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FOREWORD

Thisreport was prepared at the request of the U.S. Department of Energy (DOE). It was developed as
part of DOE'seffort to support the Government of Ukraine devel op dternativesto the Chernobyl nuclear
power plant. U.S.-Ukrainian cooperation toward that goal wasinitiated in April of 1994 during Deputy
Secretary of Energy William White's visit to Ukraine. Subsequently, the United States and the other
members of the G-7 countries havejointly agreed to assst Ukrainein closing thereactors. Battelle, Pacific
Northwest L aboratory prepared thisreport to brief aDOE del egation to Ukraine, led by Deputy Secretary
White from November 10-12, 1994.

Ukraine ranks among the least energy-efficient nationsin theworld as aresult of itsformer system of
centralized economic planning. At the request of DOE, the Pacific Northwest Laboratory (PNL)" in
September identified apreliminary set of energy-efficiency opportunitieswhich could save more power than
isproduced at Chernobyl. DOE requested thiscurrent effort to identify specificinvestment opportunities
that might serve as an initial but significant response to the need to develop substitutes for the 1,800
megawatts (MW) of electric power capacity that remains operable at Chernobyl. It was not the purpose
of this effort to determine ways to replace the entire output of Chernobyl, but rather to evaluate the
feasbility of usng efficiency asan dternative. That is, the opportunitiesidentified in this report demondrate
the reality of energy-efficiency opportunities, and, we hope, illustrate real business opportunities for
American firms.

The expert team visited seven mgjor industrial facilities and asked three key questions. The team asked
if cost-effective energy-efficiency optionswere present in the facilities, whether thefirmswerelikely to
survivethe current economic crisisin Ukraine, and whether the firms had accessto hard currency with
which they could pay for productsand services. Theteam identified four mgor industrid instalationsthat
satisfy thesecriteria. Thefirmsinclude Severodonetsk Azot Manufacturing Association, Dniprovsky Iron
and Sted Plant, Krivorozhstal Combinant and Lisichansk Petrochemical Plant. The opportunitiesat these
enterprises, and the other firmswevisited, aredescribed in thisreport. We emphasizethat thesefirmsdo
not by any means represent the only energy-efficiency business opportunitiesin Ukraine, but could serve
as hostsfor initial projects.

Thedd egation dso held discussionswith regiond and municipd authoritiesinKiev, Lviv, and Odessa, and
with nationd authorities respongblefor energy efficiency. Thesediscussonsfocused on devisng integrated
resource plansfor energy production and consumption in the regions, and on establishing energy efficiency
loan funds. DOE is currently formulating policy measures for supporting U.S. energy-efficiency business
in Ukraine.

William U. Chandler
Director, Advanced I nternational Studies Unit

" Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle Memoria
Institute under Contract DE-ACO06-76RL O 1830.
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INTRODUCTION

The largest short-term opportunities for energy efficiency improvementsin Ukraineliein theindustria
sector. Industry accountsfor 70% of total energy consumption in Ukraineand individua enterprisescan
consume asmuch energy asentirecities. Industria enterprises aso have accessto hard currency, which
will facilitate financing of energy efficiency measures.

Weidentified four enterprisesas promising businesspartnersor potential purchasersof energy efficiency
equipment and services. These enterprisesinclude two metdlurgica plantsin the Dnipropetrovsk Obladt,
and achemical plant and petrochemical plant in the Luhansk Oblast. We believethat these plantshavea
good chanceof surviving Ukraine'songoing economic restructuring. The potential for savingsat each plant
islarge because energy consumptionishigh and current industrial processesand practicesareinefficient.
The management teams at these enterprises supported the idea of energy efficiency improvements at thelr
plantsand arewilling to cooperatewith U.S. companiesinthisarea. Each enterprise werecommend has
access to large amounts of hard currency because of exports, which means that businessis feasible.

Current Opportunities

Ukraineoffersasgnificant energy efficiency market for U.S. companies. Severd European and Ukrainian
companies are tapping this market, despite the difficulties of working in Ukraine, but very few U.S.
companiesareinvolved. Every plant visited by thejoint U.S.-Ukrainian team has contractswith other
companies and indtitutions to buy energy efficiency equipment or services. These range from research on
energy losses to purchases of controls and efficient turbines for cogeneration.

The potential market islarge because Ukraine uses energy inefficiently, asdo most other former sociaist
countries. Thiswaste of energy hindersthe nation's economic recovery. Inthe past, the state supplied
energy cheaply to boost production. Today, much of Ukraine's energy comes from Russia and
Turkmenistan, which are not willing to subsidize Ukraine's fuel purchases. Import prices have gone up
sgnificantly and are continuing torise. The Ukrainian Government cannot afford to subsidizeimports. As
aresult, it does not buy enough fuel and enterprises must find their own suppliers or cut production.
Furthermore, Russaand Turkmeni stan havereduced gasand oil shipmentsto Ukraine periodically because
Ukraine does not dways pay itsenergy bills. Thus, Ukrainian enterprises have two large energy problems:
insufficient supplies and huge energy bills, both of which are related to lack of money to pay thered costs
of energy. Today, even a partidly subsidized prices, energy costs account for 30-70% of production costs
a most large enterprises. Ukrainian enterprisesare coming to redize that energy efficiency isimportantin
order to stay in business.

Oneof thebiggest transformationsin Ukrainesincethefal of the Soviet Unionisthe changing relationship
between enterprise managersand thestate. During Soviet rule, theindustria ministriessuch astheMinistry
of Industry were essentialy monopoly conglomerateswhichranal the enterprisesintheir sector. Today,
thisischanging. Whilemost enterprisesaretill nominaly under the control of ministries, the management

1



knows that the ministries can supply little besides additional burdens. Many of the managers we
interviewed said they wanted their enterprisesto be privatized and that the state was counterproductivein
its management of their affairs.

In October 1994, Leonid Kuchma, the new Ukrainian President, launched a major economic reform
program. Thisyear the government has begun large-scale privatization of industrial enterprises. Some
housing and many small enterprises have been privatized, and privatization in these sectors will be
accelerated. Enterpriseswill have more freedom to export their goods and earn hard currency: export
licensing requirements were abolished by decree on November 1, 1994, athough there are still some
problemswith theimplementation of thisdecree. Thismeansthat enterprisescan legaly export most goods
without thetime-consuming process of obtaining licenses. Also, the government raised the officid exchange
rateto thelevel of the commercia exchangerate. Thismeansthat enterpriseswhich export will no longer
lose money because of unfavorable exchange rates when they are required to exchange hard currency
earnings into kupons, the Ukrainian currency.

Perhgpsthe most positiveindicator that the new government supports energy efficiency isthet thefirst law
which the new parliament passed wasthe Law on Energy Conservation. Inaddition, former President
Kravchuk last spring issued a decree on corporatizing the power sector, excluding nuclear energy. The
government isimplementing this decree, and within 3 to 5 years, the power sector will be completely
restructured and almost entirely privatized, if the reform proceeds as planned. By the second quarter of
1995, dectricity priceswill account for thefull price of imported fuel, an aggressive price reform schedule.
This must be done in conjunction with privatization for the prices to have afull impact on Ukrainian
enterprises, but the government seemsto understand this. Otherwise, the Ukrainian accounting systemwill
alow enterprisesto smply passtheincreased costsonto their client ministries, thus shifting the subsidy and
distorting the incentives for efficiency.

The Business Environment in Ukraine

One of the biggest hurdleswhich Ukrainian enterpriseswill have to overcome when adaptingto afree
market isgetting rid of their antiquated accounting system. Ukrainian state enterprises use the Soviet
accounting system, with a few modifications to comply with recent laws.

In this accounting system, capital is not considered acost. It isbasically a subsidy donated by the
benevolent state. Most enterprises still believe the state will help them withtheir capital improvements,
athough the successful ones have cometo understand that they must finance their own modernization plans.
Production costsare cal cul ated asthe sum of expensesfor materials, energy, sdlariesand routine repairs.
The profit marginisapercentage of the production cogts, and the exact percent is negotiated with the Sate.
The profit isused for many expenses which wewould consider production codts: taxes, wages, and socid
infrastructure, such asworker housing, schoolsand hospitals. Profitsarea so spent on capital investment
funds, and it isthese resourcesthat the enterprises use to fund most energy efficiency measures. Pricesfor
goods sold according to Sate contracts are Smply caculated by adding production costs and profit. These
prices must be declared and registered with the state, and obvioudy the state has agood bit of influence
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over the prices declared, although in theory they are determined by the enterprises. The situation is
somewhat different when goods are not sold to the state. If they are sold to commercia entitiesor any
foreign entities, including Russan ones, then the enterprises have much more input on the prices and usudly
base them on some mix between market demand and production costs.

The bottom line of the state procurement system isthat there are strong disincentives against efficiency.
The lower the production costs, the less profit an enterprise earns. Thus the more energy the enterprise
consumes, the more profitsit receives. Also, many enterprises are worried that if they use energy more
efficiently, their energy quotawill go down, meaning that they must again cut production despite their
investment. U.S. companies must be aware of theseissues to successfully conduct businessin Ukraine.
Simple economic argumentsare not dway's enough to convince Ukrainian enterprisesto invest in efficiency.

Another mgjor hurdle which enterpriseswill haveto overcomerelatesto the social infrastructure they
support and the large number of workersthey employ. The enterprises we visited al pay for social
infrastructure, such asschoolsand hospitals. Theenterprisemanagerstill fed that it istheir duty to provide
these servicesto their workers, but most would like to sell some of the enterprise holdings because they
areso expensiveto maintain. The Petrovsky plant tried to transfer ownership of itshousing to the City of
Dnipropetrovsk; intwo years, the enterprisewas abletotransfer only two buildingsand then gave up. The
citiesdo not want the buildings because they are expensiveto maintain. Itisdifficult to privatize them
because, in the case of housing, the residentsknow that they will have to pay much morefor utilitiesand
maintenance and therefore are usually not interested in privatizing their enterprise-owned apartments. It
iseven moredifficult to find buyersfor sadiums, schoolsand hospitals. Energy efficiency will beimportant
in decreas ng the costs of maintaining and running these buildings so that they can be privatized or sold off.

While enterprises express some willingnessto sdl off their "socid” property, they are usudly unwilling to
fireworkers. They fear worker revoltsif employeesarefired en massand management fed sapaterndigtic
responsibility to take care of itsemployees. The Ministry of Industry supports keeping more employees
on the payroll thanisnecessary. Itiswilling to subsidizeit because labor a most enterprises makes up no
morethan 3to0 4% of production costs currently. However, labor costsare so low becauseinthelast few
years, wages have decreased and enterprises often do not pay full wages to the workers.

Thethird hurdle for enterprisesrelatesto the quality of work at enterprises and the attitudes of employees.
At Ukrainianindustria enterprises, maintenanceisalow priority. Equipment isnot serviced regularly so
itisusudly rununtil it completely fails, which meansits useful lifeismuch shorter thanit should be. Thisis
in part becausein the past, equipment was subsidized by the state, with little direct cost for theenterprise.
Maintenance and repairs, however, are paid for by the enterprise. Enterprise managers know that in
today's economic climate they cannot expect the state to pay for modernization of their enterprises, but they
have not yet been able to change the behavior of workers responsible for maintaining equipment.



Enter prises Offering Significant Opportunities

We recommend four of the seven enterpriseswevisited asinitia partnersfor energy efficiency business
arrangements. Thefour weidentified are Dniprovsky Iron and Stedl Plant, Krivorozhstal Combinant,
Lisichansk Petrochemical Plant, and Severodonetsk Azot Manufacturing Association. Theother three
plants--Dniprovsky Iron and Steel, Petrovsky Metallurgical Plant, and Zaporozhstal Combinant--have
gresat technicd potentid for energy efficiency improvements, but they were either not economicaly viable
or management was not supportive of energy efficiency improvements.

In selecting the enterprises, we consdered total energy consumption, and level of exports, which indicates
accessto hard currency. When we met with the enterprises, we eva uated the attitude of the management,
their cgpabilities, and their vison. Wediscussed thefinanciad viability of the enterprise, including the market
for their products, their export potentia, and the amount of state support they receive (which showsin part
if the state fed sthisenterprise will survive). We discussed the condition and type of the equipment at the
enterprise, which helped us understand whether the enterprise was competitive on the world market and
how large apotentia therewasfor energy efficiency. Wetoured each facility, which helped us understand
the condition of the equipment, thelevel of maintenance and any major problemswhich existed inthe
production facilities. We alsotaked to the energy managers about energy consumption and the types of
energy efficiency measureswhich they thought would be most effective. Ingenerd, wefound the energy
managers to be very knowledgeable and to have ready suggestions for improving efficiency.

In the next section of this report, we describe the enterprises we visited and the reasons for our
recommendations on each one. The four recommended enterprises are described first, followed by
descriptions of the three plants not recommended.



DNIPROVSKY IRON AND STEEL PLANT
Dniprodzerzhinsk, Ukraine

We spokewith the Genera Director, Y uri Borisov, and the Chief Energy Manager, Leonid Misura, aswell
asthe chief accountant, the deputy chief engineer and the chief engineer of automatization.

Dniprovsky Facility Description

Dniprovsky Ironand Steel Plant isthefourth largest stedl plantin Ukraine. Theplant wasoriginaly built
105 years ago and has been reconstructed several times since. The enterprise makes several metal
products, the main ones being cast iron, steel and billet steel.

In 1991, thiscompany began amajor modernization program, financed with itsown profits. Theenterprise
has bought three continuous casting machines. During our visit, one machinewasfunctional, the second
was being ingalled and athird wasto be delivered in mid-November. The equipment for these machines
was manufactured in Ukraine and Russia. The enterpriseis also purchasing new converters from an
Austrian company and isdiminating severd old plants, including an open hearth furnace and ablast furnace
(four blast furnaceswill remain). It aso plansto modernizea plant which makesrailsfor railroads. The
enterprise began the modernization because it saw the economic problems ahead and wanted to adapt to
new markets. The modernization programwill cost $116 million, of which $82 million hasaready been
paid. Another payment was due the day after we visited the plant, but the director said he would not be
ableto makethe payment because the government wastaking over two-thirdsof hishard currency earnings
because of the difference between the official and commercial exchangerates. These rateswere unified
inlate October 1994. Thedirector was enthusi astic about the unification of exchangerates. The enterprise
has set up a system to ensure payments on the equipment, through a Cypriot insurance company, which
the enterprise will then repay later.

After themodernization, the plant will annually produce 2.8 millionstonsof cast iron, 5.5 million tons of
stedl (up fromacurrent capacity of 3.5 million tons), and 4.5 milliontonsof billet steel. Thedirector felt
that the modernization would increase the competitiveness of hisproducts, although when we asked him
where hisnew marketswould befor the expanded production, he did not demonstrate that his enterprise
had completely analyzed the market potential. Currently, theplant isrunning at 70% of capacity because
of ashortage of raw materiads (primarily coke), and ashortage of ectricity. 1n 1993, the plant ran at 82%

of capacity.

There are 23,000 employees at the enterprise, 17,500 of which areinvolved in metalurgica production.
The remainder work in other businesses the enterprise owns. Employment has not changed despite the
drop in production.



Dniprovsky's Organizational Structureand Financial I nformation

Theplant isowned by the state, although the director openly ridiculed state management (in the presence
of hisbossesfrom the Ministry of Industry). Thedirector said that he would be very happy if the state
privatized hisenterprise and that if the state would only leave him alone, most of his problemswould be
solved.

Y uri Borisov clearly stated that Dniprovsky's accounting system, likethat of all other enterprises, was
irrational andthat evenif hegaveusfinancia dataabout his plant, they would not correspond to Western
accounting principles. Hedid have his Chief Accountant provideuswith dl theinformation she could. The
director wasfamiliar with market economics and Western marketing practices. He hastravelled extengvely
abroad.

Thetotd revenueof theplant is6.5 trillion kupons ($144 million)* annudly, whichincludes both the " profits'
and production costs. The enterprise made a profit of 3.7% from January-October 1994. Thisestimate
seems much moreredistic than the 20 to 30% profit which most enterprisesclaim to make. Thedirector
said, however, that regardless of what his books say, he knows his enterprise has debt. Because of the
strange accounting system used in Ukraine, the debt does not show up in the enterprise's accounting
balance.? The accountant said that theenterprise has no large hard currency debts, but it does have debts
from unpaid gas and eectricity bills. The energy manager confirmed that the enterprise was behind on
energy payments. Thisistheonly enterprisewhich admitted not paying al itsenergy bills, according tothe
Ministry of Power and Electrification, virtudly al major enterprisesowe back-paymentsfor eectricity and
gas.

The"profit," aselsawherein Ukraine, isused to cover some operating expenses. 22% of the profit goes
to pay profit taxes;, 61% of itisused to pay for the modernization and therest isfor socid purposes, such

The exchange rate used to caculate the enterprises profits and revenuesin thisreport is 45,000 kupons
to the dollar, which was the exchange rate for most of 1994. During the fall of 1994, the kupon was
serioudly devalued; on November 18 it wassold at arate of 140,000 to the dollar, although since then it
has stabilized at alevel of 130,000 to the dollar. We chose the lower exchange rate because the
enterprises gave ustheir earnings from January to October 1994, when thisrate wasin effect. Itis
important to note that most of these profits and revenues are in kupons and cannot easily be spent on
foreign purchases.

Until October 27, 1994, when exchange rates were unified, enterprises were required to exchange
much of their hard currency earningsinto kuponsat an unfavorable exchangerate. Exporting goodsdid
alow enterprisesto purchaseforei gn equipment through the government at thissame officid exchangerate.
Thus, thereisno smple systemto list costs and revenues at Ukrainian enterprises. The accountant said
that thisenterprise had no substantia debt. Without adetailed audit, it would be difficult to understand how
much debt, if any, the enterprise had incurred.



asfinancing vacation resorts, kindergartens, collectivefarmsand other worker benefits, plusaportion of
workers' salaries.

Production costsare primarily dueto energy (70%), followed by raw materials (20%). Saaries account
for only 3% of production costs, and therest isfor depreciation of equipment and miscellaneous expenses.

Dniprovsky's Markets and Exports

The plant exports aimost 70% of its products. 30% to CIS countries, 12% to China, 3% to the U.S. and
Canada, 3% to Western Europe and 22% to other countries primarily in the Middle East and Eastern
Europe. Thirty percent of the products are sold within Ukraine, most of which are salesrequired by the
Ukrainian government at set prices (the reformed version of quotas).

Theenterpriseisactively trying to expand its markets, particularly inthe U.S. and Canada, and the director
was planning to sSign several sales contracts at the end of 1994. Dniprovsky has amarketing department
with four employees, thedirector isaso heavily involved in marketing. Hewould liketo decrease sdes
to China because he feels that the plant's Chinese market is unstable. Also in September 1994, the
enterprise decreased the export price of itsbillet steel from $195 per tonto $170 per tonin responseto
decreased demand, despiteincreasing production costs. These pricereductionsare putting pressureon
the enterprise to cut costs. In fact, Dniprovsky isthe only enterprise which we visited in which the
management was immediately in favor of the idea of energy efficiency improvements.

Dniprovsky's Energy Characteristics

Seventy percent of total production costs are dueto energy at the Dniprovsky Iron and Steel Plant. The
energy manager provided uswith abreak-down of energy consumption, listing fuel and power used a each
shop within the enterprisefor oneday. According to the enterprise's projections, energy consumption will
decrease by 25% and the use of raw materials by 20% after the modernization is complete.

The peak electric demand of the enterpriseis 225 MW at full capacity. The plant's power consumption
in 1990 was two billion kwh. 1n 1994, annual power consumption will be about 1.2 billion kWh,
accounting for the plant's drop in production. The peak capacity on December 22, 1993, was 160 MW
and the peak on June 22, 1994, was 150 MW ,? indicating that the shape of theload at the enterpriseis
rather flat. Thisisimportant because Ukraine will soon adopt new tariffswhich charge higher ratesfor
peak electricity consumption.

Fifty percent of the power consumed isused at the oxygen plants. Therestisused primarily inthewater
supply shop and in heat exchangers at the cogeneration plant. The cogeneration plant produces 10% of

% In theformer Soviet Union, December 22 is used as the day with the highest peak and June
22 asthe day with the lowest peak.



thedectricity consumed at the plant. 1t burnsnatural gasand blast gas. Currently, thereareten boilersat
the cogeneration plant and one more is under construction. Honeywell hasinstalled controls at the
cogeneration plant. The power factor at Dniprovsky was surprisingly low at 0.5 to 0.6, offering an
opportunity for efficiency improvement.

At full capacity, the heat consumption at the enterpriseis 7.5 million GJ per year. No more than 15% of
the heat produced isused to heat buildings; the enterprise does not supply residentia buildingswith hest.
The management was not able to tell us the current heat capacity.

Dniprovksy's Energy Efficiency Targets

There are many other opportunities for energy savings at Dniprovsky. The eectric motors and drive
sysemsareinefficient and consumealarge portion of the dectricity a Dniprovsky. Moreefficient motors
and variable speed drives could save much energy. Likewise, the steam lines at Dniprovsky waste
enormous amounts of energy because of poor insulation and the lack of quality steam traps. In addition,
steam leaks are common. Better maintenance would help prevent this waste.

The enterprise's new continuous casting plant haslarge heet collectors on the melting vessals, but dl of the
heat recovered is vented to the atmosphere. This could be improved with better instrumentation and
control. Similarly, operation of the cogeneration plant could be substantialy improved with autometic boiler
controls, improved control valves and better insulation. The enterprise has already purchased some
controls for its cogeneration plant from Honeywell.

When dealing with energy conservation opportunities, however, it isimportant to note that Ukrainian
operating and maintenance philosophies are not consistent with those used in U.S. plants. For the most
part, Ukrainian industry tendsto ingtall equipment and run it until it fails and must be shut down for repair
or totaly replaced. Very little preventative maintenance or continuousupgrading isdone. Thisisalong-
term problem that must be addressed. The new continuous casting unit, for example, was computer
controlled, with monitor screensshowing temperaturesand status of equipment. Althoughfamiliar withthe
system's capabilities and how to usethem, the plant's staff did not participatein thedesign. Itisdoubtful
that the workers could easily modify the program to adapt to new conditionsor, perhaps moreimportantly,
recognize opportunities to expand the scope of the computer's application to solve new problems.
When we visted the continuous casting facility, it wasnot operating. The engineers on site explained that
this Stuation was very common. Infact, the plant usualy only has between two and 10 metings before it
hasto shut the equipment down. Thus, it never runsfor morethan aday beforeit must be shut down. In
the U.S., smilar plants can run for amonth or longer continuoudy. One problem iswith the refractory
materids, whichareof poor qudity and quickly losether ability toinsulate. Theresulting shutdown wastes
energy becausethefurnacesmust be completely cooled and then reheated. Thisreplacement also wastes
long periodsof time. If the enterprise purchased high quality, foreign refractory materids, it would save
energy and could produce more metal with less down time.



Dniprovsky aso hastwo oxygen plants, one completed in 1964 and onein 1983 which together consume
half of the power a Dniprovsky. Both could be made more efficient by improving compressorsand motors
aswell as making modifications to the separation columns.

Optionsfor Developing Joint Business Projects with Dniprovsky

The enterprise management would be willing to accept hard currency loansto pay for energy efficiency
improvements. Theenterprisewould aso bewilling to exchangeits product for new equipment, sdlingits
metal through anintermediary. The general director felt that it would be difficult for the enterprise to
provide large amounts of capital for a project because the enterprise has substantial commitments for
modernization. It may beabletoinvest someof itsown capita, particularly in ayear when it has madethe
bulk of the payments for the modernization. The maximum payback time which Dniprovsky would be
willing to accept is3.5t0 5 years.

Dniprovsky seems to have a strong chance of surviving Ukraine's current economic downturn. The
management islooking toward the future with competitivenessinmind. Itisinterested in finding innovative
waysto cut costs, and in developing new markets. Most of the enterprise's products are exported, which
shieldsit somewhat from the economic problemsin Ukraine. Werecommend thisenterpriseasonewhich
U.S. companies should consider for investment and other business arrangements.






KRIVOROZHSTAL COMBINANT
Kriviy Rih, Ukraine

Our visit was hosted by Vladimir A. Nechiporenko, Chief Engineer. We aso met with the chief energy
manager.

Krivorozhstal Facility Description

Thisisoneof thelargest metdlurgicd plantsin Ukraine. At full capacity, the plant employs 37,000 people,
produces 10% of al metalurgical output of the former Soviet Union and 25% of Ukrainian output. The
annud output, at full capacity, is12 milliontonsof pigiron, 12 million tonsof structura sted, and 10 million
tons of other steel products.

Current employment is 25,000 people, and employment has not changed athough the plant is operating
at only 50% capacity. Aswith other enterprises, Krivorozhsta owns not only the production facilities but
the surrounding community infrastructure aswell. The plant owns apartment buildings, schools, a1,000-
bed hospitd, a26,000-sest stadium and the football team. Approximately 15% of the employees supports
the community infrastructure leaving 21,000 to 22,000 people working in production operations.

The plant has two blast furnace workshops with atotal of nine furnaces, one open hearth furnace, three
gted cast workshops, andtenrolling mills. Krivorozhstal'smain productsincludewire, semi-finished pipe,
structural steel, and small shaped steel of various dimensions.

The plant hasamg or renovation program under way and appearsto have consderable support from the
government. In December 1993, the plant |et a contract worth approximately $130 million to aWest
German firmfor acasting mill. The contract was structured under acredit linewith aGerman bank. The
casting mill iscurrently under congtruction. The enterprise recently signed a second contract with a Dutch
company to install aprocessfor using coal dust asasubstitute for coke. The Ukrainian government has
guaranteed both contracts.

Krivorozhstal Organizational Structure and Financial I nformation

Theplant isstate-owned. The plant managerswould liketo completely privatize the enterprise and have
suggested thisto the Ukrainian government. Krivorozhsta'sproposa isfor roughly 20%foreign ownership
of the enterprise.

At the current operating capacity of 50%, thereported "profit margin” is20%. At full capacity, the profit

margin wasreported at 25%. Raw materialsand energy expenses comprise about 85% of total current
production costs.
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Krivorozhstal's Markets and Exports

Krivorozhgtal exports 50% of its products, but only half of which doesit export directly. Therestit sells
first to the government, and thusit does not earn hard currency from the sale. Most of Krivorozhstal's
exports outside the former Soviet Union are to China, the Middle East, Turkey and Eastern and Central
Europe. The products producing the greatest salesrevenue are structural steel and castiron. In generd,
the management would like to orient the enterprise more toward end-use products and consumer goods.
Currently, the plant produces building materid s for resdentia homes and sngle-car garages, dong witha
full range of industrial products.

Krivorozhstal's Energy Characteristics
Krivorozhgtal usessevera formsof energy, including el ectricity, natural gas, cokegas, blast gas, and fuel

oil. Theconsumption of electricity and natural gashasdecreased recently, resulting inlower output. The
chart below describes the amount of electricity and gas consumed:

% of Capacity Electricity Natural Gas
50% 250 MW/hour 170,000 m*/hour
100% 450 MW/hour 250,000 m*/hour

There are three cogeneration plantswith aninstalled €l ectric capacity of 250 MW, al of which areinthe
indugtrid facility. About 90% of eectricity useisfor drive power. There are about 60,000 eectric motors
at the plant, half of which have ademand of greater than 50 KW. Mos of the motorsare very old. There
are 24 large substations with 2 to 3 transformers at each. These transformers are also antiquated.

At full capacity, the enterprise consumes 400 tonsof steam per hour. The plant has 250 km of steam lines,
most of which are poorly insulated. Virtudly al sleam linesare aboveground. Thelargest lineis400 mm
indiameter. One steam linerunsfor four kilometersfrom the cogeneration plant to thefirst point of use.
Only 20% of the condensate for the entire complex isreturned. Three water treatment facilities are
required to provide make-up water.

Krivorozhstal's Ener gy Efficiency Targets

Management hasdone littleto implement energy efficiency measures at the plant. Thefocusfor thefuture
ison modernization and energy supply. Theenergy manager fully understood the potentia opportunities
inenergy efficiency. Hefedsthat upgrading sseam turbinesisatop priority. Hissecond priority istoinstal

new controls on the boilers.

Thethird areahe mentioned, and onewhich webelieve hasgreat potentid, isin decreasing heat |ossesfrom
seam linesby insulating them and ingtaling moresteam traps. The enterprise does not appear to use steam
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traps: either there are none or they are by-passed because they operate poorly. This could be an
important source of savings because of the amount of steam lines at Krivorozhstal.

Other suggestions that the energy manager discussed include ingtaling more efficient motors and drive
systems as well as meters and gas analyzers.

Optionsfor Developing Joint Business Projects with Krivorozhstal

Themanagement at Krivorozhgtd isinterested in energy efficiency. Theenterprisewould consder sharing
investment costsand savings. It would also entertain theideaof purchasing energy efficiency equipment
with hard currency or in exchangefor its products. The enterprise hasacapita investment fund whichiit
could use to pay for energy efficiency investments. In theory, Krivorozhstal is open to any mutually
profitable energy efficiency improvements.

Insummary, this plant seemsto have support from the Ukrainian government. The management appears
to understand what needs to be done to succeed and is open to new approaches that will improve the
economic position of theenterprise. Theenergy savingspotential ssemssignificant. Webelievethat this
is one plant which American companies should consider.

13






LISSCHANSK PETROCHEMICAL PLANT
Lisichansk, Luhansk Oblast, Ukraine

We met with Yevgeny N. Bakulin (the Chief Engineer), the chief energy manager, and an accountant.
Lisichansk Facility Description

The Lisichansk refinery isrelatively new. It wasbuiltin 1976 using foreign technology, mainly from
Germany and Czechodovakia. Itisreportedly thelargest refinery in Europe. The enterpriseaccountsfor
40% of Ukrainegstota refinery capacity. Therefinery hasthe capacity to process 16 million tons of crude
oil per year, but currently the plant isrunning at half capacity because of thelack of crude. The enterprise's
production level was very unstable in 1994 and from January to April, the plant was completely closed
much of thetime. Since April, therefinery hasrun continuously, but at adecreased and fluctuating level.
The company hasrecently upgraded its processes 0 that recovery (yield of desirable products) isat 67%,
up from 35%, which meansthat the refinery needsless crude oil to obtain the same volume of products.
Inthenear future, the enterprisewould liketo increasetheleve of recovery to 75%. Thiswill requirean
investment of $30 million.

In addition to gasoline, the refinery produces ethylene (which is sent to Azot where it is made into
polyethylene), propylene, polypropylene, asphat, and vacuum il bottoms. Theenterprisebuilt theasphat
plant with the help of an Austrian company. Lisichansk'spolypropylene plant was built sx months ago by
an Italian company, Technimont. Itisaturnkey facility, which meansthat the Itdians built the entire plant
and then turned it over to theUkrainians. The polypropylene plant was supposed to pay for itself infour
years, but isnow shut down because of alack of raw materias. Smilarly, an ethylene plant, whichaWest
German firm built, isnot operating because of raw materid shortages. Theenterpriseisusing most of its
availableraw material to produce diesel and gasoline. Another unit at the enterpriseisalsoinoperable
because of an explosion earlier in the year; the enterprise managers did not mention this despite severa
guestions on why production had dropped so much.

Theplant'ssupply of crudeoil isnot stable. Theail pipelinewhich servesLisichansk comesfrom Russia
and Russiahas periodically restricted Ukrainian crude supply because of non-payments. Ukraine pays
$90/ton ($12.85/barrd) for Russan crude. TheUkrainian government buysthe crudefrom Russaand then
slsittotheLisichansk refinery. Inreturn, Lisichansk must sell an equivalent share of itsproductsto the
state, although the state is not Lisichansk's sole supplier.

The Russian Gazprom would very much like to obtain this enterprise in exchange for Ukrainian gas debts.
The Ukrainian Government is strongly opposed to such amove and viewsthis enterprise asimportant to
Ukraine's national security. Infact, the refinery supplies much of Ukrainewith oil productsand its closure
could have a major impact on the Ukrainian economy.
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Employment now stands at 5,000 people and it has not decreased despite the drop in production. About
2,000 employeesareinvolvedinindustrial activities. Thisenterpriseemploysreatively few industria
workersbecausetherefinery operationishighly automated. Theremaining 3,000 workers support the
socia infrastructure. The management estimated that labor costs were only 1.5% of total costs.

In addition to operating the refinery and associated plants, the enterprise dso owns a sausage making plant
and abrick making plant. Thebrick plantisajoint venturewith a'Y ugodavian firm and produces 10 million
bricks/year. The sausage plant produces 1.5tons of sausage per day. The enterprisewould liketo get
moreinvolved in making consumer goods, which iswhere the management seesthe greatest profit. The
management mentioned that it would like the enterprise to make polypropylene-based carpets, and
estimated aone-year payback onthisproject. Filmswere also mentioned asagrowing consumer market.
All of these expansionswill require capital, and there will be additional raw materia costs associated with
making moreproducts. Latein 1994, the management organized aninvestment planning commission. The
scope of the commission includes both internal cost savingsinvestments, such as energy efficiency, and
expansonsto new marketsand products. Currently, the enterprise claimsthat it does not have sufficient
money to buy crude oil, so devoting capital to improvementsis difficult.

Lisichansk's Organizational Structure and Financial I nformation

The Lischansk Petrochemica Plant isajoint-stock company in which the state ownsdl the shares. There
are plans to put the shares up for bid, but this has not yet happened. The firm isin the process of
corporatizing, and when thisiscomplete, it will beprivatized. Privatization and the new reform program
will alow moreflexibility in both raw materia purchasesand sales, but presently the state still maintains
control over oil supplies and access to products.

The plant's current profit margin is 17%. Management claimsthat most years, the enterprise earns 600
billion kuponsin profits, but it isnot clear what this means, given the hyperinflation which Ukraine has
experienced in recent years. The managerswould not tell usthe enterprise's current annual profits, or the
annud revenues. They clamed that profits and revenues are too difficult to ca cul ate because some of the
revenues are in rubles, some in kupons, some in dollars, and some exchanges are on a barter basis.
Twenty-two percent of the profitsare used to pay taxes. Most of therest is spent on socid infrastructure,
with a smaller amount allocated for capital investmentsin the plant.

Ninety-five percent of production costs are for raw materias, primarily crude oil. Labor makes up only
1% of production costs, and energy payments for electricity and natural gas make up most of the rest.

The management explained that the enterprise currently has mgor contractsfor equipment purchaseswith
Italian and German firms, but no mgjor contractswith any American companies. Later wefound out that
Lisichansk hasacontract with Honeywdll for control systems. Overal, wefound that thisenterprisewas
less open than the others, particularly about financial information.
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Lisichansk's Market and Exports

Thefirmworksaccordingto contracts. Other organizationssupply therefinery with crudeoil, whichit then
processes. Instead of monetary profits, the enterprise gets to keep a certain percentage of the processed
product, whichit can sall to whomever it likes. Itsmain contractsare with the Ukrainian State Committee
on Oil and Gas, the enterprise's parent organization, but it also has contracts with other organizations,
including commercial organizations and Russian entities.

Themanagement said the enterprise has no exports outside of theformer Soviet Union, becauseit hasno
contractswith entitiesoutsdetheformer Soviet Union. Lisichansk doessell its™profit” abroad and appears
to have access to alarge amount of hard currency: its offices were among the nicest we have seen
anywherein Ukraine. The plant has made severa mgjor purchases of foreign equipment, including control
sysems. Themanagersclaimed the volume of exportswasacommercia secret. They said that they did
have amarket for their products abroad. They were ableto tell us some of their export prices. today they
charge $170 per ton of gasoline and $300 per ton of polypropylene.

Thefirm hasan export licensefor polypropyleneand can get one-timelicensesfor other products, although
thismay be asenstive area because under Ukrainian-Russian intergovernmental agreements, Ukrainian
enterprises are restricted from exporting oil products which they make with crude bought at discounted
prices. Infact, itisunclear how much, if any, of the crude which Lisichansk obtainsis bought at discount
prices.

Lisichansk's Energy Characteristics

The plant hasa 110 MW cogeneration plant fueled with natural gas, or No. 6 fud oil asareserve, and it
purchases power fromthegrid. The cogeneration plant iscurrently generating no morethan 40 MW (28
MW onthemorning of our vigt, 36 MW the previous morning) because of "technica problems' and about
50 MW are being purchased from the grid. At times, the cogeneration plant isdown entirely. At full
production, the plant needs 90 MW of power.

Lischansk's maximum steam demand is 250 tons per hour, with current use at 100 tons per hour. Half of
that amount isfor heating multi-family apartment buildings. Processsteamis primarily used for blowing
systems. About 1/3 of the condensateisreturned to the power house, but it is often contaminated, and
when this happensit must be dumped. The plant has thousands of steam traps and about 9,000 electric
motors, about half of which are above 50 horsepower. The enterprise does itsown rewinding, which
averages 120 motors per year.

Because of the lack of crude oil for feed stock, the enterprise has closed several facilities for repair,

including acracking plant and two turbines at the cogeneration plant. Thisfurther decreasesthe demand
for energy.
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Lisichansk's Energy Efficiency Targets

The areaswith the grestest potentid for energy efficiency improvementsinclude improving heeat recovery
and heat exchange, improving theefficiency of motorsand drivesystems, andingtalling steam traps. Steam
trgpsareparticularly attractivefor the enterprise because of thelarge number of steam lineson the premises
and the poor quality of the few trapswhich arein place. One high pressure steam lineis400 cmin
diameter and 3kmlong. Ingenerd, linesarenot well insulated. Morethan 70% of theeectricity isused
to run motors and drives. The largest electric user is the catalytic cracking facility.

There are also many opportunitiesto save energy through additional metering and control. Electricity
metering isinadequate and heat metering almost non-existent, according to the chief energy manager.
Honeywel | hasaready installed control systemsat the enterprise. The energy manager would alsoliketo
undertake other upgrades, including:

1. Installing a new 50-MW gas turbine (combined cycle)
2. Improving metering for hot water, chemically treated water, and steam
3. Reducing water jacket heating of process lines with high efficiency electrical heat tape.

The enterpriseisaready planning to buy 37.5 MW turbinesfor the combined cycle plant. 1t will probably
buy the turbines from a German firm, which on the day of our visit, finaly agreed to take payment in oil
products. The payback time on thisinvestment is estimated at two years, at acost of $200 per kilowatt
of installed capacity.

Optionsfor Developing Joint Business Projectswith Lisichansk

Although the management recognizestheat there are many opportunitiesfor energy efficiency improvements,
it prefersto invest in new products and new markets. The managers said that even aone-year payback
on an energy saving project would not necessarily be a suitable investment.

Theenterprisedoeshave afund for capital investments, financed through profits. Theinvestment planning
commission makesdecisionsoninvestment projects, including energy efficiency investment. Thusan
important step in any magor contract award isto obtain gpprova fromthisboard. Ingenerd, the Lisichansk
Petrochemicd Plant repaysforeign equipment purchaseswith oil products. A third party may beinvolved
to sdll the products and pay the foreign supplier with therevenues. The managers of this enterprise clearly
has much experience in working with foreigners. They are also very astute negotiators.

Because Lisichansk has strong support from the Ukrainian government and produces productsfor which
demand isincreasing, both in Eastern Europe and beyond, wefed thisenterprisewill survivethe current
economic downturn. Itisasolikely to play animportant role in Ukraine's economy in the future. This
enterprise should be kept in mind asa potentia customer for U.S. equipment vendors. Weasofed it
would make agood business partner, particularly for companies which have experiencein the emerging
markets of Eastern Europe.
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SEVERODONETSK AZOT MANUFACTURING ASSOCIATION
Severodonetsk, Luhansk Oblast

Atthisfacility, theteam met with Alexey R. Bukarov (Deputy Chief Engineer), Vdery I. Krivokhin (Chief
Energy Manager), Vaery N. Bondarev (Technica Department Head), Viktor K orobets (Deputy Head
of the Department for Foreign Economic Relations) and the chief economic planner.

Azot Facility Description

Severodonetsk Azot isthelargest singleenergy consumer in Ukraine. Theenterprisewasoriginally built
inthelate 1930s, although it was destroyed and rebuilt during World War 11. Many of the plants at the
enterprise, including the ammoniaand cogeneration plants’ date from the early 1950s and asaresult are
inpoor condition. Some of the other production facilities, particularly those which produce consumer
goods are newer and in dightly better shape. Inthe past few years, Azot has purchased equipment from
companies in Japan, Austria, France and Germany. For example, eight years ago Azot bought U.S.
technology for producing acids from Monsanto.

When wetoured thefacility, it looked run down, but not in complete disarray. We saw extensverust on
staircases and other nonessential equipment, corrosion on pipes and leaks from steam pipes. Our guides
told usthat there were problemswith contamination of water at the plant and leaks of harmful substances.

Azot produces ammonia-based fertilizers and other chemica products. The enterprise hastwo large
ammoniaplants, each with acapacity of 2 million tons per year, and aureaplant with an annual capacity
of 800,000tons. It aso manufactures polyethylene, organic acidsand various cataystsaswell asseverd
consumer goods, including plastic tubs, buckets, luggage, cleansersand glue. The enterpriseiscurrently
running at 57% of capacity due to natural gas and electricity shortages.

Azot's Organizational Structureand Financial Information

Theenterpriseisowned by the state, under the umbrellaof the Ministry of Industry, although it may soon
become a joint-stock company, which isthe first step towards privatization.

The management seemsto be mixed interms of vision and ability to respond to market conditions. The
Chief Engineer and Head of the Technical Department were committed to the old, socialist way of doing
business. For example, whenwe asked the Chief Engineer why Azot did not export moreif its products
were as competitive as he claimed, he said that it was unpatriotic to export too much. The Deputy Head
of the Department of Foreign Relations and, to some extent, the Chief Economic Planner, however, both
seemed to understand market economics and the need to produce goods for amarket, not astate plan.
They were excited about the recent reforms regarding exchange rates, exports and privatization. This

“The cogeneration plant isactually owned by Donbasenergo, theregional eectric utility. Itiscommon
in Ukraine for regional electric utilitiesto own the cogeneration plants at chemical enterprises.
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enterprise had alarge marketing and contracts department, with astaff of 35, four of which worked solely
on international issues, which indicates that the management understands the importance of marketing.

TheMinigtry of Industry alowsthe enterpriseal5 to 20% profit margin. Each product line hasadifferent
negotiated profit margin which ranges from 5% to 50%. When products are in high demand, the profit
margin increases. For goods sold to the state, Azot adds the profit margin to production costsand this
establishesthe product price. In Ukraine, "profits' are often used to cover operating expenses. 50% of
the profits at Azot go to taxes, 25% to socia programs and 25% to salaries. Except for afew small
projects, virtualy nothing is saved for reinvestment. When the facility was running at full capacity, the
management said that it used 18% of profits for capital improvements.

When asked about production costs, the management explained that energy and raw material costsare
70% of thetotal, labor is 10%, and other production maintenance costsare 10%. Natural gasisthemain
feed stock, which isvery expensivein comparison to other inputs, thus explaining the highraw materia
Ccosts.

At full capacity, the enterprise has 17,500 employees, with 5,000 of the employeesinvolved in socia
programs. Employment now stands at 12,100, of which 3,000 are involved in socia programs or
nonproduction activities. Theenterpriseownssevera vocationa schools, hedth clinics, ahospitd, day care
centers, acultural center and theater, and resorts for workers.

Azot'sMarketsand Exports

Azot directly exports 17-18% of its products outside the former Soviet Union. 30% of itsproductsare
sold to other former Soviet republics and approximately 50% are sold in Ukraine. In Soviet times, the
enterprise exported 19-20% of its productsto 28 primarily socialist countries. Azot no longer exportsto
asmany countriesasin the past, however the volume of exports hasgone up in 1994 in comparison with
1993 and eventually, the enterprise would like to export 35-40% of itsgoodsfor hard currency. Since
1951, Azot hashad a"monopoly" on the export of several chemical productsfrom the USSR and now
Ukraine.

Sadeswithin Ukraine currently amount to athird of Azot'stota salesrevenues. Production and sales have
dropped substantidly inrecent years. Infact, much of thetota drop in production has been caused by lack
of demand (at full cost) withinthedomestic market. Still, half of thefertilizersused in Ukraineare made
at Azot.

In discussing current and future export markets, Azot's management said that the enterprise's methanol was
high quality and that its urea was suitable for world markets.® It isimportant to note that fertilizer

*Until recently, the U.S. Department of Commerce had an anti-dumping order against ureafrom the
former Soviet Union becausethe USSR sold ureaabroad below cost. Thisserioudy restricted exports
totheU.S. Theorder appearsto have been rescinded thisyear. Nonetheless, the situation needsto be
carefully examined when structuring any business deals which involve import of ureato the U.S.
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gpecificationsare not likely to be very tight. Ureaand methanol make up 30 to 40% of Azot'sexportsand
ammonia another 25%.

Azot and other enterprisesfind it difficult to determine whether exporting isprofitable because of changing
and confusing exchangerates. Thefluctuation of the exchange rate makes price negotiationsdifficult for
them. The enterprise currently exports at the following rates:

Urea $148/ton
M ethanol $430/ton
Ammonia $176/ton

Theforeign relations department in thisenterprise conducts continuousresearch on theworld market and
international prices for the products which Azot sells. The department cal culates export prices by
comparing thisinformation with Azot's production costs. In order to break into new markets, such asthe
United States, Azot has at times sold below cost but it feelsthat thisis profitable in the long-term. The
enterprised so sometimeshasanincentiveto sal evenif itislosing money with unfavorable exchangerates
because its alowance for purchasing equipment abroad isin part set by the amount of hard currency
earningsit exchanges at unfavorablerates. Whileit istroubling to seethat the enterprisemay export a a
loss, ingenerd, Azot seemed to haveamuch better grasp of international marketing and bus nessthan most
of the other enterprises we visited.

Azot's Energy Characteristics

Currently, Azot lacks natura gas both to supply the energy necessary for operations, and asaraw materid
foritsammoniaplant. At full capacity, the plant consumes 12 million cubic meters of gas per day, but
currently only consumes half that amount.

At full capacity, Azot uses 3.2 billion kWh per year and has a peak demand of 375 MW. Current
electrica useis 2.4 billion kWh per year with a peak demand of 220 MW.® The enterprise has only one
boiler house. It burns natura gasaswell aswaste gases, and has oxygen and NOx andyzers on the boiler
stacks. Power comes from the eectric grid and from a cogeneration plant that is owned by the regiona
utility.

The cogeneration plant has an electrical capacity of 80 MW, half of which Azot consumes. The
cogeneration plant makes 140 bar steam and sendsit to asteam turbine. Part of the 140 bar seamisaso
reduced through avalvein order to meet Azot'sdemand for 17 bar steam. The cogeneration plant also
supplies heat and hot water for al of Severodonetsk. The plant burns natural gas, with fuel oil asthe
reserve.

8t isnot possible for Azot to consume 2.4 billion kWh annualy if its peak demand is only 220 MW.
Thisdiscrepancy isprobably theresult of decreasing energy consumption, whereby the megawatts describe
current peek demand and the kilowatt hours describe the accumul ated usage from the past year, including
periods when peak demand was higher.

23



One of Azot'slarge energy consumersisan air separation plant, which produces nitrogen. Although built
inthe1970sand modifiedin 1987, it isinefficient and uneconomical. 1t hasfive 10 MW compressorswith
atotal power demand of 50 MW. The management would like an entirely new air separation plant.

Azot's heat consumption has been halved in recent years. Sixty percent of the heat comes from
Donbasenergo's cogeneration plant and 40% from Azot'sown boilers, which generate 39 bar sseam. The
energy manager did not know the plant's condensate or make-up water rates, but estimated that about 35%
of condensate was returned.

Azot's Energy Efficiency Targets

Approximately 20% of Azot'stota costs are directly related to energy consumption. Energy figures do
not include natural gas used as a raw materia for the ammonia plant, or natural gas by-products
manufactured and consumed at the plant.

The energy manager hasthe capability to record and anadyze use of energy, but has no control over how
energy isused in various shops. Further, the shopsare not held accountable for their use of energy. Better
controls would improve the energy efficiency of the plant.

The enterprise has 20,000 motors and an outdated shop which rewinds about 500 motors per year. One
of thebest opportunitiesfor energy efficiency improvementsat Azot isinmotors. both replacing inefficient
motors and drive systems and implementing an efficient rewind program.

Thereisaso much which can be doneto use ssleam more efficiently. Steam pipeinsulaionisgenerdly in
poor condition. Most linesareloosely wrapped with "blanket” insulation that isfalling apart. Insome
places, the pipeshavenoinsulation at al. The energy manager estimated that 20% of the steam lines need
new insulation, but thisis probably low based on our observations. Themain purpose of exigting insulation
maly be protection against burns. The energy manager said that the enterprise has 15,000 to 20,000 steam
traps, although we did not see steam traps on the main steam distribution lines. There were some steam
leaks, but not as many as we might have expected considering the amount of steam piping.

Optionsfor Developing Joint Business Projectswith Azot

The management of Azot agreed in principleto share costswith U.S. companies and return the investment
and profitsto those companiesin dollars. 1t would consider asimple payback period of up to 4.5 years.
The enterprise has asked a Swiss company to study its urea process, and will pay the company in urea.
In general, Azot prefersto pay with its products, through an intermediary, rather than in hard currency.

Azot damsto have paid for dl of itsforeign purchases on time and continuesto have friendly rdaionswith

itsforeign suppliers. The enterpriseisinterested in attracting American invesmentsto improvethe plant's
energy efficiency, and would be willing to repay these investmentsin hard currency.
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In summary, we recommend this enterprise asabusiness partner. Wefed it will survivein thelong-term,
in part because of its forward thinking marketers and financial planners.
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PETROVSKY METALLURGICAL PLANT
Dnipropetrovsk, Ukraine

The delegation met with Vasili Derevyanko, Director of the Petrovsky Metallurgical Plant.
Petrovsky Facility Description

Thisplant wasoriginaly built 107 years ago, dthough it has been rebuilt several times. It hasthree blast
furnaces, three converters, and three rolling mills (which include shapers). 1t hasthe newest rolling mill in
Ukraine, builtin 1987. The main shaped productsinclude stedl for welded pipes, plows, mining products,
piping, channels, and car axles. The plant hasacapacity of 2.2 million tonsof cast iron, 1.8 million tons
of steel and 2 million tons of rolled metals.

Thedirector would liketo completely modernize his plant by building anew continuous casting plant. He
hasamodernization plan which hasbeen approved by the Ukrainian Cabinet of Ministers. Thiswould cost
$160 million if all Western equipment were used for the modernization. If Petrovsky used Ukrainian
products, it could modernizethe plant for $50-$60 million. Thisproject existsonly on paper: thereisno
financing and there are no plans to find financing.

Currently, the plant wastes 20% of the meta produced because of the outdated technology. With the
continuous casting equipment proposed for the moderni zation, that rate would go down to 2% wagte. This
in turn would significantly improve the energy efficiency of the plant.

Thisplantiscurrently working only at 35% of capacity. Employment has gonedown, but at amuch dower
rate. At full capacity, the plant employs 10,000 people, today 8,700 people work there. Infact, current
employment iseven lower thanthis because many workers are on reduced schedules or have not been paid
for sometime. About haf of the employeeswork in non-steel making processes. the enterprise dso owns
a500-bed hospital, a health clinic, kindergartens, and a stadium with a capacity of 27,000. The director
istrying to transfer ownership of this property, particularly worker housing, but in two years he has only
been able to transfer one residential building to the City of Dnipropetrovsk.

Petrovsky's Organizational Structure and Financial Information

The tate ownsthe plant, dthough theworkershave leased it from thestate. Thisisaform of restructuring
which Ukraine hastried in recent years, with limited success.

Regarding production cogts, weweretold that |abor makes up only 3% of production coststoday, athough
in 1990, it accounted for 10% of the costs. Energy makes up 40% of the cost of cast iron and only 7%
of the cost of shaped steel. Therest of the costsrelate to raw materia purchases and depreciation of the
equipment.

Thedirector said thestate gave the enterprise a19% profit in thefirst 10 monthsof thisyear. Thisequalled
400 billion kupons or $8.9 million. One third of this "profit" is used for salaries,
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one-third for socid expenditures, and one-third for technologica upgrades and new equipment. Revenues
from January through October 1994 were 10 trillion kupons, or $222 million.

Petrovsky's Markets and Exports

Half of Petrovsky'sproducts are sold in Ukraine, 30% in other countries of theformer Soviet Union, and
20% to countries outs de the former Soviet Union. These countriesinclude China, Hong Kong, Thailand,
and Singapore. More than 30% of revenues were obtained from exportsto countriesin the "far abroad”
(outside of the former Soviet Union). The average price for the products sold abroad is $200 per ton.

Within the domestic market, thisenterpriseisan important supplier of plows, car axles, mining equipment,
bridge parts, and semi-finished sheetsfor tubes. The director claimed that Petrovsky isthe only enterprise
in the former Soviet Union which produces certain types of plows.

Thedirector was not surewhat his market would look like after modernization. Hewas clearly from the
old system and had little idea of what afree market would mean for his enterprise.

Petrovsky's Energy Efficiency Targets

The Petrovsky plant could use many energy efficiency improvements, including metering devices, and
controls, improvement of boiler plant efficiency and gasanayzersat theboiler plant. However, most shops
inthe Petrovsky enterprise are not economicaly viablein our view. One possible exceptiontothisisthe
new shaping mill. Thisshop could use more efficient motors and drive systems, of which there are many.

Optionsfor Developing Joint Business Projects with Petrovsky

The director originally was not in favor of the idea of small energy efficiency projects, as opposed to
modernization. With further discussion, he came around to the idea and said he would be willing to
cooperate on such projects. Hewould prefer to pay for equipment and serviceswith metd. The enterprise
does have an investment capital fund which it can use to finance equipment purchases. The maximum
payback time he would be willing to accept for an investment would be two to three years.

We discussed investment guarantees with the director and heindicated that aside from helping to obtain
agovernment guarantee, he would be willing to use some of the enterprise's property as a guarantee.

Thisenterprisewill have adifficult time surviving. The government is clearly not supporting this enterprise.
Thus, we do not recommend this enterprise for U.S. investment.
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ZAPOROZHSTAL COMBINANT
Zaporizhzhia, Ukraine

The delegation met with Igor Dyschlevich, Chief Engineer.
Zaporozhstal Facility Description

Zaporozhgtd wasbuilt in 1933, under Stalin'srule. Much of the plant was constructed inthe middleto late
1940s with the assistlance of American engineersand technology. The plant'sinfrastructureisvery old and
includes5 blast furnaces, 9 open hearth furnaces, and 6 rolling mills. About half of thesefacilitiesare
currently operating. The management recognized the problem of obsolescence but did not reved avision
or game planfor resolving the problem. Therearerenovation plansin place and the plant hasreceived
many proposal sfrom foreign companiesfor modernization, but the Ukrainian government hasrefused to
support or guarantee any of theprojects. The management said that in comparison with other Ukrainian
stedl enterprises, the technology and equipment at Zaporozhstal is outdated. The managers estimate that
modernizationwill cost $1.8 billion. Production figureswereavailable onawall chart inthe meeting room
and the trend has been steadily downward since 1956.

Theplant producessheet metal, thin strip metd, sainlesssted, meta for automobiles,” and an array of other
products. Annua output includes4 milliontonsof castiron, 5 milliontonsof steel, and 3 million tons of
rolled stedl.

At full capacity the plant employs 19,000 people, about 15% of whom support the community
infrastructure whichincludesapartment buildingsand ahospital. Theplantiscurrently operating at 53%
of capacity and employment is 16,800 workers. We had great difficulty getting consistent estimates of
production costs.

Theenterpriseislocated in downtown Zaporizhzhia, alarge Ukrainian city. Itisamgor sourceof pollution
and thusenvironmentalistsand local citizens groups have targeted the enterprise, complaining about the
emissions from the enterprise.

Zaporozhstal's Structure and Financial I nfor mation

TheMinistry of Industry ownsZaporozhgta. About 50% of itssalesareto the Ukrainian government. The
plant management told usthat ordersfrom the government must befilled firgt. Of the remaining sales, about
40% are within Ukraine and 10% are direct salesto countries which are not part of the former Soviet
Union. The management said that the State exports some of the products purchased from the plant, but it
has no idea what that figureis.

A Ukrainian car, the Zaporozhets, is manufactured in Zaporizhzhia. Zaporozhstal supplies metal for
the cars.
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When asked to describe who Zaporozhstal's customers would be in the next three to eight years, what
productsthe plant would be sdlling, and what share would be exported, the management team wasnot able
to answer clearly. Thechief engineer said that hewould redlly liketo modernize the plant and that without
modernization, Zaporozhstal could not survive.

Zaporozhstal's Energy Characteristics

Thereisone cogeneration plant onthesite. Itisvery old, but appeared to bewe | maintained and run. The
installed electric capacity is 17 MW. Peak demand for electricity at full plant capacity is 230 MW.

Zaporozhstal's Energy Efficiency Targets

Some of thelargest energy losses are from the plant's steam lines. The enterprise hasroughly 40 to 50 km
of steam lines. About 20% of condensateisreturned. The enterprise hasinstalled lessthan 150 steam
traps at the entire plant. The energy engineer told usthat 20 to 30% of theinsulation on the steam lines
should be upgraded. However, ashort tour of part of the facility suggested that the percentage is much
higher. All control systems are old and obsolete.

There are 20,000 € ectric motors at the plant and about 60% of these areless than 50 horse power. The
plant rewinds about 1,500 motors annually and is not currently purchasing motors.

The energy manager told usthat hisfirst priority isto replace theenterprise's steam turbines. His second
priority isto replace the cogeneration plant boilers. The next priority addressesoxygen production. The
exigting facility isdesigned to produce 50,000 m* of oxygen per hour. Giventhat the enterpriseisoperating
a only 53% capacity, thisis much more oxygen than the enterprise needs. The plant issearching for away
to solve this problem.

Optionsfor Developing Joint Business Projects with Zapor ozhstal

The future of this enterprise seems uncertain. There are energy savings opportunities but we cannot
recommend this plant as a high priority for American energy efficiency companies.
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ZAPOROZHKOKSJOINT-STOCK COMPANY
Zaporizhzhia, Ukraine

The delegation met with Vaery Rubchevsky (the Vice President), Y uri Chernyshov (the Head of the
Technology Division), aswell asthe head accountant, the head economic planner, and the chief energy
manager.

Zaporozhkoks Facility Description

Zaporozhkoks produces coke and related chemical products, such as coke gas, blast gas and codl tar.
The enterprise has four cokers which have the capacity to produce 2.76 million tons of coke per year.

The plant iscurrently running at 50% of capacity, which management clamsis because of thelack of cod.
Zaporozhkoks gets 99% of its coal from the Donbass region of Ukraine, which has seen declining
production for over adecade now. Theenterpriseistrying to purchase suppliesfrom Russiaand Poland,
but this coal istoo expensive for the plant, given the demand for its products.

The enterpriseis planning amgor project to expand the scope of its production. The management would
liketo install new equipment to make 70,000 tons of gasoline and 20,000 tons of methanol per year from
the high temperature conversion of coa gas. It has completed feasibility studiesfor the project, but is
waiting for approval from the state. The plant would use its own capital for the project. Valery
Rubchevsky also said that before Zaporozhstal useits own capital, the management would first liketo
better understand the market for these goods both in Ukraine and abroad first. The managersdo know
that thereisademand for methanol in Western Europe and alarge market for gasolinein Ukraine. They
were expecting government approval of the project in November 1994 and planned to purchase the
equipment oneyear later. They have established atender commission to select the equipment. They will
purchase two compressors abroad for the methanol process and the rest of the equipment in Ukraine. The
total cost of the project isabout $30 million. It wasnot clear whether this project would be economically
viable in afree market.

Zaporozhkoksis also planning to produce other products, unrelated to the coke process. The enterprise
isbuilding abrick factory and acement plant, both of which will usewaste oreasaraw materid. These
facilitieswill becomplete next year. The plant isalso building acovered coa storage areaand anatural
gas treatment facility to produce diesel and other fuels.

Theenterprise employs 3,000 people, of which 2,000 are employed in production operations. Therest
work at schools, ahealth clinic, acattle farm, greenhouses and other facilities owned by Zaporozhstal.
Employment has not decreased with the decline in production, supposedly because the production
processes do not allow incremental decreases in the labor force.
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Zaporozhkoks Organizational Structure and Financial I nformation

Theenterpriseison theroad to privatization: itisajoint-stock company, but the state currently owns most
of the shares (the enterprise itself owns 12% of the shares). Ideally, the management would like
Zaporozhkoks to be owned by a mix of the state, employees, and private shareholders.

When we asked the managers where they would like Zaporozhkoks to be in ten years, they said that
Zaporozhkoks main product would still be coke, which the enterprisewill continueto sell primarily to
Zaporozhstal. The management does envision salling more products abroad and expanding the number
of products which Zaporozhkoks produces.

Management's four biggest problems or concerns are:
1. Securing the supply of raw materialsin order to run the enterprise at full capacity
2. Manufacturing new kinds of products and extending the sphere of production
3. Increasing environmental protection measures and energy efficiency
4. Installing automatic controls.

Coal and energy purchases make up almaost 90% of Zaporozhkoks production costs. Coal asfeed stock
accountsfor 68% of production costs, energy for 20%, and labor and other raw materialsfor 2% each.
The enterprise makes aprofit of 25-30% at full capacity. The accountant said that theenterprise hasa
profit margin of 20% and in the first nine months of 1994, the enterprise's profits equalled 312 billion
kupons ($7 million). After paying a22% profit tax, Zaporozhkoks uses 55% of itsremaining profitsfor
adevelopment and investment fund, 26% for socia expenditures such as schools, 13% for workers
salaries and 5% for insurance. Four-fifths of workers salaries are paid for with the profits.

Zaporozhkoks Marketsand Exports

The management of Zaporozhkoks does have an understanding of the importance of developing a market
foritsgoods. The enterprise hasamarketing and finance department with six employees, who work on
advertisngandinvitefirmsto vist thefacility. The department did not seem to belooking for new markets
very aggressively. Over the past 3to 4 years, Zaporozhkoks markets have actually decreased because
of thedrop in production. The enterprise used to sell many of its productsto Poland, Hungary, Bulgaria,
Cuba, Germany and the other Soviet republics. Currently, it sellsabout 1% of itsproductsto Russia, and
therest within Ukraine. These salesin Ukrainearerequired by the Ukrainian Government because coke
and theother productsof thisenterprise are considered national priority products. The management says
the enterprise cannot even export outs de of the Zaporizhzhiaregion becauseitsmain product, coke, does
not ship well. This also means that Zaporozhkoks has limited access to hard currency.
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Whilethe enterprise understandsthe need to look for new marketsfor the productsit currently produces,
itisextremey limited by state requirements. Zaporozhkoksisrequired to sell 99% of its coke and 75%
of totd productsto Zaporozhgtd. Given thedifficultiesthat face Zgporozhstd, this does not bode well for
Zaporozhkoks.

Zaporozhkoks Energy Characteristics

20% of the energy which Zaporozhkoks consumesisused inthemain processesand therest for auxiliary
functions, which indicates alarge potentia for energy efficiency savings.

Part of thefuel issupplied by blast gas from Zaporozhstal and the rest comes from cod gas. Steam and
hot water are also obtained from Zaporozhstal. Thus if Zaporozhstal closed, not only would
Zaporozhkoks main purchaser disappear, but it would also lose an important energy supplier. The
enterprise's electricity comes from the grid.

Zaporozhkoks Energy Efficiency Targets

Zaporozhkoksisundertaking severa small projectsto improve energy efficiency, athough much of the
money which the enterprise supposedly spends on efficiency seemsto go towardsresearchinstead of actua
efficiency improvements. The enterprise does have a contract with a new Ukrainian energy services
company called Khartron, under which Khartron isdesigning and manufacturing afully automated control
system for some of the existing processes.?

Whenwetoured thefacility, it looked run-down and littl e attention seemed to be paid to housekeeping
measures. Therewere several leaksin steam pipesand the insulation on these pipeswas shoddy. We
noticed that at |east one of the dot-type coke ovens was on fire and the door had burned off. We also
drove through a major leak of contaminated water.

Thedrop in production has made operations even less efficient. Normally it takes13 hours of heating to
convert cod to coke. Becausethe enterpriseisrunningwell below capacity, it isusing 35-hour cycletimes.
Thisdlowsthe enterpriseto keep the coke batteries on al thetime, which isessentid for them to function
properly, however, it wastes large quantities of energy.

The maintenance philosophy at Zaporozhkoks seems weak: the workers generally only fix essential
equipment and let most mai ntenance problemsgo until the equipment iscompletely broken. Thus, there
should be many opportunitiesfor improving efficiency through better maintenance and housekeeping,
especidlyinthecokeovenarea. Leaking doors, gasofftakelidsand coal charging lidswould be primary
targets. Improved control to reduce excessair to the coke ovenswould aso be alogical target aswould

8A ccording to Zaporozhkoks, Khartron was formerly involved in the space industry. Recently, an
article in The Ukrainian Times (Nov. 15-23, 1994) wrote that Khartron formed a joint venture with
Westinghouse to modernize Ukrainian nuclear reactor safety systems. It isunclear how involved and
knowledgeable Khartron isin the area of energy efficiency.
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replacement of worn-out valves and steam traps. The enterprise could also improveits efficiency through
better pipe insulation: most of the steam pipes had poor insulation, or no insulation at all in places.

The company's vice president said that the firm doestrack its use of energy and that it would be interested
inenergy efficiency projectswhich pay for themsalves. Nonetheless, he did mention that the large project
to produce gasoline and methanol had to take precedence, and he was concerned that if the company spent
too much on efficiency, it would not have enough money left over for major process improvements.

Optionsfor Developing Joint Business Projects with Zapor ozhkoks

Zaporozhkoks does have an investment fund which it usesto pay for energy efficiency improvements.
Despitelimited hard currency earnings, the enterpriseis purchasing equipment from a German company
caled Mann GH and, in the past, the plant has purchased equipment from the United States.
Zaporozhkoks can useitsown profitsto pay for equipment, but it needs government approval beforethe
saleisfinalized.

The management does not have specific requirements for the maximum payback time which it would
accept; rather investment decisions depend on several factors, including the overall importance of the
investment to the future of the enterprise. Nonetheless, the management seemed to favor very short
payback times (one year or less), so as not to tie up capital which it could use on modernization.

The enterprise management agreed in principa to theideaof sharing costsand savingswith aforeign firm,
but emphasized that the enterprise staff have little experience working with foreign firms, so thismight not
be the best option.

We cannot recommend thisenterprisefor investmentsat the current time because of our concernthat it will
not surviveinthelong run. Thevice president told usthat hefelt the enterprise was viable, even without
Zaporozhstal. When we asked the head accountant the same question, she said that her enterprise could
not surviveif Zaporozhstal went under. Given how important Zaporozhsta isasaclient and asupplier, it
ishard to believethat the accountant iswrong. If the enterprise does expand itsclientelein the next year,
it should be reexamined for investment potential.



