential energy improvement projects

1.2. Brief survey

* Yalta meat processing plant 1s functioning stable by Ukraimian standards

» As expected, the audit group found a lot of attractive opportunities for improvement of the
energy efficiency at 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 incentives caused by the bartering system and
mutual non-payments

* Intotal energy costs used by the plant steam makes up over 50% and out of total electric
power use over 70% are used for refrigeration These directions of energy use determine
primary sources of energy savings

» Absence of energy submetering prevents mstitution of the basis for energy conservation and
introduction of the energy management system

» A major energy savings opportunity 1s the increase of efficiency of steam use 1n thermal
treatment units and by improving thermal insulation of steam and condensate pipelines

* Reduction of electric power use can be achieved through efficient generation and use of
cooling and automatic control of cold storage room temperatures



1.3. Recommendations

Recommendations listed in the report will improve energy efficiency of the plant, reduce the
costs and consolidate competitiveness of the enterprise In the table 1 1 below several Energy
Conservation Opportunities (ECO) with short-term payback are described as well as estimates of
reduction of cost and simple payback of measures with implementation terms of less than one year
For example, ECO #1 “Energy management”will institute systematic activities of energy
management for which purpose an energy management section will be established responsible for
the analysis of the energy consumption at the plant and for working-out of recommendations of
renovation and improvement of any systems resulting in energy savings

In order to improve energy efficiency and to reduce energy costs the USAID will provide

equipment for energy audits This equipment consists of portable instruments and meters for
performing energy audits

ECO #2 “Replacement of steam traps in the steam consuming systems” will reduce steam
consumption without deterorating thermal specifications of the equipment with concurrent
improvement of of 1ts thermal potential use 1n the thermal treatment chambers and 1n fat extraction
unit

ECO #3 “Condensate recovery from thermal treatment chambers” will reduce natural gas and
expensive cnemically treated make-up water consumption by 1nstallation of steam-driven pump for
condensate pumping from sausage cooking unit to the boiler house

ECO #4 “Thermal 1nsulaion of steam and condensate piping” will reduce direct heat losses at
the sections of 637 m long

ECO #5 “Improvement of combustion efficiency i the DKVR-2 5-13 boilers” will boost
combustion efficiency 1n the boiler by optimization of natural gas firing and, consequently, reduce
gas consumption

ECO#6 “Energy efficient lighting of the plant” by installation of 171 energy efficient lighting
fixtures mstead of DRL-400 and incandescent lamps of the plant lighting system will improve
reliability and save electric power

Table11 List of energy conservation opportumities (ECO)

ECO Description Electricity Natural Water Annual | Project Simple
# savings 1 000 gas savings savings 1000 savings $§ cost, (1997 payback
kWh 1,000 m’ o’ (1997 prices) |} Prees) years
1 |Energy management 1040 720 3,000 8000 14,200 18
o | Steam trap 389 3200 2,640 08
replacement
m Recovery of 266 1,410 5,700 4
condensate
W Condensate piping 1209 6415 9,500 15
msulation
v Improvement of 2543 2110 6,500 3
combustion efficiency
m DKVR-2 5-13 boiler
V1 Energy efficient 435 1,915 2150 12
Iighting of the plant
vil Total 1475 2838 3000 23 050 40,690

Capital investment to the amount of US$2,640 into energy efficiency improvement with short-term
payback (ECO # 02) will lead to annual savings of US$3,200, reduction of natural gas use by 38 9
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thousand cubic meters Investment of US$38,050 into energy efficiency with payback periods of
more than 1 year (ECO # 01, 03, 04, 05, 06) will lead to annual savings of US$19,850 and will cut
down electric power use by 147 5 thousand kWh, water use by 3,000 cubic meters and natural gas
use by 244 9 thousand cubic meters

Total reduction 1n electric power use will be at 147 5 thousand kWh (16% of the 1996 use), water
3,000cubic meters (10%) and in natural gas at 283 8 thousand cubic meters (40%)

Total reduction of emission of hazardous substances due to implementation of the proposed
measures will be 2 68 tons including 0 65 ton of solid particles, O 11 ton of carbon oxide, 0 46 ton
of nitrogen oxides, 1 46 tons of sulphur oxide

The ECOs above can be implemented at variuos industrial enterprises 1 e serving as the standard
solution of a common problem

1.4. Operation and Maintenance

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

For the Yalta Meat Processing Plant as with most industries 1n Ukraine previously energy costs
made up an msignificant share 1n total production costs, hence the energy was not a major
consideration 1n plant operations

With the nising energy costs over the past few years, energy costs have now become very
significant For Yalta Meat Processing Plant, energy costs are now about five percent of the cost of
production

While energy and energy costs are now well understood by the Yalta Meat Processing Plant staff,
there 1s the tendency to think mainly of having to implement large projects with the intent of saving
large amounts of energy This 1s unfortunate since many small energy saving projects exist that
have very good payback periods

But 1t 1s common to 1gnore these since the savings per unit might be low For instance, the
nstallation of steam traps might not seem as attractive as installing a large project such as ammonia
compressor room modification But these small projects are very important, and when the total
number of steam traps 1s considered, the total savings resulting from this item 1s very sigmificant

Most industries 1n Ukraine have a person or persons who are referred to as energy engineers These
specialists are responsible for uninterrupted energy supply of necessary quality and amounts to
production lines, and ensuring energy savings However, due to cuts in production costs typically
the specialists of auxiliary services are the first to be laid off, energy supply service included Thuis
results 1n remaining specialists mostly tackling not the energy efficiency 1ssues at their plants but
ensuring that there 1s adequate supply of energy But with the rise 1n 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 minimuum, and
for large industries, possibly even an energy management section

These people should routinely be 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 in consumption, 1dentify causes of them and make decisions on
the necessary energy consumption remedial measures to prevent unreasonable energy use For
instance, 1f monthly consumption increases, the reasons why should be determined and 1f
approprate, steps taken to correct any problem

In addition, the energy management staff should also review each process, and look for energy
saving opportunities, certification of technologies and equipment for energy efficiency They should
see that all cost effective energy improvements are implemented, beginning with items 1dentified in



this energy audit They should then also have responsibility to review all proposed changes to the
facility to ensure that each process 1s as energy efficient as possible

It would be good to have a thermal specialist (someone who 1s knowledgeable about steam,
refrigeration, hot water, and natural gas systems) and an electrical specialist

In 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 industries gives a benchmark by which the section can be evaluated And in industries in
Ukraime, where energy efficiency 1s just at its infancy, the percentage goal could even be higher
Some industries 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

1.5. Implementation

Implementation of ECOs listed 1n the table 1s planned following completion of regular phases of the
project 1n accordance with Attachment A to the Memorandum of Understanding of February 19,
1998



2. GENERAL/BACKGROUND

Name - Open joint-stock company “Yalta meat processing plant”
Managing director - Adam Abuseinovich Dadayev

Chuef engineer - Alexander Vliadimirovich Pushin

Phone No (0654) - 34-70-49, 34-73-62

Fax No (0654) - 34-70-50

Mail address UKRAINE 334233 Yalta, Isobilna str 1

2.1. The enterprise history

The Yalta meat processing plant enterprise was commissioned in 1966 The primary activities
comprise the following purchase and slaughter of cattle, production and sales of sausages and meat
products The enterprise covers the area of 1 8 hectares In 1994 the enterprise was converted into
an open joint-stock company with collective form of ownership The stock capital ownership as
shown 1n the Table 2 1

Table 21 Ownership of capital and distribution of stock

Name of stockholder Value, 1n thousands of hrivmas | %
Statutory capital, including 184175 100
 Property of the labor collective 13629 74
» Property of legal bodies - 33151 18

agricultural producers
e Property of natural persons 147 34 8

Presently there are no joint ventures with foreign companies though an active effort 1s applied in
this direction

There are the following buildings and constructions within the territory of the enterprise

the main processing building comprising the following,

. sausage workshop,

. culinary workshop,

. fat extraction workshop,

. delivery unit,

. ammonia Compressor room,

. personnel private premises of the plant,
. boiler house,

. electric and mechamcal workshop,

. specialized workshop with a slaughterhouse,
. office (adminustrative) building,

. motor transport maintenance workshop,
. wastewater treatment facilities

Organizational structure 1s shown on Fig 2 1

The capital assets after 30 years of operation possess a significant degree of wear and require capital
overhaul which 1s gradually being carnied out by the enterprise



2.2. Recent production

Currently the primary activities of the enterprise are the following

. purchase and slaughter of cattle,
° production and sales of sausages and meat products,
. organization of wholesale, retail and proprietary trade

The enterprise supplies commercial networks of Yalta and Autonomous Republic of Crimea with
the following fresh meat, boiled, dried and smoked sausages, smoked and dried ham, bacon and
pork, pre-processed meat, ground meat, food fats The republican enterprises are supplied with
technical-purpose fats, bone meal

The enterprise carries out reorientation of its production by reduction of boiled sausages output and
increase of output of smoked and dried sausages and other meats with longer shelf life for delivery
to other parts of Ukraine

The enterprise owns three specialized stores
Average number of the plant employees 1s 260

2.3. Significance of the sector for the national economy

The plants of similar sector exist in almost all regions of Ukramne Total number of them 1s around
2300 mcluding 9 large meat processing complexes producing meat products and sausages There
are 7 similar enterprises 1n the Autonomous Republic of Crimea

The enterprise has an insignificant share of output volume within Ukraine, however, for the
Autonomous Republic of Crimea 1t has a substantial importance since it 1s currently one of the two
plants of the same sector which operate and meet the needs of the republic 1n sausages and meat
products at the peak of the vacation season
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3. CURRENT STATUS OF PRODUCTION

3.1. Total capacity of plant

The design capacity of the enterprise ensures output of 30 tons of sausages per day or 10 000 tonnes
per year

3.2 Recent production: 1997 vs. 1995 and 1996

In 1995-1997 the enterprise operated at reduced capacity due to the fall of the purchasing power of
the population and the impact of the seasonal factor Thus during summer vacation season (June-
August) production output rises threefold in comparison with the winter months Output volumes
are given 1n Table 3 1

Table 31 Production output

Item Unit | 1995 | 1996 | 1997 { % 1996 to 1995

1 Slaughtered meat tonnes | 147 368 193 250

2 Sausages tonnes | 1404 ] 1262 683 90

3 Pre-processed meat tonnes | 286 131 39 46

4 Food fats tonnes | 25 38 16 132

5 Bone meal tonnes | 118 102 64 864

6 Production output - total { thou of

- at current prices hrivnas {4959 7 | 7067 3 | 4076 6 -

- at comparable prices 6434 016302 81 38326 98

The analysis of the data from the table shows that the absolute production output 1n 1996 as
compared to 1995 were as follows slaughtered meat - 250%, sausages - 90%, pre-processed meat -
46%, food fats - 132%, bone meal - 86,4%, production output at comparable prices - 98% Average
monthly output 1n 1997 as compared to 1996 have a tendency toward reduction and are
correspondingly as follows 69 7,72 2,39 4, 56 2,83 6, 81 1%%

3.3. Current trend: prospects of development

Marketing, production and technical services of the plant carry out work for the future development
of the plant

The enterprise solves the problems of the sales market expansion by opening two specialized stores
outside the city of Yalta, reconstruction of the main production building 1s underway, new high-
output equipment 1s bought, 1n particular, sausage clipping and other machinery of German and
Austrian manufacture have been bought and installed In 1997 for the purposes of reconstruction
and purchasing of new equipment US$ 300 000 were invested Production units of the plant in
cooperation with the Hungarian investors work on production of Salami sausages All this points at
the fact that the plant sees its own prospects of development and considering improvement of social
and economic situation in the Autonomous Republic of Crimea and development of recreational
business 1t 1s able to sharply increase the product output

3.4. Exports vs. domestic production

11



and economic situation in the Autonomous Republic of Crimea and development of recreational
business it 1s able to sharply increase the product output

3.4. Exports vs. domestic production

The Yalta meat plant does not carry out export operations

12



4. FINANCIAL STATUS OF PLANT

4.1. Currency vs. barter

The Yalta meat processing plant does not carry out barter operations Payments 1n hard currency
only for imported equipment

4.2. Viabihty of plant

Primary financial results are shown in Table 4 1 Their analysis shows that net profit in 1996 larger
than 1n 1995 by 24 7%, gross income 1s also growing
Table 4 1 Primary financial results in min Hr

Indicator 1995 | 1996 [1997 (9 months)
1 Gross income 592816 606 5341
2 VAT (20%) 0992 |10%4 0 794
3 Production costs 429414711 4 045
4 Pre-tax profit 0642|0801 0502
5 Actual production output |3 244 |6 703 4 451

The data 1n Table 4 1 show that in 1996 as compared to 1995 gross income grew by 111 4%,
production costs by 109 7%, actual production output by 206 6% that i1n comparison with the data
from Table 3 1 characterize general decline of production output in physical terms and given profit
-ncrease by 40 3% they allow us to draw the conclusion of significant impact of the 1996 indexation
(reassessment) of capital assets on the financial results of the plant

Confirmation of this 1s the change of residual cost of capital assets given 1n the statistical report by
the form 1"The balance of enterprise as of 01 01,1997 (line 010) where 1t 1s shown that as of
January 1, 1996 the cost was Hr 575295 and as of January 1, 1997 it was Hr 36240751 e 1t rose

6 3 times

Average monthly indicators of 1997 as compared with the ones of 1996 are respectively as follows
(according to the items of Table 4 1) item 1 - 107,8%, item 3 - 115 2%, item 4 - 83 3%, item 5 -

88 5%

The values of cost indicators of 9 months of 1997 can de explained by taking into account
production output decline i physical terms over the same period as compared to 1996 (see Table

3 1), general stabilization of the national currency and certain growth of production of a range of
better quality and higher-priced output

Hence, different cost bases 1n 1995, 1996 and 1997 do not allow us to objectively view relative
efficiency of operation per each year Certain evaluation can be made by plant viability indicators in
Table 4 2 which contains satisfactory values of stable financial situation of the plant over the
studied period

Table 4 2 Indicators of financial stability
Indicator 1995 11996 | 1997 (9 months)

1 Profitabiity % | 13 | 16 11
2 Liquidity factor |2 44 |3 86 339

The plant has no debts
All ncoming and outgoing bills are collected each year and kept 1n the books

13



5. ANNUAL ENERGY CONSUMPTION AND COSTS

5.1. Annual consumption, 1995, 1996 & 1997

The basic types of energy used at the Yalta meat processing plant are electric power, natural gas and
potable water purchased from the uuiity organizations Thermal energy 1s generated as saturated
steam at 6 kg/cm’ pressure by the mn-place boiler house equipped with two DKVR-2,5/13 boilers
The breakdown of annual consumption and costs of these energy sources 1s shown 1n table 5 1
below Electricity and natural gas make up 73 9 percent and 26 1 percent of the total energy used
by the plant However, the share of costs 1s different electricity - 38%, natural gas - 50%

Table 51 Total Energy Use by Energy Source and Cost (Based on 1996 Data)

Energy Annual Use Annua | Share of | Annua | Share of
1Use | Energy |1Cost, | Annual
n Use, % | US$ | Cost, %
GCals
Electricity 1,081,400 kWh 930 22 47,822 38
Nat Gas |750 9 thousand cum | 3290 78 62,374 50
Water 29,543 cubic m - - 14,772 12
Total - 4,220 100 125,028 100

Fig 5 1 shows distribution of energy use by types of energy carriers The breakdown of annual
energy consumption and costs 1s shown 1n Fig 5 2 through 5 4

E138,0%

Electric power use, $
B Water use, $

[0 Natural gas use, $

[150,0%

Fig 5 1 Distnibution of energy costs in 1996
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Energy use 1 Yalta meat plant in 1996 and 9 months of 1997
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Electricity use, kWh |Natural gas use, 1000 m*| Water use, m®
Month 1996 1997 1996 1997 1996 1997
January 77,703 73,504 79 44 2,380 1,034
February 71,615 60,497 63 45 2,394 1,875
March 48,215 54,837 525 43 2,387 1,680
April 77,693 78,100 53 38 2 385 1,457
May 83,695 82,837 47 32 2,389 1,363
June 97,836 92,689 45 36 2,387 1,790
July 115,840 | 107,187 69 8 42 2,690 1,725
August 148 725 | 116,765 804 35 2,800 1,915
September | 107,740 99,004 833 34 2,550 1,675
October 87,763 80,723 76 9 32 2,506 1,775

November 87,005 51 2,405

December 77,585 50 2,270

Total | 1,081,415 750 9 29,543

kWh
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Fig 5 2 Electric power use, kWh
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Fig 54 Water use, cum

The total consumption of electricity mn 1996 was thousand 1,081 kWh, while natural gas
consumption was 750 9 thousand cubic meters and water - 29 5 thousand cubic meters The peak
production period 1s June through October The maximum natural gas use both 1n 1996 and 1997
occurred 1n the peak production summer months and in September 1996 1t was 83 thousand cubic
meters The peak natural gas and water consumption does not occur during any one month m the
summer but varies each year depending on the delivery of meat

Electricity consumption 1s strictly varied by the month with the evident maximum 1n August (in
1996 the August consumption was 148 7 thousand kWh and 1n 1997 1t was 116 8 thousand kWh)
The connection above 1s driven by the refrigeration needs 1n the plant According to the plant
statistical data 82 percent of the total electricity use were taken up by the refrigeration plant
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equipment As seen from Fig 5 2 the refnigeration load 1s driven basically by the climatic
conditions of Crimea since the cold storage rooms are also used for keeping the products of outside
customers

The natural gas consumption 1s driven by the steam demand of production units Annual
consumption of thermal energy 1n 1996 was 3,290 Gceal and 1,620 Gcal over 9 months of 1997 With
the purpose of cost-efficient running of the boiler unit the maintenance orgamzation has test-fired
the boilers and worked out operation charts according to which specific use of fuel at the nominal
firng mode 1s 143 78 cubic meters per Geal The analysis of the data of Fig 5 5 and 5 6 shows that
actual specific use of fuel was 228 2 cubic meters per Geal 1n 1996 and 236 4 cubic meters per Geal
in 1997 which can be explained by frequent startups and shutdowns of boilers and ineficient
running at the lowered pressure of 6 kg/cm®

Year Production Thermal energy | Other production
consumption, tce | production, tce | consumption, tce
1995 657 432 225
1996 719 590 129
1997 (9 months) 347 287 60
tsf
800 ¥
/19
700 1

600 + =t==Industrial Use, ts

sfiems Thermal Energy

400 -
> 347 Generation, ts f
300 A 1087
200 %“2“5’“” =~~~ »Other Industrial
e - Use, ts f
100 ) By F T g » ‘{
m*] 60
0 1 |
1995 1996 1997  Years

Fig 5 5 Dynamics of natural gas use by types of production

Year Production |Sausages, | Meat and by- | Other production
consumption, Geal products, Gcal | consumption, tce
Geal
1995 2,380 1,478 110 792
1996 3,290 1,329 366 1,595
1997 (9 months) 1,620 1,100 92 428
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Fig 5 6 Dynamics of thermal energy use by types of production

Year Production | Refrigeration | Sausages, | Thermal energy
consumption, , KWh thou kWh | production, thou
kWh kWh
1995 1,072 926 85 40
1996 1,040 852 76 54
1997 (9 months) 687 591 59 35
thousand kWh
1200
1072 o 1040 === ndustral Use,
1000 + s kWh
852
800 -—926 === S 2USJES,
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600 - Coolina generation,
591 kWh
400 +
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h . e =n 559
0 +H40——"—- 76 = — {35
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Fig 5 7 Dynamics of electricity use by types of production
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52. Current tariffs for fuel and energy

The plant pays approximately US$110 thousand annually for 1ts energy consumption Energy costs
run approximately 5 percent of the total production cost Therefore, energy efficiency measures can
make a significant impact on the plant’s bottom line

The electric rate structure 1s what 1s known 1 Ukraine as the one-part tariff Once a year the plant
negotiates a contract with the utility company on the rate for electric power In accordance with this
contract the advance payment should be made for the negotiated amount of electric power
consumption The monitoring over the consumption of contracted amount of power 1s carried out
monthly by active power meters installed at the input feeders The sum of the advance payment 1s
determined as of the time of previous payment in comphance with the attached methodology
(Appendix No 1 “Annex No 1 to the Contract No 1 of November 28, 1996”) The electricity
consumption limits per each month are negotiated and approved one year in advance If the plant
exceeds the maximum consumption limit, then the excess amount 1s billed at ten times the fixed rate

of the contracted amount
The contracted electrical rate 1s Hr 0 083 per kWh (US$0 044 per kWh)

The natural gas comes to the plant from the city pipeline and is used mainly for generation of steam
and hot water at the boiler room and for singeing of carcasses There are two gas meters at the gas
distribution unit installed at two sections The monthly rate for natural gas 1s US$83 per 1000 cubic
meters

Cold water 1s supplied to the meat plant via flow meter from the city pipeline The cost of water 1s
USS$0 5 per cubic meter

5.3. Energy use profile

The production umnts of the plant use the following energy sources

e electric power - ~380/220 V for electric drives and lighting,

» thermal energy as follows, saturated steam at 4 kg/cm pressure for sausage boiling, animal fat
extraction etc , 70 °C hot water for hot water supply and space heating,

¢ natural gas for carcass singeing

The total production output 1n 1995 through 1997 year 1s shown 1n Table 3 1, energy consumption
mdicators by the types of products and work are showninFig 55,5 6,5 7 (according to Appendix
D, form No 11 mtp)

The plant does not submeter natural gas, thermal energy or electric consumption at production umnts,
plants or by types of products so it 1s difficult to account accurately for the changes 1n the plants
overall specific energy use Currently this accounting 1s carried out by the economic office of the
enterprise by calculation on the basis of the design specific use per umt and production output The
results 1f the energy and fuel use are reflected 1n the state statistical reporting form No 11 mtp
“Report on the use orf fuel, thermal energy and electric power” (Appendix D)

Due to the same reason 1t 1s difficult to develop an objective schematic of energy use by production
lines and units

Summarized analysis of the data from the Table 3 1 and Fig 55, 5 6, 5 7 shows that calculated
norms of energy consumption 1n 1995 through 1997 are constant for the standardized types of
products and work (thermal energy generation, production of sausages, meat and by-products,
refrigeration) irrespective of the range of output, volumes of production etc This seems to
determine the amount of energy resource consumption in the item “Other industrial consumption”
which 1s calculated as the difference between “Industrial consumption” and calculated energy use
by standardized types of products and work and where expenses for energy exceeding the standards
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are reflected The same 1tem shows the non-standardized use by the types of products and work As
the result “Other industrial use” was 1n 1995 34 2% of industnal use of natural gas, 33 3% of
thermal energy, and 17 9% and 48 5% in 1996 respectively, 17 3% and 26 4% - in 1997 that seem
to be one of the fuel and energy savings opportunities

As mentioned above out of the standardized electric power consumers the largest 1s the refrigeration
system (82% of the industrial use) Specific use of electric power for generation of 1 Geal of
cooling 1s 892 5 kWh that 1s much higher than the optimum The refrigeration system 1s another
large energy savings source

20



6. PREVIOUS ENERGY IMPROVEMENTS

According the plant staff some energy conservation improvements have been made at the plant over
the last few years

In 1991-1992 1n the thermal treatment unit of the sausage workshop twelve thermal treatment
chambers were renovated Internal lining was modified and air heaters for vortex air flow were
installed In 1996 1n one of the thermal treatment chambers new doors were nstalled which
reduced significantly steam and hot air waste during operation However, current state of
thermal treatment chambers 1s unsatisfactory

In cold rooms the roofs are equipped with the Renor-type thermal insulation that substantially
reduces the waste of cooling

The ammonia compressor motor capacities are excessive, so two electric motors on two
compressors have been replaced, and more appropriate start-up schedule have been worked out
depending on the cold storage room load

In order to save electricity used for refrigeration the plant management 1n 1996 carried out an
experiment using outside air to cool the products to appropriate temperatures that yielded
positive results

In order to speed up salting and maturing processes a new technology of meat processing using
brine 1njection and vacuum hammering devices Electricity consumption 1n the refrigeration
system fell from two to three times

Other energy saving improvements that the plant 1s aware of but has not implemented yet include

Renovation of the heated air supply system to the steam boiler using the heat of the boiler
blowdown

The plant management 1s working out plans for replacement of the thermal treatment chambers
with new ones ( € g Czekish) and purchase of Hungarian climatic treatment units where
drymg-up and smoking processes are combined

Presently renovations of the culinary and sausage workshops are underway, ventilation systems
are being modified

One problem has been the lack of extensive as well as sustained efforts in energy conservation
Most of the past energy saving efforts have been conducted on a case-by-case basis without any
energy saving management plan in place to systematically look for energy saving opportunities in
all energy using areas of the plant Hence, a lot of energy saving opportunities in the general
operation and maintenance have been overlooked There 1s also no in-house energy-efficiency
engineer which makes 1t difficult to carry on the energy conservation efforts
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7. ENERGY AUDIT

The analysis of the energy use at the enterprise given 1n Section 5 of this report and study of actual
consumption of energy resulted in working-out of energy conservation opportunuties (ECO)
described below They will reduce electricity consumption by 147 5 thousand kWh (16% of 1996
consumption), 3,000 m® of water (10%) and natural gas by 283 8 thousand cubic meters (40%)
These ECOs can be replicated at other industrial enetrprises and used as standard solutions to
common problems

ECO#1 INSTITUTION OF AN ENERGY MANAGEMENT PLAN

There exists a great opportunity in the plant to improve 1ts energy-efficiency through simple energy
management measures which are low-cost in nature and will have immediate payback to the plant
However, no formal energy management plan currently exists that will reduce losses related to
operation and maintenance

A key to the successful implementation of an energy management plan 1s the appointment of an
energy-efficiency manager or committee whose primary role 1s to focus on improving energy-
efficiency Appointing an individual who 1s both knowledgeable and motivated by energy-
efficiency 1ssues will be a major step 1n saving energy at the plant This individual should

»  have a technical background with a firm understanding of steam and electrical energy systems

»  be able to work well with both plant workers 1n 1dentifying operation and maintenance type
energy-efficiency opportunities and also be able to communicate these energy savings
opportunities to the management

+  Dbe able to provide training to the plant workers on more energy-efficient practices and also to
help motivate them to implement such measures throughout the plant

* be able to develop an energy management plan for making energy-efficiency improvements
over a 5 to 10 year period

It 1s therefore recommended that the plant appoint an energy manager who can steer the plant
toward a more energy-efficient use of energy

The following energy management type of improvements were found during the energy audit and
could be used as a starting point for implementing a more comprehensive plan

Energy submetering at the mam workshops

There are four main production units or workshops sausage, culunary, fat extraction and
specialised Each of these workshops produces various products with different energy content But
due to the lack of submetering 1t 1s extremely difficult to to determine how the energy 1s used over
the entire plant Furthermore, without this information 1t 1s impossible to determine which of the
production units 1s the most energy efficient and which requires improvements by implementation
of energy conservation measures In order to make the benefits of submetering materialize we
recommend to equip the main production units with electricity and heat meters

Weatherstripping of doors of the thermal treatment unit

We recommend to repair and weatherstrip thermal treatment chamber doors 1n order to eliminate
gaps while doors are closed The weatherstripping material should withstand temperatures up to
150°C (300°F)

Improvement of energy-efficiency of cold storage rooms

Implementation of the last ECO 1s possible 1n case of introduction of three energy saving measures
to reduce energy waste 1n the cold rooms The first measure focuses on optimization of the use of
the cold room space 1n the winter and summer seasons to minimize refrigeration requirements, the
next two focus on minimizing nfiltration of warmer and more humd outside air into the cold
rooms, especially during the summer months by weatherstripping of the doors and installation
plastic curtains
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There are losses of natural gas at the plant caused by the general economic status of the plant First
of all these are losses due to low load on the plant capacity and, therefore, operation of the boiler
every other day that leads to additional use of natural gas to warm up the boiler at the start which
consumes up to 30,000 cubic meters of gas Besides, the boiler operates 1n inefficient mode at the
reduced steam pressure of 6 kg/cm’ which causes the waste of 27,600 cubic meters per year Hence,
“forced” losses amount to 57,600 cubic meters (11 3%) or US$4780

Since the plant pays approximately US$110,000 annually 1n energy bills and given the rise of
electric power use 1n 1997 over 1996 potential savings more than likely that savings 1n the range of
10 percent will be possible ,1e US$11,000 and 72,000 cubic meters of natural gas, 3,000 cubic
meters of water and 104,000 kWh of electric power

The simple payback for instituting an energy management plan 1s
SP = $14,200/(811,000-$3,000) = 1 8 years
See details of this ECO m Appendix Al, ECO #1

ECO#2 REPLACEMENT OF STEAM TRAPS

The existing steam traps are the original ones that were installed when the plant was built 25 years
ago These traps are no longer functioning properly allowing live steam to leak through to the
atmosphere

It 1s recommended that the existing steam traps be replaced with new mverted bucket type steam
traps There are two key advantages with this type of trap the trap has a simple design with only
one moving mechanism and 1s therefore simple to diagnose and maintain, and this type of trap 1s
more resistant to water hammer damage which 1s often present 1n batch operations

Therefore, Annual Cost Savings from steam trap replacement 1s $3,200/year or 38,900 cubic meters
of natural gas
Simple Payback 1s 0 8 years (10 months)

See details of this ECO 1n Appendix A2, ECO #2

ECO#3 RECOVERY OF CONDENSATE FROM THE THERMAL TREATMENT
UNITS

Approximately 50 percent of the condensate generated from the steam supplied to the thermal
treatment unit 1s presently drained to the sewer system This loss occurs because the condensate
return system relies on the steam pressure to push the condensate back to the boiler room

It 1s recommended that a new steam powered pump be 1nstalled near the thermal treatment unit to
pump condensate generated in the thermal treatment unit back to the boiler as 1t 1s generated This
will ensure more complete recovery of the condensate and will reduce the need for boiler feed water
which requires energy to heat up to the boiler temperature Additional benefits include some
savings from the reduced costs 1n city water consumption, feedwater chemical treatment, and boiler
blowdown

Annual Cost Savings are §1,410/year or 26,600 cubic meters of natural gas

The simple payback 1s 4 0 years

See details of this ECO 1n Appendix A3, ECO#3
ECO#4 THERMAL INSULATION OF STEAM AND CONDENSATE PIPING

As the result of the study of the steam distribution system 1t was established that several main steam
pipelines, branch pipes and condensate piping do not have such msulation
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The efficiency of the boiler 1s 85% and steam distribution system efficiency 1s 75% Steam
consumption at the 5 kg/cm’ pressure 1s 1500 kg/hour provided the bouler 1s fired 43 hours a week,
50 weeks a year

Currently 1t 1s realistic to reduce energy waste 1n the thermal supply networks by utilization of
modermn efficient thermal insulation materials such as cellular plastics, Styrofoam and others with
thermal conductivity factor of 0 03 - 0 05 Ccal/(meters x hours x °C ) We assume the use of the
above materials

As the result of implementation of this ECO there 1s a possibility to decrease the steam use by 682 4
Geal per year Annual savings will amount to US$6414 6 per year

Simple payback 1s 1 5 years
See details of this ECO m Appendix A4, ECO #4

ECO#5 IMPROVEMENT OF COMBUSTION EFFICIENCY OF DKVR-2 5-13 BY
EXCESSIVE AIR CONTROL

For thermal power supply 2 DKVR-2 5-13 boulers are used (one 1s a standby) For running these
boilers the operation charts have been worked out but automatic control of fuel-to-air ratio in
conformity with the load 1s nonexistent

Control of optimal combustion 1s carried out by subjective perception of the flame color by the
boiler operator

We suggest to equip the operation personnel of the boiler unit with the ENERAC-2000 combustion
analyzer and to include 1n the operational responsibilities of the operator the periodical check of
combustion processes that would ensure the increase of boiler combustion efficiency and savings in
natural gas

Implementation of this ECO will cut down the specific rate of fuel expenditure by 5% and will
lower 1t to 161 kg of coal equivalent fuel per 1 Geal The annual savings will come to
US$2110/year or 25,430 cubic meters of natural gas

Simple payback 1s 1 2 years

See details in Appendix AS, ECO #5

ECO#6 ENERGY EFFICIENT LIGHTING OF THE PLANT

It 1s recommended to review the proposal to replace the 16 DRL-400 outside lighting lamps with
DNaT-250-3 high pressure sodium lamps using the existing fixtures and changing the switching
apphances for the ones of approprate capacity

Introduction of the ECO should permit to lower the O & M costs for the replacement of the DRL -
400 lamps since their service life 1s 2 times shorter than that of DNaT -250-3 and reduce the
outside lighting costs 1 7 times

It 1s also recommended to review the proposal to replace in the production buildings the 100-watt
incandescent lamps with the GE Electronic Biax™ T energy-efficient fluorescent lamps of 5 times
lower capacity with the same lighting flow

Implementation of the ECO will reduce electric power consumption for the inside lighting and cut
down the O&M costs for the lamp replacement as the service life of the GE lamps 1s more than
twice longer

Total electricity savings will be 43,500 kWh Energy savings in money terms will be $1,913 4
Payback period will be 1 2 years

See details in Appendix A6, ECO #6
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8. ENVIRONMENTAL IMPACTS OF RECOMMENDATIONS

The most efficient way of reduction of hazardous emission 1n the atmosphere 1s the decrease of fuel
and electric power use, thus the imtroduction of the above mentioned recommendations 1s vital also
from the environmental standpoint In Section 7 calculations have been made supporting
opportunities of natural gas and electric power savings

Given that the plant 1s supplied with thermal energy by 1ts own boiler room the savings are

Natural gas savings from implementation of the proposed measures for the entire plant will amount
to

ECO#1 - 8, =72,000 cubic meters per year
ECO#2 - §, =38,900 cubic meters per year
ECO#3 - §; =26,600 cubic meters per year
ECO#8 - §; =120,900 cubic meters per year
ECO #10
Total natural gas savings will be §

sum
24072 0 1

283 8 thousand cubic meters per year

S, = 25,400 cubic meters per year
=8,+8,+8;,+S, +8 =72+389+266+1209+254=

Thermal energy savings calculated in the terms of natural gas we determine by the following
equation (for example, for ECO#3)

Seus=S;xbx10°=150x177 13 x 10° = 26,600 thousand cubic meters

where b - specific use of natural gas, cubic meters per Geal (determined by the gas and thermal
energy use in 19s96),

§; - 1s equal to the energy savings according to the ECO #3, Gceal

Natural gas combustion leads to emission into the atmosphere of carbon oxide CO and mitrogen
oxides VO,

The amount of prevented emission that we determune 1n compliance by the No2 boiler operation
chart constitute

s carbon oxide emission - M., =k ., x 8§
[ Co

sum

=0518x 283 8 =43 kg,

=04725m°x 2838 =134kg

where kg hyo,  Specific emission of carbon oxide and mitrogen oxides respectively, kg/cubic
meter,

»  mtrogen oxide emission - My, = by X S

sum

The results of calculations are shown 1n Table 8 1

Electric power savings from implementation of the proposed measures for the entire plant will
amount to

ECO#1 - W, =104 thousand kWh,
ECO#6 - W, =43 5 thousand kWh,
Total electric power savings will be
Won=W,+ W, =104 +43 5=147 5 thousand kWh per year

According to the data of the Ministry of energy of Ukraine average emissions from generation of |
thousand kWh were as follows

emussions of solid particles - 4 4 kg,
carbon oxide CO - 0 5 kg,

nitrogen oxides NO, -2 2 kg,
sulphur oxides $O, - 99 kg
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Table 8 1 Summarized indicators of prevented pollutant emission mnto the atmosphere as the
result of proposed ECO implementation

Type of emussion Reduction through Reduction through |Total reduction
thermal energy savings | electric power savings per year

Sohd particles, 065 065
tonnes

Carbon monoxide, 0043 007 011
tonnes

Nitrogen oxides, 0134 033 046
tonnes

Sulphur oxides, 146 146
tonnes

Thus implementation of proposed measures will cut down pollutant emission mto the atmosphere
by 2 68 tonnes that will certainly improve ecological situation 1n the city of Yalta
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A1l ECO#1 INSTITUTION OF AN ENERGY MANAGEMENT PLAN
Description of ECO

No formal energy management plan currently exists that will reduce losses related to operation and
maintenance Hence, there exists a great opportunity in the plant to improve 1ts energy-efficiency
through simple energy management measures which are low-cost in nature and will have immediate
payback to the plant

A key to the successful implementation of an energy management plan 1s the appointment of an
energy-efficiency manager or committee whose primary role 1s to focus on improving energy-
efficiency Appointing an individual who 1s both knowledgeable and motivated by energy-
efficiency 1ssues will be a major step 1n saving energy at the plant This individual should

* have a technical background with a firm understanding of steam and electrical energy systems

¢ be able to work well with both plant workers i 1dentifying operation and maintenance type
energy-efficiency opportunties and also be able to communicate these energy savings
opportunities to the management

» be able to provide training to the plant workers on more energy-efficient practices and also to
help motivate them to implement such measures throughout the plant

+ be able to develop an energy management plan for making energy-efficiency improvements
over a 5 to 10 year period

Such a position currently does not exist It 1s therefore recommended that the plant appoint an
energy manager who can steer the plant toward a more energy-efficient use of energy

It should be noted that there 1s energy waste at the plant caused by the general situation with the
plant economy

First of all this 1s the waste of natural gas due to cyclic operation of the plant and boiler which work
every other day with more than 24-hour interruptions This leads to the waste of natural gas for the
warming-up of the boiler at the firing start of up to 0 2 thousand cubic meters or per annum

G, = 3 starts/week x 50 weeks x 0,2 thousand meters = 30,000 cubic meters

year
To another type of waste we can refer the fact that the boiler operates by the economically
nefficient mode at the reduced pressure of 6 kg/cm? This the limut for safe operation by standards
of reliable circulation
The waste of natural gas constitutes

L= (to," -40) - (ty,;" -40)/6 = (190 7 - 40) - (158 1 - 40)/6 = 5 43%,
where #5,," to,; = saturation temperatures respectively at the nominal(13 kg/cm?) and

operational pressure m the boiler, °C

Annually (considering the use in 1996 for the production of thermal energy of 509,000 cubic meters
of natural gas) the waste was at 509,000 cubic meters x 0 0543 = 27,600 cubic meters

Hence, the waste above amounts to 57,600 cubic meters (11 3% of annual use) or US$4780
Provided the plant works to the full capacity the waste mentioned above can be eliminated

The following energy management type of improvements were found during the energy audit and
could be used as a starting point for implementing a more comprehensive plan

1 Energy submetering in main workshops

Currently there 1s only total energy consumption metering Submetering 1s non-existent There are
four main production units or workshops sausage, culunary, fat extraction and specialised Each of
these workshops produces vartous products with different energy content But due to the lack of
submetering 1t 1s extremely difficult to to determine how the energy 1s used over the entire plant

Furthermore, without this information 1t 1s impossible to determine which of the production unuts 1s
the most energy efficient and which requires improvements by implementation of energy

conservation measures
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In order to make the benefits of submetering materialize as the primary means of energy
management we recommend to equip the main production units with electricity and heat meters
Energy consumption data will enable the plant to match 1ts energy efficiency with similar Western
meat processing enterprises and, 1f necessary, to undertake improvements Additionally the heat
meter will enable the plant to evaluate heat savings from recovery of condensate discussed 1n this
report as an ECO The plant itself will make decision on 1nstallation of meters at other production
units
2 Weather Stripping of Doors of the thermal treatment unit

The doors to the thermal treatment unit chambers have anywhere from % an inch to 2 inches of air
gaps when they are closed, and steam and hot air leaks profusely through these gaps when the unit
1s working The plant staff has tried to retrofit one of the doors of the 11 chambers, however, the
heavy duty doors are difficult to rebuild in-house The staff feels they don’t have the expertise and
tools to rebuild these doors Another problem 1s that the main body of the thermal treatment units
1iself 1s severely corroaed and near the end of its life and so 1n order to make the doors more airtight
modifications will also be needed to the door frame of the chamber

It 1s essential that complete overhaul be made to reduce the loss of steam and hot air from the units
doors during operation A great deal of energy 1s being lost through these leaky doors and any other
mvestments on the condensate handling system of this unit will be 1n vain 1f this loss 1s not reduced

It 1s recommended that the doors be repaired and fitted with weatherstrips to minimize the gaps
when the doors are closed The weatherstrip should be able to withstand temperatures up to 150
degree C [300 degree F]

3 Improvement of energy-efficiency of cold storage rooms

There are nine cold storage rooms with the temperature requirements indicated in the table D1 1n
appendix D

Three energy saving measures can be implemented that will help to reduce energy waste n the cold
rooms and are discussed below The first measure focuses on managing the cold rooms n the low
load winter season to minimize refrigeration requirements, the next two focus on mimimizing
infiltration of warmer and more humid outside air into the cold rooms, especially during the
summer months

(a) Cold Room Space Management The meat stored in the cold rooms drops 1n the winter months
when the plant output 1s lower So some of the cold rooms are shut down However, 1t was
observed that the meat supply could be consolidated further into a fewer cold rooms and thereby
reducing the number of cold rooms needing refrigeration This space management practice could
also be extended to summer months when the refrigeration load are highest for the cold rooms For
example, there are three cold storage rooms, two with 200 tons of storage capacity and one with 100
tons of storage capacity, with a total capacity of 500 tons The meat peak load estimated by the
plant production supervisor 1n the summer of 1997 was 220 tons and only 100 tons of meat 1n the
winter However, all three cold rooms were operated 1n the summer and n the winter the two 200
ton rooms are kept running This represents a load to capacity ratio of approximately 50 percent in
the summer and 25 percent 1n the winter, respectively Such low ratios represent a waste 1n cooling
energy

Space management will require the installation of racks and shelves so that meat can be stacked
better Currently, the meat 1s spread out on the floor of the cold room and virtually all the vertical

space 1s unused Some stacking especially for longer term storage items will allow more meat to be
stored 1n fewer cold rooms

The plant director has already implemented cold room space management in some of the cold
rooms and so this 1s something that the plant has experience with The concept needs to be extend
to the whole plant to capture significant energy savings

(b) Reduction of Infiltration Since the cooler air 1s denser 1t has a natural tendency to “spill out”
when the doors are opened The lost cold air 1s made up by the warmer surrounding air infiltrating
into the cold rooms This warmer air then has to be cooled by the refrigeration system Also, the
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surrounding air usually has a higher moisture content This moisture condenses out when the air
comes 1n contact with the refrigeration co1ll This condensed moisture eventually starts to freeze on
the evaporator coil surface since the temperature of the refrigerant 1n the coil 1s below freezing
temperature This 1ce build up on the coil reduces the cooling efficiency of the coll Resulting 1n
higher energy use at the compressor

Cold air 1s lost continuously through the gaps 1n the cold doors and also when doors are opened to
load/unload goods Although infiltration losses cannot be totally eliminated significant reductions
can be made with the following two recommendations

(1) Weatherstripping of Cold Room Doors It was observed that the cold room doors do not shut
tightly There were visible gaps when the doors are closed The cool air 1s constantly leaking out
of the cold rooms as aresult The doors should be weatherstripped to provide a tighter closure and
minimize loss of cold air

(n) Installation of Plastic Curtams m Cold Rooms above 0 Degree C At present there are no
barriers to mnimize the cold air lost durig the loading and unloading operations when the doors
are kept open

It 1s recommended that plastic curtains be installed at the doors to create a vestibule barrier against
infiltration when the doors are opened during loading/unloading operations The barrier will
significantly reduce the loss of cold air when the doors have to be kept open By minimizing loss of
cold air from the rooms the cooling load and hence the compressor run-time will be reduced

Energy Savings Estimate

It 1s dafficult to estimate the energy savings from individual energy management measures, but 1ts
not unreasonable, based on experience 1n the US, to expect savings anywhere from 1 to 5 percent of
the plants total energy use Since the plant pays approximately US$110,000 annually in energy
bills the savings potential ranges from US$1,100 to US$5,500 annually Given the increase 1in the
intensity of the electnical energy use 1n 1997 over 1996, it 1s more than likely that savings in the
range of 10 percent will be possible or 72,000 cubic meters of natural gas, 3,000 cubic meters of
water and 104,000 kWh of electrnic power

Implementation Costs

The costs are of two types  One 15 a recurring cost for the salary of the energy-efficiency manager
and the other 1s the capital cost associated with implementing the recommendations above (Table
A 11) The mmpact of the salary would be to lower the annual savings, however, this should not be
seen as eating away the savings but as an investment because the benefits of an energy-efficiency
manager more than outweigh the costs 1n the long run

Table A11 Cost Estimates for ECO-1 Recommendations
Item Cost, US$ Cost, Hr

1 Tools for energy management

Energy meterng equipment $8,500 $16,000
Non-contact mfrared thermometer Raytek PM3L3SZ $1,600 2,960
Multimeter Fluke model 87 $500 925
Wattmeter TIF model 2000A $600 1,110
2 Weatherstripping of Thermal Treatment Unit (500" length) $1,000 1,850
3 Improvement of Energy Efficiency of Cold Rooms
»  Weatherstripping of Cold Room Doors $500 925
¢ Installation of Plastic Curtains $1,500 2775
Total $14,200 Hr 26,545
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Most of these measures can to be implemented 1n-house by the plant staff Therefore, the labor
costs are not included here

Simple payback estimate

The typical salary for an energy-efficiency manager in Ukraine 1s US$3,000 per year [Hr 5,550 per
year] The simple payback for mstituting an energy management plan 1s

SP=_814,200/($11,000-33,000) = 1 8 years
A2 ECO#2 REPLACEMENT OF STEAM TRAPS
Description of ECO

The existing steam traps are the original ones that were installed when the plant was built 25 years
ago These traps are no longer functioning properly allowing live steam to leak through to the
atmosphere

It 1s recommended that the existing steam traps be replaced with new inverted bucket type steam
traps There are two key advantages with this type of trap the trap has a simple design with only
one moving mechanism and 1s therefore simple to diagnose and maintain, and this type of trap 1s
more resistant to water hammer damage which 1s often present in batch operations

Energy Savings Estimate

The new traps will stop the leakage of live steam through the trap and into the atmosphere The
estimated leakage rate for a 7 atmosphere (100 psig) steam system 1s given mn the following Table
A21

Table A2 1 Annual loss of steam(")

Trap Orifice Size | High Loss Estimate, | Low Loss Estimate,
Ibs (tons) Ibs (tons)

1/8" 635,000 460,000

[3 175 mm] [290 tonnes] [209 tonnes]

1/4" 3,320,000 1,850,000

[6 35 mm] [1,510 tonnes] [840 tonnes]

" 10,200,000 7,400,000

[12 7 mm] [4,040 tonnes] [3,360 tonnes]

(") Based on 100 psig steam with 8,760 hours/year operation

The energy loss estimates for the plant can be estimated from the losses in the above table The loss
values are corrected to reflect the plant parameters 2 atmosphere (30 psig) pressure and 2,130
annual hours of operation It 1s assumed that the losses will be reduced 1n direct proportion to the
pressure and hours of operation Further, the low loss estimates for the 1/8"onfice size 1s used for
the plant to obtain a conservative estimate of the losses

Energy Loss per trap with 1/8" orifice = 460,000 1b/year x 2130/8760 x 30/100 = 33,550 1bs/year

There are a total twelve traps to be replaced eleven for the thermal treatment umit, and one for the
fat extraction umt
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Total Annual Energy Savings = 33,550 lbs/year/trap x 12 traps = 402,000 Ibs/year [180 tonnes]

The bouler operator informed the audit team that the boiler runs at 80 percent capacity 1n the
summer and at 50 percent capacity during the winter Also, 1n the summer (May through Septmber)
the boiler runs 56 hours a week or 1,120 hours total, and 36 hours a week the rest of the year or
1,008 hours total Therefore, using the total hours of operation we can estimate the annual steam
production, and from the natural gas cost we can estimate the cost of producing a 1000 pounds of
steam

Total annual steam production = summer production + winter production =
= 1,120 hours x 0 8 load x 5,500,000 Ibs/hr boiler capacity +
+ 1,008 hours x 0 5 load x 5,500,000 Ibs/hr boiler capacity =
= 7,700,000 lbs/year [3,500 tons/year]
Cost of producing 1000 Ibs [0 45 tons] of steam = Total natural gas Cost / 7,700 =
= $62,320/7700
= $8/1000 1bs of steam [$17 6/ton]
Therefore, Annual Cost Savings from steam trap replacement = 402 thousand lbs/year x $8
= $3,200/year [Hr 5,950/year]
Natural gas savings will be 38 9 thousand cubic meters annually

Implementation Cost

The cost of an mverted bucket trap 1s based on Armstrong inverted bucket trap model 811 This
trap 1s available 1n 2", 1 5" and 1" pipe connection sizes The unit cost of this trap 1s $200 It 1s
recommended that a stramer be mstalled 1n the piping ahead of the inlet connection to this trap to
prevent build up of unwanted foreign materials The unit cost of a 3/4" Y-stramner 1s $20
Therefore,

Total implementation cost = $220 x 12 = $2,640 year [Hr 4,880]
Simple payback
Simple Payback = $2,640/83,200 = 0 8 years (10 months)

A3 ECO#3 RECOVERY OF CONDENSATE FROM THE THERMAL TREATMENT
UNIT

Description of ECO

Approximately 50 percent of the condensate generated from the steam supplied to the thermal
treatment unit 1s presently drained to the sewer system This loss occurs because the condensate
return system relies on the steam pressure to push the condensate back to the boiler room
However, as the condensate accumulates 1t creates an excessive backpressure that stop the flow of
condensate Therefore, to avoid excess condensate from accumulating some of the condensate 1s
contnuously drained The dramed condensate represents an energy waste

It 1s recommended that a new steam powered pump be 1nstalled near the thermal treatment unit to
pump condensate generated 1n the thermal treatment unit back to the bouler as 1t 1s generated This
will ensure more complete recovery of the condensate and will reduce the need for boiler feed water
which requires energy to heat up to the boiler temperature Additional benefits include some
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savings from the reduced costs 1n (1) city water consumption, (2) feedwater chemical treatment, and
(3) boiler blowdown

Energy Savings Estimate

The temperature of the condensate generated by the thermal treatment umt 1s 105 degrees C  There
are a total of eleven chamber 1n the thermal treatment umit each with a maximum steam capacity of
150 kg per hour (330 Ibs per year) The umt runs for 56 hours a week 1n the summer months from
May to September, or a total of 1,120 hours, and for 36 hours a week 1n the remaining months, or a
total of 1,008 hours

Annual condensate generated = 330 Ibs/hour-umit x 11 units x (1120 + 1008) hours/year
= 5,082,000 lbs/year [2,130 tons/year]

The flash loss for 105 degree C condensate 1n going from 2 atmospheres (30 psig) pressure to
atmospheric pressure (0 psig) 1s 7 percent Therefore,

Annual condensate recovery potential = 5,082,000 lbs/year x 0 93 x 0 50
2,363,130 lbs/year [1 075 tons]

Returning this condensate back to the boiler results in a reduction 1n energy needed to heat the
relatively cold feedwater from 15 degree C (60 degree F) to 100 degrees C (212 degree F)

Q= (m * (h,- h))/e

0 = annual savings 1n energy, Btu [GCAL ]

m = annual condensate returned from the thermal treatment unit, 2,363,130 lbs/year

h, = enthalpy of city water at 60 degree F = 28 Btw/Ib (from steam tables)

h, = enthalpy of condensate at 212 degree F = 180 Btu/Ib (from steam tables)

e = boiler efficiency, assumed to be 0 60
Therefore,

0 = (2,363,130 lb/year * (180-28) Btu/1b)/0 6 = 600 million Btu/year [150 GCal/year]

Annual Cost Savings = 150 GCal/year * $9 4/GCal = $1,410/year [Hr 2,610]

Implementation Costs

The cost of the equipment 1s given 1n the table A 3 1 below The exact model and sizes will need to
be established more closely during the engineering design phase with the help of the equipment
supplier The labor for installation 1s to be provided by the plant The estimated time from ordering
the condensate handling equipment to clearing customs 1s 60 to 65 days or approximately 2 months

Table A 31 Cost Estimate for Implementation of ECO-3

Ttem Cost, US$ Cost, Hr

1 Steam Pressure Pump Armstrong Model PT-206 $3,000 5,550
2 Shipping and customs duty on equipment Add 60% $1,800 3,330
3 Pipmng Sch 40 Steel mcluding supports and fittings

» 200 feet of 3/4" $600 1,110
4 Insulation Fiberglass with all service jacket

e One mch for 200 feet of 3/4" pipe $300 555

Total $5,700 Hr 10,545

Note Quantities for fittings valves etc and piping lengths will depend on the routing and final installation design  Exact requirements will be
determined during the 1mplementation phase by the condensate system vendor and plant staff

33



Simple payback
The simple payback 1s = $5,700/$1,410 = 4 0 years

A 4 ECO#4 INSULATION OF STEAM AND CONDENSATE PIPING
ECO description

As the result of the study of the steam distribution system 1t was established that despite thermal
nsulation of main steam pipelines several branch pipes and condensate pipelnes do not have proper
msulation Particulars of non-insulated piping are given in Table A 4 1

Table A4 1
Purpose of piping | Length, JDiameter, | Numberof | t,°C
Lm D mm valves

1 Steam 30 81 1 150
2 Steam 105 55 2 150
3 Steam g1 41 2 150
4 Steam 105 34 2 150
5 Steam 30 27 1 150
6 Condensate 190 55 2 75
7 Condensate 14 41 1 75
8 Condensate 70 27 1 75

The condensate 1s returned to the boiler feed tank where 1t 1s mixed with cold water of 15 °C The
feed water tank 1s heated with steam 1n order to supply feed water to the boilers at 80 °C

The efficiency of the steam boiler 1s 85% and efficiency of the steam distribution system 1s 75%
according to the operation chart Consumption of steam at the pressure of 5 kg/cm?* 1s 1500 kg/hour
considering that the boiler operates 56 hours a week 1n wintertime and 36 hours a week 1n
summertime, 1 € 43 hours a week on average, 50 weeks a year

It 1s recommended that the steam and condensate piping should be fully msulated

The thickness of insulation should be selected depending on the piping diameter and 1ts purpose
The data are furnished 1n Table A 42

Table A 42
Purpose Diameter, mm | Insulation thickness, mm
1 Steam 55-81 80
2 Steam 27-41 60
3 Condensate 27-55 40

Annual energy savings estimate

The temperature of the pipe surface 1s taken at 150 °C for steam and 75 °C for condensate piping

We define the thermal energy waste for insulated and non-insulated pipes 1n accordance with the
methodology [Methodological instructions for determination of losses of fuel and energy resources
RDS5 EDIV 015-008094 Minmashprom, Kiev, 1994]

Thermal energy waste in non-1nsulated pipes (Ccal/hour) 1s determined by the following formula
an =gnln X Lo X k >
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where g, - specific losses of non-insulated piping (CCal /meter x hour),

k -  correction factor which depends on the air temperature and the difference between pipe
wall temperature and air temperature,

L - given length of piping, m
L,=L+(Imx n),
n -  number of valves within the section
For the pipeline #1 from Table 1 we have
Q1 =510x (30+1) x 0 95 = 15,020 CCal /hour
Further calculations were carried out similarly and are summarized in Table 3
Thermal energy waste of msulated (CCal /hour) pipelines are calculated by the formula
0,=8,x;-t)xaxbxL,
where g,, - 1s specific loss over 1 meter of piping with difference (¢, - t,) = 1°C depending on the
thickness of insulation {1, Table 10],

t, - temperature of pipe walls assumed as equal to temperature of heat carrier, °C,

t, - temperature of the air, °C,

a - correction factor depending on the thickness of insulation, thermal conductivity 1f
mnsulation matenal and temperature difference between heat carrier and air With
insulation thickness up to 100 mm and temperature difference up to 300 °‘Ca =1,

b - wind correction factor (with wind velocity of 5 m/sec)

Presently 1t 1s realistic to cut down waste 1n the thermal networks by using modern efficient types of
thermal insulation materials such as cellular plastics, Styrofoam and other with thermal conductivity
of 003 - 005 Ccal/ (m x hrx °C) We assume the use of the materials above

For pipeline #1 from Table A 4 1
0,,=0146x(150-15)x1x103x 31 =629 Ccal/hr
Simular calculations were carried out for all pipelines and are shown 1n Table A 4 3

Net savings are received taking into account the length of a pipeline and full savings - considering
the steam distribution system and boiler efficiency

o

Table A 43
Pipeline | Given length | Thermal waste | Thermal waste Net Full savings
No without mnsulation | with insulation | savings
L,m 0,..» ccal/hr 0, ccalhr |S,, ccal/hr | S, ccal/hr
1 31 15,020 629 14,391 22,574
2 107 42,802 2,663 40,139 62,960
3 83 27,797 2,188 25,609 40,171
4 107 30,573 2,580 27,993 43,911
5 31 7,068 725 6,343 9,950
6 192 76,608 7,289 69,319 108,736
7 15 4,988 509 4,479 7,026
8 71 16,188 2,121 14,067 22,066
Total 202,340 317,394

Thus annual savings should amount to
S,= 317,394 Ccal/hr x 43 hrs x 50 weeks = 682 4 Gcal/year
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Annual cost savings estimate

Cost of 1 Geal - C;- = US39 4
Annual savings
Sy=8,xC;=6824x94=US$6,414 6

Implementation cost

Total cost of msulation to be mstalled - C;= L 4y X Cppsc + Ly X Cpygs =US$6,000
where L.,y = total given length of condensate pipelines 6,7,8 from Table A 4 1, in meters,
LST

Civse: Cvss = cost of 1 meter of nsulation of condensate and steam pipelines respectively, US$
per meter

Cost of installation - C,=US$3,500

total given length of steam pipelines 1 throgh 5 from Table A 4 1, 1n meters,

Total estmated cost Ccg,, = C,+ C,= 6,000+3,500 = US $9,500
Smmple payback estimate

Annual savings 1n costs - 8§,=US$6,414 6
Implementation cost - Coon=US$9,500

Simple payback = 8,, /Ccpp = 9,500/6,414 =1 5 years

AS ECO#5 IMPROVEMENT OF COMBUSTION EFFICIENCY IN DKVR-2 5-13 BOILER BY
EXCESSIVE AIR CONTROL

For thermal power supply 2 DKVR-2 5-13 boulers are used (one 1s a standby) To run these boilers
the operation charts have been worked out but automatic control of fuel-to-air ratio 1n conformity
with the load 1s nonexistent The air consumption value 1s controlled periodically by the supply air
pressure and gas consumption by the pressure before the burners which under the conditions of
absence of steam or thermal energy generation metering and uncontrolled air mfiltration or 1ts loss
via the m-built coal flues does not allow one to substantiate the idea of optimal combustion
processes Control of optimal combustion 1s carrted out by subjective perception of the flame color
by the boiler operator

We suggest to equip the operation personnel of the boiler umt with the ENERAC-2000 combustion
analyzer and to mclude 1n the operational responsibilities of the operator the periodical check of
combustion processes which would ensure the increase of boiler combustion efficiency and savings
1n natural gas

Energy savings estimate

According to the plant data given 1n the form No 11 MTP “Report on the results of the use of fuel,
thermal and electric energy” 1n 1996 the plant generated 3480 Gceal of energy while actual specific
use was 169 5 kg of coal equivalent fuel per 1 Geal Total fuel use was G=590 tce or 508,600 cubic
meters of natural gas According to the manufacturers certificate the DKVR-2 5-13 boiler equipped
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with economizer should have efficiency of w1 =0,9 and coal eqivalent fuel use of 158 73 kg per 1
Geal

Introduction of this measure will reduce the specific use by b~5% and 1t will reach 161 kg per 1
GCal

Savings of gas 1n the physical terms will be
Sc=Gxb=5086x005=25 43 thousand cubic meters

Annual cost savings estimate

Money savings at the price of US$ 83 per 1000 cubic meters will be
8,=Sqx 83=25 43 x 83=US32,110 7

Implementation cost

Cost of ENERAC - 2000 combustion analyzer - C;=US35,000
Cost of transportation - C,=US$1,500

Total C,,=C,+ C,=5,000+1,500 = US$6,500
Simple payback estimate

Annual savings 1n costs - S, = US$2,110
Commnussioning costs - Cegp, = US$6,500
Simple payback
SP = CcoplSy = 6,500/2,100 = 3 years

Under the conditions of implementation of the projected expansion of production output the simple
payback period will be reduced to 1 year

A6 ECO#6 ENERGY EFFICIENT PLANT LIGHTING
ECO description

The external lighting system of the plant area consists of 16 SZPR-400 lighting fixtures with DRL -
400 high pressure mercury lamps 1nstalled at 10-meter high ferroconcrete lampposts Part of the
area adjacent to the production buildings 1s lighted by conventional 100-watt and 150-watt
incandescent lamps The light flow of the DRL - 400 lamp 1s equal to 23000 lumen and the
nominal service life 1s 6000 hours

It 1s suggested to review the proposal of replacement of DRL 400 high pressure mercury lamps for
external highting of the plant area with the DNaT-250-3 high pressure sodium lamps using existing
fixtures and replacing switching apphances with appropriate capacity The sodium lamps of the
DNaT -250-3 type manufactured nationally 1n the city of Poltava which have a longer operation
life - 12000 hours with the light flow of 25000 lumen

The system of 1nternal lighting of the administrative and production zones of the plant consists of
the following

— 350 fixtures with P=100-watt incandescent lamps and total capacity of 35 KW,
— 160 fixtures with fluorescent lamps of P=2 x 40 W and total capacity of 12 8 KW,
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— 40 fixtures with fluorescent lamps of P=2x 60 W and total capacity of 4 § KW,
— 8 fixtures with fluorescent lamps of P=2 x 25 W and total capacity of 0 4 KW

From the given data 1t 1s seen that 1n the internal ighting system of the plant overuses low-
effictency short-life (from 700 to 3000 hours) incandescent lamps of 100 watts each

We suggest to replace the incandescent lamps with energy efficient compact GE Electronic Biax
™T fluorescent lamps 1n the production buildings where operation goes 200 days a year thermal
treatment unit (60 x 100 W), boiler room (50 x 100 W), 3™ and 4™ floors of the main production
building with the staircase (90 x 100W)
The total capacity of the replaced lamps will be

100W x 155=15,500 W =15 5 kW

Relation of the capactties at the same light flow 1s as follows

Capacity, W
Incandescent lamps | GE lamps
75 15
100 20

Calculation of annual electric power savings

The electric power use of the SZPR - 400 lighting fixtures with DRL - 400 mercury lamps 1s
Pp= (P ; + Pgy, Jcosd
where P, , - 1s the capacity of DRL - 400 mercury lamp, W,
Py, =85 W 1s capacity of switching appliances,
coshp =098
Py, = (400+85)0 98 = 475 Wh =0 475 kW
Amount of the power used by 16 lighting fixtures over 1 year at average 12-hour use 1s
P, _PyxnxF
where n -16 1s the number of lighting fixtures,
F=12x 365 = 4380 hours - annual time of lighting operatton
P,=0475x 16 x 4380 = 33288 kWh
The electric power use of the SZPR - 400 lighting fixtures with DNaT - 250-3 lamp
Ppy= (P, + Pgyrj)cosh
where P, ,= 250 W 1s the capacity of DNaT - 250-3 lamp,
Py, , =34 7 W 1s capactty of switching appliances,
cos$ =098
Pp,=(250+34 7)0 98 =279 W =0 279 kW
Power used by 16 lighting fixtures over 1 year at average 12-hour use 1s
P, Pr,xnxF=0279x16x4,380=19,552 3 kWh

Annual energy savings by using DNaT-250-3 lamps
Sy =P, - P,=33,288-19,552 3 =13,735 7kWh
Annual power consumptlorI of incandescent lamps
Py =ppy X Lgpp X N,
where p,, - 1s total capacity of incandescent lamps, kW,
tame - 1 work shift duration per day, hours,

N - 1s number of working days per year
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P, =15/5x12x200=37200 kWh
After replacement of incandescent lamps with GE lamps = 20 W the rated capacity will be
Pce=20x 155=3 1kWh
Then the annual electric power use for new GE lamps will be

Pop=pepX topnyx N=3 1x 12 x 200 = 7,440 kWh
Thus the replacement of lamps will allow annual savings 1n physical terms
Sep1=Piy-Pep=37,200- 7,440 = 29,760 KWh
Total savings at the plant will be
13,735 7+ 29,760 = 43 5 thousand kWh

Annual cost savings estimate

Cost savings at the price of electric power of US$0 044 per 1 kW
8, =8, . x 0044 = 13735 x 0.044 = US$604 4

S =Spex0044=29,760x 0 044 = US$1,309
Implementation costs

Cost of one DRL - 400 with apphances - €, =US$105

Cost of one DNaT -250-13 lamp with apphances - C,=US$22 4
Including cost of one DNaT -250-13 lamp - US$17 4

Cost of one GE Electronic Biax ™T lamp - US$20

Construction and nstallation costs not imcluded since the work will be carried out by the plant
personnel

Smmple payback estimate

Annual savings 1n costs - .S, = US$604 4
Implementation costs = Cp,,p =22 4 x 16 = US$358 4
Simple payback of DNAT- 250-13 lamps
SP = Crop/Sy =358 4/604 4 = 0 6 year
Additional costs for GE Electronic Biax ™7T will be
Cor= C;xN=20x 155=US33,100

Total costs are determined by the difference between GE lamp costs and electric power savings

Couns =Cgp -Syy = 3,100-1,309 = US$1,791
Simple payback of GE lamps
SPgp = Coppg - Sy = 1,791/1,309 = 1 4 years

Replacement of lamps in the buildings were lighting 1s on periodically for short tume 1s not a
priority measure and 1s not studied here

Total cost the ECO implementation at the plant
C=Cpupt Copy =358 4+ 1,791 = US$2,149
Savings of energy resources in terms of money
§=8,+8,,=6044+1309=US$1,913 4
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Simple payback
SP=C(/S =2149/1913 4 =1 2 years

Since the service hife of selected lamps 1s substantially longer than that of the existing ones the
actual payback period can be less than 1 year
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Specifications of recommended equipment for Yalta meat processing plant

TableB1
ECO# Name Type, Manufacturer, Basic Requirement Price Total cost Notes
by Section 7 of equipment model country parameters |Measure| Oty Hr $US Hr $US
unit
1 2 3 4 5 6 7 8 9 10 11 12
ECO #1 Non-contact infrared Model “Raytek’, USA t=-20 units 1 - 1600 - 1600
thermometer PM3L3SZ +1000 °C
meaS\h'C: 1 Om
Partial radiation thermometer | Smotrich-M6P | Research and industrial t=-35 unifs 2500 1350 2500 1350
association Termopribor” [  +1000 °C
3 Naukova str Lviv Lessure=10m
290053 UKRAINE
Non-contact infrared] Model DHS- | WAHL INSTRUMENTS, {t=-20 +1000 - 2640 - 3430
thermometer 26XL INC 5750 Hannum Avenue °C
Culver City CA 90231 | Lmessure=10m
USA
ECO #1 Thermal insulation] Two-wing door| ALEKO 90-Day limited {244 x2 44 m| umts 3 5100 3400
curtains/doors warranty
ECO #1 Multimeter Model 87 Fluke Mfg co, mc , USA units 1 500 500
EK 4306 Zhitormur JSC 92 4 50 110 57
‘Elektroizmeritel”
16, Pobedy pl Zhitormir
262014 UKRAINE
ECO #1 Wattmeter Model TIF Instruments, Inc units 1 600 600
TIF2000A | 9101 NW 7" Avenue, PO
box 1338 Miam, Florida
33238-9990 USA
Voltamperephase meter VAF85M Zhitormr JSC 205 110 236 127
“Elektroizmeritel”
16, Pobedy pl Zhitomur
262014 UKRAINE
ECO #1 Power meter Model 382060 Davis mstruments units 1 599 690
4701 Mount Hope Dnive
[Baltimore, MD 21215 US




4b

ECO #1 Energy metering system ITEK (US-made; Research and production | Techmcal units 1 8500 8500
components) enterpnise “Energiya+ metering
37, bldg 22 Pobedy pr
Kiev UKRAINE
ECO #2 Steam trap with stramer Model 811 Armmstrong DN=20, units 12 220 3040
USA orifice
dameter=2 78
mm
Steam trap FT 43-10TV Spirax Sarco, Inc DN=20 units 12 455 6500
PO Box 119 P=16 kg/cm’
Allentown, PA
USA
Float- and hydrodynamc-typey KPGD-1 Instite of technical thermal{ P_ =10 units 12 1080 580 648 3480
steam trap physics of NANU kg/em?,
29 Zhelyabova str Kyiv d=32 mm
252057
UKRAINE
(Condensate stramer FIG33 Spirax Sarco, Inc DN=20 umts 12 110 1320
PO Box 119 P=16 kg/cm’
Allentown, PA
USA
Check valve DCV2 Spirax Sarco, Inc DN=20 units 12 110 1320
PO Box 119 P=16 kg/cm’
Allentown, PA
USA
ECO #3 Steam pump Model 382060 Armstrong, USA units 1 5500 3000 5500 3000
ECO#4  [Thermal msulation for steam| Fiperglass with USA t=150°C m
p1ping alummum jacket d =27 mm 260 195 105 5070 2730
d=34 mm 105 195 105 2050 1100
d=41 mm 95 195 | 105 1850 1000
d =35 mm 200 | 195 | 105 | 3900 2100
d=81 mm 30 | 195 | 105 | sS85 315
Thermal msulation for steamMats of muneral] JSC “Stroymdustnya’ 7 m’ 260 354 19 1290 690

piping

wool on

fiberelass

Stroyindustriya str Ky
252010 UKRAINE
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Thermal msulation for steam{ ROMB basalt JSC”Biletsky zavod 70-100 mm m 260 22 119 7440 4020
piping material rolls | Teplozvukoizolyatsiya® 7 |  thickness
Stroiteley str Kotsubmske
Kyiv oblast UKRAINE
Thermal msulation fof Polyurethane }JSC “Vasilkov refrigerator| t=100°C
condensate pipmg foam plant’ d=27mm | m 71 159 8 1130 568
V72,£0b<1><maya sir d=41 mm 15 159 8 240 120
asilkkov Ky1v region _
UKRAINE d=55mm 192 159 8 3050 1536
Thermal  1nsulation forMats of mmerall JSC “Stroymndustriya” 7 m’ 90 354 19 414 222
condensate piping wool on| Stroymdustriya str Kyiv
fiberglass 252010 UKRAINE
[Thermal msulation foy ROMB-S -50 JSC”Buletsky zavod 50 mm m’ 90 138 75 1620 870
condensate prping basalt material { Teplozvukoizolyaisiya“ 7 | thickness
rolls Stroiteley sir Kotsubinske
Ky1v oblast UKRAINE
ECO #5 Combustion analyzer ENERAC-2000 [Energy Efficiency Systems,| Analyzed units 1 5000 6500
Inc, 1300 Shames Drnive, jgases O,, CO,
Westbury, NY 11590 USA| SO,,NO,
Combustion analyzer BACHARACH | Bacharach, 625 Alpha Analyzed 5000 6500
Drive, Pittsbuigh PA  |gases O,, CO,
15238 USA S0, NO,
ECO #6 Fluorescent lamp General electric | General electric co, USA | U =220V umnits 155 20 3100
Biax ™ T P =20W
Fluorescent lamp Ralux “Radmum”) Research and production | U =220V 24 13 3720 2015
enterprise ‘ Elotek” 56 P =20W
Pobedy pr Kyiv
UKRAINE
thh pressure sodum lamp withl DNaT-250-3 [JSC ‘Poltava gas discharge| U =220V units 16 224 360
controls lamp works’ P=20W
3 Zavodskaya str Poltava
UKRAINE
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Table 3 (Continued)

80 SPECIFICATIONS Table 3
HEAT SPY SPECIFICATIONS OPTIONS
Model DHS 24X (LCO)  DHS 26X (LED} DS 28X (LCD) DHS 8X (LCO}  DHS400X ¢ 1 mv/de ncludes connection for € «ternal batter
DS ZAALED) Dis SELEDy DHS 8 WLED) Output Jack for 1 n v/ideg hinear output includes connection for eter ttery
pack BP12 below
Apphication Generat Use General Use High Temp Small Targels 01 Resolution ‘
including Glass  including Glass including Glass  Electronie £arth Science Specify Option J
Sutfaces Best Surfaces Surfaces Components Laboratory Use
Accuracy Modific wtion to use Cxternal Battery BP12 below
Temperature 0101000 F 0102000 F 3710 2500 F 0o 1000 F -40010 Specify Option “EP '
Range _20to+550 C -20to 0101400 C _20t0+550 C +600¢C
+1000 € 1410436°r External Battery Pack with recharger for 110V
mgnlm Reatout ’ - ‘ Specify BP12 110
LED 0 5 0 (12mm LCD LCD Lch LCcD L
LEO O 33 tn {8 2mm)  LED LED LED Exicrnnl Battery Pack with recharger for 220V
Factory Mutual 2 J Specify BP 12 220
proved for hazardous Yes Yes Yes Yes Yes
environments Optiont T to C Computer Calculated Lwitch scirction on handle
Externat £} CSwiteh Optional Optional Optional Optronal N/A specify Option ‘S
Sﬂtclnl‘hnze 814 814 g1l 8 14 811
(Mzﬂ?smnf‘ wah! Heat Spy Thermometers are specified and tested
Accuracyat 77 F25 =03« _03. 03 03 05C in accordance with ASTM specifications
Full Scale Full Suale Full Sealc Full Scle
Ambient Qperation 2510125 F 2510125 F Stad 5 F Ko 17s f 0te 1011
Tempeialure 410 +52 C 10 457 F fin 452 C flo 152 C 51010 C y
Temp Cotfficient +0 1 deg/deg +0 1 deg'deg +0 1 dea/deq +0 1 de/dea +01 dug/deg
Repeatahility =1F 2 F «1F 2f 0?cC 90 FACTORY REPAIR PROCEDURE
Switchable
Resolution ¢ £7¢ 1 F/C 1 i€ 1 FC ot arl f/C pack the mstrument in the ongtnal shipping contamner to pre + nt additional
Response Time Lo T sec 1 sec Lece T sec T sec damage We spe cify this requirement bhecausc the packagc !5 designed to |
95% of Reading protect gunst dymage
Target Suze at 16min d 161n dia 1om dn 015m din 240 dny
loclzl faint @ 2::‘ ' @ 2"}1 ! o )“}.” (01 ::; @ l.\'v :(l Ship Parcet Po \/Pre pud to !
Distance to Target a
Size Beyond Focal 201 201 01 N/A 01 W it Instruments  Inc
Point 5750 tannum Avenue
I;ucllczl Working 010401t 0to 401t 01040 1t 01a8n Oto 101t Culver City CA 90231
1stance
Sighting System Enclosed Enclosed Endlosed Light Beam Enclosed Your mstrument will recewve immediate attention
Optical Sight Optcal Sight Opticl Sight on Center Line  Optical Sight
Adjustatile 0210 0210 0210 0210 0710
Emissivity Range
tatetnat Calibration Auto 2610 Auto teta Auta rao Autn Lo Aulo fero !
Intesnat Selt Test Yes Yes Yes Yes Yes
Mati Temp Peak Hold  Yes Yes Yes Yes Yes !
Output to Recorder Qption } Option ) Option } Option J No
Battery One 9V (LCD) One 9V (LCD) One 9V LCD) One 9V One 9V i
Two 5 4VILED)  Two 54V ULED) Two 5 4V (LED)
Conttnuous 40 es (LCD) 40 hrs {LCD) 40 s 10 hrs 10 lus
Qperating Time 15 hes (LED) 15 tus (LED) 15 us LED
fxternal Power With option €P P/N BP6 Recharguable Battecy Pack provides 200 lus on 1CD medels !
See Oplions of 40 his for LED models on on¢ chuge Lonlinuous line operation thiough rechatgut
Weight Lbs 22 22 22 25 25
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LoronsnTe sHs i 8biXCa

Yenasua akecnnyarayum
MakcuMansHoe pabouee gasnexve 8 8 6ap
MaxuvmansHoe pacHeTHoe gaenexue 10 6ap

B nmobc 4 napcaom oGopyaosaruv ana TenncofrieHa roa mMoay
NVP /IOLLE 1 KOH™FEOME YMEHbLUIEHHAA NOTRASHOCTL 8 Terne 10+eT
fApocCervposare NOTOK napa A0 Hyns Korpa agasnerise yMeHs
WwaeTcA YacTo NONY4YasTCH YTO He XBaTaeT OCTaBWEercca yeAnua
LNA BbITANKWBAHWA CKONWBLWEroca KoHZeHcaTa u3 Tennonepe
falwero ycrpouctea 3TO Cny4aeTca x0oraa nNaposcd Knanaw
3aKpbIBAETCA ¥ BAK/YM B TennoobumenHuke obpazyeTca Ha yaq
gneHve ObicTEo 370 NPEnATCTBYET IGMEKTUBHOMY OT200,/ KOH
pencara Mpcbrema MoxeT GbiTh yC rybneHa Korpa fOHAEHcaT
TeyeT B BO3L/XCNPOBOA WWNU NUHUIO BOZBPATa Ha/CAAWYIGCA
nof faenexHus 4 3TO MOXET NPUBECTH K rMapoyaap/ a Takxe «
noBpEex AEHWAM BblI38AHHLIM KOPPO3VEU U 3amep2aHdeM YTO
ry6UTensHO ANA 83Werc NapoBoro o6Gp /A0RAHNA

KaxoBo e peuteHne?

1 Cnue xoHAaeHcaTa

370 pasHOrANbHO BbIBpacbIBaHWO figHer 8 Kananuzaysio bonee
TOrO CNVB HEOYWLEHOro KOHAGHCATA B 28MMI0 33rPasHART OKp/
KA /10 CPPA/ BPEAWT NIOARM ¥ MOAET NOABEPIHTh B3C HEHY
HOU OTBETCTBEHHOCTH

nnu

2 Kynure Hacoc ANA KoHaeHcaTa upmMbl APMCTPOHT U Bbl
MCNONbaYR ANA NONYYEHWS] BHEPrWN BO3BRAWAIOW IGCA LEHHYIO
MMAKOCTb NQNYYUTE TONLKO BLIrOAY a He npobnemel ¢ afenysm
BaHWEM W BLICOKOW U{8HOU JNEKTHOHACOCO8 PACNONON eHHbIX 8
yAANEHHBIX TOUKAX

oaromy ckaxure [0 CBUAAHUA NOBREXAGHHBIM YNNOTHUTRNAM
u yroukam CraknTe nNpusar HAKEAKHOMY He Tped iouwemy
ANPKTPU4PCKON IHAPIUW BOIBPATY KOHARHCATA gNA Tarux HyA [,
KK CO3f 3HMG BIrYyMa BOCANHME BOINPATHOM MIUHWUA BLICOKOrO
£ABNCAHATA UK NOSLOMA KOHAOHCATA
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YNroTherve KphWwKK Cxa-ce Cxatoe
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BonTtet Nervecaeruar cTanb | Jler crars ASTM
AST} - "7V ackg BY 1 A1€3 Macwa 37
Fa #1 [el T ==~ 7370 fe mesrST A
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Knanara cTarb
Yaen cafouera Mexann., 1a | Feosa.-—a2acrame | Hepwasercy,an
Monraenk crars
OBpa~vreid KraraH Ber- a EpcHaa

3ambikanve yenodxk4s Hoanep rap KOHASHCAT nocpescTBoM
803BpaTa rops4ero KQHAEHcaTa f2eT BO3MOXHOCTL EOCNONB30
BAThCA USHHOW 3HEPrMen KOTCLFA 8 NpPoTUBHOM Cnydae waeTt 8
oT40gsl Hanpumep ecnu pasreras 8 cacTe 1e 7 Oap eo03spa
LIAKOILA/CA KOHOABHCAT MOAPT Cosp2haTh A0 10% TCnraga Tpe
6yetoro gna npow3soacTea napga

KYNMUTE HACOC AN KOHOQEHCATA ®UPMU APMCTPOHI
NOTOMY YTO BHYTPW Bro NPOHHOrO 4/MYHHOIO WK CTANLHOro Kop

nyca vMeeTcs NpocTon NOANP /A AHEHHBLIA MEXaHU3M KOTOpbIX
06ecneunBaeT vmMn /NbCHYIO OTKa4r f KOHABHCATA

YcTanosute Hacoc 8 noboM MACTe KAe Heobxoavio faxe B
yrnax u TPyAHOROCT/NHbIX MecTax 3anacHoe OfHOCTOpOHHEE
PacnonoKeHve BXOAHOTO W BLIXOAHOMG OTBEPCTVM AenaeT Hacoc
MAGAnbHLIM ANA TAKWX YCNoBuM YCTaHOoBNEHHBI B CUCTEMY
TPY6OnpOBOAa KOPAYC MOXET TaM W OCTaBaTLCA AaKe ecnv sau
HYMXHO CHATbL KPLWKY ¥ BbiH/Tb BH/TPE@HHOCTY ANA NPOBAOKA
OcransHoe oGcnyxuaarne Tar #e NpocTo Hanpuuep Ansa TOro
YTOBbI CMEHUTL BYOOHOE U BBIXOAHOS rHB3A2 KPbUKY CHUMATL HE
HaRo PyukM BMOHTUPOBAHHMIE B KPBIWKY AenalT abeayxu

BaHUE yA06HEIM eCNY BaK BCE TaKKU HYAHO ee CHATL

LApyrou paa k1o HUGYAL nonwTaeTca yGeauTb Bac BOIBPAWATH
KOMAGHCAT € UCNONB30BaHUel INPKTPOIHeprnn CeAxuTacy C
BAWNM MeCTHBIM PRArTasure new Ap AcTpoHra O 3HaeT Kax
NOFKO MOAHO NEReARnaTs anerTpoHacoc W Bu OyAeTe aHath
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Inverted Bucket Steam Trap Series 800

2 16 Bar 250 psi
A trong Cast lron for Honzontal Instatlation p

Y "-1%a” PN16

Air Vent
with
§ wiggle vire

Bucket down-Valve open

Description

Manufactured from Cast lron maintenarce free and not
affected by dirt

A unique leserage system muitiphies the force prouced by
the bucket to open the valve against system pressure. The
mechanism is free floating thus there are no fixed pivots
to create wear or friction

As the mechanism Is located at the top no dirt can lie over the
onfice Particles of dirt mil be held in susgension until
expelled by the fult differential purging action Nomally no
strainer 1S required

The orifice 1s within the water seal presenting live steam loss
thus there 1s no erosion by high velocity steam Automatic air
venting 1s provided by a small hole in the bucket cleaned by a
wiggle wire

Inverted bucket traps require no adjustment and drain
continuously allowing no condensate te tack up Mo live
steam 1s needed to operate and they are resistant to ~ater
hammer

Complete insulation 1s possible without atfecting
performance thus helping further to sa/e energy

Maximum Operating Conditions

Pressure 16 bar (250 psr)
Temperature 232°C (450°F)

Back Pressure 99% of inlet pressure
NQTE

Type 800 has a maximum 10 bar (120 psi) differential pressure
All other Types to a maximum 16 bar {250 psi)

Maxtmum differential pressure for each orifice size may be
found from the curves overieaf

Connections
Screwed BSPT and NPT
Flanged

B

Dirensions mm | e,
Type Size eight
A B ¢+ C kg
g22 - o7 70 1C32 22
g.. -3 J2T.t8 172 27
g2 - .=z .37, 2C2 €3
g.2 -t T .78 | 2582 122
v 1 - 22z .28 1 3-8 204
Matenals
Body GG25 AST'Y A 278 Class 20
Interna's All Stainiess S eal
Val/pr a~d Saat Hardenez Ch c~e Steel
Drain~ P'ug Carpor S -t

Optional Extras
Spring loacded internal check valve 1n stainless steel can be
fitted In the inlet tube

Thermic bucket vent to discharge large amounts of air on
start up

Automatic pop drain can be fit ed in the lowest point

Bucket sent scrubbirg wire frr Feavy dirtfoul conditions
especially on compressed a1 zpplications

Specification

Inverted Bucket Trap TYPE in castiron aith automatic
air vent free fioating mecharism with the orifice

In the top Maximum allowatle back pressure 939% of inlet
pressure

Please stipulate

Size pressure rating onfice size connection size maximum
working pressure differential cressure and maxamum
condensate load

Special Tests or Test Certificaies must te requested at the
time of ordering

Trap Selection

1 Steam traps should never te selected according to pipe
size but ta condensate load

2 Select the correct type for the masimum condensate load
eg TYPE 813

3 Inthe condensate load curve of the selected Type enter
the chart at eg 1200 Kgs/h (2650 Ibs/h) and go up to
eqg 3 5bar (50 psy)

4 The curve over the point «here the lines intersect 1s the
correct size of onifice for jour requirements eg Y orifice
The end of each curve 15 the ma«mum differential
pressure for that onfice

NOTE

The cold water capacity at start up condition will be at least
21 of the hot condensate capacity

£



Capacity Curves Differantial Pressure psl
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v 3 b 3 N 9 a1 e 3
Type 812 3 5 bar Differential
W T T 2500
v ! e L
:\; / ¥ / /' s ] 2000
a . e d i B

Capacity kg/h
g
Capacily Ibs/h

-9
) [ i
I =400
e
v
> 583 Valvesizes
o Type 800 5/8 = 159mm
1/2 =127 mm
3/8 = 95mm
11/32 = 87 mm
| 800 5/16 = 79mm
Note ) — 9/32 = Timm
L /4 4 mm
The end of each gl [ | ps0 3 - &amm
he max 29
curve IS the L0 3716 = 48mm
differential press l I 5/32 = 40mm
for that onfice 10 250 1/8 = 32mm
7/64 = 28mm
025 6 320 #38 = 25mm
Operation
{Jj i3
. ——y
-~ i s Eie e
2=
1 The steam irap 18 instatled in 2. Steam alsq antars rap under 3 When condensals s surnlly 4 Y/hen condenaala level reaches
dra ni ne oatasen steam neated bottom adqe of buckat whare t above float ng lev § tre buckst open g line, weight of buckst
un tang condansate ralurn headar N3es and coilects allcp mpant ng e 0113 3 81 Ght puii o0 tna laver The umes leverags exceads the
AL 1N £ 50 nt Duckel i3 down and bucyancy Bucka! thenr a8 and valve does 00t ogen hawsver unlif pressure Noiding vatve 1o seat
vaive 3w dsopen ARinlilatjiocg 13 val ¢ lowasds ts 3eatuntif the condansate lavet 7 sa8 10 the Buckat then sinks and opens lrap
of condensate enters the trap ang vaive s 8napped lighty snut Air openinglina forthe e sing vaiva Accumulated airls
Nowaunge cottom edge of and cardon ¢ ox ds conl nually proasurs different al atween the discharged first tollowed by
buckaet 1/ 1ls trap body and pass Infough bucker ent and sleam and condensals return condansate. Discharge continues
compietaly subme gos buckat cotlect at top of trag. haader unt | more staam floats buckat and
Condensals then discharges cycla 1s repeated
thecugn wide open vaive Lo raturn
header
e e =
o t 'z‘:[ C, /
= Condansate ot A “ 31 Steam Flashing condensalte

ARMSTRONG MACHINE WORKS S A.-4400 HERSTAL~LIEGE-BELGIUM
Tel 041640867 Telex. 41677 AMTRAP B

United Kingdom Reglstered Office

Armstrong International Group of Companies,
Armstrong  Holmfrth, Huddersfield HD7 1XN

Tel {0484) 682760 Telex 629759 REST AVAULARLE COPY
Fax (0484) 686318
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LTROSHHE M 3873 137 MECK IM BO3AYyLIHINCA \IOKET ChTh A3X CN 154w 20
FCPHOORTATLAE 11 DAGHUEBbLIMY COSL 184 19\ Tan 1 ¢

SE0THRANBHBIMK - F143V

2 XKOHLEHCATCOTSOANUKE € FOPU3OHTANSHLIMI COEOHHEN A

303M0 KHE ACNOAHMTENbHAA YCTAHOBKE DPYYROrQ UroNbvatoro g

\1angHa PaboTaWEro Kaxk naposwinyckwou 3darsop ([iB3)

FT43 C (pi HEOOXOAMMOCTW B KPLItLKE MOXHO CA2narb

oTBepcTue C ccesnnennem /s BSP uan NPT ans yeTamoBku
APaHa OCywkwn

OrpaHuy4eHns npyUMeHeHunsa (iSO 8§552)
13nC 1 tanoHbi@ YyCPCBUA XOHCTRYXW 1 kcenyca PN 16
SMIA — Masc 4en,cT imoe pasntenue 16 ari

T 1A — Makc nocr ctvMas Temnepavypa 220 C
\OrOLMCE [ 1LDAB YBCK0Ee WCMLITaHME 24 3T

Pq%oqnﬁ AnanasoH

~ 200 l m
2 150 }——1 " < FT 43
2 100 | Semsun l CN2S
= & tneam
T %0 T
Jod 0 ] B A
Q 2 4 6 8 10 12 14 16
[Jasnenve atm

A @nanuesble BS 4504 PN 16
S @nanuessie ANSH 150 (DN15 1 20) ANSI 125 (DN25 po 50)

l Yiazen e =2 1CNONL3YETCA NE 1 034hb X NALAMETDuL
VP I oare LG epeRUMANbHOR fasnenue
CH F14345 F743 10 Fi43 14
15 oo 20 45 atm 10 atm 14 atm

Kongencarootsonumn«n 40/50DN wmewT orpaHuvenne PMO
pasHoe A PMX

Pazmepsl U coeauHeHUs
DN 15 20 25 40w 50 ctangapTHble nanus BS 4504 u PN 16
Mpu HeoBxoaMMOCTY BO3MOXHA ROCTaexka C naHuamu ANS|

150 C OTBEPCTURAM FT 43
DN 40 u 50
MaTtepuarnsi
No  [lerans Marepuan  Cneubuaumm
1 Kopnyc HyryH DIN 1691 GG 25
2 bontbi kpuiwkn DN 15 25~ Crane B53692GrB 8
WTudT KPBItLKn Crane B53692Gr8 8
[anku KpLitLxn
3 {Ipoxnanra <puituru APAVPOEHLIN TINCTOBON MCaQUT
4 Kpouwra Qyryd DIN1681GG 25
5 Cepnoxnanana DN 152025 Hepw Crars BS 970431529
(DN BepTMKaNLHBX KOHQEHCATOaTEOA4MKR DN 15 1 20)
Y32en rnasroro xnanara ¢ Hepw crare B35 3146 Fart 2
aHTUKOPROZnnHbIM fednexropom DN 40 50 Anc 2
6 [lpoknanxa cegna xnanamva Hepx crame B5 1443304511
DN 15 20 25
Mpoxknagxa yana rnasHoro knanaqa
DN 40 50 APMUPOBIHHBIA NUCTOBOM rpadut
7 Yaen wapHupHoa cTovnkmn Hepx. crans B5418318/8
Bonrw ON 15 20 25
Bonthi yana rnagHoro knanaxa ON 40 B5970204 510
Wrud o u ravks ON 50 BS 610544 80
8 Tlaposov nonnasok v potar  Hepx Cran BS 1443304516
9 Bozaywwux " Hepx. Crane
11 YanTIB3 Hepx. crars 85970303527
12 TlpoxnanxallBd Markas crans B51443C54
T3 Ynnotrenre 1183 Tpagmr
74~ Onopnas pamea v Hep.Cram B3 14459704516 17 AHTWOppOamAHEA LEPNEKTOp gk, CTank BSU/043TsA
15 WapnupHan cronka ~ Hepx. Cros BS 1445304516 {Tonuxo DH1S 201 25 (ropwa ) u CH15W 20 (segr )
6 Mapswn Voo — 18" Bragron orpasarens (DRA0 w 50) Repw. crars EST443 04515
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D.MEASUREMENT AND DATA COLLECTED



D.1.Statistical data of 1995 through 1997
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Enterprise
Terntory
Ownership form
State authority
Type of activity

Unait of measurement

Annual report of enterprise
for 1995

Date (year, month, date)

Yalta meat processing plant

Ukraine

Joint-stock company

Crimea meat association

ndustry, commerce

min Ukr Krb Check sum

Codes

443714

4\



Form No 1
Balance of enterprise
ASSETS Line Beginning of End of
code year reporting
period
1 2 3 4
1 FIXED ASSETS AND OTHER NON-CURRENT ASSETS
Fixed assets
residual value 10 49743 55682
depreciation (02) 11 32119 31768
original cost (01) 12 81862 87450
Work-n-process capital mmvestments (33, 35, 61) 30 373 2049
Equipment (07) 35 234 724
Long-term financial mvestments (58) 40
Settlements with shareholders (75) 50
Total for Section 1 70 50350 58445
O INVENTORIES AND COSTS
Production stock (05-08, 10) 80 31273 59774
Low - value and fast - depreciating 1tems
residual value 100 79 1278
Expenses of future periods (31) 120
Fmished goods (40) 130 1058 1918
Goods
buymng cost (41) 140 1147 4925
Total for Section IT 150 33833 68251
IOI CASH, SETTLEMENTS AND OTHER CURRENT ASSETS
Goods shipped
payment 1s not due (45) 160
Settlements with debtors
for goods, works and services payment 1s not due (62, 76) 170 8109 21088
with budget (68) 200 1620 3678
with employees under other transactions (73) 210 1 34
with other debtors 240 4 56
Cash
cash (50) 260
settlement account (51) 270 5797 19158
currency account (52) 280
other monetary items (54, 55, 56) 290 423 548
Borrowed funds (82) 300
Other current assets 310 2 247
Total for section ITI 320 15956 46183
Balance (sum of lines 070, 150, 320, 330 and 340) 350 100139 178889
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Form No 1
Balance of enterprise
ASSETS Line Beginning of End of
code year reporting
period
1 2 3 4
1 FIXED ASSETS AND OTHER NON-CURRENT ASSETS
Fixed assets
residual value 10 49743 55682
depreciation (02) 11 32119 31768
origmal cost (01) 12 81862 87450
Work-n-process capital investments (33, 35, 61) 30 373 2049
Equipment (07) 35 234 724
Long-term financial investments (58) 40
Settlements with shareholders (75) 50
Total for Section 1 70 50350 58445
II INVENTORIES AND COSTS
Production stock (05-08, 10) 80 31273 59774
Low - value and fast - depreciating items
residual value 100 79 1278
Expenses of future periods (31) 120
Fimished goods (40) 130 1058 1918
Goods
buymg cost (41) 140 1147 4925
Total for Section II 150 33833 68251
IIT CASH, SETTLEMENTS AND OTHER CURRENT ASSETS
Goods shipped
payment 1s not due (45) 160
Settlements with debtors
for goods, works and services payment 1s not due (62, 76) 170 8109 21088
with budget (68) 200 1620 3678
with employees under other transactions (73) 210 1 34
with other debtors 240 4 56
Cash
cash (50) 260
settlement account (51) 270 5797 19158
currency account (52) 280
other monetary items (54, 55, 56) 290 423 548
Borrowed funds (82) 300
Other current assets 310 2 247
Total for section III 320 15956 46183
Balance (sum of Iines 070, 150, 320, 330 and 340) 350 100139 178889




LIABILITIES Line Beginning of End of
code year reporting
period
1 2 3 4
1 SOURCES OF OWN AND SIMILAR FUNDS
Statutory fund (capital) (85) 400 2880 9540
Reserve fund (88) 410 6491 32049
Capatal financing (93, 94) 420 607 2773
Special-purpose funds and target financmg (87, 88, 89) 430 72772 107606
Settlements with shareholders (75) 450
Profit
used 1n the accounting year (81) 481 64209
of accounting year (80) 432 64209
Total for Section I 490 93088 153980
II LONG-TERM LIABILITIES
Bank loans (92) 500
Borrowed funds (95) 510
Total for Section 11 530
I SETTLEMENTS AND OTHER LIABILITIES
Settlements with creditors
for goods, works and services payment 1s not due (60, 76) 630 5547 1794
budget (68) 670 4069 4891
wage payments (70) 700 1902 4450
with other creditors (71,76) 720 46 110
Total for section ITI 750 17320 18909
BALANCE (sum of hines 495, 530, 750) 760 100139 172889




Form No 2
I Financial results
Indicator Line Gains Losses
code

Revenue (gross income) 10 59032
VAT 15 99171
Production costs 40 429406
Results from sales of primary products 50 61455
Results from sales of other products 60 655
Revenues and expenses from other operations 70 2126 27
Total gains and losses 80 592813 528604
Pre-tax income or loss 90 64209
Actual volume of production 100 324376

&0



Enterprise
Terrtory
Ownership form
State authority
Type of activity

Unit of
measurement

Annual report of enterprise
for 1996

Date (year, month, date)

Yalta meat processing plant

Ukraine

collective

Crimea meat association

industry, commerce

thousand Hr Check sum

Address 1, Isobilna str, Yalta

Codes

27

1

97

443714

!



Form No 1

Balance of enterprise

ASSETS Line | Begmmnmng | End of
code of year reportin
g period
1 2 3 4
I FIXED ASSETS AND OTHER NON-CURRENT
ASSETS
Fixed assets
residual value 10 575295 3624075
depreciation (02) 11 329509 2547468
original cost (01) 12 904804 6171543
Work-m-process capital investments (33, 35, 61) 30 39046 30400
Equipment (07) 35 10309 49334
Long-term financial imnvestments (58) 40
Settlements with shareholders (75) 50
Total for Section 1 70 824417 3895259
II INVENTORIES AND COSTS
Production stock (05-08, 10) 80 430465 568743
Low - value and fast - depreciating items
residual value 100 12396 13424
Expenses of future periods (31) 120
Finished goods (40) 130 7947 25734
Goods
buying cost (41) 140 47491 107275
Total for Section II 150 851349
III CASH, SETTLEMENTS AND OTHER
CURRENT ASSETS
Goods shipped
payment 1s not due (45) 160
Settlements with debtors
for goods, works and services payment 1s not due (62, | 170 154055 254259

76)




with budget (68) 200 273 1498
with employees under other transactions (73) 210 125 3368
with other debtors 240 2725 6096
Cash
cash (50) 260 7559 470
settlement account (51) 270 183356 223886
currency account (52) 280 1047
other monetary 1tems (54, 55, 56) 290 2311 2786
Borrowed funds (82) 300
Other current assets 310 3648 17393
Total for section III 320 354612
BALANCE (sum of Imes 070, 150, 320, 330 and 340) 350 2033378 | 5593984




LIABILITIES Lme | Beginning | End of
code of year reportm
o g period
1 2 3 4
1 SOURCES OF OWN AND SIMILAR FUNDS
Statutory fund (capital) (85) 400 1841750 1841750
Reserve fund (88) e 410 27778
Caprtal financing (93, 94) 420
Special-purpose funds and target financing (87, 88, 89) 430 46114 285080
Settlements with shareholders (75) 450
Profit
used 1n the accounting year (81) 481 801596
of accounting year (80) 482 801596
Total for Section 1 490 1887864 | 5443496
II LONG-TERM LIABILITIES
Bank loans (92) 500
Borrowed funds (95) 510
Total for Section II 530
III SETTLEMENTS AND OTHER LIABILITIES
Settlements with creditors
6 for goods, works and services payment 1s not due (62, | 630 3842 12740
7
budget (68) 670 26904 50565
wage payments (70) 700 20624 21669
with other creditors (71, 76) 720 1918 2873
Total for section III 750 145514 150488
BALANCE (sum of lines 495, 530, 750) 760 2033378 | 5593984

o



Form No 2

I Finanaal results

Indicator Line code Gamns Losses
Revenue (gross mcome) 10 6563282
VAT 15 1093902
Production costs 40 4711037
Results from sales of primary products 50 758343
Results from sales of other products 60 13961 128
Revenues and expenses from other operations 70 29420
Total gams and losses 80 6606663 5805067
Pre-tax income or loss 90 —801596
Actual volume of production 100 6302803




Enterprise
Terntory
Ownership form
State authority
Type of activity

Unit of
measurement

Balance of enterprise
as of October 1, 1997

Form No 1
Date (year, month, date)

Yalta meat processing plant

Ukraine

collective

none

industry, commerce

thousand Hr Check sum

Address 1, Isobilna str, Yalta

Codes

1801001

443714




ASSETS Lme | Beginning End of
code of year reporting
period
1 2 3 4
I FIXED ASSETS AND OTHER NON-
CURRENT ASSETS
Fixed assets
residual value 10 3624 1 39972
depreciation (02) 11 25475 2623 4
original cost (01) 12 61715 6620 6
Work-in~-process capital mvestments (33, 35, 61) 30 304 345
Equipment (07) 35 493 2059
Long-term financial investments (58) 40
Settlements with shareholders (75) 50
Total for Section 1 70 38953 4426 5
II INVENTORIES AND COSTS
Production stock (05-08, 10) 80 968 7 564 4
Low - value and fast - depreciating 1tems
residual value 100 134 123
Expenses of future periods (31) 120
Finished goods (40) 130 257 258
Goods
buying cost (41) 140 1073 2175
Total for Section 11 150 11179 8274
IIT CASH, SETTLEMENTS AND OTHER
CURRENT ASSETS
Goods shipped
payment 1s not due (45) 160
Settlements with debtors
for goods, works and services payment 1s not 170 2543 1511
due (62, 76)
with budget (68) 200 15 69 4

i



1

with employees under other transactions (73) 210 34 73
with other debtors 240 61 347
Cash
cash (50) 260 05 81
settlement account (51) 270 2959 2874
currency account (52) 280 1 03
other monetary items (54, 55, 56) 290 28 63
Borrowed funds (82) 300
Other current assets 310 17 4 3
Total for section III 320 580 8 657 4
BALANCE (sum of hnes 070, 150, 320, 330 and 330 5594 59113

340)




LIABILITIES Lmme | Beginning | End of
code of year reportin
g period
1 2 3 4
1 SOURCES OF OWN AND SIMILAR FUNDS
Statutory fund (capatal) (85) 400 1841 8 18418
Reserve fund (88) 410 278 278
Capital financing (93, 94) 420
Special-purpose funds and target financing (87, 88, 89) 430 2851 5076
Settlements with shareholders (75) 450
Profit
used 1n the accounting year (81) 481 1856
of accounting year (80) 482 5009
Total for Section I 490
II LONG-TERM LIABILITIES 495 5443 5 57171
Bank loans (92) 500
Borrowed funds (95) 510
Total for Section II 530
III SETTLEMENTS AND OTHER LIABILITIES
Settlements with creditors
for goods, works and services payment 1s not due (62, | 630 127 138
76)
budget (68) 670 506 217
wage payments (70) 700 217 296
with other creditors (71,76) 720 29 1
Total for section III 750 1505 194 2
BALANCE (sum of lines 495, 530, 750) 760 5594 59113

81



Enterprise
Territory
Ownership form
State authority
Type of activity

Unit of
measurement

Report on the financial results for 9 months of 1997

Form No 2
Date (year, month, date)

Yalta meat processing plant

Ukraine

collective

none

industry

thousand Hr Check sum

Codes

1801001

443714




I Financial results

Indicator Line code Gains Losses
Revenue (gross income) 10 5303360
VAT 15 794044
Production costs 40 4044887
Results from sales of primary products 50 464429
Results from sales of other products 60 2745
Revenues and expenses from other operations 70 11365
Total gains and losses 80 5341328 4838931
Pre-tax 1ncome or loss 90 562397
Actual volume of production 100

q



The reporting orgamzation

Ownership form

Form No 11 mtp

Yalta meat processing plant

lease

Address 1, Isobilna str, Yalta

REPORT ON THE FUEL, THERMAL ENERGY AND ELECTRIC POWER USE
1 January - December 1995

1 Fuel (as tce - 7000 Ccal’kg)

Types of products and Unit Product code Line Productio Actual use per umt of Use per
work by ZKP number n output/ production overall
work production
completed output for
the reporting
period
for the same for the Actual
period of the reporting
previous year pertod
Thermal energy Geal 30 2550 169 5 169 5 432
Other industrial use of 9010 250
boiler fuel
Total industnal use of 9100 657
botler fuel
Domestic use 9200 40
Total use of boiler fuel 9300 722
(lnes 9100+9150+9200)

2 Thermal energy (steam and hot water)

Types of products and Unit Product code Line Productio Actual use per umt of Use per overall
work by ZKP number n output/ production production
work output for the
completed reporting period
for the same for the Actual
period of the reporting
previous year period
Meat and 1* grade by tonnes 2470 155 7107 7107 110
products
Packed meat thou cans 2540 5831 5831
Sausages tonnes 2480 1404 1053 1053 1478
Other industrial use 9010 792
Total industnal use 9100
Domestic use 9200 170
Total use (lines 9300 2550
9100+9200)
Sources of own supply Geal
from boiler umts 9720 2550




3 Electric power

Types of products and Unit Product code Line Productio Actual use per umt of Use per overall
work by ZKP number n output/ production production
work output for the
completed reporting period
for the same for the Actual
period of the reporting
previous year period
Meat and 1* grade by tonnes 2470 155 59 59 9
products
Sausages tonnes 2480 1404 603 603 85
Packed meat thou cans 2540 363 363
Thermal energy production | Geal 30 2550 156 156 40
Refrigeration Geal 2530 1038 8925 8925 926
Other industrial use 9010 12
Total industrial use 9100
Domestic use 9200 48
Overail use (lines 9300 1120

9100+9200)

47

|



The reporting organization

Ownership form

Form No 11 mtp

Yalta meat processing plant

joint-stock company

Address 1, Isobilna str, Yalta, Ukraine

REPORT ON THE FUEL, THERMAL ENERGY AND ELECTRIC POWER USE
FOR 1996

1 Fuel (as tce - 7000 Ccal/kg)

Types of products and Unit Product code Line Productio Actual use per unit of Use per overall
work by ZKP number n output/ production production
work output for the
completed reporting period
for the same for the Actual
period of the reporting
previous year period
Thermal energy Geal 30 3480 169 5 169 5 590
Other industrial use of 9010 129
boiler fuel
Total industrial use of 9100 719
boiler fuel
Domestic use 9200 40
Total use of boiler fuel 930 759

(lines 9100+9150+9200)

2 Thermal energy (steam and hot water)

Types of products and Umit Product code Line Productio Actual use per unit of Use per overall
work by ZKP number n output/ production production
work output for the
completed reporting period
for the same for the Actual
period of the reporting
previous year period
Meat and 1* grade by tonnes 2470 515 7107 7107 366
products
Sausages tonnes 2480 1262 1053 1053 1329
Other mdustrial use 9010 1595
Total industrial use 9100 3290
Domestic use 9200 190
Total use (lines 9300 3480
9100+9200)
Sources of own supply Gcal 9710
from boiler units 9720 3480




3 Electric power

Types of products and Unit Product code Line Productio Actual use per unit of Use per overall
work by ZKP number n output/ production production
work output for the
completed reporting period
for the same for the Actual
period of the reporting
previous year period
Meat and 1* grade by tonnes 2470 515 59 59 30
products
Sausages tonnes 2480 1262 603 603 76
Thermal energy production | Geal 30 3480 156 156 54
Refrigeration Gcal 2530 954 8925 8925 852
Other industrial use 9010 28
Total mdustrial use 9100
Domestic use 9200 42
QOverall use (lines 9300 1082

9100+9200)




The reporting organization

Ownership form

Form No 11 mtp

Yalta meat processing plant

joint-stock company

Address 1, Isobilna str, Yalta, Ukramne

REPORT ON THE FUEL, THERMAL ENERGY AND ELECTRIC POWER USE
FOR 9 MONTHS OF 1997

1 Fuel (as tce - 7000 Ccal/kg)

Types of products and Umt Product code Line Productio Actual use per unit of Use per overall
work by ZKP number n output/ production in thousand production
work n output for the
completed reporting period
for the same for the Actual
period of the reporting
previous year period
Thermal energy Geal 30 2235 99928
Other mdustnal use of 9010 299037
boiler fuel
Total mdustrial use of 9100
boiler fuel
Dotmnestic use 9200 99928
Total use of boiler fuel 9300 398965

(lines 9100+9150+9200)

2 Thermal energy (steam and hot water)

Types of products and Umt Product code Line Productio Actual use per unit of Use per overall
work by ZKP number n output/ production production
work output for the
completed reporting period
for the same for the Actual
penod of the reporting
previous year period
Sausages tonnes 683 2212 2212 1511
Meat and 1* grade by tonnes 201 448 448 90
products
Food fats tonnes 16 1187 1187 19
Technical fats tonnes 10 1176 1176 12
2™ grade by products tonnes 36 448 448 16
Bone meal tonnes 64 420 420 27
Other industrial use 9010 560
Total industrial use 9100 1675
Domestic use 9200 560
Total use (lines 9300 2235
9100+9200)
Sources of own supply Geal 9710
from boiler units 9720 2235




3 Electric power

Types of products and Umt Product code Line Productio Actual use per unit of Use per
work by ZKP number n output/ production overall
work production
completed output for
the reporting
period
for the same for the Actual
period of the reporting
previous year period
Use for production tonnes 1010 61 59 59
Thermal energy production | Geal 30 2235 16 15 35
Refrigeration Geal 674 894 878 591
Other industrial use 9010
Total industrial use 9100 687
Domestic use 9200 78
Overall use (lines 9300 765

9100+9200)
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Appendix No 1 to Contract No 1 of November 28, 1996

(Excerpts)

Electric power supply and demand for 1997

1 “To Subscriber” open joint-stock company “Yalta meat processing plant

31

- Subscriber should pay 1n advance for the allocated volume of electric power supply 1n
terms established by the Electric power supply organization,
- supervision over the allocated volume of power supply will be carried out on monthly

basis,

- advance payment should be calculated independently by the Subscriber at the US$
exchange rate of the previous settlement at the dates according to the table,
- revision of accounts should be made at the settlement date - the 26™ day of each month

Electric power use

Year Use by quarters Total
(thousand kWh) (thousand
kWh)
1994 1-1840 11-3450 11 - 6370 1v-3620 1528
1995 1-2001 1n-3162 m - 368 5 v-2746 11324
1996 1-1975 1-2592 m-3723 1v-2860 11151
Request and Iinuts for 1997(1in thousand kWh)

Item 1 quarter 2 quarter 3 quarter 4 quarter Total
Request 250 320 404 286 1260
Limit 215 270 380 260 1130

Advance payment before the first day of the month - 90%

1997 P - | 8 =] 58| 5
Els |tz la|elelile|2]|2]%
= = i 2 = = on 9 B o >
S|E|E|<|= |3 |~ |2|8|&|2&]3
s % z | 8

Supply 1n 80 | 80 | 55 | 80 | 90 [ 100 | 120 | 150 | 110 | 95 | 90 | 80

thousand kWh




Operation chart

Boiler type DKVR - 2 5/13Registration number 3007/2757 Burners GMGm-1 5

Fuel Natural Gas

No Items Designation | Unit Boiler load
30% 59% 70% 77%
1 2 3 4 5 6 7 8
1 Boiler capacity Dy 075 144 171 1925
2 Steam pressure 1 drum P, 3 6 6 7
3 Fuel pressure
- 1n pipeline P, 360 360 400 550
- before burners Py 40 150 200 230
4 | Aurpressure
- after fan P, 0 0 0 0
5 | Feedwater pressure
- at economizer mput Py 10 4 106 106 106
6 | Vacuum
-after boiler Sy 0 0 0 0
-after economizer Se 0 0 0 0
-1n combustion Sec 25 25 25 25
chamber
7 | Feedwater temperature
- at economizer 1nlet Ty 100 100 100 100
- at economizer outlet Tro 132 132 132 132
8 | Temperature of saturated | Tg 13288 | 15808 1581 164 17
steam
9 | Temperature of exhaust
gas
- after boiler Tap 222 259 2717 300
- after economizer Tre 140 190 210 237
10 | RO2 content in exhaust RO2 62 89 96 99
gas
11 | CO content in exhaust CO 0 0 0 001
gas
12 | Oxygen content 02 10 52 39 35
13 | Excess air coefficient By 182 129 12 117
14 | Internal heat loss A 3 3 3 3




1 2 3 5 6 7 8
15 |} Heat losses
- with exhaust gas q2 86875 | 89775 9438 10434
-into environment qs 76667 | 38983 32957 2 987
- by incomplete q3 0 0 0 0018
combustion
16 | Gross efficiency of boiler | n 83643 | 87121 87274 | 86561
17 | Fuel use by gauge bfg 12978 | 24401 27583 | 29175
18 | Specific fuel use per 1 Bup 15003 | 14404 | 14378 | 14497
Gcal of heat
19 | NOX concentration at CNOxa=1 19337 | 199 81 2095 213 67
normal level & alpha=1
20 | CO concentration at CCOa=1 20355 | 21257 13094 | 95959
normal level & alpha=1
21 | Specific emission per 1
Gcal of htat of
- nitrogen oxides b’ *NOy, 23058 | 22875 | 23942 | 24619
- carbon oxide b*CO 24334 | 24398 | 15002 | 11085
22 | Specific emission per 1
thousand cubic meter/1
tonne of fuel
- nifrogen oxides, b’NOy 07338 0772 08481 | 09095
- carbon oxide b’CO 0077 0082 0053 0 4095
23 | Bumer type 15 15 15 15
24 | Number of operated 2 2 2 2

burners

Note Operation chart 1s drawn up at QN= 7969Ccal per cubuc meter



Boiler type DKVR - 2 5/13 Registration number 2911 Burners GMGm-1 5

Operation chart

Fuel Natural Gas

No Items Designation | Unit Boiler load
30% 59% 70% 7%
1 p - 3 | 4 5 6 7 g8 I
1 | Bouler capacity D, 075 144 171 198
2 | Steam pressure m drum | Py 3 6 6 7
3 | Fuel pressure
- in pipeline P, 360 360 400 550
- before burners Py 40 150 200 250
4 | Air pressure
- after fan P, 2 34 47 60
5 | Feedwater pressure
- at economizer input Py 104 106 106 106
6 | Vacuum
- after boiler Sg 0 0 0 0
- after economuzer Sg 25 25 25 15
7 | Feedwater temperature
- at economuzer 1nlet Ty 100 100 100 100
- at economizer outlet Tro 132 132 132 132
8 | Temperature of saturated | T; 132 88 158 08 1581 164 17
steam
9 | Temperature of exhaust
gas
- after boiler Tag 230 256 272 300
- after economizer Tas 140 165 185 200
10 | RO2 content in exhaust RO2 54 62 68 71
gas
11 | CO content 1n exhaust CO 0 0 0 0
gas
12 | Oxygen content 02 114 10 89 83
13 | Excess air coefficient I 21875 | 19091 17355 16535
14 | Internal heat loss A 3 3 3 3




|

1 2 3 5 6 7 8
15 | Heat losses
- with exhaust gas q2 9 8125 10 425 10 965 11285
- into environment g5 76667 | 39931 33626 2 904
- by incomplete q3 0 0 001 001
combustion
16 | Gross efficiency of boiler | n 82518 | 85578 | 85663 | 85805
17 | Fuel use by gauge bfg 15965 | 31106 | 35844 3914
18 | Specific fuel use per 1 B 15207 | 14663 | 14649 | 14625
Gcal of heat
19 | NOX concentration at CNOxa=1 | 82956 | 10343 | 10719 | 13975
normal level & alpha=1
20 | CO concentration at CCOa=1 23702 | 31028 | 75218 4479
normal level & alpha=1
21 | Specific emission per 1
Gcal of htat of
- nitrogen oxides b’*NOy 100 27 120 54 124 8 162 44
- carbon oxide b’*CO 28721 | 36255 | 87803 | 52198
22 | Specific emission per 1
thousand cubic meter/1
tonne of fuel
- nifrogen oxides, b’NOy 0 265 03197 | 03411 | 04725
- carbon oxide b’CO 0076 0096 024 01518
23 | Burner type 15 15 15 15
24 | Number of operated 2 2 2 2

burners

Note Operation chart 1s drawn up at QN= 7969Ccal per cublc meter



D.2 Totalized indicators of energy use according
to the plant data



Energy use at the Yalta meat processing plant in 1996 and 9 months of 1997

Energy use, kWh Natural gas use, Water use, cubic
1000 cubic meters meters
Month 1996 1997 1996 1997 1996 1997
January 77703 73504 79 44 2380 1034
February 71615 60497 63 45 2394 1875
March 48215 54837 525 43 2387 1680
April 77693 78100 53 38 2385 1457
May 83695 82837 47 32 2389 1363
June 97836 92689 45 36 2387 1790
July 115840 107187 69 8 42 2690 1725
August 148725 116765 804 35 2800 1915
September 107740 99004 833 34 2550 1675
October 87763 80723 76 9 32 2506 1775
November 87005 51 2405
December 77585 50 2270
Total 1081415 750 9 29543




D.3 Results of measurements of parameters
of energy

¢



As the result of the analysis of the steam distribution system 1t was established that n spite of
insulation of the main steam pipelines many branch pipes and condensate piping network do not

Details of non-insulated piping are given 1n the table

have such msulation

Purpose of Location Length, meters | Diameter, mm t, °C
pipmg

Steam Thermal umt 56 41 150
Steam Thermal unit 25 55 150
Steam Thermal unit 25 34 150
Condensate Thermal unit 160 55 105
Condensate Thermal unit 70 27 105
Steam Thermal unit 80 34 150
Steam Thermal umt 30 27 150
Steam Boiler room 80 55 150
Steam Boiler room 30 81 150
Steam Boiler room 25 41 150
Condensate Boiler room 14 41 105
Condensate Boiler room 30 55 60
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E. PLANT PHOTOGRAPHS
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JIBepHO# ITpOEM TEpMOKaMePEI
Thermal treatment unit door

E3



@dparMeHT U30JALHH NAPOIPOBOJIOB HA yJaCTKE TEPMOKAMED
Section of steam piping msulation n the thermal treatment woikshop
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[TyHKT perynmupoBaHus [IOJayuH I1apa B TepMOKaMephl
Thermal treatment steam supply control unit

ES



7

®parMeHT KOTEIHHO
Boiler room section
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V3en 3a0opa AyTbeBOTO BO3AyXa LIS KOTIa
Boiler air ntake

IMTaponpoBosl B KOTENBHOI MACO3aBOAA
Steam piping in the milk plant boiler room
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F. CONVERSION FACTORS
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Currency rates of exchange

1 hrivma - local currency unit
Thriviia = US$0 54 as of December 1997

Conversion factors
Heat

l1cal=4187]

1 Ccal =4 187 kJ = 3 968 BTU
1Geal=4187x10°=4187GJ
1BTU=1055T=1055kI=1055x10>MJ

Power

1W=36x10°J=36kJ
1kW=36x10°kJ=36MJ =860 Ccal
1 MW =3 6 x 10° MJ = 860 Ccal
1Ccal=1163x10°

1 Geal=1163 kW =1 163 MW

1 kW =0 102 HP (boiler)

1 kW =1 34 HP (mech)

Pressure
1 kg/em =1 atm

1 atm = 101 325 kPa=0 1 Mpa
1 bar = 10°Pa=100kPa =0 1 Mpa

Length

1 mm =0 03937 n =0 00328 ft
1em=039371n=00328 ft
I1m=3937m=3281ft

Weight
1 gram =22046x 10> Ib

1 kg =2,2046 Ib
1t=1000kg =2 2046 x 10’ fi

Axea

1cm’=0155squarem=1076x 10> ft
1 m*=1 55 x 10’ square = 10 76 square ft

Yolume
1m*=3531cuft=10001

11=3531x 10° cu fi
11= 0264 US gal

Heat content

4



1 kJ/kg = 0 43 BTU/Ib

1k¥/m®=2684x% 10 BTU/cu ft

1 MJ/m® =26 84 BTU/cu ft

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

Temperature
°%C =056 (°F-32)



G. ABBREVIATIONS AND UNITS OF MEASUREMENT



ABBREVIATIONS

CIS - Commonwealth of Independent States
ECO - energy conservation opportunity
ESCO - energy service company

etc - et cetera

Hr - hrivima

Fig - figure

1d -1dest

JSC - joint-stock company

mln - milhon

JSC - jomnt-stock company

Qty - quantity

tel - telephone

thou - thousand

VAT - value-added tax

US - United States

USAID - United States Agency of International Development

¢



BTU - British thermal unit
°C - degrees Celsius
cm’ - centimeter squares
OF - degrees Fahrenheit
g - gram

Gcal - gigacalory

GJ - gigajoule

h - hour

kcal - kilocalory

kg - kilogram

kgf - kilogram-force
kV - kilovolt

kV-A - kilovolt-ampere
kW - kilowatt

kW h - kilowatt hour
Lm - lumen

m - meter

m’ - meter squared

m’ - meter cubed

min - mnute

MJ - megajoule

UNITS OF MEASUREMENT

mm H20 - miilimeters of the water column

MW - megawatt
t - tonne

tce - tonne of coal equivalent (fuel)

tsf - tonne of standard fuel = tonne of coal equivalent

t/h - tonnes per hour
W - watt
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