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LATHAM & WATKINS

ATTORNEYS AT LAW
1001 PENNSYLVANIA AVENUE, N.W.
SUITE 1300
WASHINGTON, D.C. 20004-2505
TELEPHONE {202) 837-22C0

oY HAND

TO: Robert Archer DATE: May 31, 1994
FILE NO: 021280-0001

FROM: John Sachs copies To: David Keith

SUBJECT: i orandum: Task Order No. 1 - Poland Private
Power Technical Assistance

I. Intreduction

In 1991, the Government of Poland bsgan to implement a
program tc encourage private investment in the power sector.
Several generating companies had already been transformed into
joint stock companies, and they began to negotiate with foreign
companies that proposed to form joint ventures with the joint
stock companies and invest in the rehabilitation of their plants.
The joint stock companies were asked to contribute the value of
their plants, and the foreign investors promised to raise new
capital on a project finance basis.

In order to complete a proiect financing, it was essential
that the joint ventura secure a source of long-taerm revenua from
the sale of powar (and steam, if any) in contracte. Therefors,
Latham & Watkins was askad by U.S. AID to assist the Poligh Power
Grid Company ("PSE-SAM) in the development of modal power
dalivery agresmants to govern the purchaee of slectricity from
the joint ventures. In fact, we were asked to develop separate
forme for power-only and for combined heat and power plants. In
addition, we were raguested to assist PSE-SA in the negotiation
of several of these agreements with five different joint ventures
that were pursuing the rehabilitation of existing power plants in
Poland.

Simultanecusly, we were asked to represent MPEC, the
distriet heating company in Krakow, in its negotiations with the
Rrakow=leg joint venture. Finally, we were asked to advise
various ministries of the Government with respect to additional

support, including guaranties, that the foreign investors
reguested,
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II. Qbjectives

Task Order No. 1 was intended to further the follewing
objectiven:

. creating a legal and contractual snvironment in Peland which
is conducive to the development of private power projects;

° teaching PSE-3A the kasic concepts of project finance and
private power;

- assizting PSE-8A and other governmental entities in the
negotiation of the first private power agreements; and

. training PSE-SA personnel 1ln negotlation skills.

III. ¥Hork Perrormed
A. Qrouanization of Work and Pexrgonnel

Latham & Watkins was asked t0 assemble a small team of
project finance lawyers to accomplish tha above objectives,
The principal members of the team were John Sachs, Dennis
Nordstrom and Paul Hunt. John Sachs served as team leader.

With respect to the work with PSE-SA, the Latham team
was paired with the two departments of PSE~SA that were
handling negotiations with private developers: the
International Strategy Division and the Economic Divisicn.
More specifically, Latham lawyers were paired with Zygmunt
Iwvanejko and Jacek Brandt. Polish legal advice was provided
by PSE~SA‘s in-house counsel, Hanna Napierala. We also
coordinated with Carles Yermoli of RCG/Hagler Bailly on
pricing issues.

With respect to our work with other governmental
agencies, we were paired with Mr. Freislar of MPEC, Mr.
Luczkiewicz of the Ministry of Industry and Trade, and Mr.
Kalickl of the Ministry of Finance.

B. Schedule and Activities

The work under Task Order No. 1 wag basically organized
in three phases. The first phase commanced in September
1991 and concludad in Junae 1992, It sntailed the
pPreparation of a model pewer delivery agreement which wae
conzigtent with the objactives of PBE-£A, the fundamentals
of project finance and the requirements of Polish law.
Approximately five tripe to Poland were reguired to
accomplish this phase.

Phase 2 commenced in October 1992 and continued until
June 1994, This phase focused on the negotlation of power

WPSIJLS\POLAND\MEMOS\COMPLET.MEM 2 0710594 Ti46nmn
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delivery agreements between PSE-SA and the different joint
ventures formed by United Energy Partners (U,8.), Vattenfall
(Sweden), Coagtal Power Production (U.$.), AES/Transpower
(U.8.) and Infrastructure Services Inc. (U.S.) to pursue the
rehabilitation of the Krakow-lLey, Patnow, Gorzow, Chorzow
and Lublin Proijects, rsspectively. We travelled to Poland
approximately seventeen times during this peried to
accomplish the work under this phase.

Commencing in January 1983, the third phase ovarlapped
the second phase somewhat. The purposa of this phase was to
advance the negotiations of the various joint ventures with
governmental agenciaes other than PEE=-SA, To that end, a
geries of meetings were held with the Ministry of Industry
and Trada and the Minietry of Finance beginning in January
1893 with wrespect to guarantees and cother forms of
governmental support. Starting in April 1993, we also bagan
to assigt MPEC in the nagotiation ¢of a steam salaes agraenant
with thae Krakeow=Layg joint venture. Thezae maatings were
genarally scheduled at the camé time as the meetings with
PSE=SA for Phazgae 2 purpoeses.

Iv. BResulte

Fhase 1 produced both tangible and intangibkle results,
First, we produced a model power delivery ngresment which becams
the atarting point for negotiations with each of the joint
ventures, This model agreement was delivered to U,.8., AID in
1592, but it was subsegquently modified and replaced with new
model agreementa. Second, we succeeded in educating PSE~SA
personnel with rsspect to private power lssues and the
contractual provisions that will be required.

The results of Phase 2 consist of flve power delivery
agreements in dirffering stages of negotiation. The power
delivery agreement for the Krakow-Leg was perhaps the furthest
along until the Ministry of Privatization suspendsad the
negotiations concerning the Krakow-Leg project. Since that time,
the negotiations surrounding the Patnow project have overtaksn
and surpassed the Krakow=Leg project. Next most developed was
the power delivery agreement for the Gorzow project, hut this
joint venture and the joint venture pursuing the Lublin project
both withdrew during the last six months. Finally, the
AES/Tranapower tsam suspended negotiations after our initial
meetings pending review of the price PSE~SA was offering to pay.
Although these various power delivery agreements are still in a
state of f£lux, we captured the essence of these agreements -~ the
common threads - in new modal agreements about six months ago.
{See Attachments A and B). 1In addition, through these
negotiations, we were able to train PSE=SA in negotiation skills.

Finally, as a result of Phase 3, we mada significant
progress in the negotiation of a steam sales agreement batwaan

\WESIULS\POLANTAMEMOR\COMPLET MEM 3 07/08/94 7:46um



MPEC and the joint venture pursing the XKrakow=Leg projact until
the Ministry of Privatization interceded. We also advised the
Ministry of Industry and Trade and the Ministry of Finance on the
need othar forms of support reguirad by private power projects.
Thras memoranda on govsrnment guarantees and other implementation
agreement issues ware produced. (See Attachmente € through E).

V.  Lessong Learnad
A. Political Will

Perhape the single biggest problem confronting private
power in Poland ls the apmence of a c¢oherent Govermment
pelicy in favor of private power, The absence of such a
polioy ls predictable given the current oversupply of
oapacity and the many competing demands for Government
attention and money. Nevertheless=, without such a policy
{and the corrssponding support), the private sponsors have
found it impossible to resolvs the politlcal issues and evan
some of the commercial issues. The Government, ror exanmple,
has offered no assistance with respect to the many permits
and approvals reguired for a private power project, and the
Government has not addressed the guestlons concerning the
avallability of foreign exchange. Moreover, the Government
has not offered any guldance (such as an assurance of a
pass-through in PSE-SA‘s rates) much less financial support
(such as dlrect payments rrom the Government) with respect
to political rorce majeure events. Finally, the Government
has declined to offer guarantees of the performance (or even
the payment cbligations) of PSE=5A. 1In our view, most
private power projects in Poland will not succeed until the
Government establishes a coherent policy that addresses
these issuas.

B. Privatization Procese

The current state of indeciesion within the Government as to
the wisdor of, and method for, privatization has also
created a major chstacle for private power. After
permitting the U.S. partner in the Krakow-Leg project to
pursue a joint venture privatization for three years, the
Government recsntly decided to wrast the project frem the
hands of the U.S. partner and to hold a compatition for a
capital privatization (which another cempany won). The
Govarnment (and pearhaps somea of winning biddars) have not
cnly disregarded the likely impact of this daecigion on tha
powar purchase price that will be ragquired to support a
project finaneing of this project, but the Government has
also overlockad tha likaely chilling effect of thie decision
on the enthusiasm of privata sponcors for other private
powar projects. Hara too, a coherent Government policy
which establiches a procedure for privatization of power
genaration would ke helpful.
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c. Bestryucturing and Reeulation

Similarly, the on~going restructuring of the powar sector
and tha posegibility of further changes in the regulatory
anvironment have ales created impediments to the davelopment
of privata power. The CGovernment naturally zought to avoid
undertaking cbkligatione in the varilous agreemnents that may
be incconsistent with the subsequently impozed rules, and the
joint ventures could not assess the riaks which they
confronted. For example, there was & soncern that more
stringent environmental laws may be enacted in the future.
Because conpliance with these laws could be costly, the
joint ventures asked for protection against such inereased
costs. The Government, however, did not know if these laws
would be applied retruactively, and, if they were, it was
unclear which govermnmsntal agency should offer protection.
Such problems can be minimized if restructuring is completsd
and a stable regulatory environment is established in

advancs.
D, Pricing

On a more concreté level, the uncertalinty or the future
pricing arrangements throughout the powsr sec¢tor has
complicated the process and delayed the development of
private power. PSE«SA, for exanmple, dld not wish to agree
to a wholesale power purchase price which was higher than
that it could ¢ollect from the sale of power to the
distribution companiss. For their part, the joint ventures
did not wish to invest time and money in the negotiation of
"non=-price" terms in the power purchase agresment until the
purchase price was known. Moreover, the joint ventures
¢ould not negotiate the price of steam sales until they knew
what they would be paid for power. Ideally, all of these
pricing arrangements would have been established and
stabilized before initiating discussions with the joint
ventures.

E. Qrganization

Despite cur efforts to define PSE-SA’s internal position in
advance of the negotiations with the joint ventures, it will
nevarthelass have taken over three years to coneclude the
first private power contract. This time period could have
been shortaned with improved internal organization and
coordination. If the Covernmant had convenad an inter-
ministerial committee before the commencement of
nagotiations to decide upon such major Lssues as the
availability of Covernment guarantise and tha preotaestion to
ba affordad againet ccost increases caused by changes in
environmental regulation, it might have =saved tima.
Bimilarly, it would have been mors efficient if multiple
documents - such as the power sales oentraet, the steam
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sales contract and the implementation agreement - had been
negotiated in parallel rather than in seguence.

F. ice

Finally, our experience in Poland has demonstrated the
importance of assembling a broad range of talents early in
the development of a private powsr project, Both the joint
ventures and the relevant Government agenciss (including the
ministries, the generators, the transmission company and the
distriet heating companies) weould have been wize to retain
engineering, financial, legal and insurance experts - all
with experience in international project finance -~ early in
the process. With such advice, both sides would have had
the confidence to make decisions and agree on terms more
gquickly.
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Poland Private Power Technical Assistance

Objectives

1. create a legal and contractual environment in Poland which is conducive to the development of private
power projects;

2.  teach PSE-SA the basic concepts of project finance and private power;

3. :s:iist PSE-SA and other governmental entities in the negotiation of the first private power agreements;

4. train PSE-SA personnel in negotiation skills.
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Poland Private Power Technical Assistance

Task Description
Phase 1

Prepare a model power delivery agreement which was consistent with the objectives of PSE-SA, the
fundamentals of project finance and the requirements of Polish law.

Phase 2

Negotiate power delivery agreements between PSE-SA and five different joint ventures pursuing the
rehabilitation of the existing power plants.

Phase 3

Advance the negotiations of the various joint ventures with other governmental agencies, including the
Ministry of Industry and Trade, the Ministry of Finance, and district heating companies.
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Poland Private Power Technical Assistance

Results
Phase 1

Produced model power delivery agreements which were and will be used as the starting peint for future
negofiations with joint ventures.

Educated PSE-SA personnel with respect to private power issues and contracts.

Phase 2
Negotiated power delivery agreements with five different jomt ventures.

Trained PSE-SA personnel in negotiation skills.

Phase 3
Negotiated one steam sales agreement between the district heating company in Krakow.

Adyvised the Ministry of Industry and Trade and the Ministry of Finance on the need other forms of
support required by private power projects.
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Poland Private Power Technical Assistance

Lessons Learned

1. The Government should establish a coherent policy in favor of private power earlier in the process.

2.  The Government should establish the methodology for privatization of power generation in advance.

3.  The planned restructuriag and new repulatory framework should also be established in advance.

4.  The utility should determine the power purchase price before initiating discussions with private sponsors.

5. Meetings of all relevant governmental agencies should be convened carly in the process to coordinate the
substantive positions of such agencies and the negotiation of their respective agreements (if any) with the
privale Sponsors.

6. Both sides should assemble a broad range of talents - including engineering, financial, legal and

insurance experts with experience in international project finance - carly in the development of the
project.
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POLAND TASK #2

SUPPORT TO PRIVATE POWER AND TARIFF REFORM

1. BACKGROUND
The Power Sector in Poland

Poland has nearly 400 powerplants and combined heat and power stations with an installed
capacity 0f 29,627 MW. Almost all of the country's electric energy is produced by lignite- and
coal-fired power stations, many of which have severe environmental impacts. Lignite-fired plants
produce the lowest-cost energy (if environmental costs are ignored), and contribute 43% of total
production.

The facilities are currently operated by 32 generating companies, 23 combined-heat and power
companies, a national transmission company (Polskei Sieci Elektroenergotyczne, or Polish Power
Grid Company, PPGC) and 33 distribution companies. However, as part of the energy sector
restructuring program, these entities are expected to be reorganized into a fewer number of
generation and distribution companies.

Because of the recent fall in electric sales, new generation capacity is not immediately required.
However, massive investments are necessary to reduce environmental emissions and improve
efficiency to reasonable levels.

Over the past four years, the Government of Poland (GOP) has begun to introduce sweeping legal
and regulatory reforms to accelerate the transition to a market-oriented economy. The GOP has
recognized the key role of the energy sector in this fundamental transformation, both in terms of
its importance to other sectors as well as its own investment needs. Consequently, the GOP
initiated the Energy Sector Restructuring, Privatization, and Regulatory Reform Program. This
program aims to liberalize energy prices, promote enterprise competition within the energy sector,
and transform the ownership, control, and operation of state-owned enterprises in a manner
consistent with a market model of the energy sector.

PPGC has already been reorganized as a joint stock company, currently owned by the National
Treasury. It will retain its role as the single national transmission company. Currently it is also
responsible for system planning, dispatch, and control, bulk power purchases and sales, and retail
tariff recommendations.

RCG/Hagler Bailly
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It is expected that a regulatory agency will be established as part of an "energy law," which is
currently under preparation. This agency will supervise the operation of the power market.

Electricity Pricing Study

A study of electricity tariffs and transfer prices in Poland has recently been conducted under the
auspices of the EASTERN EUROPE REGIONAL ENERGY EFFICIENCY PROGRAM and
resulted in recommendations for tariff levels over the medium term. This study will need frequent
updating and refinement in order to keep pace with newly available data and developments
regarding the modernization and restructuring of the Polish power sector.

Independent Power Production

Independent Power Production (IPP) usually relates to supply of electricity to the grid by facilities
not under the ownership or direct control of the electric utility. In Poland, IPP would be
developed by the private sector, and so IPP is a logical first step toward privatization of electricity
services. Within the category of independent power there are a variety of facilities that may be
constructed, including industrial cogeneration plants, district heating cogeneration (combined heat
and power plants), small hydroelectric projects, renewable energy projects, and power plants that
are designed exclusively to sell power to the grid. The acquisition of capacity and energy from
IPPs is fully consistent with the least-cost Integrated Resource Plan approach.

The Need for IPP in Poland
Poland's power sector faces two key problems, which IPP can help address:

1. Lack of modern environmental emissions control technologies. Because
environmental standards in the past were less stringent in Poland than in western
Europe, the control technologies in place are less advanced. Although advanced
research on environmental control technologies has been conducted in Poland,
operating experience with control technologies for full-scale power plants is
relatively limited. In this context private power may be viewed as one of the policy
tools available to promote technology transfer from western countries.

2. A shortage of capital. The capital requirements for environmental controls at
lignite and coal-fired plants are very large relative to the amount of capital
available to the electric utility companies from public sector sources. Thus there is
interest in the ability of IPP (including foreign private investment) to provide
additional capital for power generation.

These factors create a favorable climate for private power, and IPP development. However, to
attract the foreign investment required, the introduction of systems necessary for the preservation
and enhancement of invested capital are critical. Poland has no electric utility regulatory agency

RCG/Hagler Bailly
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comparable to those in the U.S. or other western countries where IPP's now operate. Various
agencies are charged with oversight of bulk power sales or electric tariffs, but have a shortage of
staff available to perform regulatory functions.

2. OBJECTIVES

The activities under this tasks were in support of the general objective to create the conditions
needed to facilitate the development of private power in Poland and in particular assistance to
create the institutional, legal and regulatory framework and the financial institutions and
accounting practices needed to provide opportunities for private power. A.1D. assistance in this
area includes support to MOIT's Energy Restructuring Group, the Electricity Tariff Study for
PPGC and this task.

Training in Pricing

Several computer models were prepared, calibrated and used during the electricity pricing study
and PPGC received presentations and training sessions on the capabilities and operation of the
models. However, for PPGC to make effective use of the models it needs extensive hands-on
training, detailed documentation and descriptions on the use of the models for different planning
applications, including the determination of system avoided costs.

Assistance in IPP Price Determination

While the tariff study recommends the principle of avoided cost as a sound basis for economic and
efficient allocation of power sector resources and it offers a general calculation of the avoided
cost of the Polish system it does not lend itself directly to the determination of specific prices for
private power because: 1) it does not elaborate on the details for the computation of avoided
costs of specific resources, 2) it does not include the determination of an avoided cost of capital
compatible with private sector ownership and 3) its practical application in a negotiation context
demands simplification.

3. WORK PERFORMED

The work performed under this task can be best described in terms of three major components: 1)
training and documentation , 2) development of a practical tool for evaluation of offers and 3)
assistance in the evaluation and negotiation of power supply offers.

Training and Documentation

Training and documentation focused on the following models:

RCG/Hagler Bailly
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Generation Planning Tools (GPT) Model

This is an advanced long term planning model capable of simulation and optimization of power
generation systems. Hagler Bailly provided a one week training course to designated staff of
PPGC including:

. Instructions and hands-on training on the modification of existing input files in
light of new data.

. Use of the model GPT as a tool to assist in the comparison of alternative capacity
expansion plans,

. Application of the above to the computation of avoided cost of specific resources
and to the computation of marginal cost of capacity.

GPT-L and GPT-M Maodels

These are two auxiliary models of GPT used in the short term hourly analysis cf reliability and
marginal cost of the system. Hagler Bailly provided training on these models to designated staff
of PPGC covering the following aspects:

. Modifications of the existing input file of the model GPT-L in light of more recent
historical load data.

. Use of the model GPT-L to develop input data to the models GPT and GPT-M.

. Modifications of the input file of model GPT-M with new data generated by the
models GPT-L and GPT.

. Use of the model GPT-M to develop the hourly reliability and marginal generation
cost of the system for a target year of tariff design.

Detailed documentation on each of these models was submitted to PPGC including description of
the logic, definition of each input value and recommendations for data preparation.

Development of a Simplified Tool for Avoided Cost Determination

The GPT model described above is the ideal tool for detailed computation of the avoided cost of a
specific resource to the system and therefore an excellent tool for determining the fair value of
power offered by the private sector. However, the interpretation of results of any detailed
generation planning model is generally at a technical level different from that of the people
involved in negotiating power transactions and therefore a simplified formulation is desirable.

RCG/Hagler Bailly
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To meet this need a simplified spreadsheet was prepared and calibrated with the results of the
GPT model making it possible for PPGC to compute, as a single parameter, the value of any offer
for private power and to assess the impact of different assumptions and cost components upon
that value. Furthermore, the parameter chosen to measure value was the equivalent opportunity
cost of capital to PPGC from the private sector thereby eliminating any arbitrary selection of
discount rate in the evaluation of offers and providing PPGC a realistic perception of investor
expected returns.

Assistance in the Evaluation of Power Supply Offers

Using the simplified model described above these offers were analyzed and ranked in order of
priority for negotiation. PPGC received offers from the private sector for power supply from
combined heat and power (CHP) plants

PPGC concluded a contract with the plant recommended as first priority.

4, RESULTS AND LESSONS LEARNED
Results
The following results were obtained from the activity:

. Proficiency at PPGC in the use of a detailed planning model compatible with its
pricing policies.

. Availability at PPGC of a simplified evaluation tool compatible with the detailed
planning and pricing model and providing a fair reference for evaluation of power
purchase offers.

. Agreement between PPGC and a combined heat and power plant subject of private
investment in rehabilitation.

Some of the expected results were not entirely achieved for reasons described below.
Training in Tariff Design

While PPGC is proficient in the use of the models, it lacks full confidence in determining future
marginal cost tariffs has not been achieved. At the time the tariff study was done several key
inputs were not available and the system was operating in an abnormal way forcing a number of
assumptions and deviations from formal procedures that introduced a higher component of
judgement than is normally necessary and preventing the definition of a clear cut and replicable

procedure in some of the many steps involved.

RCG/Hagler Bailly
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As other studies are being completed yielding firm data and the system adopts more conventional
characteristics most of these problems will be resolved.

Assistance in Private Power Pricing

Only one of the offers received by PPGC concluded in a signed agreement within the duration of
the assistance. While this reflects a measure of success it remains less than expected.

One of the reasons is that the system currently exhibits a low value of avoided costs relative to
other markets thus reducing interest by investors. However, a more important aspect could be the
absence of an independent regulatory authority and uncertainties about the GOP policy for the
power sector which dampened the climate for enthusiastic negotiation on both sides.

Lessons Learned

Poland is making progress towards a market oriented power sector and A.ID. assistance has
contributed significantly to this end. However, progress has been slower than could be
anticipated largely due to a readjustment of policies towards a more gradual transformation of the
power industry. Evidence of this can be found as follows: 1) Electricity tariffs, when measured in
US currency appear to follow closely the recommendations of the A.I.D. funded study however a
growing gap between local inflation and currency devaluation may indicate a much slower
progress. 2) Disaggregation of the generation system continues to be an objective but has been
transformed to only partial disaggregation over the medium term.

This change in the pace of transformation does not lessen the urgency to create conditions for the
development of private power since environmental targets remain ambitious and the needs for
efficiency improvements continues to exist, but it does limit the enthusiasm of the private sector
and frustrates the efforts of those in the public sector responsible for attracting that much needed
investment.

In this context A.LD. assistance could appear to be less than fully effective but it actually may be
keeping a much needed momentum so that once the political brakes are released transformation
can pick up speed fast.

PPGC staff are now familiar with modern principles of power pricing at both wholesale and retail
level and they are in the process of updating the electricity tariffs based on those principles.
Practical tools are available to determine fair prices for independent producers and there is at
least one agreement for power deliveries based on avoided costs. These are important steps in the
development of an active market for private investment in the power industry.

RCG/Hagler Bailly
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‘ STRESZCZENIE

S.1 WSTEP

Cele i podziekowania

Niniejsze studium zostalo przeprowadzone w
ramach Regionalnego Programu Wydajnosci
Energii (180-0030) sponsorowanego przez
Agencje Stanéw Zjednoczonych ds. Rozwoju
Miedzynarodowego (United States Agency for
International Development - A.I.D.). Jego celem
byla pomoc Rzadowi Polski w opracowaniu
detalicznych i hurtowych taryf na energie
elektryczng w perspektywie Srednioterminowe;j,
spojnych z celami ekonomicznie sprawnego i

samofinansuj§cego sie systemu
elektroenergetycznego.
RCG/Hagler Bailly pragnie wyrazié

podziekowanie za wspélprace i pomoc udzielona
przez wiele polskich i miedzynarodowych
organizacji w trakcie opracowywania studium, w
szczegdlnoé§ci Polskim Sieciom
Elektroenergetycznym S.A., Agencji Standw
Zjednoczonych ds. Rozwoju Miedzynarodowego
oraz Bankowi Swiatowemu.

Sposéb podejscia do studium

Zaplanowano, ze realizacja studium taryfowego
bedzie przebiegaé w czterech gléwnych etapach:

> analiza prognozy obciazenia i planéw

inwestycyjnych

> opracowanie ekonomicznych kosztéw
kraficowych

> prognoza wymaganych przychodéw
finansowych

> opracowanie taryf na energie elektryczna

0 strukturze opartej na ekonomicznych
kosztach kraficowych pozwalajacych na
uzyskanie wymaganych  przychodéw
finansowych.

SUMMARY

S.1 INTRODUCTION

Objectives and Acknowledgements

This study was conducted under the auspices of
the Regional Energy Efficiency Project (180-
0030) of the United States Agency for
International Development (A.1.D.). Its objective
was to assist the Government of Poland in
developing retail and bulk power tariffs for the
medium term, compatible with the goals of an
economically efficient and financially self-
sustainable power system.

RCG/Hagler Bailly, Inc. wishes to acknowledge
the assistance and cooperation received from
many Polish and international organizations
during the execution of the study, and in
particular, the Polish Power Grid Company,
A.LLD., and the World Bank.

Approach to the Study

The tariff study was planned to proceed according
to four major steps:

> review of load forecast and investment
plans

> development of economic marginal costs

> forecast of financial revenue requirements

> development of electricity tariffs

structured on the basis of economic
marginal costs and designed to recover
financial revenue requirements.



Studium zostalo przeprowadzone w okresie od
czerwca 1992 roku do lipca 1993 roku, w
okresie, w ktérym nastapilo wiele istotnych zmian
w ogélnej strukturze sektora
elektroenergetycznego, w programie inwestycji w
rozwdj i modernizacje systemu oraz w przepisach
regulacyjnych i podatkowych determinujacych
dzialanie systemu i wplywajacych na przeptywy
pieniezne w okresie Srednioterminowym. W
wyniku tak zmieniajacego si¢ Srodowiska oraz z

racji nieuchronnie iteracyjnego charakteru
analizy, studium przybralo forme procesu
dwufazowego.

W fazie pierwszej, trwajacej od czerwca 1992
-roku do marca 1993 roku, przeprowadzono
badanie ekonomicznej struktury kosztéw i
dokonano prognozy co do wymaganych
przychodéw dla systemu, przy zalozeniu, ze nie
bedzie zadnych barier ograniczajacych mozliwos$¢
przeszacowania majatku w sektorze
elektroenergetycznym lub  wprowadzenia
podwyzek cen energii elektryczne;.

W fazie drugiej, przeprowadzonej w okresie od
kwietnia do lipca 1993 roku, wykorzystano
struktury ekonomiczne opracowane w fazie
pierwszej. Dokonane w niej prognozy finansowe
braly juz jednak pod uwage realny harmonogram
przeszacowywania majatku 1 program
stopniowych podwyzek cen energii elektrycznej
przygotowany w celu zminimalizowania
negatywnego wplywu spolecznego i
ekonomicznego.

2

The study was conducted during the period June
1992 to July 1993 and in parallel with many
important developments regarding the corporate
structure of the power sector, the forecast of
investments in the expansion and modernization

of the system, and the regulatory and fiscal

policies that would guide its operation and affect
its cash flow over the medium term. As a result
of this changing environment and of the
inherently iterative nature of the analysis, the
study can be best described as a two-stage
process.

The first stage, carried out from June 1992 to
March 1993, examined the economic structure of
costs and projected the revenue requirements of
the system assuming no external constraints on
the feasibility of revaluating assets in the power
sector or the feasibility of implementing tariff
increases.

The second stage, carried out from April to July
1993, made use of the economic structures
developed in the first stage. However, its
financial projections took into account a practical
schedule for asset revaluations and a program of
gradual tariff increases designed to minimize
negative public and economic impact.

s



. Organizacja raportu

Niniejsze studium sklada sie¢ z czterech czesci.
Pierwsza faza analizy zostala przedstawiona w
‘rzech pierwszych czesciach. Cze$¢ I zawiera
trzy rozdzialy, w ktérych oméwiona zostata
ogélna charakterystyka systemu i dokonany
- przeglad bilansu podazy i zapotrzebowania w
Polsce. Cze$¢ II zawiera analize podsystemu
wytwarzania, w ktdrej zastosowane zostaly $ciste
kryteria efektywnosci finansowej i z ktorej
wyliczono hurtowe taryfy na zakup energii
elektrycznej od wytwércow. W czesci III
przedstawiona zostata ekonomiczna i finansowa
analiza podsysteméw przesylu i rozdziatu energii
elektrycznej, w ktérej nadal zachowane s3 scisle
kryteria efektywnosci finansowej i ktérej
wynikiem s3 hurtowe taryfy na sprzedaz energii
elektrycznej do zakladéw energetycznych i
wielkich odbiorcéw oraz S$rednie taryfy dla
odbiorcéw detalicznych.

Cze$¢ IV odpowiada ostatniej fazie analizy i
obejmuje, po pierwsze, analize wpiywu wzrostu
cen energii elektrycznej na polska gospodarke.
Po niej nastepuja roine rodzaje finansowej
analizy podsysteméw wytwarzania, przesylu i
rozdzialu energii elektrycznej w warunkach
réznych scenariuszy ograniczeri narzuconych
przez polityke podatkowa oraz polityczng
mozliwoé¢ wprowadzenia podwyzek cen energii
elektrycznej. Opracowanie  koficzy sie
szczeglowym przedstawieniem taryf w rozbiciu na
poziomy napie¢ 1 kategorie odbiorcéw
wyliczonych w oparciu o0 najbardziej
prawdopodobny scenariusz przecietnych wplywoéw
pienieznych wynikajacych z analizy finansowej
uwzgledniajacej narzucone ograniczenia.

Schemat S-1 przedstawia najistotniejsze
powiazania miedzy réznymi rozdzialami raportu.
Dla zachowania przejrzystosci, w podsumowaniu
tym nie zachowano dokladnej kolejnosci
prezentacji materialu w tekécie gléwnym, lecz
jedynie zaznaczono, w ktérych rozdziatach
omawiany jest dany temat.

Organization of the Report

This study has four parts. The first stage of the
analysis is covered by the first three parts of the
study. Part I contains three chapters describing
the general characteristics of the system and
presents a review of Poland’s supply and demand
balance. Part II contains the analysis of the
generation system, applying strict financial
performance criteria and resulting in bulk
purchase tariffs to generators. Part III carries the
economic and financial analysis through the
transmission . and distribution components,
maintaining strict financial performance criteria
and resulting in bulk sales tariffs to distribution
companies and large consumers and average retail
tariffs.

The second stage is covered in Part IV. It first
incorporates an analysis of the impact of tariff
increases on the Polish economy. This is
followed by different cases of financial analysis
of the generation, transmission and distribution
components as affected by different scenarios of
constraints regarding fiscal policy and the
political feasibility of tariff increases. Finally, a
detailed tariff design with disaggregation by
voltage level and customer class is presented on
the basis of the most likely scenario of average
revenues determined through the constrained
financial analysis.

Exhibit S-1 shows the flow and main linkages
among different chapters of the report. For the
sake of clarity, this summary does not strictly
follow the order of the main text, but the chapters
where a specific subject is treated are denoted.



SCHEMAT S-1

Czest 1

Analiza podazy
i zapotrzebowania

Czesc II Rozdziad 4
POdsyStem Ekonomiczna analiza Zalecana prognoza
wytwarzania podsystemu wytwarzania -

"Mapa Drogowa" do Studium

Rozdziat 1
Wstep

Rozdziai 3 r Rozdziat 2
Analiza podsystemu Analiza prognozy
wytwarzania obcigzenia

dla planowania taryvf

Prognoza ekonomicznej
dyspozycji mocy

Analiza
niczawodnosci
wytwarzania

Koszt alternatywny
energiu z elektro-
cieplowni

Analiza kosztu
kradcowego
produkcj

koszt krancowy

i rozdzialu

| v

. Rozdzist 9
| Podsystem rozdzials

| Analiza [
| finansowa |
| bez ograniczen |
. i
= |
I ‘ |
| Rozdziat § ! Rozdzisi 6
| Podsystem | . Hurtowe taryfy
1 wytwarzania na zakup energii
|
! | T
! 1
oz
Podsystem | PEI:zk‘::i.S‘i:ci | Analiza ekonomiczna «—
p r zesy lu I Elektroenergetyczne S.A. ! Dugoteminowy
|
I
|
I

N em e wan wom fom o e o - -
""""" Rozpisanie na
fighcis
Czes¢ IV
Uklad taryf S TR S U PR b
Rozdziat 10 Rozdziaf 11 Rozdziat 12
Wplyw wzrostu Ograniczona Ukiad taryf

cen analiza finansowa




EXHIBIT S-1

[ Road Map to the Study )
d Part I

Supply-Demand Chapuer 1
RevieW Iatroduction
Chapter 3 Chapter 2
Review of the Revniew of the Load
Generation System Forecast
Pal't II E .O.C.:.:":'y:h { the . Recommancea
o (..} 14 ] orecast far TanfY
Generation Genersation System wﬂmu
System

]

v

Opportanity Cost
of CHP Power

Marginal
Proauction
Cost Ansiysus

Ganserauoa
Raliabtlity
Ansiysis

Ecomomic Losd
Dispaicn Forecast

- ems am e ws == ae e e e e

. N\
[ Unconstrained |
‘ ! Financial |
i Analysis [
1
‘ v | Chapter 6
[ Chapter 5 ! — B-I:'Por'cr
| Geaerauon System : Purchase Tariffs
1
> . | T §
| l
Part 111 | |
Transmission | | Econemie nalysis -
and [ i Polish PoS:PGmdds Compasy | Long-Rea Margiaal Costs A
Distribution ! \
System : l .
| |
| |
V4

Dissggregauocs dy
Voitags Level and
Customer Class

Part IV
‘ Tariff Design

< v

Chapter 10 Chapter 11 Chapter 12
Impact of Tariff Constrained . Tariff Design
Increase Financial Analysis ]




Poziom cen

Wszystkie wartoéci pieni¢Zne zostaly wyrazone w
polskich ziotych (zI) przy poziomie cen z polowy
1992 roku lub w dolarach lub centach USA (c)
przy zachowaniu kursu wymiany z polowy roku
1992, ktéry wynosil 13.400 z/USD. Analiza
zostala przeprowadzona w  wartodciach
rzeczywistych. Dla wyrazenia liczb w
wartoéciach biezacych inflacja w Polsce w latach
1992 i 1993 jest szacowana na okoto 40 procent
rocznie.

FAZA PIERWSZA - ANALIZA BEZ
UWZGLEDNIANIA OGRANICZEN

S.2

Bilans podazy i zapotrzebowania

Analiza prognozy obcigienia (Rozdzal 2).
Prognozowanie obciazenia w Polsce jest zadaniem
zlozonym z powodu trwajacej transformacji
gospodarki i bedacego jej wynikiem braku
ciagto§ci pomiedzy funkcjonalnymi
wyznacznikami zapotrzebowania w przeszlosci i
w przyszlosci. Wynikiem analizy prognozy
zapotrzebowania bylo przyjecie scenariusza
wzrostu obcigzenia dajacego przecietny wzrost
sprzedazy o 1,3 procent rocznie w latach
1991-1995 oraz 2 procent rocznie w okresie
kolejnych pieciu lat. Przyjeta prognoza
sprzedazy w rozbiciu na kategorie odbiorcéw
zostala przedstawiona na Schemacie S-2.

Analiza podsystemu wytwarzania (Rozdzat 3).
Zrédla energii w polskim systemie
elektroenergetycznym mozna zakwalifikowaé do
trzech kategorii: elektrownie zawodowe,

elektrownie przemysiowe oraz wymiana
miedzynarodowa. Giéwnym przedmiotem
zainteresowania niniejszego studium sa

elektrownie zawodowe.

Price Level

All monetary values are expressed in Polish
Zlotys (Zl1) at mid-1992 price levels or in US
dollars or cents (¢) at the mid-1992 rate of
exchange of 13,400 Zlotys/US$. The analysis
was conducted in real terms. As a reference for
converting to current values, local inflation
during 1992 and 1993 is estimated to run at
approximately 40 percent per year.

S.2 FIRST STAGE - UNCONSTRAINED

ANALYSIS
Supply-Demand Balance

Review of the Load Forecast (Chapter 2).
Demand forecasting in Poland is complex owing
to the ongoing transition of the economy and the
resulting discontinuity between functional
determinants of demand historically and in the
future.

The review of the demand forecast concluded in
the adoption of a load growth scenario that resuits
in an average growth in sales of 1.3 percent for
the period 1991-1995 and of 2 percent for the
next five years. The adopted forecast of sales by
customer class is shown in Exhibit S-2.

Review of the Generation System (Chapter 3).
The sources of energy in the Polish power system
can be classified into three categories: the public
system, autoproducers, and the international
exchanges. The public power system is of
primary concern in this study.
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1at S-2

PROGNOZA OBCIAZENIA W WARIANCIE PODSTAWOWYM

Przemysl

Trakcja V/

Oswietlenie Ulic

l.okale
Niemieskalne

Gospodarstwa
Rolue

Gospodarstwa
Domowe

Razem Sprzedaz
Finalna

WN
SN
NN
Razem

WN
SN
Razem

NN

SN
NN
Razem

SN
NN
Razem

NN

WN
SN
NN

Srednie roczne tempo (%)

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 1991-96 1996-01
28229 28158 28146 28410 29054 29752 30180 30746 31637 31506 0.4% | 6%
17844 17799 17791 17958 18365 18807 19077 19435 19998 19915 0.5% I 6%
2914 2907 2906 2933 2999 3071 316 3174 3266 3252 3.3% 16%
48988 48864 48843 49300 50419 51630 52372 S33S5 54900 54673 0.2% | 6%
155 169 185 204 208 213 215 219 225 225
5005 5462 5973 6596 6733 6881 6967 7084 7275 7283 -
5160 5631 6158 6800 6941 7094 7182 7303 7500 7508 70% I 6%
1375 1448 1527 1627 1676 1730 1768 1815 1882 1883 4% 244
1229 1294 1365 1454 1498 1546  1SB0 1622 1622 1683 4.0% 14%
7963 8382 8841 9417 9705 10015 10237 10509 10896 10902 2.5% 2 4%
9192 9676 10206 10871 11203 11560 11817 12131 12578 12585 2.7% 24%
710 747 788 840 865 893 913 937 971 972 49% 24%
7712 8117 8562 9120 9399 9698 9913 10177 10552 10558 40% 24%
8422 8865 9351 9960 10264 10591 10826 1114 11523 11530 41% 24%
21937 23091 24356 25943 26735 27588 28200 28949 30017 30033 5.1% 4%
95073 97574 100441 104500 107238 110194 112165 114666 118400 118212 22% 20%
28384 28327 28331 28614 29262 29965 30395 30965 31862 31731 0.3% I 6%
24788 25302 25917 26847 27461 28127 28536 29077 29926 29582 15% 7%
41901 43945 46193 49040 50515 52102 53233 54624 56613 56629 4.2% 23%




INDUSTRY

TRACTION 1/

STHEET LIGHTS

COMMERCIAL

FARMS

RESIDENTIAL

HV
My
Lv
Tolal

HV
MV
Total

Lv
My
Lv
Total
My
Lv
Tolal

Lv

TOTAL FINAL SALES

HV
MV
Lv

[ ez iees
202209 28158
17844 17709

2014 2007
48988 48064
155 169
5005 5462
5160 5631
1375 1440
1229 1204
7963 8382
0102 9676
710 747
7712 817
0422 8865
21937 23091
85073 97574
20304 28327
24708 25302
41901 43945

EXHIBIT S-2

BASE CASE LOAD FORECAST

1994

281486
177901

2906
48843

185
5973
6158

1527

1365
asdt
10206

788
8562
9351

24356
100441

28331
25017

. 40193

llb@g—_

20410
17958

2933
49300

204
6506
6800

1627

1454
0417
10871

840
0120
0960

25943

104500
28614
26847
49040

18365

50410

208
6733
6941

1676

1490
9705
11203

865
9399
10264

26735
107238

28262
27461

50515

1730
1548
10015
11560
893
10591
27588
110194
20965

20127
52102

1768

1580
10237
a7

213
9913
10826

28200

112165
30395
28536
53233

1999

30746
10435

3174
53355

219
7084
7303

1815

1622
10509
12131

937
10177
[RARE ]

208949

114666
30065
29077
54624

© 2000
31637
19908
3268
54900

225
1275
7500

1882

16682
10896
12578

97
10552
11523

KTLIIP 4

116400
310862
20028
56613

2001

31506

19915
3252
54673

225
7283
7508

1883

1683
10902
12585

072
10558
11530

30033

118212
31731
290852
56629

Avg Annual Rate (%)

1991 - 96

-04%
-05%

3%
-02%

7%

41%

4 0%
25%
27%

4 9%
40%
41%

5 1%

2 2%
0 3%
15%
42%

1996 - 01

1 6%
1 6%
1 6%
1 6%

2 4%
2 4%
2 4%

2 4%
2 4%
2 4%

20%
t 6%
17%
2 3%




. W sklad podsystemu wytwarzania, jako jednego
z elementéw krajowego systemu
elektroenergetycznego, wchodza elektrownie
. cieplne i elektrownie wodne, ktérych taczna moc
zainstalowana wynosi okoto 29.600 MW. Okolo
90 procent energii elektrycznej jest wytwarzane w
elektrowniach parowych opalanych weglem
kamiennym lub brunatnym pracujacych wylacznie
dla krajowego systemu elektroenergetycznego, a
10 procent jest wytwarzane Ww
elektrociepiowniach. W systemie nie ma
cieplnych elektrowni szczytowych, a wahania
obciazenia s3 regulowane w gléwnej mierze
poprzez wykorzystanie wodnych elektrowni
szczytowo-pompowych.  Na schemacie S-3
przedstawiono podsumowanie systemu.

Dla celéw analizy ekonomicznej oszacowano, ze
cena wegla na granicy bedzie wynosi¢ 1,79
USD/GJ (dolaréw USA na gigadzul), oraz ze
koszty transportu w kraju podwyzsza te cene do
2.01 USD/GJ (koszt altermatywny z dostawa).
Koszt alternatywny wegla brunatnegoSchemat S-
2Schemat S-3zostal okre§lony na podstawie
mozliwoséci zastapienia nim wegla kamiennego i
oszacowany na poziomie 76 procent kosztu
jednostki cieplnej wegla kamiennego.

Nominalny margines rezerwy mocy systemu
wynosi ponad 40 procent. Rzeczywista rezerwa
ze stalych Zrédet jest rzedu 28 procent, lecz
dochodzi tutaj réwniez wazny czynnik jakim jest
sezonowo$¢ zaréwno obciazenia, jak i Zrddel.
Prognozowane efektywne rezerwy mocy, przy
zalozeniu S$redniej dyspozycyjnosci blokéw,
zostaly wyliczone na podstawie prognozowanego
obcigzenia, oczekiwanego rozwoju
elektrocieplowni oraz podjetych juz decyzji o
budowie nowych blokéw energetycznych lub
wycofaniu starych. Wyliczenia te wskazuja, e
system posiada wystarczajaca rezerwe mocy do
okoto roku 1997, kiedy to konieczne bedzie
wprowadzenie nowych mocy szczytowych w
postaci dodatkowych elektrowni szczytowo-
pompowych, cieplnych Zrédet pracujacych w
szczycie lub jednych i drugich. Nowe moce
pracujace w obciazeniu podstawowym nie bedace

9

The generation component of the public power
system consists of thermal and hydroelectric
powerplants totalling approximately 29,600
MW of installed capacity. About 90 percent of
Poland’s power is produced in coal- or lignite-
fired steam plants that are fully dedicated to the
power sector, while 10 percent is produced in
combined heat and power plants. There are no
thermal peaking plants in the system and load
fluctuations are mostly managed through the use
of pumped storage hydroelectric. Exhibit S-3
presents a summary of this system.

For the purposes of the economic analysis, the
border price of coal was estimated to be 1.79
$/GJ (US dollars per Gigajoule) and internal
transport costs were estimated to increase this
price to a delivered opportunity cost of 2.01
$/GJ. The opportunity cost of lignite was
derived from its potential to displace coal and
was estimated at 76 percent of the cost of a
thermal unit of coal.

The nominal capacity reserve margin of the
system is over 40 percent. Actual reserves
from firm resources are on the order of 28
percent, but there is also an important
seasonality in both load and resources. The
projected effective capacity reserves, taking into
account average generating unit availabilities,
were computed on the basis of forecast load,
expected growth of combined heat and power
plants, and the committed additions and
retirements of generating units. These
computations indicate that the system has
adequate reserve until about the year 1997 when
peaking capacity would be needed in the form
of additional pumped storage hydroelectric,
peaking thermal resources, or both. Base load
capacity not currently under construction is not
required until well into the next decade.

(S g/



Schemat S-3

PODSUMOWANIE PUBLICZNEGO PODSYSTEMU WYTWARZANIA

(ELEKTROWNIE ZAWODOWE)

POLSKA - PODSUMOWANIE PUBLICZNEGO PODSYSTEMU WYTWARZANIA

Jektrownia TYP Paliwo Srednia Liczba Moc Moc Procent Roczne Koszt Produkcja Procent
Wielkéé Blokéw Znamjanows  Syczytewa Motliwosci Koszty Transportu W 1991 Roku  Wymagaej
Blokéw MW Systemu Eksploa- paliwa Produkeja
MW Mw MW tacyjne USH/MWh
lelchatéw Sicé Wegiel Brunamy 3o 12 4320 4320 154% 11.27 (000 27213 2 9%
‘atnow Sict Wegicl Brunamy 200 10 2000 2000 T1% 12.36 0 m 7628 6 1Y%
rurow Sieé Wegiel Brunamny 200 10 2000 2000 7T1% 28 51 0 00 12035 v 1%
\damow Sieé Wegicl Brunamny 120 5 600 480 17% 3% 000 2875 LT
ionin Sieé Wegicl Brunatny 65 9 583 523 19% 30 68 000 RIEY pAY
lektrowne Zawodowe Na Wegicl Brunainy 9503 9323 332% 52899 42 6%
Isiroleka Siet Wegiel Kamicnny 200 3 600 600 2 1% 2038 19 2864 2%
{ozienice Sicé Wegicl Kamienny 260 10 2600 2600 9% 17.94 159 79496 6 4%
*olaniec Sieé Wegicl Kamienny 200 8 1600 1600 5T% 18 80 135 7171 5 K%
tybnik Sie Wegicl Kamicnny 200 8 1600 Lol 51% 2095 0 68 9252 75%
taworzno I Siet Wegiel Kamicnny 200 6 1200 1140 41% 25 14 071 6302 SR
Jolna Odra Sicé Wegiel Kamicnny 200 8 1600 1600 57% 17 .42 2y 6856 S S%
Laziska Sicé Wegicl Kamienny 173 6 1040 920 3% 29712 0o 4280 V5%
Laziska Sie Wegicl Kamicnny 120 7 840 723 26% 24 48 0§ 1423 18K
Siersza Sie Wegicl Kamicnny 123 6 738 630 22% 2917 07 128 5%
Sualowa Wola Sieé Wegicl Kamicnny 64 6 384 345 12% 18 61 147 1356 1%
Elektrowne Na Wegiel Kamienny w Pel Dyspazycyjne 12202 11758 41.9% 52630 2 9%
W Pelm Dyspozycyjne Elckirownie Sieciowe 21705 21081 752% 105535 HS 0%
Skawina Sie¢ K Wegiel Kamicnny 79 7 550 495 1.8% 21m 114 1919 1 9%
Jaworzno If Sie€-K Wegiel Kamienny 50 7 350 300 1% 279 087 9 0%
Blachowma Sie¢ K Wegicl Kamicnny 47 6 282 244 09% 25 ob) 1.79 741 06%
Halemba Siet-K Wegicl Kamienny 50 4 200 200 07% 42 33 023 769 0 6%
haworzno Sieé-K Wegicl Kamienny 29 S 145 93 01% 26 97 (1] 279 0 2%
Micchowice Siet-K Wegicl Kamienny 55 2 110 101 04% Jm (LR ] 295 0%
Pomorzany Siet-K Wegicl Kamicnny 60 2 120 12 04% 42 B8 in 401 031%
Kotekiorowe Elcktrownie Sieciowe 1757 1545 "55% 5348 4 1%
Sickicrki EC Wegicl Kamienny 125 4 500 619 22% 37 68 191 1794 1 4%
Krakow EC Wegicl Kamienny 115 4 460 446 16% 20 0 121 1791 b Y%
Wioclaw EC Wegict Kamicnny 100 2 200 259 09% 26 32 260 1OHY 0 9%
Mnieysze EC EC Wegicl Kamienny 30 100 2621 21714 78% 28 66 225 7895 6 4%
Elekuocieplowme 4160 3498 125% 12569 Y
Elektrowme 27622 26124 93 2% 123452 UL
Zawodowe Creplne 2005 1918 6 K% (=1 0 :;.
Elekttownie Zawadowe Wodne 2967 28042 1K 0, 124098 T‘;, ",;,A

Razes Flchtstowme Zawodowe
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EXIII’ S-3

SUMMARY OF THE PUBLIC GENERATION SYSTEM

B POLAND - SUMMARY OF 1HE PUBLIC GENERATION SYSIEM o
PLANTI NAME 1YPE FUEL MEAN UNIT NO. NAMEPLATEPEANING PERCENT ANNUAL FUEL 19910 PLICENT
CAPACIIY UNHIS CAPACITY CAPABILITYOF OPERANING TRANSFOIPRODUC 11ION (612
Mw MW Mw SYSITEM EXPENSES COs1 GwH GENLRATION
B I _ o = CAPABILIIY  S/xW sAawH . _ _ __ BEQUIREMENIS
1 BELCHAIOW GRID |IGNIIE 360 12 4320 4320 15 4% 127 000 21213 21 9%

2 PAINOW GAID |IGNIIE 200 10 2000 2000 71% 1236 000 7628 61%

3 TUROW GRID  |IGNIIE 200 10 2000 2000 11% 2651 000 12035 971%

4 ADAMOW GAID |IGNIIE 120 5 600 480 1 7% 3380 000 2075 23%

5 KONIN GRID LIGNIIE 65 9 583 = 523 _ 19% = 3068 000 3148 _25%

| LUGNIIE FIRED PUBLIC PLANIS 8509 9323 332% e 52899 426%

6 OSIROLEKA B GRID COAL 200 3 600 600 21% 2038 19l 2864 23%

7 KOZEENICE GRAID COAl 260 10 2600 2600 93% 1794 159 7996 6 4%

8 POLANIEC GAID COAL 200 8 1600 1600 57% 1860 135 1173 58%

8 RYBNIK GAID COAL 200 8 1600 1600 5% 2005 066 9252 75%

10 JAWORZNO Il GRID  COAl 200 6 1200 1140 41% 2514 OMN 6302 51%

11 DOLNAODRA GRID  COAl 200 8 1600 1600 57% 1742 209 6856 55%

12 | AZISKA GAID COAl 173 6 1040 920 33% 2972. 0371 4286 35%

13 LAGISZA GAID  COAl 120 7 B840 123 26% 2448 085 3423 2 6%

14 SKEASZA GIID COAl 123 6 738 630 22% 2917 079 3128 25%

15 SIALOWA WOILAGRID  COAL 64 6 364 345 12% 18 61 147 1356 1%
COAL FIRED FULLY DISPAICHABLE PLANIS 12202 11758 41 9% 52636 42 4%
FULLY DISPATCHABLE GRID PLANTS 21705 21081 152% 105535 850w

16 SKAWINA GRID-C COAL 19 7 550 495 106% 2007 114 1919 15%

17 JAWORZNO W  GRID-C COAL 50 7 as0 300 11% 2279 o067 904 07%

18 BLACHOWNIA GRID-C COAL 47 6 262 244 09% 2560 179 181 06%

19 HALEMBA GRID-C COAL 50 4 200 200 07% 4233 02 169 06%

20 JAWORZNO|  GRID-C COAL 29 5 145 93 03% 2697 091 279 02%

21 MIECHOWICE  GRID- C COAL 55 2 110 101 04% 3003 004 295 02%

22 POMORZANY  GRID-C COAL 60 2 120 112 04% 4288 313 40t 03%

~ COLLECIOA TYPE GRID PLANIS R ¥ &1 1545 SS% . s5M8 43%

23 SEKERTY Ci#® COAl 125 4 500 619 22% ares 19 1794 1A%

24 KRAKOW CIP  COAl 1"s y 460 446 16% 2030 121 1791 I 4%

25 WROCLAW CIP  COAl 100 2 200 259 09% 2632 260 1089 09%

26 SMALLER CIIP CIP  COAL 30_ 100 2621 2174 70% 2066 225 1895 64%
COMBINED HEAT AND POWER PLANIS 4160 3498 125« 12569 10 1%

___PUBIIC THERMAL _ o 21622 26124 932% 123452 99 5%
PUBLIC HYDROELECIRIC 1005 1918 6 8% 646 05%
1071AL PUBLIC 29621 28042 100.0% 124098 100 0%




jeszcze w budowie nie beda wymagane jeszcze
przez kilka lat przysziego dziesieciolecia.

Punkt ciezkoéci podsystemu wytwarzania jest
mocno przesuniety W kierunku obciazenia
podstawowego, przez o0 jego funkcjonowanie jest
mniej wydajne niz byloby to mozliwe w innym
przypadku. Takie zachwianie proporcji
komplikuje réwniez obliczenie ekonomicznych
kosztéw kraricowych Ww rdéznych strefach
czasowych. Dzieje sie tak, poniewaz podsystem
musi ponosi¢ dodatkowe koszty poza szczytem
dla utrzymania wystarczajacej mocy w podstawie
koniecznej dla pokrycia obciazenia szczytowego,
ktére w innym wypadku mogloby zosta¢ pokryte
przez irédla szczytowe nie pracujace w godzinach
poza szczytem.

Ekonomiczna analiza systemu

Ekonomiczna analiza podsystemu wytwarzania
(Rozdzaly 4, 6 i 7). Z przeprowadzonej analizy
niezawodnosci systemu wynika, Ze mozna
wyodrebni¢ nastepujace pory, ktére moga zostaé
wykorzystane do okreSlenia réznych stref
czasowych w taryfach:

paZzdziernik-marzec

SZCZyt ranny 07:01 do 12:59
szczyt wieczorny 16:01 do 20:59
poza szczytem pozostale godziny
kwiecieri-wrzesied

szczyt ranny 07:01 do 12:59
Szczyt wieczomny 19:01 do 21:59
poza szczytem pozostale godziny

Odpowiednie krétkoterminowe koszty kraricowe
przedstawiajq sie nastepujaco:

pazdziernik-marzec
szczyt ranny

sZczyt wieczomy
poza szczytem

2,80 US c/kWh
4,64 US c/kWh
2,07 US ¢/kWh
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The generation mix is heavily biased towards
base load resources and this results in less
efficient operation than otherwise possible.

This distortion also complicates the computation
of economic marginal costs by time period.
This is because the system must incur additional
off-peak costs to maintain sufficient base load
capacity in order to meet peak loads that could
otherwise be met by peaking resources that may
be shut down during off-peak hours.

Economic Analysis of the System

Economic Analysis of the Generation System
(Chapters 4, 6 and 7). The analysis of system
reliability concluded that the following periods
during the year have marked differences and
may be used to establish differential pricing
periods:

October-March

Morming Peak 07:01 to 12:59
Evening Peak 16:01 to 20:59
Off-Peak all other hours
April-September

Morming Peak 07:01 to 12:59
Evening Peak 19:01 t0 21:59
Off-Peak all other hours

The corresponding short-run marginal costs are
as follows:

October-March

Morning Peak 2.80 US cents/kWh
Evening Peak 4.64 US cents/’kWh
Off-Peak 2.07 US cents/kWh

uS



. kwiecien-wrzesied

3,97 US c/kWh
4,64 US c/kWh
2.12 US c/kWh

szczyt ranny
SZCZYt WIeczorny
poza szczytem

Koszt unikniety wytwarzania w systemie zostal
obliczony przy wykorzystaniu dyferencyjnego
kosztu ekonomicznego pokrycia prognozowanego
obciazenia z wykorzystaniem i bez wykorzystania
aktualnych mocy pochodzacych 1z
elektrocieplowni, elektrowni przemysiowych oraz
elektrowni wodnych (bez
szczytowo-pompowych). Szacuje sie, Ze do roku
2010 koszt wzrosnie z obecnej wartosci 4,73
c/kWh do 5,23 ¢/kWh.

Dtugoterminowy ekonomiczny kosz kraricowy
(Rozdzat 7). Analiza dlugoterminowego kosztu
kraficowego zostala przeprowadzona przez
wyliczenie dlugoterminowych kosztéw

i kraricowych na poziomie wytwarzania w réznych

porach dnia, ktére to koszty s3 nastepnie
przeniesione do dlugoterminowych kosztéw
kraricowych na poziomie przesylu i rozdzialu w
réznych porach dnia, na rdéinych poziomach
napiecia i u rdéznych kategorii odbiorcéw.
Schemat S-4 przedstawia hurtowe i detaliczne
diugoterminowe koszty kraricowe i poréwnuje je
z obecnymi stawkami.

Na poziomie detalicznym $redni diugoterminowy
koszt krarficowy wynosi 988 zV/kWh (7,37
c/kWh), podczas gdy obecna stawka to 542
zt/kWh (4,04 c/kWh), co daje réznice 82
procent. Na poziomie sprzedazy hurtowe;j
dlugoterminowy koszt krarficowy wynosi 709
zVkWh (5,29 c¢/kWh) a obecna stawka 340
z/kWh (2,53 c/kWh), co daje réinice 109
procent.

Zaobserwowano, ze aktualnie obowiazujace taryfy
znacznie odbiegaja od powyiszej struktury
kosztow i wymagajg, ogblnie méwiac, stopniowej
korekty w kierunku wyzszych stawek detalicznych
na poziomie niskiego napiecia w stosunku do
stawek na napieciu wysokim i §rednim.
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April-September

Morming Peak 3.97 US ¢/kWh
Evening Peak 4.64 US ¢/kWh
Off-Peak 2.12 US ¢/kWh

The avoided cost of generation in the system
was calculated by the differential economic cost
of meeting the forecast load with and without
the current block of power supplied by
combined heat and power (CHP) plants,
autoproducers, and hydroelectric (except
pumped storage) resources. The cost is
estimated to escalate from a current value of
4.73¢/kWh to 5.23¢/kWh by 2010.

Long-Run Marginal Economic Costs (Chapter
7). The analysis of long-run marginal costs
(LRMC) was carried out by developing the
LRMC at the generation level by time-of-day
and then carrying it into the LRMC at the
transmission and distribution levels by time-of-
day, voltage level, and customer class. Exhibit
S-4 presents the bulk and retail LRMCs and
compares them with the current yield.

At retail level, the average LRMC is 988
ZI/kWh (7.37¢/kWh) compared with a current
yield of 542 ZI/kWh (4.04 ¢/kWh), or a
difference of 82 percent. At the bulk level, the
LRMC is 709 ZI/kWh (5.29 ¢/kWh) against a
current yield of 340 ZI/kWh (2.53 ¢/kWh), or a
difference of 109 percent.

Significant distortions from the economic cost
structure above were observed in current tariffs
demanding, in general, a gradual adjustment
towards higher low-voltage retail tariffs in
relation to high- and medium-voltage tariffs.

Y ,

K



Schemat S-4

DLUGOTERMINOWY KOSZT KRANCOWY

'ARYFA OPARTA NA $CISLYM DLUGOTERMINOWYM KOSZCIE KRANCOWYM W ROZBICIU NA KLASY TARYF — SPRZEDAZ HURTOWA )

. Udzialy Energii Calkowny Koszt Na Mesiac
tasa Taryt Napi¢cie  Wspblczynnik  Wspolczynnik Seczyt Pol-Szczyt MOC ENERGIA  RAZEM Udzal w Sprzedaz Obeuna
Réwnoczesnoéci  Obceiazenia tys zZVkWh  tys zUkWh  1ys 20/kWh  Oplacie 1992 Stawhka
Za Muc GWh tys 7i/h Wh
aklady Energetyczne WN 1.0 0.65 0.20 0.28 i21.10 0.4533 0.7085 Jo% 50434 0 3398
rednia w Systemie Hurtowym 0.20 0.28 121.10 0.4533 0.7085 50434 0 1398
kwiwalemt tys zikWh 0.2552 1.4533 0.7085
o Srednicj systemu : 6% 64% 100%

'ARYFA OPARTA NA $CISLYM DLUGOTERMINOWYM KOSZCIE KRANCOWYM W ROZBICIU NA KLASY TARYF — SPRZEDAZ DETALICZNA
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EXHIBIT S-4

1LONG RUN MARGINAL COSTS
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Finansowa analiza systemu bez uwzgledniania
ograniczen

Finansowa analiza podsystemu wytwarzania bez
uwzgledniania ograniczeri (Rozddat 5). Analiza
finansowa podsystemu wytwarzania opiera sie na
szczegélowej analizie 17 pojedynczych
elektrowni: czterech najwiekszych w Polsce
konwencjonalnych elektrowni opalanych weglem
brunatnym oraz 3 najwiekszych
konwencjonalnych 1 kolektorowych Schemat S-
4elektrowni na wegiel kamienny. Ta grupa daje
96 procent calej energii wyprodukowanej w
Polsce przez elektrownie pracujace wylacznie dla
sieci.

Na prosbe konsultanta w firmie Polskie Sieci
Elektroenergetyczne S.A. wykonano powaine
zadanie polegajace na zebraniu historycznych
danych finansowych z kazdej z tych elektrowni.
Dane te zostaly wykorzystane do opracowania
finansowego modelu na arkuszu kalkulacyjnym
dla kazdej z elektrowni dla lat 1990 i 1991.
Celem tego zadania bylo wypracowanie
wiarygodnej pozycji wyjsciowej dla przyszlych
prognoz, jak réwniez préba uchwycenia
glebszych trendéw i wskaZnikéw, ktére moglyby
utrzymywac sie réwniez w przyszlosci.

Wobec braku utrwalonego systemu regulacyjnego,
w analizie finansowej musiano dokonaé kilku
istotnych zalozeri opartych badZ to o opinie PSE
SA jako przejéciowego ciala regulacyjnego, bad
o zalecenia konsultanta. Przyjeto zalozenie, ze
wickszo$¢ istniejacych elektrowni nadal bedzie
otrzymywad stawki za energie elektryczna
wyliczone na podstawie ich kosztéw produkcii,
lecz koszty te - w gléwnej mierze paliwo - beda
zblizaé sie w kierunku kosztéw standardowych

opartych na ich wartosci ekonomiczne;.
Elektrownie nie pracujace wylacznie dla sektora
elektroenergetycznego - w  szczegélnosci

elektrocieplownie oraz ewentualne nowe Zrédia
-beda otrzymywa¢ stawki wyliczone na podstawie
ekonomicznych kosztéw uniknietych energii

elektryczne;j.
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Unconstrained Financial Analysis of the
System

Unconstrained Financial Analysis of the
Generation System (Chapter 5). The financial
analysis of the generating system is based on a
detailed analysis of 17 individual plants
consisting of Poland’s four largest lignite-fired
conventional grid plants and 13 of its largest
coal-fired conventional and coliector grid
plants. This sample covers 96 percent of all the
energy generated by grid plants in Poland.

A considerable effort was made by the Polish
Power Grid Company (PPGC), at the
consultants’ request, to gather the historical
financial data for each of the generating plants.
These data were used to develop a financial
spreadsheet model for each generating plant for
the years 1990 and 1991. The purpose of this
exercise was to provide a valid starting position
for future projections, as well as to attempt to
identify any underlying trends and ratios that
might be expected to continue into the future.

In the absence of an established regulatory
system, the financial analysis required several
major assumptions based on either PPGC'’s
opinion as the interim regulatory authority or
on recommendations of the consultant. It was
assumed that most existing generating plants
will continue to be compensated for power on
the basis of their production cost, but these
costs (notably fuel) will tend towards a standard
cost based on their economic value. Plants not
entirely dedicated to the power sector, in
particular CHP plants and eventually new
resources, will be compensated on the basis of
the economic avoided cost of power.



W pierwszej fazie analizy finansowej Swiadomie
pominieto wszelkie potencjalne ograniczenia
mogace sta¢ na drodze ku pelnej reformie
systemu kalkulacji cen opartego na mozliwych do
przyjecia kryteriach efektywnosci finansowej.
Najistotniejsza konsekwencja takiego podejscia
byla propozycja, by majatek brutto, ktdrego
aktualna warto$é ksiegowa wynosi miedzy jedng
trzecia a jedna dziesigta jego wartosci
odtworzeniowej, zostal przeszacowany do roku
1994, oraz by przedsigbiorstwa wytwarzajace
energie elektryczna musialy wypracowaé stope
zwrotu w wysokosci 6 procent wartosci
przeszacowanego majatku netto.

Kaida préba przeszacowania majatku w
podsystemie wytwarzania najprawdopodobniej
bedzie sie wiazaé z koniecznoscia
przeprowadzenia szczegélowego technicznego
szacunku kosztéw odtworzenia majatku lub
potencjalnych dochodéw uzyskanych z kazdej
elektrowni. Dla celéw niniejszej analizy
dokonano jedynie ogélnego szacunku kosztéw
odtworzenia majatku, poréwnujac je nastepnie z
jego aktualna wartoscia ksiegowa. Wyciagnieto
wniosek, ze prawdopodobny wskaZnik
niedoszacowania majatku wynosi sze$€.

Wyniki tej analizy wskazuja, ze wymagany
dochdd dla podsystemu wytwarzania w roku 1994
bedzie wynosi¢ $rednio 489 zI/kWh (3,65
c/kWh), czyli okolo 63 procent wiece] w
warto§ciach rzeczywistych niz poziom
przychodéw w roku 1992.

Finansowa analiza Polskich Sieci
Elektroenergetycznych S.A. bez uwzglednienia
ograniczeri (Rozdzdal 8). Analiza kosztéw
przesylu oraz wymaganych przychodéw
finansowych jest w zasadzie finansowa analiza
PSE SA. Podobnie jak w przypadku finansowej
analizy wymaganego przychodu w podsektorze
wytwarzania, celem analizy finansowej PSE SA
bylo okre§lenie wymaganego przychodu

pozwalajacego firmie na sprawne funkcjonowanie
na 7acadarh koamercvinvch

The first stage of the financial analysis
explicitly ignored any potential constraints to a
full reform of the pricing system based on
acceptable criteria of financial performance.
The major consequence of this approach was
the proposition that gross assets, currently on
the books at anywhere between one-third and
one-tenth of their replacement cost, be revalued
by 1994 and that generating companies must
earn a 6 percent rate of return on the net
revalued assets.

Any effort to revalue the assets in the
generation system is likely to involve detailed
engineering estimates of replacement costs or
the potential revenue derived from each
individual plant. For the purposes of this
analysis, only a global estimate was made of
the likely replacement cost of assets against
their current book value. It was concluded that
assets are probably undervalued by a factor of
six.

The results of this analysis indicate that the
1994 revenue requirements of the generating
system will average 489 ZI/kWh (3.65 ¢/kWh)
or approximately a 63 percent real increase
above the 1992 level of revenues.

Unconstrained Financial Analysis of the Polish
Power Grid Company (Chapter 8). The
analysis of transmission costs and the required

financial revenues is essentially a financial
"analysis of the PPGC. Following up on the

financial analysis of the generating system's
revenue requirements, the objective of the
financial analysis of PPGC was to determine the
revenue requirements the company needs to
operate as a viable commercial entity.



Spéika PSE SA powstala w pazdzierniku 1990
roku. Dlatego dostepne dane historyczne dotycza
.tylko jednego pelnego roku, koriczacego sie 31
grudnia 1991. Co wiecej, wskaZniki
efektywnoséci finansowej zostaly znieksztalcone
przez fakt, ze znakomita wiekszo$¢ majatku
przesylowego oraz elektrownia szczytowo
pompowa i zwiazane z tym koszty eksploatacyjne
zostaly przekazane PSE SA dopiero w styczniu
1993 roku.

Wyniki analizy wskazuja, ze w roku 1994 $redni
wymagany przychéd spélki PSE SA bedzie
wynosi¢ 563 zV/kWh (4,20 c/kWh), co stanowi
wzrost 0 67 procent w stosunku do poziomu
przychodéw w roku 1992.

Finansowa analiza podsystemu rozddgatu bez
uwzglednienia ograniczen (Rozdzal 9). Gdy
dokonywana byla niniejsza analiza Rzad Polski
sklaniat sie ku polityce jednakowych cen
hurtowych dla wszystkich zakladéw
energetycznych, pozwalajac kazdemu zakladowi
na wyznaczanie wilasnych cen detalicznych
opartych o regulowany zysk ale uwzgledniajacych
specyficzng  strukture kosztéow w kazdym
zakladzie.

Analiza kosztéw rozdzialu i wymaganych
przychodéw finansowych oraz $rednich taryf na
poziomie odbiorcéw zakiadéw energetycznych
zostala oparta na skonsolidowanym, zbiorczym
zestawieniu kluczowych danych z rachunkéw
wynikéw i bilanséw wszystkich 33 zakladéw
energetycznych przygotowanym przez Dyrekcje
Ekonomiczna PSE SA. Istotne bylo jednak
okre§lenie rozpictosci, jakiej mozna sie
spodziewaé wsrdd srednich taryf detalicznych w
réznych zakladach energetycznych. Dlatego
oprécz zestawienia zbiorczego dokonano analizy
trzech pojedynczych zakladéw energetycznych -
Warszawy, Gliwic i Bialegostoku, jako
reprezentatywnych przedstawicieli - odpowiednio
- duzego zakladu miejskiego, Sredniego zakladu
miejskiego i zakladu w rejonie rolniczym.
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PPGC was formed in October 1990.
Therefore, only one full year of historical data
are available for the 12 months ending
December 31, 1991. Furthermore, financial
performance ratios have been distorted because
the bulk of the transmission assets plus the
pumped storage plant and associated operation
and maintenance costs were not transferred to
PPGC until January 1993.

The results of the analysis indicate that in 1994,
PPGC would require average revenues of 563
Z1/kWh (4.20 ¢/kWh) or an approximate
increase of 67 percent above 1992 revenue
levels.

Unconstrained Financial Analysis of the

Distribution System (Chapter 9). At the time .
this analysis was conducted, the Polish

Government was leaning towards a policy of

uniform bulk sales tariffs for ail distribution
companies, allowing each company to set its

retail tariffs based on a regulated profit but

taking into account the specific cost structure of

each company.

The analysis of distribution costs and the
required financial revenues and average tariff at
the level of the distribution company customers

" was based on a consolidation or aggregation of

key income statement and balance sheet data for
the 33 distribution companies prepared by the
Economics Department of PPGC. However, it
was relevant to determine the variability that
can be expected among the average retail tariffs
of different distribution companies. Therefore,
in addition to the consolidated case, three
individual distribution companies were analyzed
-- Warsaw, Gliwice and Bialystok -- which
represent major urban, mid-size urban, and
rural distribution companies, respectively.




Wobec braku przepiséw regulujacych
funkcjonowanie zakladéw energetycznych na
zasadach komercyjnych w momencie
opracowywania studium, wzieto pod uwage trzy
rézne kryteria finansowe: 1) niezwiekszanie sie
og6lnego zadluzenia, 2) 6 procent zwrotu na
majatku  netto, oraz 3) 100-procentowy
wspbiczynnik samofinansowania. Pierwsze
kryterium zostalo przyjete jako najbardziej
ostrozne i zaklada, ze podsystem rozdzialu musi
by¢ w stanie finansowaé odtwarzanie urzadzed i
rozszerzanie zakresu uslug z  wiasnych
przychodéw.

Wyniki zbiorczej analizy podsystemu rozdziatu
wskazuja, ze Sredni wymagany przychéd w roku
1994 wynidstby 785 zl/kWh (5,86 ¢/kWh), czyli
okolo 45 procent wiecej w wartoéciach
rzeczywistych niz poziom z roku 1992.

.Analiza pordwnawcza wymaganych przychoddéw
w roku 1994 dla trzech wymienionych wcze$niej

zakiadéw energetycznych daje nastepujace
wspodiczynniki w stosunku do wyniku zbiorczego:
Biatystok 1,59, Gliwice 0,99 i Warszawa 1,16.
Dlatego, w takiej ograniczonej prébce,
maksymalna réznica w wymaganych przychodach
miedzy dwoma zakladami energetycznymi wynosi
okoto 60 procent.

S.3 FAZA 0O - ANALIZA WPLYWU,
PROGNOZY FINANSOWE Z
UWZGLEDNIENIEM OGRANICZEN
ORAZ OSTATECZNY UKLAD
TARYF

Do kwietnia 1993 roku dwie sprawy stawaly sie
coraz bardziej jasne. Po pierwsze, wydawalo sie
malo prawdopodobne, by dokonano znacznych
postepow w roku 1993 jesli chodzi o realny
WZrost poziomu cen na energie elektryczna, przez
CO proponowany poziom z roku 1994 w
rzeczywistosci stanowilby 45 procent realnego
wzrostu w porownaniu z rokiem 1993, Po
drugie, zachodzilyby powaine przeszkody dla

nacleon nrzeszacnwania maiatku do iego pelnei
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In the absence of a regulatory policy for
commercial operation of the distribution
companies at the time of the study, three
different financial criteria were considered: 1)
no increase in overall debt, 2) 6 percent return
on net assets, and 3) 100 percent self-financing
ratio. The first was accepted as the most

‘prudent and implies that the distribution system

must be capable of financing its equipment
replacement and extending its service coverage
from its revenues.

The results of the analysis of the consolidated
distribution system indicate that the 1994
average revenue requirements would be 785
ZI/kWh (5.86 ¢/kWh) or approximately a 45
percent real increase above 1992 levels.

A comparative analysis of the 1994 revenue
requirements of the three distribution companies
indicates the following ratios with respect to the
consolidated system: Bialystok 1.59, Gliwice
0.99, and Warsaw 1.16. Therefore, in this
limited sample, the maximum difference in
revenue requirements between two distribution
companies is approximately 60 percent.

S.3 STAGE II - ANALYSIS OF
IMPACT, CONSTRAINED
FINANCIAL PROJECTIONS AND
FINAL TARIFF DESIGN

By April 1993 two things were becoming

increasingly clear. First, it seemed unlikely

that much progress would be made during 1993

in terms of real growth in tariff levels.

Therefore, the proposed 1994 level would in

effect represent a 45 percent real rate of

increase with respect to 1993. Second, there

would be serious constraints to a sudden

revaluation of assets to their full replacement

cost. Furthermore, even if assets could i’? I/



wartoéci odtworzeniowej, a ponadto, nawet jesli
majatek méglby byé stopniowo przeszacowany do
pelnej wartosci odtworzeniowej, to wydawalo sie
malo prawdopodobne, by odpisy amortyzacyjne
dla celéw podatku dochodowego mogly byc
oparte na peinej wartosci odtworzeniowe.

Okolicznosei te zostaly uwzglednione w drugiej
fazie studium w postaci analizy wplywu cen i
prognozy finansowej opartej na stopniowym
procesie przeszacowywania majatku.

Wpltyw wzrostu cen (Rozdzial 10)

Dokonano oceny wplywu wzrostu cen energii
elektrycznej na odbiorcéw detalicznych w Polsce
w celu dokonania korekty cen z ich obecnego
poziomu do poziomu wynikajacego z pelinej
kalkulacji kosztowej. Analiza koncentrowala sie
na wplywie zar6wno na wydajno$¢ ekonomiczna,
jak i na budzety domowe.

Istnieje szereg czynnikéw komplikujacych analize
wplywu wzrostu cen na poszczegblne galezie
przemysiu w Polsce, jak na przyklad fakt, ze
przed 1990 rokiem wewnetrzne bodice dla
polskiego przemysiu byly skierowane w zia
strone, a czesto redukcja kosztéw wigzala sig z
redukcja zysku. Szacuje sie, 2e energia
elektryczna stanowi przecietnie okolo 3,4 procent
kosztéw w przemysle. Wyciagnelismy wiec z
tego wniosek, ze koszty energii elektrycznej
prawdopodobnie nie s3 najwiekszym problemem,
przed jakim stoi obecnie polski przemysl.
Problemy zwiazane z prywatyzacja, zmiana cen
" produktéw, zmieniajaca sie technologia,
przesunieciami w wyborze produktéw, obnizonym
ogélnym popytem oraz wprowadzaniem
normalnych bodZcéw rynkowych sa
prawdopodobnie duzo istotniejsze niz realna
podwyzka cen energii elektrycznej.

Pod koniec 1992 roku szacowano, ze realna
podwyika cen energii elektrycznej o 75 procent
mogiaby zwiekszy¢ wydatki z budzetu domowego
0 akola 2 § do 3 nrocent dochodéw rodzinv. z
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gradually be revalued to full replacement cost,
it was unlikely that depreciation allowances for
income tax purposes could be based on full
replacement cost.

These circumstances were incorporated in the
second stage of the study in the form of an
analysis of tariff impact and a financial forecast
based on a gradual process of asset revaluation.

Impact of Tariff Increases (Chapter 10)

An assessment was made of the impact of
electricity tariff increases on Poland’s end-users
in order to adjust prices from their current
levels to full cost-based pricing. The analysis
focused both on the impact upon the economic

output and the impact on household budgets. ‘

A number of factors complicate the analysis of
the impact of tariff increases on Poland’s
industries including the fact that, prior to 1990,
internal incentives for Polish industry were
perverse, and in many cases, cost reductions
resulted in reduced profit. It was estimated that
electricity accounts for about 3.4 percent of
industrial costs on average. We thus concluded
that electricity costs are probably not the largest
problem facing Polish industry at this time.
The problems associated with privatization,
changing product prices, changing technology,
shifts in product choice, depressed aggregate
demand, and the installation of normal market
incentives are probably far more critical than
rising real electricity prices.

As of late 1992 it was estimated that a 75

percent real increase in electricity prices could
increase household expenditures by about 2.5 to .
3 percent of incomes. Of this, 2 to 2.25 &



czego 2,0 do 2,25 procent byloby bezposrednim
wynikiem zuzycia energii, a 0.6 procent byloby
. zwiazane z wyzszymi cenami zywno$ci. Inne

artykuty konsumpcyjne mialyby bardzo niewielki
wpiyw. Na tej podstawie moglo by sie w
pierwszej chwili wydawaé, ze wplyw duzej
podwyzki cen energii elektrycznej na budzety
domowe bylby malo istotny. Jednak jesli weZmie
sie pod uwage szybko rosnace ceny wszystkich
rodzajéw energii i innych artykuiéw, podwyzka
ta staje sie bardziej odczuwalna. Poza tym,
nawet 3-procentowa podwyzka wydatkéw z jui
bardzo napietego budzetu domowego ma
olbrzymie znaczenie.

Na podstawie dyskusji z PSE SA oszacowano, ze
realna podwyzka cen rzedu 10 dol5 procent
rocznie stanowi gorna granice $redniej rocznej
korekty cen w gére akceptowalnej dla polskich
budzetéw domowych w obecnych warunkach
ekonomicznych.

Analiza finansowa 1z
ograniczen (Rozdziat 11)

uwzglednieniem

Przeprowadzono kilka projekcji finansowych,
ktore uwzglednialy ograniczenia we wzroscie cen
energii elektrycznej i stopie przeszacowania
majatku. Scenariusz, ktéry zostal uznany za
najbardziej odpowiedni dla aktuainej sytuacji w
Polsce, uwzglednia stopniowe przeszacowanie
majatku do jego pelnej wartosci odtworzeniowe;j
do roku 1997, przy jednoczesnym zachowaniu
pulapu 70 procent wartosci odtworzeniowej dla
obliczenia odpiséw amortyzacyjnych dla ceiéw
podatkowych.

Ponadto, za limit akceptacji spolecznej dla
wzrostu cen na energie elektryczna uznano pulap
15 procent rocznie oraz przyjeto zalozenie, ze w
okresie od polowy 1992 roku do stycznia 1994
roku osiagnigte zostanie jedynie 7 procent
realnego wzrostu cen.
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percent would be through the direct use of
electricity and 0.6 percent through higher food
prices. Other consumption items would have
very small effects. On this basis, the impact of
a large electricity tariff increase on household
budgets may at first appear negligible.
However, taken in the context of rapidly rising
prices in all sources of energy and in other
sectors of the economy, the adjustments appear
more burdensome. Further, even a 3 percent
increase household budget expenses is dramatic
if resources are strained.

Based on discussions with PPGC, it was
estimated that real tariff increases on the order
of 10 to 15 percent per year represent the
maximum average annual upward adjustment of
prices acceptable to Polish household budgets in
today’s economic environment.

Constrained Financial Analysis (Chapter 11)

Several financial projections were made taking
into account limitations on the rate of tariff
increase and the rate of asset revaluation. The
scenario considered most compatible with
current realities in Poland includes gradual asset
revaluation to full replacement cost by 1997
with a ceiling of 70 percent of replacement cost
to compute depreciation allowances for tax

purposes.

A ceiling of 15 percent on the annual rate of
increase in tariffs from 1994 onwards was also
imposed as the limit of public acceptance, and
it was assumed that only a 7 percent real
increase would be achieved between mid-1992
and January 1994.

{



Najistotniejsze prognozy finansowe oparte na tych
zalozeniach zostaly podsumowane w schemacie
S-5. Prognozy te pokazuja, Ze otrzymany w ten
sposéb wymagany dochdd na poziomie sprzedazy
detalicznej wynosi 623 zlI/kWh (4,65 c¢/kWh) w
roku 1994, 716 zI/kWh (5,34 c/kWh) w roku
1995, a nastepnie 814 zl/kWh (6,07 c¢/kWh) dla
lat 1996 i 1997.

Uklad taryf (Rozdzial 12)

Cala energie sprzedawang w kraju przez PSE SA
kupuja 33 zakiady energetyczne, ktére z kolei
sprzedaja energie odbiorcom finalnym. Ceny dla
kazdego zakladu sa korygowane w celu
zapewnienia jednakowych cen detalicznych w
calym kraju dla odbiorcéw finalnych. W
paZzdzierniku 1992 roku $rednia cena uzyskiwana
przez PSE SA w sprzedazy hurtowej wynosila
334,6 z/kWh, a szacuje sie, z¢ w lutym 1993
roku nominalnie bedzie wynosi¢ 381,4 zl/kWh
(339,8 zt/kWh w cenach z polowy 1992 roku).

Ponizej przedstawione sa gléwne cechy taryfy,
ktéra weszia w zycie dnia 1 stycznia 1993 roku
(Nf. 7-2/92).

> Taryfa jest oparta calkowicie na poziomie
napiecia, na jakim odbiorca pobiera
energie, z mozliwoscia wyboru strefy
czasowej oferowana w kazdej kategorii
odbiorcéw.

> Jak wynika z danych na temat sprzedazy
w pierwszej polowie 1992 roku, taryfa
"A" (wysokie napiecie, 60 do 220 kV)
stanowi okolo 31 procent catkowitej
sprzedazy.

> Odbiorcy z taryfy "B”" (Srednie napiecie,
1 do 60 kV) stanowia okolo 26 procent

calkowitej sprzedazy. Wszyscy ci
odbiorcy placa zaréwno za moc, jak i
energie.

> Taryfa "C" (niskie napiecie, ponizej 1 kV)

- .
s

Key financial projections based on these
assumptions are summarized in Exhibit S-5.
These projections show that the resulting
average revenue requirements at the retail level
are 623 ZI/kWh (4.65 ¢/kWh) for 1994, 716
Z)/kWh (5.34 ¢/kWh) for 1995, and 814
ZI/kWh (6.07 ¢/kWh) for 1996 and 1997.

Tariff Design (Chapter 12)

All of PPGC’s domestic bulk sales are to 33
independent distribution companies, which in

turn resell electricity to final consumers.

Tariffs to each company are adjusted to permit
uniform national tariffs to these end-users.

PPGC’s average yield on bulk sales was 334.6
ZI/kWh in October 1992, and is estimated to be

a nominal 381.4 Z/kWh as of February 1993

(339.8 ZU/kWh at mid-1992 prices). ‘

The following are the principal features of the
tariff structure that came into effect on January
1, 1993 (No. 7-2/92).

> Tariffs are based strictly on consumer
service voltage, with time-of-day rate
options offered for each class.

> Based on billed sales data for the first
half of 1992, tariff "A" (High Voltage,
60 to 220 kV) represents approximately
31 percent of total sales.

> Tariff "B* (Medium Voltage, 1 to 60
kV) customers account for about 26
percent of total sales. All of these
customers pay both demand and energy
charges.

> Tanff "C" (Low Voltage, below 1 kV) -

42,2342 lata tvira Alaccac The f'rc" 'S >
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Schemat S-5

ANALIZA FINANSOWA Z UWZGLEDNIENIEM OGRANICZEN
Ograniczenie podwyzek cen i stopniowe przeszacowywanie majatku
("najbardziej prawdopodobny wariant") ‘

Zatozema:

Podwyzka cen detaliczxiych: od potowy 1992 do potowy 1994: 15%. potem 15% rocznie realme
Przeszacowanie majatku: 100% koszru odrworzenia do stycznia 1997

Odpisy podatkowe od amortyzacji: 70% koszru odtworzenia do stycznia 1997

Inwestycje w podsystem wytwarzania 1993-1997: 5.8 miliarda USD

State koszty eksploatacyjne: malejace

Finansowe kryvteria dla ZE: niezaciaganie pozyczek

Estimate Forecast

1992 1994 | 1995 1996 1997
SREDNIE CENY - zi/kWh (poziom cen z polowy 1992 roku)
Zaklady Energetyczne 542.1 623.4 716.9 814.0 814.0
PSE 336.7 378.0 411.0 517.0 567.0
Podsystem wytwarzania 300.0 307.0 337.0 446.0 494.0
SREDNIE CENY - centy USA/kWh (pozium cen z polowy 1992 roku)
Zakiady Energeryczne 3.99 4.58 5.27 5.99 5.99
PSE 2.48 2.78 3.02 3.80 4.17
Podsystem wytwarzania 221 | 2.26 2.48 3.28 3.63
BILANS POZYCZEK/NIEDOBOR (NADWYZKA) GOTOWKI (miliardy z}
Zaktady Energetyczne 165 203 199 219
PSE - planowane dlugoterminowe pozyczki 4000 7.250 10.000 10,250
gotowka (1,738) (2,597) (3.429) (5.520)
Podsystem wytwarzania 19.942 29.399 34.032 34,356
WSPOLCZYNNIK SAMOFINANSOWANIA - % ,
Zaktady Energetyczne 113.3 124.5 114.0 103.0
PSE 11.8 95 18.8 87.0
WSPOLCZYNNIK DLUGU DO MAJATKU WLASNEGO (po przeszacowaniu) - %
Zaklady Energeryczne 1.8 1.4 1.1 1.0
PSE 24.8 34.8 38.9 34.2
Podsystem wytwarzania 28.6 34.3 34.7 34.2
ZWROT NA MAJATKU NETTO (po przeszacowaniu) - %
Zakiady Energetyczne 15.1 18.0 10.8 2.8
PSE 6.4 6.0 | 6.1 5.9
Podsystem wytwarzania (9.9) (5.4 4.3 6.0
PODATEK DOCHODOWY ZA ROK - (miliardy zi)
Zakiady Energetyczne 5.576 8,055 6.886 3.646
PSE 543 656 771 773
Podsystem wytwarzania (2.664) (2.409) 1,245 2.338
Razem 3,455 6.302 8.902 6.757




EXHIBIT S-5
CONSTRAINED BY FINANCIAL ANALYSIS

Tantf increase Restnction and Graduai Assat Revaiuation
(*most likely case*)

ASBUMDLONS:

St Wt increase: Tom mid— 1932 10 mict = 1994, 15% : then 15% Der year in real terms
Asset Revauanon: '00% of reDiacement cost by January 1997

Tax asiowance rom Qeoreciaton: 70% of reciacement cost Dy January 1997

vesTTIens N generenon 1993 — '397: USS 5.8 bilion

“xea Ooeravon Costs: Jecreaswng

Trnancia crisna for 0Cs: RO Dorrowng

ESTWMATE . FORECAST

% 1992 | 1984 - 1998 i 1996 1997 |

. AVERAGE TARIFFS — ZI/kWh (at msd 1992 price ieveis)

" 2smouton Companes 542.1 523.4 ~189 3140 140!
SSE 338.7 378.0 411 0 170 870

| Gereranon Svstem 300.0 307.0 137.0 480 494 0

| AVERAGE TARIFFS - US centa/kWh (at mid 1982 pnce ieveis)

Jistnouson Comoparves 3.99 4 58 £.27 .99 5.99 |
! PSE 2.48 | 2.78 302 3.80 417 ]
| Genersson Syswm .21 228 2.48 3.28 383!
. .
| NET BORROWING / CASH DEFICIENCY (SURPLUS) (billions zioty) ;
| Oismbuton Comparves 165 203 ' 199 - 219
| PSE - - Srogrammea LTD 4.000 ! 7.2%0 | 10.000 *0.2%0
’ Cash (1.738)i 2.597) '3.429)1 5,520
. Generemon Syswm 19.942 - 29.399 34032 34.358 |
| 1
| SELF - FINANCING RATIO - % i
! Disounon Comparves 113.3 . 124.8 140 103.0 |
| PSE : 118" 9.8 : 8.8 870 |
t
| DEBT - TO~EQUITY {revaiued) RATIO — % )
| Disreunen Comparves 18] 14 11 10
. OSE 24.8 ! 348 38.9 34.2 |
'[ Senergnon Svsmm 2868 | 34.3 : 34.7 34.2 4
! .

 AETURN ON NET ASSETS (revaiusd) - %

i Jsmbuson Comparves 18.1 18.0 '0.8 2.8 |
PSE 54 6.0 5.1 £9 |
Generason Syswem (9.9) (5.4} 43 6.0

INCOME TAX FOR YEAR ~ billions 2. ]
Dsouton Comparves 5578 . 8.085 5.888 3.648 |
PSE 43 | 558 77 773
Generanon Svatem (2.684)i :2.409)i 1 248 2,338 |

"ot 3.458 5302 1 902 5787
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z nich to odbiorcy o mocy maksymalnej
powyzej 40 kW lub zuZyciu energii
wiekszym niz 80 MWh na rok (taryfa
"C2"), stanowiacy okolo 3 procent
calkowitej sprzedazy.  Druga klasa to
odbiorcy zuzywajacy mniej niz 40 kW Jub

80 MWh/rok (bez gospodarstw
domowych), ktérzy stanowiag w
przyblizeniu 11 procent calkowite)

sprzedazy. Tylko pierwsza z powyzszych
klas ponosi oplaty za moc.

> Odbiorcy z gospodarstw domowych i
malych gospodarstw wiejskich (taryfa
"G") stanowia pozostale 29 procent
sprzedazy detalicznej w systemie.

Cho¢ obecne klasy taryfowe nie klasyfikuja
odbiorcéw w tradycyjny sposéb, klasyfikacji
takiej mozna dokona¢ na podstawie struktury
f obowiazujacej w roku 1992 (Nr 7-Z/91).
Wynika z niej, Ze okolo 52 procent catkowite;
sprzedazy przypada na sektor przemyslowy.

Na podstawie najbardziej prawdopodobnego
scenariusza finansowego oraz na podstawie
struktury kosztéw kraricowych opracowanej w
analizie ekonomicznej przygotowano szczegéiowe
taryfy na rok 1994, ktére s3a przedstawione w
schemacie S-6.

S.4 WNIOSKI I ZALECENIA
Wnioski

> Polski system elektroenergetyczny ma
dos¢ duzy margines rezerwy mocy
wynikajacy z bardzo niskiego wzrostu
zapotrzebowania w ciggu kilku ostatnich
lat. Jednak nawet w warunkach
skromnego wzrostu gospodarczego system
bedzie wymagaé dodatkowych mocy
szczytowych juz w roku 1997, by méc
pokona¢ problemy eksploatacyjne
zwiazane z duzym proporcjonalnym
udzialem mocy podstawowej. Ponadto, z

25

customers with maximum demand above
40 kW or consumption over 80
MWh/year (tariff "C2"), which account
for about 3 percent of total sales. The
second is non-residential customers
consuming less than 40 kW or 80
MWh/year (tariff "C1"), which
comprise approximately 11 percent of
total sales. Only the former group is
assessed a demand charge.

> Residential and small farm customers
(tariff "G") account for the remaining 29
percent of system retail sales.

Although the current tariff classes do not follow
traditional customer classifications, these can be
estimated from the tariff structure that was in
effect throughout 1992 (No. 7-Z/91). This
reveals that approximately 52 percent of total
final sales go to the industrial sector.

Based on the most likely financial scenario and
on the marginal cost structure developed
through the economic analysis, specific tariffs
for 1994 were developed as shown in Exhibit S-
6.

S.4 CONCLUSIONS AND
RECOMMENDATIONS

Conclusions

> The Polish power system has a fairly
high level of capacity reserve due to
very low growth in demand over the
last few years. However, even under
modest growth in economic activity, the
system will need additional peaking
capacity as early as 1997 to overcome
operational problems related to the high
proportion of base load generation.
Furthermore, intense investments will



Schemat S-6
Udzial w przychodach wedlug klasy odbiorcéw i taryfy

Obecna Scisly Udzial w

stawka LRMC* przychodach
Klasa taryf z/kWh zZ/kWh z/’kWh % zmiany
Sprzedaz hurtowa 340 709 376 11%
Sprzedaz detaliczna
"A" 388 660 416 7%
"B" 495 867 547 11%
"C" (>40 kW) 783 1.202 759 3%
"C" (<40 kW) 775 1.250 789 2%
Odbiorcy detaliczni ("G") 631 1.315 830 31%
O$wietlenie ulic 788 1.249 788 0%
Srednio odbiorey detaliczni 542 988 623 15%

LRMC - dilugoterminowy koszt kraficowy




Exhibit S-6 _
Revenue Responsibility by Class and Tariff Design

Current Strict Revenue
Yield LRMC Responsibility
Tariff Class Z1/kWh Z1/kWh Z1/kWh % Change
Bulk Sales 340 709 376 11%
Retail Sales
"A" 388 660 416 7%
"B" 495 867 547 11%
"C" (>40 kW) 783 1,202 759 -3%
"C" (<40 kW) 775 1,250 789 2%
Retail ("G") 631 1,315 830 31%
St. Lighting 788 1,249 788 0%
Average Retail 542 088 623 15%




harmonogramu modernizacji  systemu
wynikaja wielkie naklady inwestycyjne,
ktére sa konieczne dla osiagniecia
ambitnych celéw w zakresie sprawnosci
eksploatacyjnej 1 ochrony §rodowiska.

Polskie elektrownie s3 obecnie zbyt stabe,
by wziaé na siebie duze obciaZenia
finansowe; wynika to giéwnie z bardzo
niskiej wartosci ksiegowej ich majatku w
stosunku do prawdopodobnego kosztu
odtworzenia. Przeszacowanie majatku do
jego przyblizonej wartosci odtworzeniowej
oraz przyznanie rozsadnie atrakcyjnych
stép zwrotu od majatku netto daloby
przychody finansowe konieczne dla
zaspokojenia wiekszo$ci potrzeb, lecz
wigzaloby sie to z naglym wzrostem cen
energii elektrycznej w roku 1994. W
cenach stalych (czyli nie uwzgledniajac
inflacji) wzrost wyniésiby okolo 45
procent w poréwnaniu ze $rednimi cenami
z roku 1992.

Stopniowe przeszacowanie majatku jest
uwazane za bardziej prawdopodobne i
daloby przecietny wzrost cen nie wiekszy
niz 15 procent kazdego roku, a ceny
osiagnetyby stabilny poziom w roku 1996.
W celu pokrycia potrzeb systemu przy
nizszych przychodach ze sprzedazy w
latach 1994 i 1995 podsystem
wytwarzania musialby zaciagna¢ pozyczki
na sume okolo 2,9 miliarda USD. Takie
zalozenie stanowilo podstawe dla
okreslenia poziomu cen detalicznych dla
roku 1994, a struktura taryf zostala oparta
na szacunkowym koszcie kraficowym
ustugi  §wiadczonej réznym klasom
odbiorcéw.

Zalecenia

Zdecydowana wiekszo$§¢ duzych
elektrowni ciepinych powinna nadal

* @

be needed under the modernization
schedule required to meet ambitious
targets of operating efficiency and
environmental quality.

Polish power plants are currently in a
weak position to assume heavy financial
obligations, largely because of the very
low book value of their assets in
relation to their likely replacement cost.
Revaluation of assets to their
approximate replacement cost and the
allowance of reasonably attractive rates
of return on their net value would
generate the financial revenues
necessary to meet most needs, but this
would result in a steep rise in the
electricity prices for 1994. In constant
price levels (that is, excluding
inflation), the increase would be
approximately 45 percent with respect
to average tariffs during 1992.

A gradual revaluation of assets is
considered more likely and would result
in average tariffs increases of not more
than 15 percent from one year to the
next, reaching a stable value by 1996.
To meet the needs of the system with
lower revenues from sales during 1994
and 1995, the generation system would
need to borrow approximately US $2.9
billion. Retail tariff levels for 1994
were based on this assumption and the
tariff structure was based on the
estimated marginal cost of service to
different customer classes.

Recommendations

The bulk of the large thermal generating
plants should continue to be (0\
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CHAPTER 1: INTRODUCTION

1.1 STUDY BACKGROUND AND OBJECTIVES

As Poland changes from a centrally planned to a free market economy. the government is
beginning to divest its ownership and control of virtually all means of production. In the
power sector. such structural reform is particularly important because they lead to the
vertical and horizontal disaggregation of a tightly integrated system of powerplants. system
control. and transmission and distribution networks.

One of the primary activities in the reform of the energy sector is the elimination of subsidies
and barriers to free competition, which will revitalize the sector and provide competitively
priced energy to industry. business and households. Fundamental to achieving this objective
is the rationalization of both the levels and structure of electricity pricing. This will provide
buyers and sellers of electricity with the correct signals to make economically optimal
investment and consumption decisions.

The objectives of this study are to design retail and bulk power tariffs for the medium term
based on marginal cost principles, to develop transfer price principles consistent with the
rationalization of the power sub-sector, and to provide practical guidelines for the
implementation and phase-in of the new pricing system.

This study has been funded under the Regional Energy Efficiency Project (180-0030) of the
United States Agency for International Development (A.I.D.). RCG/Hagler, Bailly, Inc.
wishes to acknowledge the assistance and cooperation received from many Polish and
international organizations during the execution of the study and in particular, the Polish
Power Grid Company, A.I.D., and the World Bank.

1.2 OVERVIEW OF THE POLISH POWER SYSTEM
1.2.1 The Power System and Electricity Market

The Polish power industry was virtually destroyed by the end of World War II and was
developed to its current form during the period 1950-1990. However, because of Poland’s
difficulties in obtaining financing and access to western technologies during that period, the
characteristics of its electric system are substantially different from those of modern systems
of comparable size in western countries.

RCG:Hagler, Baily, Inc.
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INTRODUCTION 1.2

By the end of 1990. Poland had 394 power and combined heat and power (CHP) stations
with a total installed capacity of about 32.000 MW . This included 220 industrial CHP
stattons. 35 publicly owned thermal plants. and 119 hydroelectric powerplants. Out of the
2.000 MW of hvdroelectric capacity. 1.500 MW are installed in five pumped storage plants
with little net generation. Virtually all (99.5 percent) of the country's power is produced in
thermal plants equipped exclusively with steam turbines that use lignite and coal as their
primary fuels.

The high-voltage transmission grid consists of 220 kV, 400 kV and 750 kV lines totalling
some 12.300 km. These and the system control facilities are managed by the Polish Power
Grid Company (PPGC) or polish acronym (PSE). There are 48 companies involved in the
distribution of power and heat in Poland.

Poland’s power consumption patterns have been changing drastically since 1988. with a
growing proportion accounted for by households and non-industrial consumers. Currently,
industrial consumers account for 56 percent of sales, urban households for 28 percent, and
commercial customers for 9 percent.

Poland exchanges electricity with several countries, and the number of these exchanges has
been growing steadily since 1990. In 1992, Poland's net exports were approximately 4.000
GWh. or about 3 percent of final sales.

1.2.2 Power Sector Reform

The Polish Government, in agreement with the World Bank, has prepared and implemented a
wide restructuring program in the past two years. One of the program's first
accomplishments was to create in August 1990 the Polish Power Grid Company, which is
fully owned by the National Treasury. Among other things, the program envisages the
following:

> reorganization of all lignite mining enterprises and lignite-fired power stations
into three regional organizations.

> reorganization of coal-fired powerplants into four commercial generating
utilities

> reorganization of combined heat and power facilities into nine commercial
utilities

RCG Hagler. Bailly, Inc.



INTRODUCTION 1.3

> commercialization and privatization of enterprises auxiliary to the power
industry

> reorganization of the distribution companies into 10 to 20 regional distribution
utilities.

A regulatory authority is expected to be created to protect the public and supervise the fair
operation of the power market. In the meantime the Ministry of Industry and Trade. through
PPGC. supervises the entire power industry. Its responsibilities include system planning,
system dispatch and control, bulk power purchases and sales, and retail tanff
recommendations.

In the absence of detailed regulatory guidelines the tariff study had to adopt assumptions
regarding acceptable financial performance criteria for the different components of the
system. These were guided by broad principles of operation and administration of the power
sector defined by PPGC which direct the power system towards standards of efficiency and
environmental quality that are comparable to those of western European countries.

1.3 ROAD MAP TO THE TARIFF STUDY

The report on the tariff study is structured into four parts, each containing three chapters:

> Part I - Supply and Demand Review

> - Part 11 - Generation System

> Part [II - Transmission and Distribution System
> Pant IV - Tariff Design

The structure follows the analytical flow of the study and is shaped by the uncertainties faced
during its execution. The most important aspect of the structure of the report is that Part I
does not necessitate any assumptions about external constraints such as the feasibility of
revaluating the power sector’s assets and the feasibility of electricity tariff increases; Parts II
and III assume that these external constraints do not exist, while Part IV takes them into
consideration. This complexity is required because of the iterative nature of the tariff design
process. A description of the contents of each part follows.

Part I: Supply and Demand Review. This part of the report includes this introductory
chapter and a review of the two extreme points of the power market, namely the demand for
power and power generation resources. The demand for power is reviewed in Chapter 2

RCG/ Hagler, Bally, Inc.




INTRODUCTION 1.4

with respect to both total sales and the distribution of power demand bv consumer groups and
voltage levels. The generation system 1s reviewed in Chapter 3 and includes the main
assumptions regarding the evolution of the generation system. the adequacy of the svstem to
meet demands for power. and the principles for the sale of bulk power from generating
companies.

Part II: Transmission and Distribution System. In this part of the report. the generation
system is studied in greater detail and from two compatible but very different perspectives.

In Chapter 4 the generation system is examined from the point of view of the Polish
economy and includes a simulation of the system based on economic price levels. This
chapter has two major outputs. The first is the forecast of production. by plant. for the
1993-2000 period: the second is the analysis of the system reliability and marginal production
costs for two specific vears. 1994 and 1997.

In Chapter 5 the generation system is examined from the perspective of the generating
companies. Thus, while the production of each plant is derived from the forecast of Chapter
4, the production cost includes all financial costs. The final result is a computation of all the
revenues that generating companies need to collect in order to provide power. These
comprise all of the costs included in the economic analysis plus other costs such as taxes.
interest on loans. amortization of revalued assets. and the profit that is deemed necessary for
power generation to be an attractive commercial industry. It is emphasized that this forecast
is not vet adjusted by any considerations about the feasibility of asset revaluation or tariff
increases and is therefore is called the "unconstrained financial analysis of the generation
svsiem.

Part II ends with Chapter 6 in which the economic principles established to structure the sale
of power from generating plants are combined with the financial revenue requirements to
determine a bulk power tanff for transactions between generators and the power grid.

Part III: Transmission and Distribution System. This part of the report brings the results
of Part II all the way down to the final consumer by first considering the structure of
marginal costs at the transmission and distribution level. in Chapter 7. The financial analysis
is separated into two chapters. Chapter 8 deals with the revenue requirements of the Polish
Power Grid Company and Chapter 9 with the revenue requirements of distribution
companies. Again, these forecasts of revenue requirements do not yet include any external
considerations and are therefore called "unconstrained financial forecasts.”

Part IV: Tariff Design. In Chapter 10 the impact of electricity prices is reviewed both with
respect to different economic activities and with respect to the impact on the standard of

RCG Hagier. Baiilyv. Inc.
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living in Poland. The results are incorporated in Chapter 11. where new financial forecasts
are developed based on the analyses carried out in Chapters 5. 8 and 9. but this time adjusted
bv different scenarios of limitations on the extent of tariff increases and limitations on the
extent and schedule of asset revaluation. From Chapter 11 emerges a "most likely" forecast
of revenue requirements which is then used in Chapter 12 for the detailed tariff design.

This process is shown schematically in the road map that appears at the beginning of this
chapter. To guide the reader through this complex process. the exhibit is repeated at the
beginning of each chapter. showing the position of the subject matter being discussed and its
relation to the rest of the study.

RCG  Hagier. Bailly, Inc.
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REVIEW OF THE LOAD FORECAST 2.14

mapping forecast sales by voltage. To approximate the disaggregation, we first calculated
the historical percentage share of final sales occurring at each voltage. The shares at each
voltage for the year 1991 were then applied to future years to disaggregate final sales over
the entire study period. '

This assumption of constant consumption shares by voltage level is a simplification. The
gradual movement of the economy from heavy industry toward services is not captured.
Given limited historical data and probable discontinuities between historical and future
trends, however, we concluded that forecasting trends would be less reliable (and the bias
less clear) than the constant share assumption.

Exhibit 2-8 presents the base case load forecast disaggregated by voltage level and customer
class.

RCG/Hagler, Bailly, Inc.
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Exhibit 2—1: Basic Economic Data

Real GDP Population GDP/Capita

Year (bn Zl 1987) (million) (tysZ! 1987)
1980 15856 35.58 446
1981 14274 35.80 398
1982 13595 36.23 375
1983 14350 36.57 392
1984 15161 36.91 411
1985 15941 37.20 429
1986 16614 37.46 444
1987 16940 37.66 450
1988 17635 37.86 466
1989 17722 37.85 468
1890 15667 38.18 410
’ 1991 14413 38.29 376
Average Rates of Growth:
198091 -0.9% 0.7% -1.5%
1980-85 0.1% 0.9% -0.8%
198589 2.7% 0.4% 2.2%
1989-91 -9.8% 0.6% -10.3%

Source: These series were derived from:
1) From IBRD, Worid Tables
2) From intemational Monetary Fund, ‘International Financial Statistics"
3) From World Economy Research Institute of the Warsaw School of Economics,
*Poland International Econcmic Report 1991/92
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1989, however, the economy contracted dramatically, and has averaged minus 10 percent
annual real growth for the past two years. The degree to which the historical data series
accurately incorporates the emerging private sector, or otherwise captures real growth in
periods of dramatic inflation, is not known.

This disturbing performance is not unexpected in light of Poland’s historic redirection from a
centrally planned toward a free market economy, which began in January 1990. Immediate
"shocks" included complete price liberalization, the opening of borders to foreign trade, and
a sharp exchange rate devaluation. Further, the demise of the CMEA resulted in the
disruption of historical trading relationships, including the loss of relatively low-cost Soviet
energy supplies. Economic adjustments within Poland over the last two years have resulted
in:

> a steep decline in real wages as a result of a stringent anti-inflation program,
and a consequent drop in domestic expenditures

> a high and rising level of government expenditure that has outpaced growth in
revenues

> a state-owned enterprise system (SOE) that has failed to adapt to new realities,
and in many cases clings to its inefficiencies at great cost to the government
and the banking sector, despite falling productivity

> a private sector that has increased its participation in the economy
- dramatically, but a privatization process that remains slow and cumbersome.

While these problems are not intractable in the iong term, the pace of transition to a stable
market economy is unknown and the experience of other countries can provide very little
guidance.

Recent Electric Sales Data

Exhibit 2-2 reports historical sales and generation data for selected years from 1980 through

1991. Generally, sales growth has mirrored the economy, with steady increases in the 1985-

1989 period, and dramatically decreasing generation and consumption from 1989 to 1991.

An exception to the declining trend is the communal sector (combined residential, farm, and
commercial sales), in which modest growth was maintained during the recent slowdown. .

RCG/ Hagler, Bailly, Inc.
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Exhibit 2- 2 ) _
Republic of Poland: Historical Generation and Consumption (GWh)

e e e e Average Annuai Fate (%)
1980 1965 1986 1967 1968 1969 1990 1991] 1980-85 1965-89 196991
PUBLIC POWER SYSTEM
Industry 59796 61858 63779 66012 67135 65402 57312 51052 07% 14%  -116%
Traction 4820 5478 5627 5834 6005 5875 5346 4915 26% 18% -8 5%
Cominunal 26153 32769 34546 37132 38438 39792 39851 40417 4 6% 5.0% 08%
Final Domestic Sales 90769 100125 103952 108978 111578 111069 102509 96384 20% 26% -6 8%
Exports 4308 7568 7796 8703 7980 10268 11477 9326 11.5% 79% -47%
Imports (-) 4181 5456 7833 10422 12456 12059 10437 6708 5.6% 219%  -25.4%
TOTAL SALES 91004 102237 103915 107259 107102 109278 103549 99002 2.4% 1.7% -4.8%
Network Losses 12202 13337 13812 15448 14190 13345 11364 14369 1.8% 0.0% 38%
% of incoming 118% 3% (TRLY 126% 1n% 109% 9 9% 121%
Pumping in Hydro Plants 1248 2797 3059 3275 3307 2922 2614 2747 17.6% 11% -30%
Self - Produces Supply to Grid (-) 835 583 524 an 307 396 495 339 -6.9% ~9.2% -7.5%
NET GENERATION 1026817 117768 120262 125671 124292 125149 117032 115779 26% 1 5% -38%
Heal Genssation Awillary Use - 2049 2027 2144 2045 2031 2050 2105 - -02% 1 8%
Station Use 7914 9053 9209 9600 9506 9725 9132 8961 2.7% 18% -40%
9% of incoming 11 T 1% 1% 1% 12% 1.1% 7% 1.2%
GROSS GENERATION (GWh) 111531 128880 131588 137412 135933 136905 128214 126845 29% 1.5% ~-3.7%
Load Factor
MAXIMUM DEMAND (MW)
OTHER PRODUCERS
Selt - Producer Factory Use 8884 7741 7695 7648 7635 7681 7o 7051 -27% 0 2% -4 2%
Self - Producer Supply to Grid 835 583 524 i 307 396 495 339 -6.9% - 92% -75%
Other Supply to Giid 36 34 3 35 31 28 27 29 ~-1.1% ~47% 1 8%
NET GENERATION 9755 8358 8253 7982 7973 8105 7682 7419 -3.0% - 08% -43%
Station Use 585 459 453 427 434 458 450 432 -4.7% -01% -29%
9% of incoming 5.7% 5.2% 5.2% 51% 5.2% 5.3% 5.6% 5.5%
GROSS GENERATION (GWh) 10340 8817 8708 8419 8407 8583 8151 7851 -3.1% -07% -42%
Load Factor
MAXIMUM DEMAND (MW)
TOTAL GROSS GENERATION 121871 137707 140284 145831 144340 145468 136365 134696 25% 1.4% -38%
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Exhibit 2-3 further highlights trends by customer class. [t is apparent that the industry sector
has experienced the most dramatic reduction in consumption. Overall, its share of total sales
declined from 67 percent (1980) to 53 percent (1991). Moreover, this structural change
appears to have been gradual, and not merely a response to the adjustments of the past two
years.'

In contrast, the consumption share of the communal sector has been steadily rising. Most
notably, residential sales experienced rapid growth prior to 1989, and have even reported a
modest increase in the last two years. Residential sales’ share of total sales rose from 2
percent (1980) to 22 percent (1991).

Impact of the Forecast on Tariff Planning

In an environment of considerable planning uncertainty, we believe that forecasts for rate-

making should be conservative. In practice, financial revenue requirements determine the

level of tariffs, while economic costs determine their structure. The financial revenue

requirement (ZL/kWh) is defined as total annual costs (i.e., recovery of capital costs, O&M

costs, self-financing requirements, and rate of return) divided by total sales. If expected .
sales are overestimated, the average revenue requirement will be understated. Given today's

climate of uncertainty, a conservative (lower) forecast is prudent. If the forecast proves too
conservative, over-recovery of revenue can be easily corrected by delaying the need for

future tariff increases.

Because tariffs are set dnly for a year or two in advance, identifying the strucrure of the load
-- by voltage level and customer class -- is as important as the precise level of total energy
and capacity sales. ' '

2.2 REVIEW OF EXISTING FORECASTS

We are aware of three different forecasting studies developed in Poland since 1990. These

were prepared by:

» The Polish Academy of Sciences (PAS)

! The dramatic fall in low voltage (LV) industrial consumption in 1991 :ppenntobetheresultofl
reclassification of some LV customers to LV commercial rather than to a total collapse of smgll industnal '
demand. We have therefore grouped these sales with commercial sales for the purposes of this analysis.

RCG/Hagler, Bally, Inc.



Exhibit 2 3. .

Republic of Poland: Historical Sales and Consumplion Shases by Customer Class (GWh)

[ 1980 1985 1986 1987 1988 1989 1990

INDUSTRY HV - 34805 © 36209 37680 38531 37395 32761
MV - 23482 23781 24220 24271 23558 20593

v - 3570 3788 4113 4333 4449 3959

Total 59796 61858 63779 66012 67135 65402 57312

TRACTION 1/ HV - 164 169 175 180 176 160
MV - 5314 5458 5659 5825 5699 5186

Total 4820 5478 5627 5834 6005 5875 5346

STREET LIGHTS LV 670 1274 1283 1186 1356 1506 1325
COMMERCIAL MV - 927 999 121 1185 1225 1179
Lv - 7235 7640 7953 7997 8161 7039

Total 7645 8162 8639 9074 9182 9386 8218

FARMS MV - 599 654 728 754 745 711
LV - 6629 7076 7726 7829 7888 7414

Total 5360 7229 7731 8454 8582 8633 8124

RESIDENTIAL Lv 11010 16126 16894 18417 19319 20267 22183
84481 99962 103783 108803 111398 110893 102348

TOTAL FINAL SALES 89301 100126 103952 108978 111578 111069 102509
HV - 34970 36209 37680 38531 37395 32761

MV - 30321 30893 31728 32035 31227 27668

W - 34835 36681 39396 40832 4221 41920

CONSUMPTION SHARES OF TOTAL SALES

INDUSTRY 067 062 0.61 061 0 60 0.59 0.56
TRACTION 0.05 0.05 0.05 0.05 0.05 0.05 005
COMMUNAL 0.28 033 033 0.34 0.34 0.368 039
Sveet Lights 00t 0.01 0.01 001 0.01 0.01 001
Commexcial 009 0.08 008 008 0.08 0.08 0.08
Farms 0.06 007 0.07 008 0.08 0.08 0.08
Residential 012 0.16 0.16 017 017 0.18 0.22
TOTAL 1.00 1.00 1.00 1.00 1.00 1.00 1.00
C v Bhares by C Type
0% - - - - - T S ——
0% [¢] — -8 [} 7Y _ — g _
. u
0% - 3
° - . . - b S
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%
0% .
o . . . . Lo LT
1085 1068 1087 1008 1000 1960
,,.} U ndustry ' Triaction . Communal

1991

29656
18848

2548
51052

147
4768
4915

1372

1233
8588
9821

682
7712
8394

20829
96236
96384
29656
25531
41049

053
005
042
00!

0.10

022
1.00

190t

Average Annual Rate (%))

1980 - 85

1.3%

6.2%

7.9%
3.4%
2.3%

1985 - 89

18%
0.1%
57%
1.4%

1.8%
4.3%

72%
31%
3.6%

5 6%
44%
4.5%

59%
26%
26%
17%
07%
5.0%

1989- 91

-10 9%
10 6%
24 3%
-116%

- 85%
4 6%
0 3%

26%
2.3%

-43%

-1 1%
-1.4%

14%
6 8%
6 8%
- 10 9%
-96%
~1.5%
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» The Polish Power Grid Company (PPGC), Department of Development
» The Ministry of Industry (MOI) as published by the OECD/IEA.

Each of these forecasts includes its own high and low scenario, for a total of six forecasts.
The projections are all based on econometric studies, and are distinguished by different
underlying assumptions about future economic growth rates in Poland. A general description
of each study is presented in Appendix 2.1.

Based on our review of these forecasts and their underlying economic assumptions, we have
defined three "scenarios” that broadly bracket possible future economic conditions:

Scenario 1: Optimistic Growth
Scenario 2: Rapid Recovery to Steady Growth
Scenario 3: Slow Recovery to Steady Growth.

For our analysis, the high scenarios from the PAS and PPGC studies, and the medium
scenario from the MOI forecast’ can be grouped as representative of Scenario 1 (Optimistic
Growth). These forecasts all assume fairly rapid average real economic growth over the next

decade. Similarly, the low scenarios from all three studies are representative of Scenario 2 ‘
(Rapid Recovery to Steady Growth). These forecasts assume slow or negative economic

growth in the near term with rapid recovery to steady, stable growth thereafter. The

underlying macroeconomic assumptions for these two scenarios are compared in Exhibit 2-4.

Based upon our review, we concluded that existing forecasts do not adequately consider
Scenario 3. We therefore developed our own forecast for this scenario. This forecast,
described in Appendix 2.2, projects end-use consumption trends; it is more conservative than
Scenarios 1 and 2.

The individual forecasts reviewed within each scenario are compared briefly in the following
paragraphs. Exhibit 2-5 compares their respective projections of total domestic generation
requirements, adjusted to base year 1991.

° The Ministry of Industry also prepared a High macroeconomic case, but it was deemed unrealistic in the
analysis. and an associated electncity demand forecast was not developed.

RCG, Hagier, Bailly, Inc.



Exhibit 2-4
’ Summary of Macroeconomic Assumptions by Scenario

SCENARIO 1: Optimistic Growth

Economic Growth Rate Apartment Construction
(% per year) (units per year)

PAS/PSE MOl PAS/PSE MOl
1990-95 3.2% 51% 200,000 170,000
1995-00 5.5% 51% - 200,000
2000—-05 41% 4.9% .- 230.000
2005-10 41% 4.9% - 260,000

2010-20 3.7% - 350,000 -

SCENARIO 2: Rapid Recovery to Steady Growth

Economic Growth Rate Apartment Construction
‘ (% per year) (units per year)

PAS/PSE MOI PAS/PSE MOl
1990-95 -1.0% 34% 130.000 125,000
1995-00 2.6% 3.4% - 175,000
2000-05 3.2% 2.6% - 210,000
2005-10 3.2% 2.6% - 215,000

2010-20 : 3.4% - 220,000 -

Notes: (1) Scenario 1 includes *High* PAS/PSE and "Medium® MO! assumptions.
(2) Straight line growth assumed when interim year data not available.



Exhibit 25 -
Comparison of Forecasts of Gross Domestic Generation Requirements

SCENARIO 1: Optimistic Economic Growth

PAS High PSE High (Variant Il) MOI Variant Il
year TWh % TWh % TWh %
1991 1320 - 132.0 - 132.0 -
1996 156.7 3.5% 155.4 3.3% 158.4 3.7%
2001 1879 3.7% 1794 2.9% 189.2 3.6%

SCENARIO 2: Rapid Recovery to Steady Economic Growth

PAS Low PSE Low (Variant 1) MOl Variant |
year TWh % TWh % TWh %
1991 1320 - 1320 - 1320 -
1996 1421 1.5% 141.5 1.4% ' 150.8 27%
2001 160.0 24% 160.1 2.5% 1731 2.8%

SCENARIOS 3: Slow Recovery to Steady Growth
End-Use Trends

year TWh %
1991 132.0 -
1996 1299 -0.3%
2001 1571 3.9%
Notes: (1) All forecasts have been adjusted to base year 1991.

(2) Forecast domestic generation requirements (TWh) for Scenarios 1 and 2 have
been estimated from periodic growth rates for the forecasts shown in Exhibits

presented in Appendix 1.1.
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Scenario 1: Optimistic Growth

Economic growth assumptions are shown in Exhibit 2-4. The PAS/PPGC forecasts assume
slightly moderated economic growth averaging 3.2 percent annually from 1990 to 1995,
rising to 5.5 percent over the next five years. The MOI forecast posits an average annual
growth rate of 5.1 percent until 2000. It is not possible to compare economic growth
assumptions for specific years because the MOI did not report interim-year assumptions.

Exhibit 2-5 compares the electricity requirements forecasts (adjusted to base year 1991)
resulting from optimistic economic growth assumptions. Each forecast assumes that
electricity requirements will grow in the range of 3.0 to 3.8 percent annually until the year
2000. The PAS and MOI studies imply an income elasticity of about 0.70, while the more
recent PPGC study assumes the achievement of even greater energy efficiency, with a 0.55
elasticity. The PPGC forecast is lower, probably because it was prepared more recently than
the other two. The difference in average annual growth rate after 10 years is about 0.5
percent.

Scenario 2: Rapid Recovery to Steady Growth

The PAS and PPGC low forecasts assume "saucer-like” macroeconomic performance, i.e.,
negative growth in the near term followed by recovery. But the period of adjustment to the
new economic order is rapid, with negative growth in 1991 and 1992 being followed by
accelerated 7 percent real economic growth until 1995. (MOI probably made a similar
assumption, although values assumed for interim years are not available.) After 1995, each
forecast assumes 3 percent real growth (+/-0.4 percent).

Income elasticities in the early years are unstable. From 1995 to 2000, the PAS and PPGC
studies assume income elasticities in the range of 0.90 to 1.0, falling to 0.7 or 0.8 thereafter.
The MOI study results imply a dramatic increase in the energy intensity of the economy, a
result that we cannot explain.

As shown in Exhibit 2-5, after energy requirements forecasts are adjusted to base year 1991,
they fall within a narrow band, with the earlier MOI forecast being slightly higher than the
PAS/PPGC results.

RCG/Hagler, Bailly, Inc.
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Scenario 3: Slow Recovery

Our independent forecast based on end-use trends is presented in Appendix 2.2 and
summarized in Exhibit 2-5. Based on the experience of the recent past, the forecast projects
slow electricity sales growth until 1996, with more rapid growth thereafter. Sales are
forecast to reach the level of Scenario 2 (the PPGC "low" forecast) around the year 2001.
This very conservative forecast characterizes the potential electricity requirements under a
slow economic recovery scenario.

2.3 RECOMMENDED FORECAST FOR TARIFF PLANNING

Exhibit 2-6 compares the electricity demand forecasts discussed in Section 2.2. (For this
exhibit, the PPGC "high" and "low" forecasts were chosen as representative of Scenarios 1 -
and 2, respectively.) Shown graphically, the three forecasts (Scenarios 1, 2, and 3) bracket
demand under optimistic, stable, and more pessimistic views of future economic conditions in
Poland.

We recommend that Scenario 2 (the PPGC Variant I "low" forecast) be applied for tariff .
planning. This forecast is the most recent forecast (December 1991) reviewed, and it also

projects the lowest average annual growth in energy demand of all forecasts prepared in

Poland. This base case forecast is shown in Exhibit 2-7.

2.4 DISAGGREGATION OF THE LOAD FORECAST BY VOLTAGE LEVEL AND
CUSTOMER CLASS

For the long-run marginal cost analysis, it is necessary to disaggregate the recommended
load forecast by voltage level and by customer class. Following PPGC convention, we have
allocated final sales by the following distinct service voltage levels:

VHV 220 kV and above
HVY 61t0220kV
MV 1t 60kV

LV  below 1 kV.

The base case forecast (Scenario 2) was prepared by PPGC as a "top down" projection of
total national energy demand rather than as a projection of final sales by customer category ’
(e.g., residential, commercial, industrial) or tariff class. Thus, there is no clear basis for

RCG/Hagler, Bailly, Inc.
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Exhibit2 6 ' ‘
Comparison of Generation Requikemaents Forecasts (GWh)

Actual Rate of Growth
_ 99| 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 1991-96 1996 O1
SCENARIO 1: OPTIMISTIC GROWTH
PSE variant il (High) 134696 137200 142700 148300 154200 157377 161854 167900 173309 176400 179993 32% 27k
growth rate (%) 1.9% 4.0% 39% 4 0% 21% 28% 37% 32% 1.8% 2.0%
SCENARIO 2: RAPID RECOVERY TO STEADY GROWTH
PSE Variant ) {Low) 134696 133200 135200 137800 141300 143400 147000 150700 154400 158300 156400 1 3% 1 8%
growth rale (%) -1.1% 1.5% 1.9% 25% 1.5% 25% 25% 25% 25% -1.2%
SCENARIO: SLOW RECOVERY AND 5LOW GROWTH
€End - Use Trends 134696 132459 130619 128593 132253 131776 136510 142721 148511 154071 157107 - 04% J 6%

growth rate (%) -1.7% -1 4% -08% 21% ~0.4% 3.6% 46% 41% 37% 20%

Comparison of Generation Forecasts
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Exhiblt 2 - 7. Basa Case Forecast
Republic of Poland: PSE “Low" Forecast Generation and Consumption (GWh)

] i Avg Annual Rate (%)

1902 1963 1964 1908 1908 1997 1998 1999 2000  2001| 1901-96 1996-~01
PUBLIC POWER SYSTEM
Indusy 48008 480884 48843 48300 50419 51630 52372 53355 54900 54673 -0.2% 1.6%
Traction 5100 5831 6158 6800 6941 7004 ne2 7303 7500 1508 71% 168%
Communal 40026 43079 45440 48400 49878 51470 52610 54009 56000 56031 43% 24%
Final Domestic Sales 86073 97574 100441 104500 107238 110184 112165 114666 118400 118212 2.2% 20%
Exports 1/ 3200 3200 3300 3300 1900 1900 1900 1900 1800 o - -
Imports (-) 0 0 0 0 0 0 0 0 0 1] - -
TOTAL SALES 88273 100774 109741 107600 108138 112094 114065 116566 120300 118212 2.0% 1 6%
Network Losses 13489 12796 12194 11500 11908 12258 12614 12974 13000 13135 -3.7% 20%
% of incoming 1184% 105% 1031% 9.6% 266% 964% 9 1% % 4% 9%
Pumgping in Hydio Planis 2/ 2000 2000 2600 2600 2600 2600 3667 4200 4200 4200 -1.1% 10.1%
Salf - Producer Supply 1o Geid (-) 400 400 400 400 400 400 400 400 400 400 3.4% 0.0%
NET GENERATION 113962 118771 118138 121500 123248 128550 1200486 133340 137100 135147 1.3% 1.9%
Heat Generation Auxiliary Use 2162 2200 2250 2300 2339 2370 2410 2459 2500 2519 21% 1 5%
Station Use 0088 2129 8318 9400 715 9072 10238 10501 10600 10634 1.6% 18%
9% of incoming 18% T.10% T 17.10% 1.18% 1% 118% 1% 7% 111%
GROSS GENERATION (GWh) 125100 127100 129700 133200 135300 138000 142600 148300 150200 148300 1.3% 1.9%
Load Facto 0.648 0.853 0.657 0.662 0872 0.673 0676 0677 0 681 0670
MAXIMUM DEMAND (MW) 22024 22224 22828 22978 22909 23570 24077 246860 25187 25260 - 19%
Load Giowth (%) 0.01% 1.37% 2.00% 0.06% 2.59% 2.15% 2.42% 2 14% 0.29%
OTHER PRODUCERS
Seif - Produces Factory Use 7200 7200 7200 7200 7200 7200 1200 7200 7200 7200 - -
Sell - Producer Supply to Grid 400 400 400 400 400 400 400 400 400 400 - -
Other Supply Yo Grid - - - - - - - - - - - -
NET GENERATION 7600 7600 7600 7600 7600 7600 7600 7600 7600 7600 - -
Swation Use 500 500 500 500 500 500 500 600 500 500 - -
% of incoming 6% 6% oI 6% a1% (¥ % 6% 6% 61n
GROSS GENERATION (GWh) 8100 8100 8100 8100 8100 8100 8100 8100 8100 8100 - -
Load Factor 0.6408 0653 0657 0.682 0872 0673 oere 0677 0 881 0670
MAXIMUIM DEMAND (MwW) 1426 1418 1407 1307 1376 1378 1368 1365 1358 13860 - 00%
TOTAL GROSS GENERATION ¥ 133200 135200 137800 141300 143400 147000 150700 154400 158300 156400 1.3% 1 8%
PSE Forecast 4/ 133200 135200 137800 141300 143400 147000 150700 154400 158300 156400
Correction Factor Used 5/ 0.968 1.008 1.008 1.000 1.001 1.002 093 0.997 1 000 0973
TOTAL MAXIMUM DEMAND (PSE) 8/ 23450 23640 23035 24375 24385 24945 25445 26025 26545 26640 - 1 0%
Annual Load Factor 7/ 0.648 0.653 0.657 0.682 0672 0673 0676 0877 0 681 0670 -

1/ Includes 300 GWh “fee” for rmnsit. No axports assumaed aftes 2000

2/ Mioty pumping le included,; this load is sstimated as 1087 GWh by 1908 and another 533 GWh by 1990.

¥ includes domestic requisements phs iitermational energy exchange estimated by PSE. :

4/ PSE estimate adjusted 1 inchude international snsigy exchange and Mioty hydio pumping: also excludes 100 GWh unserved energy assumed by PSE after 1994,
5/ This comrection factor used 10 scale the non - fwed lems in the disaggiegated sales and gensration forecast 50 achieve the PSE ol gross generaion forecast,
NMMMMQWWPSE.IMMMIWbMWme.
7IDulvodtommnhund|m-nd(PSE)udlohlgrgumuon(PSEhocuudjmbdumbdhunbm).
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mapping forecast sales by voltage. To approximate the disaggregation, we first calculated
the historical percentage share of final sales occurring at each voltage. The shares at each
voltage for the year 1991 were then applied to future years to disaggregate final sales over
the entire study period. - '

This assumption of constant consumption shares by voltage level is a simplification. The
gradual movement of the economy from heavy industry toward services is not captured.
Given limited historical data and probable discontinuities between historical and future
trends, however, we concluded that forecasting trends would be less reliable (and the bias
less clear) than the constant share assumption.

Exhibit 2-8 presents the base case load forecast disaggregated by voltage level and customer
class.

RCG/Hagler, Bally, Inc.
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Exhibit 2- 8: Base Case Forecasit
Republic of Poland: PSE "Low" Forecast ol Sales by Cusiomes Class (GWh)

INDUSTRY

TRAACTION t/

STREET LIGHTS
COMMERCIAL

FARMS

RESIDENTIAL

TOTAL FINAL SALES

HV
MV
LV
Toml

HY
MV
Toml

v

MV
Lv
Tot!

MV
Lv
Toml

v
HV

MV
Lv

[ T 1902 1903 1904
268229 20158 28146
17844 17799 17791

2914 2807 2906
48088 48864 486843
158 189 185
5006 5462 5973
5160 5831 6158
1375 1448 1527
1220 1204 1365
7963 8382 8841
8192 0676 10208
710 747 788
ma 8117 8562
8422 8068 9351
21937 23091 24356
85073 97574 100441
28384 28327 28331
24788 25302 25017
41901 43045 46193

28410
17958

2933
49300

204
6596
6800

1627
1454

9417
10871

9120

25943

104500
28614
26647
49040

1985

29054
18365

50418

6733
6941

1676

1498
9705
11203

865
9300
10264

26735

107238
20262
27461
50515

1996

51630

213
6881
7094

1730

1546
10015
11560

893
9698
10591

27588

110194
29965
28127
52102

. 190

30180
19077

3ti6
52372

215
6967
7182
1768
1560

10237
11817

913

9913
10826
28200

112165
30395

53233

1990

30746
19435

3174
53355

219
7084
7303

1815

1622
10509
1213

937
10177
11114

28949

114666
30965
29077
54624

31637
19998

3266
54900

225
7275
7500

1682
10896
12578

97
10552
11523

30017

118400
31862
29926
56613

2001

31506
19915

3252
54673

225
7283
- 7508

1883

1683
10902
12585
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10558
11530

30033

118212
73
29852
56629

Avg Annual Rate (%)
1991-96__ 1996 -01
-0.4% 16%
-05% 16%
33% 16%
-0.2% 16%
7.1% 1.6%
1% 24%
40% 24%
25% 24%
2.7% 24%
49% 24%
40% 24%
41% 2 4%
51% 2 4%
2.2% 20%
-03% 16%
15% 17%
4.2% 2%
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CHAPTER 3: REVIEW OF THE GENERATION SYSTEM

3.1 OBJECTIVES AND APPROACH

The cost of generating power is the largest single component of the cost of power to the final
consumer. This cost is the starting point for both determining a pricing structure based on
marginal costs and computing financial revenue requirements.

This chapter examines the current and expected characteristics of power generation in Poland
to help determine the major issues affecting the cost of power production. It also contains
assumptions about the forecast of investments and operating costs for the medium term as a
prelude to the economic and financial analysis of the generation system in Part II of this
study.

This chapter first reviews the structure of the existing generating system in terms of power
technologies and fuels. Next, it reviews the current development plans and comments on the
adequacy of these plans in relation to the demand forecast scenario adopted for this study.
Based on the adopted scenario of system development, a set of assumptions is presented with
respect to the capital investments and operating costs that were used in the economic and
financial analysis of the system. In connection with the adopted development forecast,
comments are made on the assumed structure of the generation system and the recommended
structure of transfer prices at the generation level.

3.2 EXISTING SYSTEM
3.2.1 The Polish Public Power System

The sources of energy in the Polish power system can be classified into three categories: the
public system, autoproducers, and the international exchanges. Although the public power
system is of primary concern in this tariff study, the contributions of autoproducers and
internanonal exchanges are discussed when relevant.

The generation component of the public power system consists of thermal and hydroelectric
powerplants totalling approximately 29,600 MW of installed capacity. Exhibit 3-1 contains a
summary of this system, showing that 93.2 percent of the installed capacity is in fossil-fired
thermal plants and the rest in hydroelectric stations.

RCG/Hagler, Bally, inc.
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PLANT NAME  TYPE  FUEL MEANUNIT NO.  NAMEMATEPEAKING PERCENT  ANNUAL FUEL
CAPACITY UNIIS CAPACITY CAPABIUTYOF OPERATING TRANSPOIPRODUICTION
uw MW uw aysieM EXPENSES cosy GWH
L - ___ _CAPABILITY  SpCW  SMWH
{ BELCHATOW GRID LIGNITE 360 12 4320 4320 15 4% 127 000 S 21213
2 PATNOW GRID LIGNITE 200 1D 2000 2000 71% 1236 000 7628
3 TUROW GRAID LIGNIIE 200 10 2000 2000 71% 2851 000 12035
4 ADAMOW GRID LIGNIIE 120 5 600 480 1.7% 3390 000 2875
SKONW_ _ GRID _LIGNIE 65 9 583 523 = 19% = 3068 000 3148
LIGNITE FREDPUBLICPLANTS 8503 9323 332% . 52899
6 OSTAOLEKA B GRID COAL 200 3 600 600 21% 2038 191 2864
7KOZENICE GRIO COAL 260 10 2600 2600 93% 1794 159 7996
8 POLANIEC GRIDO COAL 200 8 1600 1600 5 7% 1880 135 nm
8 AYBNIK GRID COAL 200 8 1600 1600 57% 2085 068 9252
10 JAWORZNO It GRID COAL 200 6 1200 1140 41% 2514  OTH 6302
11 DOLNAODRA GRID COAl 200 8 1600 1600 57% 1742 209 6856
12 LAZISKA GAID COAL 173 8 1040 820 33% 2972. 037 4206
13 LAGISZA GRID COAL 120 7 840 723 26% 2448 085 3423
14 SEASZA GRID COAL 123 6 738 630 22% 2017 079 3128
15 STALOWA WOLAGRID  COAL 64 6 384 345 12% 1861 147 1356
COAL FIRED FULLY DISPATCHABLE PLANTS 12202 11758 4.9% L 52636
__ FULLY DISPATCHABLE GRID PLANTS  _  21705__ 21081 752% 105535
16 SKAWINA GRID-C COAL 79 7 550 495 1.8% 2107 114 1919
17 JAWORZNO il GRID-C COAL 50 7 350 300 1.1% 2279 087 904
18 BLACHOWNIA GRID-C COAL 47 6 282 244 09% 2560 179 781
19 HALEMBA GRID-C COAL 50 4 200 200 0.7% 233 023 769
20 JAWORZNO |  GRID-C COAL 29 5 145 93 0.9% 2697 081 279
21 MIECHOWICE GRID-C COAL 55 2 110 101 0.4% 3003 004 295
22 POMOAZANY GRID-CCOAL 60 2 120 112 04% 4288 _ 373 _401
__ COLLECTOR TYPE GRID PLANTS 1757 1545 55% 5348
23 SEKERTY CHP  COAL 125 3 500 819 22% 3768 191 1794
24 KRAKOW CHP COAL 115 4 460 446 16% 2030 121 1791
25 WROCLAW  CHP  COAL 100 2 200 259 09% 2632 260 1069
26 SMALLERCHP_ CHP  COAL 30 100 2621 2174 76% 2866 225 7895
COMBINED HEAT AND POWER PLANTS 4160 3498 12.5% o 12569
PUBLIC THERMAL 27622 26124 ____ 932% 123452
PUBLIC HYDROELECTRIC 205 918 _88% 646
TOTAL PUBLIC 29627 26042 100.0% " 124098
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REVIEW OF THE GENERATION SYSTEM 3.3

3.2.2 Hydroelectric System

The hydroelectric component consists of three pumped storage plants, two conventional
hydroelectric plants with some pumped storage capability, and several smaller run-of-river
plants. While the contribution of hydro to meeting the daily peak loads is important,
Poland’s total net hydroelectric production is very small. The hydro system is virtually a
mechanism for shifting loads during the day, thereby minimizing load fluctuations on the
thermal system and maintaining primary control in the system.

3.2.3 Thermal System

There are 55 thermal generating plants in Poland. All of them consist of steam turbines
burning primarily either lignite or hard coal, and many of these plants are also used in a
cogeneration cycle to supply heat to local district heating networks. Thermal plants are
classified into one of three categories depending in the extent of the cogeneration process and
the steam path between boilers and generators. In this study, we refer to these three
categories as conventional grid plants, collector grid plants, and combined heat and power
(CHP) plants. English translations of Polish documents also refer to conventional grid plants
as "professional” plants or "system” gnd plants.

The classification above is relevant to the objectives of the electricity pricing study because
there are important differences in the institutional, operational and economic aspects of each
type of plant. Grid plants, both conventional and collector, can be considered to lie entirely
within the power sub-sector, while CHP plants are shared between the power and heating
sub-sectors.

Conventional Grid l_’hnts

This category of thermal plants is by far the most important in terms of power production.
Conventional grid plants have a conventional arrangement of blocks or units consisting of
one boiler dedicated to its own specific turbine-generator set. Some units in conventional
grid plants are connected to heating networks through the removal of steam from the low-
pressure segment of the turbine. This is a very efficient link because it allows the utilization
of heat that would otherwise be largely wasted in the condensing process.

The 15 conventional grid plants in Poland account for 85 percent of total energy production. .
Five of these plants -- Belchatow, Patnow, Turow, Adamow and Konin -- are the only plants

RCG/Hagler, Baily, Inc.
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REVIEW OF THE GENERATION SYSTEM 3.4

in the system fired with lignite or "brown coal” and are among the country's largest and
most economic powerplants. Thus, while lignite plants contribute roughly one-third of total
installed capacity, their production amounts to 42.6 percent of the total.

Unit sizes in conventional grid plants vary between less than 10 MW and 500 MW, but most
of the generation is produced by units in the 100 MW to 360 MW range. About half the
capacity is in 200 MW units, making this the most representative unit size in the system.

All lignite- and coal-fired units must use small amounts of residual oil or natural gas during
startup and when operating at very low output. Two blocks (boiler-turbine-generator) of the
ten blocks installed in Pamow are currently fuelled with No. 6 residual fuel oil or "mazout,”
but there are plans for converting these to burn lignite.

Collector Grid Plants

There is no clear technical difference between a collector grid plant and a CHP plant. In
both cases, the steam from several boilers is used partly for power and partly to maintain
temperature and pressure in a district heating network. Also, some boilers may be
exclusively dedicated to the heating network and some may be exclusively dedicated to power
generation. In any case, many parts of these facilities are used for both purposes; thus,
investments and operating costs are shared between the two products, power and heat.

From an institutional point of view, it is important to establish that the primary product of a
collector plant 1s power, while the primary product of a CHP plant is heat. As such,
collector plants would be expected to remain controlled by the power sub-sector through
either ownership or regulatory authority, while CHP plants would be controlled by the heat
sub-sector.

There are 7 collector grid plants in Poland. They are among the smallest, oldest and most
expensive to operate of all grid plants. Therefore, these plants only contribute 4.3 percent of
all energy produced in the country.

CHP Plants

Combined heat and power plants (CHP) supply a substantial quantity of heat to district
heating networks in comparison to the heat used to supply electricity to the grid.

RCG/Hagler, Bailly, Inc.



REVIEW OF THE GENERATION SYSTEM 3.5

Many CHP plants in Poland are built for district heating and only subsequently retro-fitted to
produce power. This practice generally leads to a less-efficient design than if the plant is
essentially using waste heat from power generation as discussed above in the conventional
grid plants section. Furthermore, the resulting design limits the flexibility in dispatching
power from CHP plants because their power can, in general, be economically produced only
when there is demand for the associated heat.

Like collector grid plants, CHP plants are generally small with three notable exceptions: the
Siekierty, Krakow and Wroclaw plants are fitted with units in the 100 MW range. Asa
group, CHP plants contribute 10.1 percent of power generation to the public system, heavily
concentrated during the winter heating season.

3.2.4 Current Supply-Demand Balance

With a peak load of approximately 22,000 MW in 1992 and an installed capacity of 29,627
MW, the system currently has a nominal reserve margin of about 35 percent. In addition, up
to 1,290 MW are available as surplus power from autoproducers, bringing the nominal
reserve to over 40 percent. Eliminating non-firm resources such as auto-producer surplus
and including deratings in the existing system brings the total firm reserve margin down to
about 27.5 percent.

On a monthly basis, current reserve margin levels fluctuate between 15 and 40 percent due to
the monthly variations in peak demand, CHP capacity, and the capacity undergoing planned
maintenance. It appears possibie to reduce the monthly fluctuation in reserve margin levels
by alternative scheduling of planned maintenance. However, this is not necessary at present
because minimum reserve levels provide adequate generation reliability at all times.

33 GENERATION SYSTEM DEVELOPMENT
3.3.1 Issues
Modernization
A generating system evolves through capacity additions, which are needed to meet increasing
demand and to replace old units that are being retired as they become too inefficient, too

unreliable, or too costly to maintain. Other changes in the system can take place as a result
of one or a combinaton of the following:

RCG/Hagler, Bally, Inc.
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REVIEW OF THE GENERATION SYSTEM 3.6

> Repowering - the addition of capacity to an existing machine by changes in the
turbine or generator.

»  Redevelopment - changes in the power potential of an existing hydroelectric
plant by modifications in water availability, reservoir storage or hydraulic
head.

> Life extension - overhaul of older units to increase their reliability and
efficiency, thus lowering their operating costs and delaying retirement.

»  Fuel conversion - modifications to boiler and fuel supply facilities to take

advantage of cheaper fuels or to achieve compliance with emission standards
by buming cleaner fuels.

» Environmental control - the addition of emission controls and other facilities to
render the plants in compliance with new environmental standards.

In most large systems, these additional changes are small. In Poland, the relatively low
demand growth rate expected for the medium term and the introduction of tight
environmental control standards are likely to make these changes, collectively called
"modernizations,” predominant over capacity additions.

Furthermore, programs for the expansion of CHP capacity are largely controlled by forecasts
of heat demand growth, but include generanon capacity associated with heat production.
This further limits the need for additional capacity in system grid plants.

Fuel Issues

Two critical issues affecting the cost of power in Poland are the availability of natural gas as
an alternative to expensive emission controls and the future of coal and lignite prices.

Natural gas remains a strong alternative for the future. However, at present, it is difficult to
make any firm forecasts of either its price or its availability to the power sector in the vast
quantities necessary to displace lignite or coal as a baseload resource.

Poland’s coal sector is in crisis. As many as half the nation’s coal mines are facing potential
shut down because production costs are higher than internal subsidized prices, and in some

RCC Hagler, Bailly, Inc.
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REVIEW OF THE GENERATION SYSTEM 3.9

cases, border prices. The lignite sector faces mounting environmental standards that threaten
to reduce its margin of competitiveness.

Power Sector Restructuring Issues

Under Poland’s current policy to liberalize the power sector, it is expected that its generating
utilities will follow market (i.e., pricing) forces. Thus, tariff development can only rely on
generation plans to the extent that these plans appear stable under economic pricing criteria.
Regardless of tariff recommendations, it is the ability of the Polish economy to adjust to
these economic pricing criteria that will ultimately determine whether rehabilitations can be
made, whether fuels will be available, whether more CHP will be built and, above all,
whether the demand will indeed grow as planned.

3.3.2 PPGC Generation Expansion Plan

In December 1991 the Polish Power Grid Company (PPGC) issued a report describing a plan
for expanding the generation system. This analysis is now being updated through an ongoing .
study, but its results are not yet available. A major output of the current review is expected

to be the economic ranking of modernization alternatives in the existing system. While this

ranking is unlikely to constitute a firm plan of modernization under the decentralization

policies, it is indeed possible that such a ranking will to some extent influence the ability of

generating companies to secure financing to carry out those plans.

Adopted Scenario

At present, the 1991 analysis by PPGC constitutes the best available reference by which to
forecast the medium-term evolution of the system. This analysis was carried out using the
Wien Automatic System Planning Package (WASP) over four major scenarios. These
scenarios consist of combinations of different load growth assumptions and different
conditions of availability of natural gas as a fuel for power generation.

One of these scenarios (Scenario Ic) consists of a combination of low load growth and low

availability of natural gas. This scenario was used as a working assumption for this study;

minor changes were made to Scenario Ic to reflect the results of the review of the load

forecast reported separately (Chapter 2), new information on the generation system obtained .

RCG/Hagler, Bally, Inc.
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REVIEW OF THE GENERATION SYSTEM 3.8

{uring the data collection efforts, and small differences in modelling the contribution of
different resources to meet the load.

Comments to PPGC Expapsion Plan

The following is a list of the major assumptions used in PPGC’s scenario Ic regarding
additions of new capacity and comments on the assumptions adopted in this study with
respect to those same resources:

> PPGC assumed in 1991 that the Opole coal-fired power plant currently under
construction will add 2,160 MW of capacity between 1992 and 1996. For this
study, it has been assumed that the first full year of operation of the first 360
MW unit will be 1994 and that the plant will be completed by 1997.

> PPGC assumed that 350 MW of gas turbines (50 MW unit size) will be added
between 1996 and 1998 without further additions until after 2000. For this
study, it has been assumed that 300 MW of gas turbines (150 MW unit size)
will be added in 1997 followed by one additional 150 MW unit in 2000.

> PPGC assumed that the Czorsztyn hydroelectric power plant (92 MW) will be
added by 1995 and that the Mloty pumped storage hydroelectric project (750
MW) will be completed by 1999 followed by another pumped storage project,
Roznow II, also of 750 MW. The assumption regarding the Mloty project was
retained for the purposes of this study because it appears that this project,
complemented with gas turbines, could provide much needed peak energy
towards the end of the decade. Other hydroelectric projects were not included
because they are not needed for capacity in the medium term.

> PPGC assumed that the CHP development plan, driven by demand from heat,
will add 2,340 MW of electric capacity from these plants between now and
2000. This assumption was maintained, but the cost of this power is
determined differently, as will be discussed later.

These assumptions refer only to those additions that could have an impact on or before 1997
in terms of operation costs or capital disbursements. PPGC'’s plan covers a much longer
period (to 2010) and the assumptions over the long range are not directly relevant to this
study. The only relevant addition in the long term is the first base load unit not belonging to

RCG/Hagler, Bally, inc.
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REVIEW OF THE GENERATION SYSTEM 3.9

the already committed Opole project. This is a 370 MW lignite-fired unit (Belchatow II) in
2003. This assumption was retained for our study.

3.3.3 Forecast Demand Supply Balance

Based on the assumed demand forecast and system development scenario, the installed

capacity reserve margin in the generation system will fluctuate between an estimated 28 and
33 percent during the period 1993-2000.

In a system of this size, such reserve margins are more than adequate to maintain acceptable
reliability. Indeed, the probability of loss of load will average approximately 0.5 percent or
much less if international exchanges and other non-firm resources are included.

Another useful measure of system adequacy is the effective thermal capacity reserve margin,

which is obtained as the difference between total effective thermal capacity and the peak load

to be carried by the thermal system. Effective capacity of a thermal generating unit is the

maximum continuous rating (MCR) reduced by the fraction of time that such MCR is

expected to be unavailable for maintenance or repair. ‘

In Poland, effective thermal reserve margins are forecast to fluctuate between 8 and 14
percent. Effective reserve margins of less than 5 percent have been found to be adequate on
very large systems (over 50,000 MW). Thus, the levels forecast for Poland appear adequate.

34 CAPITAL INVESTMENT ASSUMPTIONS
3.4.1 Investments in Modernization

PPGC assumes an extensive plan of rehabilitation in existing power units for the purposes of

life extension, efficiency and reliability improvements, and also environmental compliance.

According to these plans, between 1992 and 2000 there will be a total of 2,865 MW of

capacity undergoing some form of rehabilitation. This includes the conversion to lignite of

two units of the Patnow plant, which is currently burning residual oil (mazout), and an

extensive plan of modernization of many of the existing 200 MW units. PPGC estimates that

all these modernizations will include the addition of flue gas desulfurization devices (FGD)

plus improvements in efficiency and reliability. The cost has been estimated by PPGC at US

$800/kW or $2,292 million. ¢

RCG/Hagler, Bailly, Tnc.
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ﬁIEW OF THE GENERATION SYSTEM 3.10

3ecause of the wide spectrum of possibilities and objectives in the rehabilitation of generating
inits, PPGC has indicated that, during the update of the expansion plan that is now
underway, special emphasis will be placed on the analysis and ranking of economically
easible rehabilitation alternatives.

The bulk of the investment in modernizations will take place after 1994 and will thus not
lirectly affect the 1994 tariff levels. It is nonetheless necessary to include an estimate of
capital investments in modernizations during the 1993-1997 period. This will aliow the
astablishment of a forecast of financial revenue requirements (Chapter 5) capable of
recovering medium-term investments consistent with the emission standards by 1997 and with
the most likely modernizations not directly related to compliance with emission standards.

Modernizations for Compliance with Emission Targets

As part of this study, the emission standards set by the Polish Government and the current
level of compliance by different plants were reviewed in an effort to estimate the extent of
Qvestmcnts in environmental controls required for full compliance. Some of the existing
timates of the benefit/cost ratios of different opportunities for improvements in efficiency,
power output, and reliability were also reviewed.

Appendix 3.1 includes a description of the various technologies available, their costs, and the
details of the estimated needs of the Polish system. The main conclusions are that about
15,500 MW of current capacity would need sulfur dioxide (SO2) emissions controls, at an
estimated cost of US $200/kW and most of existing capacity will need NOx emission
controls at an estimated cost of $100/kW. Further, about 465,000 tons/year of dust need
controlling, at an estimated cost of $45 to $70/kW. The total estimated cost for bringing the
system into full compliance with 1997 emission standards is $6.1 billion.

Modernizations Not Directly Aimed at Environmental Compliance

A review was made of studies conducted recently to assess the needs, costs and benefits of
modernization of the largest coal-fired plants. Alternative efforts in modernization include
the following major components: steam turbine, generator and excitation system, boiler and
auxiliaries. For each of these components, several options were examined and ranked
~_according to an objective function that includes consideration of reduced heat rate, increased
ailability rate, increased net output, and reduced operating and maintenance cost.

RCG/Hagler, Bailly, Inc.
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From the review of these studies, it was determined that out of approximately 30 individual

types of improvements, four are sufficiently attractive to undertake in most large (120 MW
and above) generating units. These are:

> Replace high-pressure turbine blading with modern design and improved seals.

> Replace entire low-pressure turbine.

> Improve insulation in the generator rotors and replace DC exciters with
brushless or static exciters.

> Replace boiler ducts in start-up systems.

The cost varies with different types of units, but it is estimated that a package including these
improvements could cost approximately $9.6 million for a 200 MW unit or about $48/kW.
While more expensive modernizations are possible, it appears unlikely that under the current

situation of adequate capacity reserve margin, such modernizations will be found justifiable
in the medium term. ‘

The estimated investments in both environmental and non-environmental modernization were
incorporated into the financial analysis of individual plants (Chapter 5) by comparing
estimated needs with specific rehabilitation investment plans.

3.4.2 New Generation Capacity

Only capacity additions planned up to the year 2000 can be assumed to affect revenue
requirements between 1994 and 1997. These are: the Opole project (2,160 MW), the Mloty
hydroelectric project (750 MW), three 150 MW gas turbines, and 2,340 MW of electric
capacity in CHP plants.

The Opole project is under construction. It has an estimated cost of $1,200/kW or $2,592
million.

The 750 MW Mloty pumped storage project is estimated to require investments of $684/kW,
of which $51/kW has already been spent and $633/kW remains to be disbursed, or $475
million.

RCG/Hagler, Bally, inc.
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REVIEW OF THE GENERATION SYSTEM 312

PPGC estimated the capital cost of gas turbines at $340/kW. This value is consistent with
international prices for large gas turbines and was used in this study in connection with units
of 150 MW size. Thus, 450 MW of capacity will cost $143 million.

The capital cost of capacity installed in new CHP plants has not been estimated for this
study. The pricing of CHP power will be discussed later in this report.

Although not affecting revenue requirements in the medium term, it is relevant to consider
the capital cost of baseload generation (the purpose of this will become clear later in the
analysis). The next baseload plant in PPGC scenario Ic consists of 370 MW of lignite-fired
units; PPGC estimates its cost at $1,330/kW. This value is also considered reasonable for
large plants with adequate environmental control facilities.

3.5 OPERATING COSTS ASSUMPTIONS
3.5.1 Operation and Maintenance Costs

The operation and maintenance (O&M) costs of powerplants must include salaries,
maintenance contracts, lubricants and replacement of parts, and auxiliary equipment of the
generating units. O&M costs do not include fuel and or any annual fixed charges on plant
capital costs such as interest on debt, return on equity, depreciation, amortization and taxes.
While there are no strict definitions to differentiate between regular maintenance and major
rehabilitations, in general terms, any expense that is not related to fuel supply or to the book
value of the assets is considered an O&M cost.

Actual cost is currently used to recover O&M expenses in the settlement of accounts between
PPGC and generating plants. However, it is policy to move towards some form of cost
standardization. It is a major effort to develop detailed guidelines for such a standardization,
particularly given the uncertaintes about real increases in wages and the additional operating
expenses involved in emission reduction. For the purposes of this study, a comparison was
made of O&M costs among Polish plants and in relation to comparable plants in other
countries. The objective of this exercise was to develop a simple and reasonable assumption
of O&M costs in Polish plants at economic level.

Such a comparison is only approximate because accounting practices vary across countries
and some important cost items may or may not be included in all cases. Also, there is no
uniform unit of measure; in some cases O&M costs are reported as variable costs (i.e., per
unit of energy produced), in others they are reported as fixed costs (i.e., per unit of installed
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REVIEW OF THE GENERATION SYSTEM 3.13

capacity), and more commonly they are reported in both fixed and variable components. For
simplicity all O&M costs in this study are defined as fixed costs expressed in equivalent US$
spent annually per installed kW of capacity.

The following is the range of O&M costs in Poland and other countries:

Poland: 11 to 45 US$/kW-Year
Western Europe: 10 to 58 US$/kW-Year
US and Canada: _ 11 to 40 USS$/kW-Year
Australia: 13.6 US$/kW-Year
Japan: 77.5 US$/kW-Year

It appears that current O&M costs in Poland are not unreasonable, except that it will be
necessary to keep these costs at current levels in real terms, despite the expected increases in
both real wages and emissions reduction. It will be a managerial challenge to maintain costs
at current real levels, and the bulk power pricing mechanism must provide the necessary

signals. ‘

Within Polish plants there is a fairly strong inverse correlation between unit O&M cost and
installed capacity, as shown in Exhibit 3-2. For the purposes of allocating economic O&M
costs, plants were classified into one of three groups: below 500 MW, between 500 and
1,000 MW, and above 1,000 MW of installed capacity. O&M costs of $30/kW-Year,
$25/kW-Year and $15/kW-Year were assigned to each group, respectively. This is probably
too simplistic a system for standard O&M costs, but any formula that is adopted should, on
average, yield comparable results.

3.5.2 Fuel Costs

The underlying assumption leading to the adoption of PPGC’s scenario Ic (low demand
growth and low availability of natural gas) is that while natural gas may eventually prove to
be economically available in sufficient quantities for baseload generation, this availability
remains too uncertain to be considered in a medium-term analysis. Thus, traditional fuels
(lignite and coal) are the only fuels considered for baseload operation. Natural gas is
assumed to be available for peaking operation since this mode demands modest quantities of
fuel and the only alternative fuel for peaking units, diesel oil, is exceedingly expensive.

RCG/Hagler, Bailly, Inc.
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Exhibit 3.2

Operation and Maintenance Costs

s
| <

10000 g——————————————————————

T T
*

1000 F—— —

| RS RLLL

100 . —he— — T

T T TTT
R
| 4
.
L]

10

TTTTIT

0 20 40 60 80 100
US$/KW per Year

RCG/Hagler, Bailly, Inc.



REVIEW OF THE GENERATION SYSTEM 3.15

Economic Price of Coal

There is a wide variation in coal prices both in Poland and in the international market. For-
the purposes of an economic analysis, internal market prices are not relevant. Instead, the
economic cost to the Polish economy must be computed on the basis of the world market
price of coal delivered to the Polish border (known as the "border” price) plus the cost of
inland transportation to the point of use.

We have derived the economic price of coal from two sources: the World Bank’s current
forecast of the international coal price and PPGC’s own estimate of the cost of coal with all
subsidies removed.

The World Bank forecast appears as Exhibit 3-3. The US Dollar coal price (FOB, U.S. port
of loading) is adjusted for international transport to Poland (CIF port of unloading). The
expected 1992 average price is $50.0 per metric tonne. Based on the heat content of the coal
used in the Bank estimate, the resulting economic cost is $1.79 $/GJ'.

PPGC has calculated the non-subsidized cost of coal used at each generating station in 1991.
Exhibit 3-4 reports these values for the five largest coal plants. The weighted average cost
of coal, excluding transport cost, is 1.24 $/GJ. Increasing this value by domestic inflation to
1992, the resulting economic cost of coal is 1.72 $/GJ. The World Bank annual forecast
assumes variable annual real price adjustments (both positive and negative). Due to model
constraints, no real price escalation has been assumed in this study.

Based on these two sources, we have assumed an average border cost of 1.79 $/GJ. This
cost was further adjusted by the average value of internal transport. Exhibit 3-5 shows that
transport adds a weighted average of 12.7 percent to the minemouth coal cost of the 10
largest coal stations.> The resulting average delivered economic cost of coal applied for this
study is 2.01 $/GJ.

Exhibit 3-6 reports the financial costs of coal and lignite (i.e., contract prices with subsidies)
delivered to the five largest generating stations of each type. Escalated to 1992 prices, the
average cost of delivered coal is 1.53 $/GIJ.

' GJ = 10° Joules

2 As noted above, PPGC has calculated all of these costs exclusive of subsidies, duties, and taxes.

RCG/Hagler, Bailly, Inc.
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Fixhibit 3.3

IBRD Fuel Price Assumptions ~ Based on 1092 IBRD Crude Forecast

COALAOB COALAOB

Calendar Current
Year SMT
1992 41.00
1993 4200
1994 44.00
1998 46 .00
1996 48 .83
1997 5183
1998 55.02
1999 58.4)
2000 62.00
2001 6423

Avg Rate 5.1%

Period 1992-01
NOTES:
13.4 1ysZ\3
279 GIMT Coal

CY 85
sMT

27.00
26.00
27.00
21.00
21.57
28.16
2876
29.M7
30.00
30.00

1.2%
199201

MUYV lndex
Imputed

151.85
161.54
162.96
170.37
177.08
184.05
191.30
198.84
206.67
21411

19%
199201

COALIFOB
Y 92

SMT

4i.00
1948
41.00
41.00
4187
42.76
4168
44 61
45.56
45.56

1.2%
1992-01

COAL/CIF
Cy 92
$MT

50.00
48.48
50.00
50.00
5087
51.76
52.68
53.61
54.56
54.56

1.0%
1992-01

COAL.
Y 92
tysZVMT

670.00
649.65
670.00
670.00
681.70
691.65
705.85
718.32
731.04
731.04

1.0%
199201

COAL
Y92
$/GJ

1.80
1.74
1.80
1.80
1.83
1.86
189
1.92
1.96
1.96

1.0%
1992-01

$9.00 estimated Coal transport cost per tonne from USA port of loading 10 port of European unloading.



Exhibit 3.4
Non - Subsidized Cost of Coal and Lignite by Plant
PPGC Estimates for 1991

Quantity Calorific Fuel ‘Transport Total Fuel Total Total
Consumed Value Cost Cost Cost Cost Cost Cost
MT klkg tysZMT tysZMT tysZIMT lysZUGl tysZI/(J $/GJ
Largest Lignite Stations
ElL Bekhatow 27213 7633 118.731 0.000 118.731 15.555 15.555 | 1.161
EL Turow 12035 8949 117.882 0.000 117.882 13173 13.173 0.983
EL Patnow 7628 9244 135.131 0.000 135.131 14618 14618 1.091
EL. Konin 1148 9059 135.131 0.000 135.131 14917 14917 113
EL Adamow 2875 7955 149431 0.000 149.431 18.785 18.785 1.402
Weighted Average - 8267 123547 0.000 123 547 15015 15.015 1121
Estimated 1992 Price 1/ 20.721 20.721 1.546
Largest Coal Suations
EC Rybnik 9252 21626 404.349 25.631 429.980 18.697 19.883 1.484
EC Kozicnice 7996 21055 393.656 61.427 455.083 18.697 21614 1613
EC Polanica nn 18980 294974 48.051 343.025 15.541 18.073 1349
EC Dolna Odra 6856 21988 390814 80.726 471.540 17.774 21.445 1.600
EC Jaworzno 111 6302 17777 278.950 26.000 304.950 15.692 17.154 1.280
Weighted Average - 20420 357.698 47.641 405.338 17.422 19.733 1473
Estimated 1992 Price 1/ 24043 27232 2032
LIGNITE : COAL (%) 40% - - - B6‘% 16% 76 %
1/ 1991 prices escalated by 38% (reported annual inflation from 1991 10 1992)
2/ Foreign exchange rate assumed 13.400 1ysZ1/$% ,
(’
<4

——




- Exhibit 3.5
Non- Subsidized Share of Transport to Total Cost of Coal for Largest Plants

PPGC Estimates for 1991

Quantity . Fuel Transpont Total. Transport
Consumed Cost Cost Cost . Percent of
MT tysZI/MT  tysZIMT  tysZU/MT @ Fuei Cost
Coal Station
EC Rybnik 9.252 . 404.349 25.531 429.880 - 6.3%
EC Kezenice 7.996 393.656 61.427 455,083 ' 15.6% .
EC Polanea 7.173 294.974 48.051 343.025 16.3%
£C Doina Cdra 6.858 3I90.814 80.726 471.540 20.7%
EC Jaworzno il | 6.302 . 278.850 28.000 - 306.950 10.0% .
EC Ostroleka 2.8584 282.901 87 300 350.201 - 23.8%
EC Lanska 4.286 413.504 13.272 426.776 3.2%
EC Lagisza 3423 306 996 27.898 334 895 9.1%
EC Swersza 3.128 319.77S 24.702 344.477 7.7%
EC Stalowa Wola 1.358 318.780 62.445 381.225 19.6%
Weightsd Average - 351.819 43968 3954870  12.7%

N/
\Q@f



Exhibit 3.6
Subsidized Cost of Coal and Lignite by Plant
PPGC Estimates for 1991

Quantity  Calorific Fuel Transport Total Fuel Total Total
Consumed Value Cost Coet Cost Cost Cost Cost
MT klAg tysZIMT tysZIMT tysZIMT tysZi/GJ tysZVGJ $/G)
Largest Lignite Stations
EL Belkchatow 213 7633 84.808 0.000 84.808 11111 11111 0.829
EL Turow 12035 8949 84.059 0.000 84.059 91393 9393 0.701
EL Patnow 7628 9244 96.522 0.000 96.522 10.442 10.442 07719
EL Koanin 3148 9059 96522 0.000 96.522 10.655 10.655 0.795
EL Adamow : 2875 7955 106.736 0.000 106.736 13417 13.417 1.001
Weighted Average - 8267 88.216 0.000 B8.216 10.722 10.722 0.800
Estimated 1992 Price / 14.796 14.796 1104
Largest Coal Stations
EC Rybnik 9252 21626 288.749 26531 315.280 13.352 14.579 1.088
EC Kozienice 7996 21055 281.190 61.427 342617 13355 16272 1214
EC Polanica nmn 18980 210.696 48.051 258.747 11101 13.613 - 1017
EC Dolna Odra 6856 21988 279.153 80.726 359879 12.696 16.367 1221
EC Jaworzno 111 6302 1mm 199.964 26.000 225.964 11.248 12711 0.949
Weighled Average - 20420 255.602 47.862 303.404 12.450 14.772 1.102
Estimated 1992 Price 1/ 17.182 20.185 1521
LIGNITE : COAL (%) 40% - - - 86% 3% 1%
1/ 1991 prices escalated by 38% (reported annual inflation from 1991 to 1992)
2/ Forcign cxchange rate assumed 13.400 1ysZ1/$ '
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Economic Price of Lignite

Due to its low heating value per tonne and high sulfur content, lignite does not have a well
defined international trading value. As noted above, PPGC has calculated the cost of fuel
exclusive of subsidies for all lignite-fired stations. Exhibit 3-4 shows the weighted average
share of delivered lignite to coal cost for the five largest plants of each type. The
unsubsidized lignite is estimated to cost 76 percent of the delivered cost of coal. This lower
price is deemed to be fairly consistent with the additional cost of burning lignite at emission
levels comparable to those of coal. This factor was applied to estimate the economic cost of
lignite at 1.53 $/GJ.

The subsidized cost of lignite is estimated in Exhibit 3-6 to be 1.11 $/GJ.

Economic Price of Gas

As noted above, there are currently no gas-fired units in Poland, and domestic gas
availability is limited. Although many options are being studied, no long-term international
supply agreements are in place. Further, no formal gas utilization study has been prepared.
Given the limited availability of gas, it is reasonable to assume that it will only be available
for higher-value applications.

The price of gas was estimated from our projections of oil product prices, which are derived
from the World Bank's current crude forecast. Exhibit 3-7 reports the crude price projection
and esumated product price forecasts. We have assumed that mazout is priced at 80 percent
of crude and distillate at 140 percent of crude on a heat equivalent basis.

The price of Gas in Germany exclusive of tax averaged 87 percent of distillate and 159
percent of mazout on a heat equivalent basis from 1986 through 1990. Applying these
percentages to our projected oil product prices, a gas price of 3.27 $/GJ based on mazout
and 3.36 $/GJ based on distillate is obtained. Thus, an average gas price of 3.32 $/GJ has
been used for this study.

3.5.3 Cost for the Use of the Environment

The Polish Government levies a charge for the release of emissions and the disposal of ash
from power plants. At present, this is not a proxy for the actual economic cost of reducing
such emissions. Rather, it is a form of tax or internal transfer within the economy.

RCG/ Hagler, Bailly, Inc.



Exhibit 3.7
CONSTANT PRICE FUEL FORECAST (1992 PRICES)

CRUDE 1982  MAZOUT quom’i MAZOUT ; MAZOUT | MAZOUT |
Yoar s/obl| % CRUDE $/bbl|  SMtonne  tysZltonne  $/mmbtu’
1992 | 17.400000000 ' 80% | 13.92000000 | 87.6960000 ! 1,175.12640 | 218
1993 . 17.094736842 80% | 13.67578947 = 88.1574737 1 1,154.51018 - 2.14 |
1994  17.247368421 B0%  13.79789474 ' 88.9267368 1.164.81827 - 218
1995 = 17.8578947S7 80% . 14.28631579 | 90.0037895 . 1.206.05078 2.23 )
1996  18.403518751 | 80% - 14.72281500 | §2.7537345 - 1.242.90004 230" 2.30 ) 3~yravg
1997+ 18.96581357% ! 80% ' 15.17285086 ' 95.5877004 1.280.8751% - 237 )
1998  19.545288583 | 80% ' 15.83623085 = 98.5082544 1.320.01081 2.44 |
1999 :  20.142468632 | 80% ' 16.11397491 '101.5180419 1.380.34176 - 252
2000 i 20.7578947%7 | 80% | 16.8063157% 1104.8197896 i 1.401.90518 | 250 |
2001  20.788331663 - 80% 16.63066533 104 7731916 1 403.96077 2.60

CRUDE 1992 | DISTILLATE | DISTILLATE , DIS‘“I.LAT"i DISTILLAT ™ DISTHLLATE

Year ! $/bbi| % CAUDE $/bbi|  sMonne ' tysZilonne|  /mmbrtu |
1992 17.400000000 i 140% | 24.36000000 '172.9660000 | 2.317.61040 | w08
1983 1 17.094738842 | 140% | 23.53283158 1180.9216842 | 2.278.95067 | 399 |
1994 | 17.247368421 | 140% | 24.14831579 (171.4388421 | 2.297.28048 | 402 ) .
1996 | 17.857894737 | 140% | 25.00105283 [177.5074737 | 2.578.60015 | PRY; 418 ) 3—yravg
1996 |  18.403518751 | 140% | 25.78492625 (182.9309764 | 2.451.27508 | 429 )
! 1997 | 18.965813575 | 140% | 26.55213901 !188.5201869 | 2.526.17050 | 443
1996 19.545288563 140% . 27.38340399 194.2801683 2,603.35428 | 58
1999 20.142488632 140%  28.19945608 '200.2161382 ' 2.682 89625 ' «70
2000 20.757894737 ' 140% | 29.08105283 '206.3334737  2.764.86855 ' ™
2001 20.788331€63 ' 140% ' 29.10366433 1206.6360167 ' 2.768.92282 ass |
NOTES:
13.4 ty22l/%

6.4 mmbabdl Mazut
6.3 bbllonne Mazout
42.6 mmbayionne Distiewm
7.1 bblxanne Distllete
0.8 Marout Crude price reiationsh i
1.4 Distilase:Crude price reiatiorship
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As an internal transfer, this cost item needs to be included in the financial analysis of
revenue requirements of the generating system but does not represent an economic cost any
more than the income taxes or import duties paid by the power plants. The implication of
these taxes for a system of transfer prices based on economic marginal costs will be
addressed as part of the next section.

3.6 GENERATION SYSTEM STRUCTURE IN 1994

According to current policy, in 1994 the public generation system will be structured as
follows:

> four generating utilities that own and operate the majority of conventional and
collector gnid plants burning coal

> Three regional lignite authorities that will own and operate all lignite mines
and associated conventional grid plants

> CHP plants and some collector grid plants will be independently owned or
under the authonty of distnict heating or distribution utilities

> run-of-river hydroelectric plants owned and operated by distribution companies
> pumped storage hydroelectric plants owned and operatéd by PPGC.

Regardless of their ownership, all plants delivering power to the high-voltage grid (110 kV
and above) will be under central dispatch control and subject to PPGC’s pricing system.
However, any utility or power plant may be allowed to contract directly with a distribution
company when such power transfers occur outside the high-voltage grid.

3.7 PRICING PRINCIPLES FOR GENERATION IN 1994
3.7.1 Current System and Issues

The current principle of settlements for power purchases from generators is based in cost
recovery. PPGC pays generating plants the actual costs deemed to have been involved in
generating power, with some averaging of all plants involved in the computations of asset
depreciation. The system involves elaborate accounting of all costs in each plant, and PPGC

RCG/Hagler, Baiily, Inc.
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is moving towards a system in which a majority of costs are standardized, thereby
simplifying power transactions and providing signals for greater efficiency in generation.

One major issue at present is the recovery of fixed costs for capacity that is not essential to
the system under the current situation of excessive capacity reserve. This non-essential
capacity is the fraction of available capacity in excess of capacity ordered by central dispatch
to meet short-term expected demands. |

PPGC currently negotiates with each plant the fraction of fixed costs that is allowed to be
recovered on non-essential capacity. However, it is unclear whether a similar type of
negotiaton will take place for the aggregated non-essential capacity of each generating
utlity.

3.7.2 Recommended Principles

The ideal pricing system for a fully decentralized power sector would be one based entirely
on the value of power to the system at any given time. One form of value-based
compensation is bidding. In such a system generators quote prices for power and the grid
buys what it needs from the cheapest source. An alternative form of value-based
compensation is avoided cost pricing. Here, the grid calculates the least cost of producing
power and offers to pay that price to the generators.

A pure value-based system is possible in Poland and may be desirable at some future time.
However, it does not appear to be a practical system for 1994. The Polish generation system
evolved under a centrally planned economy in which each individual component was not
expected to reflect the optimum economic alternative, but rather, to fit in a plan deemed to
maximize benefits across many sectors. It is therefore recommended that a prudent period of
tume be allowed for utilities and individual power plants to adjust their costs to competitive
levels.

Within this constraint, it is possible to move ahead in the standardization of many cost
components and to shift entirely to value based-pricing for some specific types of resources.
In particular, a value-based system seems very adequate to be applied as early as 1994 to
those resources that are not primarily dedicated to the power sector, such as CHP plants and
power surplus from autoproducers.

RCGTHagler, Bailly, Inc.




REVIEW OF THE GENERATION SYSTEM 3.24

Thus, it is recommended that the majority of power generation (i.e., from conventional grid
plants) be purchased on a cost-based pricing basis with increasing rchancc on standard costs.
The remainder of generauon should be based on avoided costs to the system.

These recommended principles will be elaborated on in Chapter 6, which deals with bulk
power purchase tariffs.

RCG/Hagler, Bally, Tnc.
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ECONOMIC ANALYSIS OF THE GENERATION SYSTEM 4.2

computation of avoided costs usee the same simulation procedure, but under different scenarios
of system expansion with and without the CHP component.

The final step was to calculate the marginal production costs of the generation system for every
hour of each week representative of the seasons determined above for possible differentiated
pricing. These costs were also used to define the marginal cost corresponding to different
pricing periods during that week.

4.2 GENERATION RELIABILITY ANALYSIS
The marginal cost of power generation fluctuates with the hourly demand for two reasons:

> the generating units typically are dispatched in order of increasing energy cost -
> the higher the load, the more likely it is that it cannot be met by a/l available
generating units, resulting in loss of load.

This last effect drives the demand charge or capacity component of a power tariff formula and is
generally more sensitive to the demand level than the energy component. Therefore, tariff
periods are based on a generation reliability analysis reflecting the capacity component only.

A detailed description of the analysis, the theoretical background, and the software involved is
provided in Appendix 4.1. Only the results and the major factors influencing these results are
presented in this section.

4.2.1 Loss of Load Probability

The generation reliability analysis determines the probability that the demand for power will be
in excess of available capacity for each hour of a forecast year. This probability is called "loss-
of-load probability,” or LOLP.

The average LOLP over a period is called the "period LOLP," and it can be interpreted as the
probability of loss of load at a random time in the period. The variation of LOLP over a
forecast year is due primarily to the variation of the hourly loads, although it also results from
changes in the generation system (typically assumed to occur at most monthly), such as seasonal
changes in supply and removals of units for annual maintenance.

Exhibit 4-1 shows the major steps of the analysis for the determination of LOLP.

RCG/Hagler, Bailly, Inc.
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CHAPTER 4: ECONOMIC ANALYSIS OF THE GENERATION SYSTEM

4.1 OBJECTIVES AND APPROACH

The economic analysis of the generation system was used to develop the following products to
be used in making recommendations for bulk power tariffs:

> The forecast of power production by plant based on economic load dispaich
principles. This forecast was used to determine financial revenue requirements for
each plant and generating company, and the generating system as a whole
(Chapter 5).

> The pattern of reliability of the generating system during the year and during
different rimes of the week and the day. This pattern was used to establish tariff
periods to signal to customers the differential economic cost of operating at
different times (Chapter 7).

> The pattern of marginal costs of the generating system during the year and during
different trimes of the week and the day. This pattern was used to establish the
marginal cost pricing level of each tariff period and subsequently, to shape the
collection of financial revenue requirements according to a marginal cost structure.

»  The avoided cost of central hear and power (CHP) power to the power system
computed through differensial economic revenue requirements. This value was
used as a reference in the negotiation of avoided cost tariffs with all sources of
power not entirely dedicated to the power sector (Chapter 6).

The approach taken to the economic analysis of the generation system has several steps. First, a
detailed reliability analysis was conducted for the generation system, using 1997 as a year
representative of the time when economic signals given in 1994 can produce an impact in terms
of generation system investments and costs. This analysis provided the basis for selecting
pricing periods on which marginal costs need to be determined.

The step was a detailed simulation of the operation of the generation system. Because this
simulation meets several needs of both the financial and economic analyses, it needed to be both
long term to allow for a determination of long-term avoided costs and plant production forecasts,
and have sufficient resolution over each year to determine the operational characteristics of the
generating system during each season for which marginal costs are to be differentiated. The

RCG/Hagler, Bally, Inc.



ECONOMIC ANALYSIS OF THE GENERATION SYSTEM 4.4

4.2.2 Major Factors Affecting the Determination of LOLP

In addition to load variation, the two most important factors in determining LOLP in the Polish
system are the dispatch of pumped storage hydro and the scheduling of planned maintenance of
thermal resources. The dispatch of pumped storage affects the distribution of reliability during

the day, while the scheduling of planned maintenance of thermal units affects the distribution of
reliability over the year. The major conclusions are as follows:

> The current use of pumped storage is consistent with the objectives of keeping
system reliability as uniform as possible, but it may be necessary to examine the

operation in more detail as predominantly peaking resources, gas turbines and the
Mloty project enter the system in the medium term.

> It is possible to minimize variations in reliability throughout the year by the
scheduling of planned maintenance in grid plants. Because the current
maintenance schedule is probably affected by other constraints, reliability
throughout the year is not as smooth as it could be.

4.2.3 Recommended Pricing Periods

For this study, reliability was analyzed over the forecast loads for the year 1997, with the
forecast load shape based on the historical 1991 data summarized in Exhibit 4-2.

Within each day, LOLP is related directly to the loads, after they are adjusted for energy-limited
generation such as pumped storage. The relation between LOLP and load shows increasing
sensitivity as the load increases (this is shown in Exhibit 4-1). The result is the choice of taniff
periods largely determined by daily load shapes and seasonal variations, such as the historical
1991 shapes of Exhibit 4-2.

Recent (1989-1991) historical load shapes show a moming peak period of about 8 a.m. to noon
and an evening peak period that gradually starts later in the day and is shorter as the summer
approaches. Weekend loads are significantly lower than weekday loads, as shown in Exhibit 4-
3. The LOLP results confirmed these observations and led to the recommended tariff periods
shown in Exhibit 4-4. This exhibit also shows recommended LOLP factors, which are rounded
base-case results, to be used in the allocation of demand charges.

The recommended tariff periods divide the year somewhat arbitrarily into two seasons. These
serve to reflect changes in the evening on-peak periods rather than changes in overall reliability,

RCG/Hagler, Bailly, Inc.
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Exibit 4-1
LOLP Calculation Flowchart
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Exhibit 4.3

Average Demand by TOD for Weekdays vs. Weekends in 1991
17000
] Weekday$ // N _
T AN |
T 1 \ |
: ] Oyer3 lAveragk4 A ~ \\,.
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* Demand excludes pumping load and autoproducer self-load.
Exhibit 4.4
Recommended Rating Periods and Their LOLPs
eason Morning Peak  Evening Peak ombined Peak -Peak |
Winter = 7am-1pm 4pm-9pm Moming + Remainder of
October- weekdays: weekdays: evening periods: week:
March 186% 395% 281% 12.7%
Summer 7am-1pm 7pm-10pm Moming + Remainder of
= Apnl- weekdavs: weekdays: evening periods: week:
SeEtcmber 258% 318% 278% 34.2%

Note: percentages are period LOLPs as a percentage of annual average LOLP, and their
weighted average using period lengths as weights equals 100%, except for rounding error.



Exhibit 4.2
Average Demand by TOD for each Month of 1991
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Step 1 - Load Duration Curve Adjustment

The model uses two load duration curves, one for summer and one for winter, obtained from the
analysis of historical loads in 1991. The load duration curves are expressed in non-dimensional
form; that is, they do not show hours or MW, but merely the fraction of time that a certain
fraction of the peak load is exceeded. As such, these load duration curves can be used for.any
peak load, but the load factor (i.e., the ratio between mean load and peak load for each season)
will always be the same as it was in 1991. As discussed in Chapter 2, the forecast includes
changes in load factor that need to be addressed when forecasting the production of the
generating system. Thus, the first step is to adjust the load duration curves to meet the load
factor forecast for each year and season of the simulation.

Step 2 - Dispatch of Energy Limited Resources

Generating resources can be classified into two broad categories according to the mode in which
they are dispatched to meet the load: economically dispatchable resources and energy-limited
resources.

A conventional thermal plant can be considered to be a strictly economic resource in the sense
that, given that its capacity is available, the only thing that limits the production of the plant is
the load to be served and the cost of meeting the load with that plant in relation to other plants
in the system. A hydroelectric plant, on the other hand, may produce very cheap energy and
may have abundant capacity, but there is a limited amount of water available to produce energy.
Thus, its production is at least partially determined by factors outside the dispatch. In between
these classical examples there are many other resources that have characteristics common to
both. For example, CHP plants in Poland are economically dispatched, but are constrained to
produce only the amount of electric energy associated with the demand for heat.

The second step in GPT is to dispatch the energy-limited resources as if they had priority to
serve load. The load served by these resources is simply subtracted from the load duration
curve, creating a "residual” load duration curve to be supplied from the economically
dispatchable resources.

Step 3 - Economically Dispatchable Resources

Each unit in the conventional plants is dispatched from the base to the top of the residual load
duration curve in order of increasing variable costs and following the rules of probabilistic

RCG/Hagler, Bailly, Tnc.
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4.7 ‘
because the monthly LOLPs are approximately equal across the year (due to the maintenance
allocation, modeled as described in the next section). Exhibit 4-4 also shows LOLP factors for
the combined moming and evening peak periods, to provide an alternative, simpler tariff
structure.

The periods in Exhibit 4-4 are similar to those used for the one-part and two-part tariff classes in
a recent price list (7-Z/92, Electricity SWW 0311, Warsaw 1992). However, the on-peak periods
of Exhibit 4-4 exclude weekends and are somewhat broader. Also, minor monthly variations
among evening on-peak periods within each season are ignored for simplicity.

4.2.4 Sensitivity Analyses
Nine sensitivity cases were studied, including the following:

different load years

addition and substraction of 500 MW of base load
load forecast uncertainty included

lower forced outage rates in generating units

no pumping loads included

historical vs. modelled pumped storage generation.

Yy v v v v vV

These analyses showed that the system is fairly insensitive to changes in assumptions, except for
those concerning pumped storage operation and hourly load shapes.

Every few years, as the load shapes and generation system evolve (specially with the addition of
the Mloty pumped storage plant), the choice of tariff periods and the allocation of costs to them
should be reviewed. The computer software tailored for this analysis (see Appendix 4.1) can
simplify such reviews.

4.3 SIMULATION OF THE OPERATION OF THE GENERATING SYSTEM
A detailed simulation of the generating system was carried out by PPGC in 1991 during the
study of the system expansion plan. For the purposes of the tariff study, this simulatdon was

updated using the model Generation Planning Tools (GPT).

The simulation was carried out for two seasons, summer and winter, of each year in the period
1993-2000. Each simulation (year-season) involves the following steps:

RCG/Hagler, Bailly, Inc.
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CHP

CHP power is currently very much a dispatchable resource in spite of the limitations resulting
from the association of CHP electric production and the demand for heat. However, there are
two important factors weighing in favor of modelling this resource as energy limited:

> The economics of power and heat production from CHP plants are strongly
interdependent, even though some CHP plants have power-dedicated boilers. The
demand for heat is external to the power production process but acts as a
constraint on how much power can be economically produced by the CHP plant.

> The representation of CHP dispatch constraints is much more accurate if treated as
a limited energy resource.

Economic Dispatch Criterion

The dispatch was performed using a set of rules that are closely linked to the assumptions made
in connection with economic cost standards, as discussed in Chapter 3. These include:

> All plants using the same type of fuel have the same fuel cost, and this cost is
deemed to be the opportunity cost or border price of the fuel.

> Operation and maintenance costs are normalized as a function of plant size.

» Environmental costs are not included in determining the ranking order of dispatch,
because it is not clear that these represent true economic costs in the sense that a
dispatch based the variable costs that would result may not provide a dispatch that
leads to the best allocation of economic resources.

4.3.2 Results of the Simulation

A detailed report of the simulation is presented in Appendix 4.2 and contains the actual input
and output files of the computer model GPT.

The input file (Section A.4.2.1 of Appendix 4.2) contains a large number of comments
describing the use of each value in the file and comments specific to the sources of data and the
modelling assumptions. Nevertheless, this is only included as a reference and it is not necessary
for the understanding of the resuits.

RCG/Hagler, Baily, Inc.
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convolution. The rules of probabilistic convolution determine that the production of any unit  of
capacity P dispatched to meet load at a level X is a function of the availability of that capacity P
and also of the shape of the load duration curve transformed by the probability that other units
dispatched before unit i will be available.

The result is a sequence or "stack” of generating units operating at decreasing capacity factors
and increasing cost to produce the energy of the residual load duration curve. It is a feature of
the probabilistic dispatch that there is always a finite amount of energy that remains not served.
This is called the "expected unserved energy” and is a reliability parameter related to the "loss
of load probability” (LOLP) discussed in Section 4.2.

4.3.1 Major Features of the Simulation

For the purposes of the tariff study, the system was modelled by including all hydroelectric
plants, autoproducers, and CHP as energy-limited resources and all other plants as economically
dispatchable resources. There are several reasons for treating each of those resources in this
way; these are discussed below. .

Hydroelectric Resources

The loads used in the simulation include the pumping loads forecast in the system. Thus,
pumped storage hydro was treated as peak hydro with a limited amount of available energy.
Conventional hydro has both peak and base load components and was superimposed on the
pumped storage so that both were treated as a single composite hydroelectric resource.

Autoproducers

Autoproducer load was netted out of the load forecast. Thus, only the surplus power from
autoproducers was included in the simulation. It is not clear what this output will be in the
future but it is currently being purchased directly by the distribution companies, and is, in effect,
"invisible" to the dispatch process. It was therefore adequate to represent it as an energy-limited
resource with base and peak load components.

RCG/Hagler, Bailly, lnc.
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EXMIBIT 4.5
SAMPLE RESULTS OF THE DETAILED SIMRATION OF THE GEMERATION SYSTEN FOR 1997

STACK LOAD  GEMERATOR MET P.MAIN. FORCED EFFECTIVE EMERGY CAPAC. CAPITAL FINED VARIABLE FUEL TOTAL FINED VARIABLE
LEVEL POINT TYPE & NANE RATED DERATED OUTAGE CAPACITY OUTPUT FACTOR AMRIITY OA N OL N COST COST CHNARGE CMARGE

YR w-w w x [ an X " m o " W S/ cte/KM
' 160 2 SL-PA-200 200.0 160.5 10.60 - 143.5 626.52 71.52 .00 1.50 .00 9.78 11.28 7.500 1.561
2 320 2 SL-PA-200 200.0 160.5 10.60 143.5 626.52 71.52 00 1.50 .00 9.78 11.28 7.500 1.56%
3 480 2 SL-PA-200 200.0 160.5 10.60 143.5 626.52 71.52 .00 150 .00 9.78 11.28 7.500 1.561
4 640 2 SL-PA-200 200.0 160.5 10.60 143.5 626.52 71.52 00 150 .00 9.78 11.28 7.500 1.561
5 800 2 SL-PA-200 200.0 160.5 10.60 143.5 826.52 71.52 .00 1.5 .00 9.78 11.28 7.500 1.561
6 960 2 SL-PA-200 200.0 160.5 10.60 143.5 626.52 71.52 .00 1.50 .00 9.78 11.28 7.500 1.561
7 1120 2 SL-PA-200 200.0 160.5 10.60 143.5 626.52 71.52 .00 1.50 .00 9.78 11.28 7.500 1.561
8 1280 2 SL-PA-200 200.0 160.5 10.60 143.5 626.52 71.52 .00 1.50 .00 9.78 11.28 7.500 1.561
9 1568 1 SL-BE-360 340.0 289.0 16.30 241.9 1026.50 65.10 00 2.70 .00 16.1¢ 18.84 7.500 1.572
10 1856 1 SL-BE-360 360.0 289.0 16.30 241.9 1026.50 65.10 00 2.70 .00 16.14 18.84 7.500 1.572
11 214& 1 SL-BE-360 360.0 289.0 16.30 241.9 1026.50 65.10 .00 2.70 .00 16.14 18.84 7.500 1.572
12 2432 1 SL-BE-360 360.0 289.0 16.30 241.9 1026.50 65.10 .00 2.70 .00 16.14 18.84 7.500 1.572
13 2720 1 SL-BE-360 360.0 289.0 16.30 241.9 1026.50 65.10 .00 2.70 .00 16.16 18.84 7.500 1.572
14 3008 1 SL-BE-360 350.0 289.0 16.30 241.9 1026.50 65.10 .00 2.70 .00 16.14 18.84 7.500 1.572
15 3206 1 SL-BE-360 360.0 289.0 16.30 241.9 1026.50 65.10 .00 2,70 .00 16.14 18.84 7.500 1.572
16 3586 1 SL-DE-360 360.0 289.0 16.30 241.9 1026.50 65.10 .00 2.70 .00. 16.14 18.84 7.500 1.572
\7 3872 1 SL-BE-360 360.0 289.0 16.30 241.9 1026.50 65.10 .00 2.70 .00 16.14 18.84 7.500 1.572
18 4160 1 SL-BE-360 360.0 289.0 16.30 241.9 1026.50 65.10 .00 2.70 .00 16.14 18.84 7.500 1.572
19 4448 1 SL-BE-360 350.0 289.0 16.30 241.9 1026.50 65.10 .00 2.70 .00 16.14 18.84 7.500 1.572
20 4736 1 SL-BE-340 360.0 289.0 16.30 241.9 1026.50 65.10 .00 2.70 .00 16.14 18.8% 7.500 1.572
21 4896 3 SL-1U-200 200.0 160.5 10.50 143.7 627.22 71.60 .00 1.50 .00 10.70 12.20 7.500 1.706
22 S056 3 SL-TU-200 200.0 160.5 10.50 143.7 627.22 71.60 .00 1.50 .00 10.70 12.20 7.500 1.706
23 5216 3 SL-TU-200 200.0 160.5 10.50 143.7 627.22 71.60 .00 1.50 .00 10.70 12.20 7.500 1.706
26 5376 3 SL-1U-200 200.0 160.5 10.50 143.7 627.22 71.60 .00 1.50 .00 10.70 12.20 7.500 1.706
25 S536 3 SL-TW-200 200.0 160.5 10.50 143.7 627.22 71.60 .00 1.50 .00 10.70 12.20 7.500 1.706
26 5696 3 SL-TU-200 200.0 160.5 10.50 143.7 627.22 71.60 .00 1.50 00 10.70 12.20 7.500 1.706
27 5856 3 SL-TU-200 200.0 160.5 10.50 143.7 627.22 71.60 .00 1.50 .00 10.70 12.20 7.500 1.706
28 6006 3 SL-TU-200 200.0 160.5 10.50 143.7 627.22 71.60 .00 1.50 .00 10.70 12.20 7.500 1.706
29 6112 4 SL-k0-100 120.0 96.3 12.10  84.7 385.00 73.25 .00 1.50 .00 6.61 B.11 12.560 1.717
30 6208 4 SL-k0-100 120.0 96.3 12.10  84.7 385.00 73.25 .00 1.50 .00 6.61 B.11 12.500 1.717
31 6293 17 SC-ST-100 106.0 85.1 11.20 75.6 311.16 67.02 .00 1.59 .00 5.5 7.13 15.000 1.782
32 6378 17 SC-ST-100 106.0 85.1 11.20 75.6 311.16 67.02 .00 1.59 .00 5.5 7.13 15.000 1.782
33 6404 21 SC-$T-000 33.0 26.5 10.00 23.8 78.84 54.55 .00 S50 .00 1.40 1.90 15.000 1.782
34 6430 21 SC-ST-000 33.0 26.5 10.00 23.8 7B.84 54.55 .00 .50 .00 1.40 1.90 15.000 1.782
35 6456 21 SC-ST-000 33.0 26.5 10.00 23.8 78.84 54.55 00 .50 .00 1.40 1.90 15.000 1.782
36 6514 5 SL-AD-100 96.0 59.0 15.80  49.7 221.28 52.63 .00 .46 .00 3.98 5.42 15.000 1.799
37 6572 S SL-AD-100 96.0 59.0 15.80  49.7 221.28 52.63 .00 1.4 .00 3.98 5.42 15.000 1.799
38 6630 5 SL-AD-100 96.0 S9.0 15.80  49.7 221.28 52.63 .00 1.46 .00 398 5.42 15.000 1.799
319 6688 S SL-AD-100 96.0 59.0 15.80 49.7 221.28 52.63 .00 1.46 .00 398 S.42 15.000 1.79%9
40 6746 S SL-AD-100 96.0 S9.0 15.80  49.7 221.28 52.63 .00 1.46 .00 3.98 5.42 15.000 1.799
41 6778 6 SL-K0-000 40.0 32.1 13.00 27.9 152.42 87.00 .00 .50 .00 2.9% 3.43 12.500 1.919
42 6810 6 SL-KO-000 40.0 32.1 13.00 27.9 152.42 87.00 .00 .50 .00 2.93 3.43 12.500 1.919
43 6842 6 SL-KO-000 40.0 32.1 13.00 27.9 152.42 87.00 .00 .50 .00 2.93 3.43 12.500 1.919
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The output file (Section A.4.2.2 of Appendix 4.2) contains the results of summer and winter for
each year of the 1993-2000 period. The output for each season and year is organized according
to Steps 1, 2 and 3 described in Section 4.3.1. The last step shows the entire stack of '
generating units as they are dispatched with progressively less capacity factor and higher vanable
costs. A sample of that output is reproduced in Exhibit 4-5 to illustrate the source of two pieces
of information that will be discussed later in the analysis:

> The production of each unit is obtained from this output and aggregated by plant
for use in the financial analysis of revenue requirements.

> The composition of the stack of generating units, the derated capacity of each
unit, the forced outage rate, and the variable production cost of each unit are
utilized in the development of a table of marginal cost as a function of load level.

4.4 ANALYSIS OF SHORT-RUN MARGINAL COSTS

The short-run marginal cost (SRMC) is the cost of supplying one increment of energy without .
any change in the available capacity of the system. When calculated for a system in dynamic
equilibrium between load growth and capacity additions, the SRMC becomes the energy

component of the marginal cost of generation and, together with the capacity cost and system

losses, constitutes the long-run marginal cost (LRMC), which is discussed in Chapter 7.

The objective of this analysis was to define the SRMC for the pricing periods that were

determined through the reliability analysis described above in Section 4.2. The year 1997 was

selected as a basis for determining LRMC because it is the year when any pricing policies will

begin to impact upon the long-term evolution of the system. The analysis was carried out for

1997 and also for 1993 in order to illustrate any differences between the system today and the
anticipated characteristics in 1997.

To determine the SRMC for each of the different pricing periods, it was necessary first to
compute the hourly SRMC for an entire week representative of each of the different pricing
seasons. The problem was to find a week that is representative of the season in every respect,
including average load, peak load, and minimum load. Thus, Section 4.2.1 deals with the
selection and adjustment of hourly loads prior to the determination of SRMC.

One of the challenges of the SRMC analysis was 1o take into account the many different
conditions that the generating units may experience at any given time because of planned and .
forced outages. This aspect is examined in detail in Section 4.2.2.

RCG/Hagler, Bailly, Inc.
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EXNISIT 4.5 (Cont.)

SAMPLE RESULTS OF THE DETAILED SIMUMATION OF THME GENERATION SYSTEN FOR 1997

LOAD GEMERATOR MET P.MAIN. FORCED EFFECTIVE EMERGY CAPAC. CAPITAL FIXED VARIABLE FUEL
POINT TYPE & WAME RATED DERATED OUTAGE CAPACITY OUTPUT FACTOR AMMUITY O L N O8N oosY

L L L) x L) aMm X "s " ns ns
6874 6 SL-X0-000 40.0 32.1 13.00 27.9 152.42 87.00 .00 .50 .00 2.93
6906 6 S| -X0-000 40.0 32.% 13.00 27.9 152.42 87.00 .00 .50 .00 2.93
6938 6 SL-K0-000 40.0 32.1 13.00 27.9 152.42 B87.00 .00 .50 .00 2.93
6982 28 SC-PO-000 56.0 45.0 12.30 39.4 153.65 62.64 .00 .84 .00 2.96
7142 15 SC-D0-200 200.0 160.5 9.50 145.3 634.22 72.40 00 1.50 .00 12.61
7302 15 SC-DD-200 200.0 160.5 9.50 145.3 634.22 72.40 .00 1.50 .00 12.61
7462 15 SC-D0-200 200.0 160.5 9.50 145.3 634.22 72.40 00 1.50 00 12.61
7622 15 SC-D0-200 200.0 160.5 9.50 145.3 634.22 72.40 .00 1.50 .00 12.61
7782 15 SC-D0-200 200.0 160.5 9.50 145.3 634.22 72.40 .00 1.50 00 12.81
7942 15 SC-D0-200 200.0 160.5 9.50 145.3 634.22 72.40 .00 1.50 00 12.81
8102 15 SC-D0O-200 200.0 160.5 9.50 145.3 634.22 72.40 00 1.50 .00 12.61
8262 15 SC-D0-200 200.0 160.5 9.50 145.3 634.22 72.40 .00 1.50 .00 12.61
B630 7 SC-X0-S500 500.0 368.5 30.00 257.9 1103.76 50.40 00 6.25 .00 22.02
8998 7 SC-K0-500 500.0 368.5 30.00 257.9 1103.76 50.40 .00 6.2 .00 22.02
9286 8 SC-0P-360 360.0 289.0 10.80 257.8 1093.94 69.38 00 2,70 .00 21.82
9574 B SC-0P-360 360.0 289.0 10.80 257.8 1093.75 69.37 .00 2.70 .00 21.82
9862 B SC-0P-360 340.0 289.0 10.80 257.8 1092.45 &9.20 00 2.70 .00 2179
10150 8 SC-0P-360 360.0 289.0 10.80 257.8 1088.21 69.01 .00 2.70 .00 2t
10438 B SC-0P-360 3460.0 289.0 10.80 257.8 1079.40 68.46 .00 2.70 .00 21.53
10726 8 SC-OP-360 360.0 289.0 10.80 257.8 1065.85 47.60 00 2.70 .00 21.26
10886 11 SC-PO-200 200.0 160.5 7.10 149.1 626.79 71.5% .00 1.50 .00 12.52
11046 11 SC-PO-200 200.0 160.5 7.10 149.1 620.29 70.81 .00 1.50 .00 12.39
11206 11 SC-PO-200 200.0 160.5 7.10 149.1 613.33 70.02 .00 1.50 .00 12.25
11366 11 SC-PO-200 200.0 160.5 7.10 149.1 605.87 69.16 00 1.50 .00 12.10
11526 11 SC-PO-200 200.0 13160.5 7.10 149.1 597.74 68.24 .00 1.50 .00 11.9%
11686 11 SC-PO-200 200.0 160.5 7.10 149.1 588.71 67.20 .00 1.50 .00 11.76
11846 11 SC-PO-200 200.0 160.5 7.10 149.1 578.81 64.05 .00 1.50 00 1156
12006 11 SC-PO-200 200.0 160.5 7.10 149.1 567.36 64.77 .00 1.50 .00 11.33
12166 12 SC-RY-200 200.0 160.5 10.80 143.2 533.01 60.85 .00 1.50 .00 11.01
12326 12 SC-Rv-200 200.0 160.5 10.80 143.2 521.13 59.49 00 1.50 00 10.76
12486 12 SC-RY-200 200.0 160.5 10.80 143.2 509.17 58.12 .00 1.50 .00 10.52
12646 12 SC-RY-200 200.0 160.5 10.80 143.2 497.65 56.81 .00 1.50 .00 10.28
12806 12 SC-RY-200 200.0 160.5 10.80 143.2 487.09 55.60 .00 1.50 .00 10.06
12966 12 SC-RY-200 200.0 160.5 10.80 143.2 477.86 54.55 .00 1.50 .00 9.87
13126 12 SC-RY-200 200.0 160.5 10.80 143.2 470.18 53.67 .00 1.50 .00 9.
13286 12 SC-RY-200 200.0 160.5 10.80 143.2 464.01 52.97 .00 1.50 .00 9.58
13430 14 SC-17-200 180.0 144.5 13.40 125.1 390.27 49.50 00 2.2 .00 8.22
13574 14 SC-12-200 180.0 144.5 13.40 125.1 387.29 49.12 00 2.2 .00 8.16
13718 14 SC-12-200 180.0 144.5 13.40 125.1 384.59 48.78 .00 2.25 .00 8.10
13862 14 SC-12-200 180.0 144.5 13.40 125.1 381.89 48.44 00 2.25 .00 8.04
13942 16 SC-L2-100 100.0 B80.3 16.20 67.3 209.96 47.94 00 1.25 .00 4.42
14022 16 SC-L2-100 100.0 80.3 16.20 67.3 208.98 47.M .00 1.25 .00 4.40
14182 9 SC-05-200 200.0 160.5 11.60 141.9 437.19 49 9% .00 2.50 .00 9.23
14342 9 5C-05-200 200.0 160.5 11.60 141.9 431.31 49.2¢ .00 2.50 .00 .

TOTAL
CosY
ns

3.43
3.43
3.43
1.80
“w.n
1“%. N
16. 11
1“.n
%.n
14.11
“w.n
14.11
28.27
28.27
24.52
24.52
24 .49
24 .41
26.23
23.9%6
14.02
13.89
13.75
13.60
13.44
13.26
13.06
12.83
12.51
12.26
12.02
1.78
11.56
11.37
n.a21
11.08
10.47
10.41
10.35
10.2¢
5.67
5.65
.73
11.61

FIXED VARIABLE
CHARGE CHARGE

S/ cts/XWM
12.500 1.919
12.500 1.919
12.500 1.919
15.000 1.929

7.500 1.988

7.500 1.968

7.500 1.988

7.500 1.988

7.500 1.988

7.500 1.988

7.500 1.988

7.500 1.988
12.500 1.995
12.500 1.995

7.500 1.995

7.500 1.995

7.500 1.99%

7.500 1.995

7.500 1.995

7.500 1.995

7.500 1.997

7.500 1.997

7.500 1.997
7.500 1.997

7.500 1.997
7.500 1.997
7.500 1.997

7.500 1.997
7.500 2.066
7.500 2.046
7.500 2.066
7.500 2.066
1.500 2.066
7.500 2.066
7.500 2.066
7.500 2.066
12.500  2.106
12.500 2.106
12.500 2.106
12.500 2.106
12.500 2.106
12.500 2.106
12.500 2.1
12.500 2.1




EXNIBIT 4.5 (Cont.)
SAMPLE RESULTS OF THE DETAILED SIMULATION OF TME GEMERATION SYSTEN FOR 1997

STACK LOAD  GEMERATOR NET P_MAIN. FORCED EFFECTIVE ENERGY CAPAC. CAPITAL FIXED VARIABLE FUEL TOTAL FIXED VARIABLE
LEVEL POINT TYPE & NANE RATED DERATED OUTAGE CAPACITY OUTMUT FACTOR AMMUITY OR N OL N COST  COST  CHARGE CMARGE

L L L -~ 4 ~ oM 3 " " ns ns ns $/XM  cts/KuM
88 14420 9 SC-05-200 200.0 160.5 11.60 141.9 426.15 48.42 .00 2.50 .00 8.95 11.45 12,500 2.111
89 14420 10 SC-K0-200 200.0 160.5 11.70 141.8 415.16 47.39 .00 1.50 .00 8.76 10.26 7.500 2.11%
90 14420 10 SC-K0-200 200.0 160.5 11.70 141.8 405.27 46.26 .00 1.50 .00 8.56 10.06 7.500 2.1
91 14420 10 SC-K0-200 200.0 160.5 11.70 141.8 393.9% 44.97 .00 1.50 .00 8.32 9.82 7.500 2.1
92 14420 10 SC-K0-200 200.0 160.5 11.70 141.8 381.06 43.50 .00 1.50 .00 8.04 9.54 7.500 2.111
93 14420 10 SC-X0-200 200.0 160.5 11.70 141.8 366.39 41.82 .00 1.50 .00 T.74 9.26 7.500 2.1
94 14420 10 SC-x0-200 200.0 160.5 11.70 141.8 349.56 39.90 .00 1.50 .00 7.38 8.88 7.500 2.111
95 14420 10 SC-KO-200 200.0 160.5 11.70 141.8 330.21 37.70 .00 1.50 .00 6.97 8.47 7.500 2.1
96 14420 10 SC-KO-200 200.0 160.5 11.70 141.8 308.04 35.16 .00 1.50 .00 6.50 B8.00 7.500 2.111
97 14420 13 SC-J3-200 190.0 152.5 10.70 136.2 286.21 34.39 .00 1.42 .00 6.06 T.49 7.500 2.119
98 14420 13 SC-J3-200 190.0 152.5 10.70 136.2 257.9¢ 31.00 00 1.42 .00 5.46 6.89 7.500 2.119
99 14420 13 SC-J43-200 190.0 152.5 10.70 136.2 227.66 27.36 .00 1.42 .00 4.82 6.25 7.500 2.119
100 14420 13 SC-J3-200 190.0 152.5 10.70 136.2 196.36 23.60 .00 1.42 .00 4.16 5.59 7.500 2.119
101 14420 13 SC-J3-200 190.0 152.5 10.70 136.2 165.23 19.85 .00 1.42 .00 3.50 4.93 7.500 2.119
102 14420 13 SC-J3-200 190.0 152.5 10.70 136.2 135.46 16.28 .00 1.42 .00 2.87 4.29 7.500 2.119
103 14420 18 SC-1G-100 103.0 82.7 11.90 72.8 56.93 12.62 .00 1.29 .00 1.28 2.56 12.500 2.242
104 14420 18 SC-1G-100 103.0 82.7 11.90 72.8 50.59 11.21 .00 1.29 .00 1.13 2.42 12.500 2.242
105 14420 18 $C-LG-100 103.0 82.7 11.90 72.8 44,65 9.9 .00 1.29 .00 1.00 2.29 12.500 2.242
106 14420 18 SC-1G-100 103.0 82.7 t11.90 72.8 39.14 B.68 .00 1,29 .00 .88 2.17 12.500 2.242
107 14420 18 SC-LG-100 103.0 82.7 11.90 72.8 34.06 7.55 .00 1.29 .00 .76 2.05 12,500 2.242
108 14420 18 SC-LG-100 103.0 82.7 11.90 2.8 29.44 6.53 .00 1.29 .00 .66 1.95 12.500 2.242
109 14420 18 SC-1G-100 103.0 82.7 11.90 2.8 25.27T 5.60 .00 1.29 .00 57 1.85 12.500 2.242
110 14420 19 SC-S1-100 105.0 B84.3 11.60 74.5 21.61 4.7T0 .00 1.1 .00 .49 1.80 12.500 2.264
111 14420 19 SC-S1-100  105.0 B84.3 11.60 74.5 18.27 3.97 .00 1.3 .00 .41 1.73 12.500 2.264
112 14420 19 SC-S1-100 105.0 84.3 11.60 Ta.5 15.34 3.34 00 1L.WY .00 .35 1.66 12.500 2.264
113 14420 19 SC-S1-100  105.0 84.3 11.60 7.5 12.79 2.18 .00 1.3% .00 .29 1.60 12,500 2.264
1164 14420 19 SC-SI-100 105.0 B4.3 11.60 74.5 10.59 2.30 .00 1.31 .00 .24 1.55 12.500 2.264
115 14420 19 SC-S1-100 105.0 B4.3 11.60 74.5 8.71  1.89 00 1.1 .00 .20 1.51 12,500 2.264
116 14420 22 SC-SK-000 45.0 36.1 10.40 32.4 .81 1% .00 .68 .00 .09 L7 15,000 2.423
117 14420 22 SC-SK-000 45.0 36.1 10.40 32.4 3.3 174 .00 .68 .00 .08 J6 15,000 2.423
118 14420 22 SC-5K-000 45.0  36.1 10.40 32.4 3.08 1.57 .00 .68 .00 .07 I5 15.000 2.423
119 14420 24 SC-BL-000 41.0 32.9 10.70 29.4 2.76 1.54 .00 .62 .00 .07 .68 15,000 2.516
120 14420 25 SC-HA-000 50.0 40.%1 11.80 35.4 2.44 M .00 .3 .00 .06 .81 15,000 2.532
121 14420 25 SC-HA-000 50.0 40.1 11.80 35.4 2.18  1.00 .00 .15 .00 06 A1 15,000 2.532
122 14420 25 SC-HA-000 50.0 40.1 11.80 35.4 1.95 .09 .00 .5 .00 05 .80 15.000 2.532
123 14420 25 SC-HA-000 50.0 40.1 11.80 35.4 1.74 .79 .00 .5 .00 04 79 15.000 2.532
126 14420 23 SC-42-000 43.0 34.5 10.40 30.9 1.57 .84 .00 .64 .00 04 69 15.000 2.684
125 14420 23 sC-J42-000 43.0 34.5 10.40 30.9 1.40 74 .00 .64 .00 04 68 15.000 2.684
126 14420 23 sC-J2-000 43.0 34.5 10.40 30.9 1.24 .66 .00 .64 .00 03 68 15.000 2.684
127 14420 23 SC-J42-000 43.6  34.5 10.40 30.¢9 1.09 .58 .00 .64 .00 03 67 15.000 2.684
128 14420 23 sC-J2-000 43.0  34.5 10.40 3o.9 .96 .51 .00 .64 .00 03 67 15.000 2.684
129 14420 23 sC-J42-000 4.0 34.5 10.40 30.9 .85 .45 .00 ) .00 02 67 15.000 2.684
130 14420 23 sc-42-000 43.0 34.5 10.40 30.9 .75 .40 .00 .64 .00 02 67 15.000 2.684
131 16420 27 sC-m1-000 50.0 40.1 11.80 35.4 .64 .29 .00 .5 .00 02 7 15.000 2.759
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4.4.1 Selection and Adjustment of Hourly Loads

There is no single answer to the question of what week must be chosen as representative of a
particular season in order to define the SRMC for different pricing periods. The following are
some of the most attractive possibilities:

Peak Week of the Season

This week has the advantage that it includes the hour of highest demand and therefore will
include the highest SRMC of any hour in the season. But there are two major drawbacks: 1)
there may be anomalies (holidays) in the week and 2) the mean load of that week will almost
always be substantially higher than the mean load of the season.

Week that Approximates Seasonal Load Factor

This week has the advantage of being the best approximation to the most representative load
pattern during the season. Again, it must be examined for anomalies and it is unlikely that it
will bring about the full range of SRMC that may be experienced during the season.

Average Week

The average week is made up of hourly loads that correspond to the average of all the hourly
loads during that time of the week for all weeks in the season. For example, the hourly load of
Monday at noon in the average week is made up of the average of all the loads experienced on
Monday at noon in every week of the season. The advantage of this week is that it has "diluted”
any anomalies and that it has the average load of the season. On the other hand, it reflects a
greater regularity than would be typical of any individual week.

Adopted Week

In order to obtain a week of hourly loads representative of each season, the model GPT-L
(Generation Planning Tools - Load Analysis Module) was used. The model works as follows:

Step 1 GPT-L examines the historical loads of one year, in this case 1991. It sorts them by
season and records the peak load, mean load, base load, and load factor of each week.

RCG/Hagler, Bally, Inc.



EXMIBIT 4.5 (Cont.)
SAMPLE RESULTS OF THE DETAILED SIMAATION OF THE GEMERATION SYSTEM FOR 1997

STACK LOAD  GEMERATOR NET P.MAIN. FORCED EFFECTIVE EMERGY CAPAC. CAPITAL FINED VARIABIE FUEL TOTAL FINED VARIABLE
LEVEL POINT TYPE & MANE RATED DERATED OUTAGE CAPACITY OUTPUT FACTOR AMMUITY O RN O N COST COST CNARGE CMARGE

YY) YY) X -~ an X “w s s ™ M S/ cts/OM
132 14420 27 SC-M1-000 50.0 40.1 11.80  35.4 56 .26 00 .75 .00 .02 T 15.000 2.759
133 14420 27 SC-Mi-000 50.0 40.1 11.80  35.4 50 .23 00 .75 .00 .01 .76 15.000 2.759
134 14420 26 SC-J1-000 19.0 15.3 15.70  12.9 21 .26 .00 .28 .00 .01 .29 15.000 2.820
135 14420 26 SC-41-000 19.0 15.3 15.70 12.9 20 .2 .00 .28 .00 .01 .29 15.000 2.820
136 14420 26 SC-41-000 19.0 15.3 15.70 12.9 T .00 .28 .00 .01 .29 15.000 2.820
137 14420 26 SC-J41-000 19.0 5.3 15.70  12.9 A8 L2 .00 .28 .00 .00 .29 15.000 2.820
138 14420 26 SC-J1-000 19.0 15.3 15.70 12.9 A7 20 .00 .28 .00 .00 .29 15.000 2.820
139 14420 26 SC-41-000 19.0 15.3 15.70  12.9 A5 19 .00 .28 .00 .00 .29 15.000 2.820
140 14420 31 CG-XX-120 120.0 109.5 12.00 96.3 65 12 307 .90 .00 .03 4.00 33.064 4.637
141 14420 31 CG-XX-120 120.0 109.5 12.00 96.3 46 .09 307 .90 .00 .02 3.99 33.064 4.637
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Step 2 GPT-L receives as input, for each season, the peak load, mean load and base load of the
target year for SRMC computation. In this case, the target year was 1997 (also 1993).

Step 3 GPT-L receives as input a criterion for week selection in each season. This may be any
one of the following: peak week, seasonal load factor week, a particular week designated
by the user, or the average week.

Step 4 Based on the selected week (step 3) and the characteristics of the seasonal load of the
target year (step 2), GPT-L adjusts the hourly loads of the selected week in such a way
that the selected week contains the peak load of that season in the target year and its
mean load is equal to the mean load of the season in the target year. Furthermore, the
base load of the season in the target year will be somewhat approximated (a closer
approximation usually leads to excessive distortion of the weekly pattern).

Step 5 GPT-L stores the hourly loads of both the selected week and the adjusted week for future
use; it also calculates and stores the non-dimensional load duration curves for each
season.

A detailed output of the model GPT-L for the analysis of the years 1993 and 1997 is shown in .
Appendix 4.3. In Exhibits 4-6 to 4-8, some relevant results are shown. Exhibit 4-6 shows the

average week for winter and summer of the historical year 1991, while Exhibits 4-7 and 4-8

show the adjusted average weeks for each season in the years 1993 and 1997, respectively.

4.4.2 Identification of the Generating System

Once a suitable set of hourly loads is selected to represent the loads for the season, then the
short-run marginal cost for each hour can be computed.

The first step is to identify the generating system that will serve the load during that season.
This identification consists of drawing a list, in order of increasing variable production costs, of
all the individual generating units that are used to meet the load during that season. The list
must include the capacity of the unit, its expected availability (i.e., one minus the probability of
outage at any instant during the period), and the variable production cost computed from an
economic perspective (that is, using opportunity costs for all variable expenses and not including
any taxes or subsidies).

RCG/Hagler, Bally, Inc.
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Hourly Allocation of Expected Marginal Costs

The resources in the stack only include those that are treated as "economically dispatchable” in
the simulation. Indeed, these are the only resources that can truly be candidates for marginal
production since there are no limitations, other than cost and availability, in their output.

Before the expected short-run marginal cost function can be applied to the hourly loads of the
adjusted week, it is necessary to account for the "energy-limited” resources. Both the
determination of the expected marginal cost function and the application of the function to the
hourly loads are carried out with a computer model that is described below.

Expected Short-Run Marginal Cost Model GPT-M

The algorithm described in Appendix 4.4 constitutes the logical backbone for the computer
model GPT-M (Generation Planning Tools - Marginal Cost Module). The model works as
follows:

Step | GPT-M will read the stack of "economically dispatchable” generating units and prepare a
function of the expected marginal cost of serving a specific load level.

Step 2 GPT-M will read the hourly loads, the capacity and energy available in "energy-limited”
units, and the distribution of that energy into base and peak load.

Step 3 GPT-M will reduce all the hourly loads by the base load energy of all energy-limited
resources and will then distribute the peak load energy in such a way as to make all loads
during the week as uniform as possible.

Step 4 GPT-M will apply the expected marginal cost function (and also the LOLP function
developed as an incidental result) to the hourly loads resulting from step 3.

4.4.4 Results of the Probabilistic Analysis of Short-Run Marginal Costs

The full output of the GPT-M analysis for the years 1993 and 1997 is presented in Appendix
4.5. In Exhibit 4-9, the expected marginal cost function is shown for both years and Exhibit 4-
10 shows the hourly marginal costs for 1993. Exhibit 4-11 presents the average of those hourly
marginal costs for 1993 and 1997 for each of the pricing periods recommended in Section 4.2.

RCG/Hagler, Bally, Inc.
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In this case, the list or "stack” as it is commonly called, is directly obtained from the simulation
of the generation system described in Section 4.3 above. The Polish system is very large and
the stack of generating units is fairly long. A sample of the stack of generating units is shown in
Exhibit 4.5; the entire stack is available in Appendix 4.2 for each season and year in the period
1993-2000.

4.4.3 Computation and Allocation of Short-Run Marginal.Cost

As mentioned above, one major issue is that the system may exist in any of many different
conditions because of planned and forced outages. Planned outages are relatively easy to
account for by either eliminating from a season those resources that will be largely out of service
or, more commonly, by derating (i.e., reducing) the capacity of each resource in proportion to
the time when it will be undergoing maintenance. :

Forced outages, on the other hand, are a difficult problem. The traditional approach is to
dispatch the stack of generating units under the load of each hour and register the unit that is at
the level of the hourly load. This unit is said to be "at the margin,” meaning that any increment
in load will result in an incremental or marginal production from that unit. To account for
forced outages, the process is repeated many times. This allows the units in the stack to be
randomly present or absent in such a way that, on average, the ratio between the times when any
individual unit was absent to the total times the process was repeated is close to the forced
outage rate of that unit. This approach is commonly called a "Monte-Carlo" approach due to the
analogy between random draws and casino gambling.

At Hagler, Bailly, a different approach was developed to yield a purely analytical and exact
solution that is closely linked to the convolution theorem mentioned in Section 4.3 for the
computation of loss of load probability (LOLP). Indeed, the recursive equation that constitutes
the basis of the analytical approach uses as an intermediate step the convolution equation used
for LOLP computation. A full description of this method requires some background on
probability mathematics; a detailed description is presented in Appendix 4.4. The end result,
however, is a simple relationship between the expected (i.c., the weighted average of the
outcome of all possible system conditions weighted by their respective probabilities) marginal
cost as a function of the load level to be served.

RCG/Hagler, Bailly, Inc.
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: Exhibit 4-11
Probabilistic Ana_lysis Short-Run Marginal Costs (US Cents/kWh)

1997
Winter Summer Average
Morning Peak 2.20 2.45 2.33
Evening Peak 2.24 2.46 2.35
Off-Peak 2.07 2.12 2.10

These results for the generation system were used to develop the LRMC structure, which was in
turn used in shaping bulk and retail tariff revenues. This analysis is described in Chapter 7.

4.4.5 Dispatch Constraints

The probabilistic analysis described above provides a very accurate structure of short run
marginal costs when the generation system has adequate (i.e. close to least cost) proportions of
peaking, intermediate load and base load units. However, the Polish power system does not
have now and will not have achieved by 1997 such optimum generation mix but will have

excessive base load capacity and insufficient peaking capacity.

When a generation system has insufficient peaking capacity it may be necessary to carry excess
capacity in operation or as spinning reserve during the off-peak hours in order to have that
capacity available to meet the higher loads of the peak period. This constraint results in
increased cost during the off-peak hours and apparently lower costs during the peak hours. The
analysis carried out above is correct as far as depicting the true marginal cost of off-peak
operation but it underestimates the marginal cost of peaking operation by not accounting for the
additional off-peak cost incurred to be able to meet peak loads.

An approximation to the additional marginal cost of a peaking operation with insufficient peaking
capacity can be obtained by allocating to the peak hours the difference between peak and off-
- peak marginal costs as shown through the following formula:

RCGTHagler, Bailly, Inc.
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AMCp = (MCp - MCb) x (168-P)/P

where: AMCp = additional cost of peaking operation -
MCp = apparent marginal cost of peaking operation
MCb = marginal cost of normal base operation
P = hours of peaking operation

This approximation presumes a correspondence between marginal and average production costs
that does not really exist in practice and the adjustment is just as likely to overestimate or
underestimate the true marginal cost of peaking under dispatch constraints. Nevertheless, used
carefully, it provides an adequate rationale for the purposes of tariff structure.

- By 1997 it is expected that there will be a modest amount of gas turbine capacity in the system

and, considering the dispatch constraints described above, it is likely that they will be at the
margin at least during the evening peak. Therefore, it was decided to apply the adjustment above
to the lower (morning) peak and to assume that the gas turbines will be at the margin during
evening peak hours.

Based on these assumptions the marginal costs of Exhibit 4-11 are adjusted as shown in Exhibit
12.
Exhibit 4-12

Adjusted Short-Run Marginal Costs (US Cents/kWh)

| WINTER - SUMMER AVERAGE
Moming Peak 2.80 3.97 3.39
Evening Peak 4.64 4.64 4.64
__O.ff-Pmk 2.07 2.12 2.10

RCG/Hagler, Bailly, Inc.
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4.5 MARGINAL COST AND AVOIDED COST

It may be useful to close this chapter with a brief discussion of the relationships between Short
Run Marginal Costs, Long Run Marginal Costs and Avoided Costs since these three concepts are
linked by alternative methods of computing marginal energy costs. '

4.5.1 Average Incremental Revenue Requirements

The Short Run Marginal Cost discussed above is, by definition, only the marginal cost of energy
since the SRMC is the cost of producing an increment of power with the same capacity. In
Chapter 7, the SRMC is then combined with an independent estimate of the marginal cost of
capacity to obtain the Long Run Marginal Cost (LRMC) of the system.

As will be further discussed during the determination of LRMC, it is possible to obtain the
marginal cost of capacity and energy simultaneously by using a method known as the Average
Incremental Revenue Requirements (AICR). The process consists, very briefly, of calculating the
annual fixed and variable costs of two least cost expansion plans. The first corresponds to a base
case load growth, the second to a higher load growth, often obtained by advancing all load levels
by one year. Long run capacity and energy costs are then obtained by allocating all incremental
fixed costs to the increments of capacity and all variable costs to the increments of energy.

Since the least cost expansion of the system seeks a compromise between low investment and
low operating costs it is inevitable that some of the incremental fixed costs are not solely derived
from the need of incremental capacity but result from the need to lower operating costs and thus
are truly energy costs. The AICR method thus needs to include this correction. The AICR
method has not been used in this study to determine marginal costs because current excess
reserve during the short term and low load growth makes it difficult to measure incremental
costs. However, a related method was used to estimate the economic avoided cost of non-
disptachable resources as described below.

4.5.2 Differential Revenue Requirements

As will be discussed in Chapter 6 it is often desirable to determine the value of a resource to the
generation system without reference to its own production cost. This is normally done by

computing the cost of expanding the system with and without the resource in question and then
allocating differential fixed costs to capacity and differential variable costs to energy. The .

RCG7Hagler, Bailly, In<.
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ECONOMIC ANALYSIS OF THE GENERATION SYSTEM 4.28

process, known as Differential Revenue Requirements (DRR) method sounds very similar to the
AICR method described above to compute marginal costs.

Clearly, the cost of serving a small increment of load (AICR) is related to the cost of replacing a
small decrement of resources (DRR). However, in the case of the AICR the increment of load
has the system load factor whereas in the case of the DRR for the purpose of avoided cost
computation the decrement of resources is equivalent to the addition of an increment of load but
the equivalent load factor would be the capacity factor of the replaced resource.

Therefore, if a resource is very small and its capacity factor is similar to the system load factor
then the avoided cost of the resource should be similar to the marginal cost of the system.

In Chapter 6 the DRR method will be used to estimate the avoided cost of non-dispatchable
resources in the Polish power system. -

RCG/Hagler, Bailly, Inc.
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CHAPTER 5: UNCONSTRAINED FINANCIAL ANALYSIS OF THE GENERATION
SYSTEM

5.1 OBJECTIVES AND APPROACH

This chapter presents the results of an analysis of the financial performance and future
financial revenue requirements of the Polish generating system. The objective of this
analysis was to forecast the revenues that must be collected by the generating plants in order
to operate according to an acceptable criterion of financial performance. Its resuits were
used to develop bulk transfer prices from generating companies to PPGC based on the long-
run marginal cost structure for the entire system (Chapter 7).

It is important to stress here that the financial forecast developed in this chapter corresponds
to a scenario of unconstrained tariff increase and instant asset revaluation. In Chapter 11,
these results are subjected to different assumptions in order to arrive at a financial forecast
that is constrained by the need to. limit- the impact of tariff increases and by a feasible extent
of and schedule for the revaluation of assets.

The approach to this analysis was first to perform an historical review of the financial data, ‘
followed by the adoption of a financial criterion to be met. Last, the forecast revenue
requirements were determined.

5.2 HISTORICAL FINANCIAL REVIEW AND ANALYSIS

The financial analysis of the generating system is based on a detailed analysis of 17
individual plants consisting of Poland’s four largest lignite-fired conventional grid plants and
13 of the largest coal-fired conventional and collector grid plants. This sample covers 96
percent of all the energy generated by grid plants.

A considerable effort was made by PPGC, at the consultants’ request, to gather the historical
financial data for each of the generating plants. These data were used to develop a financial
spreadsheet model for each generating plant for the years 1990 and 1991. The purpose of this
exercise was to provide a valid starting position for future projections, as well as to artempt
to identify any underlying trends and ratios that might be expected to continue into the
future. : v

While distortions in data due to high inflation (600 percent for 1990 and over 50 percent in
1991) cannot be entirely eliminated from the analysis, a number of clear conclusions emerge
from the historical data. These relate to the valuation of assets, debt-to-equity ratios, and
expenses of the generating plants.

RCG Hagier, Baiily, Inc.



UNCONSTRAINED FINANCIAL ANALYSIS OF THE GENERATION SYSTEM

n
.
9

3.2.1 Asset Valuation

The valuation of gross fixed assets as of December 31, 1991 was based on a revaluation
undertaken by the Polish Statistical Office in 1990. This revaluation. as will be discussed
later in greater detail. still leaves the assets significantly undervalued with respect to their
probable replacement cost. It thus exaggerates the stated rate of return as well as the stated
debt-to-equity ratio.

5.2.2 Debt-to-Equity Ratio

As of December 31, 1991. the long-term debt of the Polish generation system amounted to
2.654 B.Z1 (1 B.Zl = 1 billion Zlotys = 1,000,000,000 Zlotys), most of which is associated
with the relatively new Belchatow lignite plant. This debt is 7.3 percent of the stated (and
greatly undervalued) equity of 36,567 B.Zl.

5.2.3 Expenses

It is apparent that significant efforts have already been made to maintain (or even increase in
real terms) powerplant revenues in line with inflation. In particular, revenues have been well
adjusted for rising variable energy costs (coal and lignite purchase costs, and environmental
penalties).

On the other hand. overhead costs have not been fully passed through. This would be even
more apparent if the assets (and hence, depreciation expense) had been revalued in line with
inflation. '

5.3 ADOPTED CRITERIA, ASSUMPTIONS AND DATA SOURCES
5.3.1 Financial Criteria

Based on the Polish Government's stated policy to establish power generation as a viable
commercial enterprise, a profit-driven financial criterion has been adopted: the generating
plants must achieve an annual rate of return of 6.0 percent on their net assets employed.
(The 6.0% criterion represents a judgment which relates to industry risk and country nisk,
and which compares for example, to a 4.0% return for electricity generation in the UK,
6.0% in Egypt and 8.0% in certain African countries).

RCG Hagler, Ballly, Inc.
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For this purpose. the rate of return is defined as "operating income after depreciation
expense and before financial expense and income tax."” as a ratio of "revalued net fixed
assets plus accounts receivable and inventories (taken as an average for the year)."

The revalued net assets are based on 1992 price levels. Accumulated depreciation is also
adjusted to 1992 price levels and based on the remaining useful life of the assets (assuming a
total 30-vear economic life).

While other financial performance criteria would normally be relevant. the financial strength
of the Polish generating system and its relatively limited projected capital expenditure
requirements. render other ratios of little significance if the target 6.0 percent rate of return
on revalued net assets is achieved.

5.3.2 Assumptions

The key assumptions used in the financial analysis are listed below:

» All values are projected at mid-1992 price levels and the corresponding
exchange rate of 13,400 ZI equals US $1.00.

> Fuel cost (including transportation) is projected at the economic prices for coal
and lignite discussed in Chapter 3, equivalent to 29.970 ZI/KJ (Zloty per
kilojoule) of coal.

> The gross value (before depreciation) of the system generating assets is
assumed to be out of date by a factor of 6.0. This assumption results from the
ratio between the estimated 1992 international price of comparable coal-fired
plants’ and the average 1991 gross book value of the generating assets.

» The net value of each asset is based on applying the uniform index of 6.0 to its
gross book value and calculating the accumulated depreciation from its
commissioning date, assuming an economic life of 30 years.

> It is assumed that 15 percent of the target rate of return is achieved through
energy sales and 85 percent of the target rate of return is collected through
capacity sales. This assumption has been made in order to provide a profit-
incentive to each generating plant to actually produce electricity, rather than
being able to earn all its net income solely by being available for dispatch.

Based on $870/kW for a coal-fired plant without emission control equipment and before interest
dunng construction.

RCG.Hagler, Bailly, Tnc.

W&



UNCONSTRAINED FINANCIAL ANALYSIS OF THE GENERATION SYSTEM 5.4

5.3.3 Sources of Data
. Income Statement

The sources for the historical data for each plant’s income statement were the "F-02" annual
accounting returns for each plant, the Energy Statistics reports from CEI, and energy
purchase analyses provided by PPGC.

For 1992 and future years, the sources used for each plant are briefly outlined as follows:

> Physical energy sales and production were developed for each plant using the
simulation discussed in Chapter 4 (details are reported in Appendix 4.2).

> Environmental charges were based on the PPGC energy purchase summary by
plant for January-August 1992.

> Operation and maintenance costs were considered as fixed costs and several
sources of data were used:

‘ -- 1991 actual costs adjusted by inflation to 1992 and 1993
- estimates for 1992 established by Energoprojekt’s detailed cost ﬁnalysis

- international comparisons and trends for plants of various sizes as used
in the economic analysis presented in Chapter 4.

~ In general, the approach taken was to base personnel costs for 1992 and 1993
on the 1991 actual increased by inflation, and to use Energoprojekt’s
assessment for maintenance and other overhead. Then, if the resulting O&M
level exceeded the economic standard. the total O&M estimate was reduced by
10 percent per year until it reached the economic standard, which was usually
met by 1995.

> Interest expense (income) was assumed to be earned on net cash balances. The
only plant with significant interest expense is Belchatow.

> Corporate tax was assumed to continue at the current rate of 40 percent.

RCG.Hagler, Bailly, Inc.
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Balance Sheet

The sources for the historical data for each plant’s balance sheet were the "F-02" annual
accounting rerurns for each plant. together with the 1991 fixed-asset valuations contained in
the May/June 1992 cost analysis prepared by the Tariffs and Economics Department of
PPGC.

The historical data provided information with respect to historical working capital
requirements (for example. days’ sales in accounts receivable. or days’ supply of fuel on
hand), which were then used to project future working capital requirements.

The critical balance sheet item. however, is fixed assets - gross and net. In addition to the
revaluation and amortization assumptions discussed above. provision has been made for
additions to fixed assets resulting from rehabilitation and investment in environmental
protection over the 1993-1997 period. The level of investment for each plant is based on the
review discussed in Chapter 3.

5.4 RESULTS ’
The results presented below are those for the unconstrained tariff increase and instant asset

revaluation scenario. See Chapter 11 for results under the financial forecast constrained by

the need to limit the impact of tariff increases and the feasible extent of and schedule for the

revaluation of assets.

5.4.1 Results for the Consolidated Generating System

The revenue requirement in 1994 for the consolidated generating system, expressed at 1992
price levels. is 489 ZI/kWh. This results from an average fixed charge of 97,709,000
ZUkW-M (Zloty per kW per month) and an average variable charge of 307 ZI/kWh. The
income statement, balance sheet, and operating and financial ratios for the consolidated
system are shown in Exhibits 5.1a, 5.1b and 5.1c, respectively.

On the basis of a 6.0 percent return on net assets revalued to 1992 levels -- which (after an
average 40 percent tax rate) is equivalent to about 4.5 percent after tax on revalued equity --
the total system (as now constituted) should generate approximately 30,000 B.Zl in surplus
cash by 1997. This cash balance includes the projected rehabilitation and modernization of
existing plants. bur it does not include financing for the Opole powerplant, which is under
construction. Financing for this plant is assumed to be paid by Government equity

contributions. .

RCG . Hagler, Bailly, Tnc:
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INCOME STATEMENT QONSOLIDATED GENERATION SYSTEM

Bithons Zioty at Base Yew Prices
Case. gencobas\system v\grouptot

28 - Jun 93

PRO - FORMA | ACTUAL | ACTUAL | POLISH GENERATING COMPANIES ESTMATE| . FORECAST
1909) 1000| 1901 | Yoas End - - December 3t 1992 e[ qeea| 1905 |
T ] erea7|Enegy Sakes - - Gun 97,011 96,337 were|  102.424| 105582
bl 20,773 Capacity — - MW 20476; 20306 20,180 .. 20,39 20,189
_ | % Capacity Soid I . B} L

. |__73,135 | Hours of ProductonyYear Y 73,826 74765) 75004 66,791
. 193,312 | Capactty Sales — Mw/m _185,003 182,381 184,205 184,127 172,483

o Max Capactty Sales @ 1904 instaliation 208,851 . 207,732 202.168| 200,636 181,242
. _115.498 | Energy Sales Price - - Z/Kwh 198.754 300 222 _308.7M1 313.057 326149

. 45,459 | Capactly Price - - "000 Zi/Mw/m_ 53,084 . 103,053 90,580 96,867 100,844

_ Adjusted 1904 Capactty Price _ —
)] | Sales Rewenue R .

,,,,,,, ] ) 1,301 [Energy 19,087 28,922 30,578 _ 32,064 . 34,435
_ __ﬁ__-: 8,870 | Capacity 10,032 . 18,795 18,150 . 11,838 17,350
] 3,008  20.199 | Sub-total Electrictty Sales 20,000 .o 48,737 __ 49,000 51,705

L ] 3200 A2]0thes e 1012 885 ... ist 818 85
%0 4018| 2001t = Totul Sales/Revenues 8,111 _..48002) = 40011 50,775 52,000
e Variable Cost e B L o
. 170] 20087 10,738 | Fuel . - 11,502 25,205 26,245 21,018 28,018
— )88 .| Tramport . - 10041 -

e} 49| _ 001 Envkonmental Penalty 2,719 __ 2087 L2742 2,708 2,850
81 2w 4/ Ohes - e . .
AN 2253 11,343 Total Variabie Cost @ 1992 Prices 16,004 27,982 28,087 _ 20815 30,868
... Plus: inflation [P . e —— [N IO
172] 2208] 11,343 Total Vasiable Cost 10,004 27,002] 20907 20015| 30,868
. |Fixed/Capacity Costs . e e
9 o51| sses| exatingPtat e308| 5.773( 5342 4956 4,605
, NewPlat 2| s 260
| o5t 5.865| TotalFixedCost (ex Depnj@i902 =~ 6,398 _._5.718 _5415 5,101 4,984
Plus: Inflation — e R S
™ os1| b5.065| Total Fixed Cost betare Dep'n. 0,300 5,778 sa1s|  st01] a0es
o 7| w41l 1,047 | Depreciaton Experse 0 | 8,053 _8,953 8,801 . 9.434 0.710
274 3344 19,155] Total Operating E!Eif}”___ » . 31,358 42,714 43,203 44,340 45571
a1l oee1|  1,456] Opmaling income - 12y 5,808 6,408 6.426 1.0
____al__ st| __ es| Fianciayimerest Experse (Ney _ 57 (1.199) (.701) (2.347) (2.900)
o] en| _ 42 |exvacidnmyicome Loss) 1
.2 588/ 1790 income Before Tax o . @87 1087 8,169 8172 10.079
... 8] 219  980| Corporate Tax _ - . @r5) 2835 3.268 3.500 4.034
_ .V 309 820 Netincome Afler Tax _ i (12 . 422 4.901 5.263 6.047

me|  vem

107 048
21,316

60,630
173,497
195,389
338.126
103,333

36,500
17,026
54.428

855

55,209

28,757

2871
31,628
31,028

4,501
434
4,035

4,935
11,027
47,590

7.603
(3.009)

11,302
4.557
6.835

RCG/HAGLER, BAILL Y, Inc
t ile Name g \polyeportextubrines 1 wki
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Exhibit 5-1b

BALANCE SHEET — CONSOLIDATED GENERATION SYSTEM

POLISH GENERATING COMPANIES
Yeas End - - December 31

ASSETS
Cash

Inventories — - Fuel
_ Othens

Othexs

PRO - FORMA | AGTUAL | ACTUAL
ve0| 10| 1001
Csum| 123

are| 18

91| 1614
2|20
... 224
_2,190| 3,050

as.125| 38835

18.435| 18,205

' 18890| 18,530
A 1e73s

22200 41,233

_eo2| 1320

ss6| 920

|

1,168 | 2,268

N

aa1| 2402

. 162

_ugst| 156
1aee|  re7s

L am| e
2833|3103

__so7|  esa
1978|8507

22,200| 41,2

Billions Zioty at Base Yeas Prices

‘a gencobas\system_vigrouptot

. . Tolal Cuirent Assats
Groas Fixed Assels
Lass. Acc. Depreciation
Nel Fixed Assets
Capital Work -in-Proggess .
_ .. TOTAL ASSETS EMPLOVED
LIABILITIES
Accounts Payable
Other Liabikties
LTD due within { year - naw local
LTD due withun 1 year - new FX
Cash Deficwncy (Swplus)
. —. ... VYotal Current Liabilities
Other Liabliies
tong Term Debt - existing
Long Term Debt - new local
Long Teim Dabt - new FX o
, Totat Long Yerm Debt
Equity Balance: =
Assumaed Opening Position
Additional Paid in Capital
Revaluation of Fixed Assets .
Aetained Earnings - - Prior Years
Currant Year's Nel Income
. . Tatal Equity
TOTAL LIABILITIES & EQUITY

ESTIMATE
1992

879
1.613
1,694

4,188
219,816
122,307

124,737

{5.911)

(5.741)
704
,g.'(_m_a
704

32,770
2,718
87,632
3797
(412)

126,706 |

. 133,078

124,737

03]

1,268
2,480
3,471

450
7,300
219,832
131,351
88,481
33,446
120,317

170

(9.397)

(9,227)
1,970
2.899
1,870

‘!”.9
32,770
5.436
87.632
3.385
4252

120,317

850
8?@
238,904
140,152
98,752
27611

134,453

170

(13.159

(12,080)

3342
2,720
3.342

6,071

32,770
8.230
87,832
7.637
4.901
141,371
134,453

FORECAST o
1905 | 1996
1292 1262
2132 2958
3.414 3,547
1.300 1,700
8738 0408

24785 267,422
149585 159,304
988,270 108,118
30,368 26,257
197,976| 143,882
170 170
(8739 (2367
(18,580 (23,502)
an2 6,934

. 2,550 2,300
4.112 6,934
6,671 9,323
32.770 32770
10,870 13.589
87,832 87.832
12,539 17.802
5.263 6.047
149,275 156,041
137,376 143,862

1907

1,274
3,180
3.630

2,000
10,084
297,728
170,331
127.397
9.734
147,219

170

{30,489
{30.319)
7725
2,220
7,725

0.845

327710
16,306
87.832
23849
6835
187,503
147,219

RCG/HAGLER, BAILL Y, Inc

Hile Namae g \pohhas
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Exhibit 5-1¢
OPERATING AND FINANCIAL RATIOS — CONSOLIDATED GENEARATION SYSTEM

pRO-FORMA | AcTUAL | ACTUAL | POLISH GENERATING COMPANIES |  ESTIMATE  FORECAST )
_1960|  1900| 1901 | Year End - - December 31 2| ies| e[ ies|  ieee| e
R _|SALES . I - .
4 ] _ . [|EnegySales(Gwh} - Annual Growth % | -0.0% -07% 35% 2.8% 31% 22%
| 12005%| 446.2% | Sates Revenue(Z]} - Annual Growth - % , 4.1% 64.0% 21% 2.4% 3 8% 51%
e B goq.q:g A!gug! !!m’! - - Zlolysﬁtwh ) 299__9§7 495 3147 488.951 . 487.195 490 566 504 206
OPERATING RATIOS N ,
-] _ 115 920 | Vasiable Cost [ kwh __ . \64.969 280 460 200.815 201001 = 292358 292 992
1. 174 048 lopl Qgggh\g ngl_/ kwh o __2_8_&9@3 398 883 3654636 396.005 391 496 409 362
. 174 7|,‘) l_ol_al 999!_/ kwh @_xgl RQQ" ) _____ggf.! 18 386 439 ;_3?!}.9(_59 373.004 383 271 375 094
o 30,027 Fix_gdCQy Mw_/m __h_wt_id_.j_y 31,684 20,385 27.702 28,898 28 445
4 39,904 | Fued Cosl plus Dep'n/ Mw/m . Brexn . 80775 774751 718937 85.243 62.000
b 40,328 | Fixed Cosl plus Dep'n & Int. Mw/m 18822 74,202 67,615 66,192 67,966 70679
N AL 7.1% | Operating Incoma o Sales - % A% 12.1% 12.9% L 127% 13 5% 13 9%
S B Opsrating Incoma to Gross Assets I
- N .. _ | nService (Average) - % e
] ee% ... _historical o S . _
e} 8% 40%}  __crevalued L . =10% L2T% .28% | 26% . 28% 271%
o Ta% 7.8% | Operating Incoma/ Net Assets - % e m2.0% | . 63% . 6.8% .. 65% 6 9% 65%
e .. | BALANCE SHEETRATIOS =~ | === . . — .
U I _ 17|CurentRabo . . . ¥ -08 . -oe -05 04 -03
R S .04 Cash at Bank 1o Sales - months 04 03 03 03 03 03
B o 24| Accts Receivable to Sales —days .20 19 .19 20 21 2
] - Debt to Equity Ratio - % ~
R R i .. _ . . ~historical )
o 00% -cgvg!ggq o 3__0?(3 36% 4.3% 4 5% 5 9% 5 9%
Bilkons Zioty at Baae Year Prices RCG/HAGLER, BAILLY, Inc
Case: gencobas\systemn_vigrouptot File Name g \pol\hasry\exiubitias .1

03 Mar 3



UNCONSTRAINED FINANCIAL ANALYSIS OF THE GENERATION SYSTEM

th

.9

It is relevant to observe that total expendirure on Opole (in 1992 prices) will amount {0
approximately 30.000 B.ZI. which is almost equal to the system's total cash surplus. Thus.
under the unconstrained analysis. the Opole project could in effect be financed from within
the system. :

In summary. given the present combination of circumstances (a low-growth scenario. present
surplus capacity. and an extremely favorable debt-to-equity ratio of about 3.0 percent) and
assuming no constraints in the instant revaluation of assets. a real increase in revenues of 63
percent above current levels would be required to finance the generation system if no
additional long-term debt were assumed.

5.4.2 Results by Generating Company
Coal Plants
The table in Exhibit 5-2 is a summary of the results for each individual plant. Using the

resulrs for the individual plants, the financial forecasts for each of the five generating
companies (four companies with coal-fired plants and one company with all of the lignite

plants) were consolidated. The assumed composition of each generating group is as follows: .
Group 1 Jaworzno 3, Laziska, Siersza
Group 2 Rybnick. Dolna Odra, Blacjownia, Halemba
Group 3 Kozienice, Ostroleka, Stalowa Wola
Group 4 Polaniec, Lagisza, Skawina

The most relevant characteristics of each of these groups are compared in Exhibit 5-3. This
exhibit shows that the range of revenue requirements is from 498 ZI/kWh for Group 2 to 574
ZI/kWh for Group 1 (that is, a variance of approximately 7 percent about the mean
requirements of all coal-fired grid plants).

The results for the generating companies are presented in Exhibits 5-4 to 5-7 and include the
income statement, balance sheet, and financial and operating ratios for each of them.

The Rybnik powerplant is the primary reason for the low revenue requirements of Group 2.
and the Jaworzno 3 powerplant is the primary reason for the high revenue requirements of
Group 1. If the objective is to make revenue requirements as uniform as possible, then one
option would be to move Jaworzno 3 to Group 2 in exchange for Dolna Odra.

RCG.Hagler. Bailly. fnc.
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Exhibit 5-2

SUMMARY OF RESULTS FOR INDIVIODIAL PLANTS

AGE IN | CAPACITY SALES COST PRICE

PLANT'SNAME |TYPE | _ 1992| _  (MW)| (Gwh/Year) (Zukwh) |  (ZI/Kwh)
Adamow ____ |Ugne | 28 480 2.472 250711 | 253000
Bo!chlovg o ngnlh . 6] 4320 25.902 2@2493 . 275 000
thhoyn!__” Cq@l 30 184 arz 46:_‘]?97 469 000
Doima ____ |Coal 6 1,600 5.583 291108 327000
Halomba e Coal 29 200 462 @?lg o 405(_1)0
Jav;aln_q_g____ Coq.l 13 893 3.799 32@_8_3_) - 339000
Ko{nl.(;l R Coal 18 N 2,600 8000 ?gg lgl o 299 000
Lngiggg o Coal 23} 7?1 2.|4_4 §_7§_£5 - 384 000
Laziska [ Coal 23 920 5473 337396 | 341000
|Opole | Coal N 360 2.289 340583 | 628000
OstolekaB | Coal 18 600 1.967 361.754| 368000
Patnow | Lignte 28 1,200 8.897 238456 § 243 000
Polaniec | Coal 8 1600 7.888 296.387 | 310000
Rybnk i Coal 13 1600 .. 10,058 299.996 |  307.000
Siewsza | Coal o) 60 _nne 374195| 382000
Skawina | Coal 33; [E3) i 450 422.210) 430000
Stalowa | Coal I I _ 1851 | 280761 282.000
Twow | Lignite 23| . _1e600{ 10050 290655 295000
TOTAUAVERAGE | 34s|  19.940]  se476|  200088] 306079

Notes:

1/ Based on 6.0% return on pau tially revalued net assets employed in 1994 (at Mid - 1992 Prices)

2/ Prices are at June, 1992 levels, Exchange Rale is LUS$1.00 = ZI 13,400.

3/ Energy Costincludes Fuel at 1992 “ECONOMIC" Coal Price; Transport included in Coal Price;
Envionmental Penalty Coal Price is 29 970 ZI/K|: Lignite piice is 22 277 ZI/K|

4/ Capacity Cost includes Operation & Maintenance, Depreciation; Plus (Minus) nterest Expsnse (Incomej.

CAPACITY REVENUE
SALES COSsT PRICE | REQUIREMINIS!
Mw-m| KZiMw=m| KZI/Mw-m (Zy/Kwh)

5356 62605| 65000 383 277
3217 57,568 127.000 486 893
1,082 94,127 106,000 746 755
14.971 67,445 94,000 579 067
1,322 90,189 104.000 675 701
7519 133,967 185,000 675 44\
24,237 71,238 98,000 595 888
4541 60.518 87.000 552 945
10,608 74,607 85,000 505 743
_ 628 000

3,651 118,999 73.000 503 483
12,240 30,607 49.000 310415
16,320 59,354 114,000 545 865
16.320 32,242 . 79.000 . a35182
3765 67,925 92,000 567 080
1389 135,464 807 743
3172 97,759 0 282 000
16,146 70,665 80,000 423591
185,855 | | 489 433

RCGtlagler, Bailly, Inc.

Fite Name. g \pol\harty\exhibines 2
03 Mar 93




EXHIBIT 5-3
COMPARATIVE RESULTS FOR GENERATING COMPANIES

| onoue | | cnour 2| [ crour o] GROUF 4|
No of Planis 3 4 3 3
Energy Sales in 1994(Gwh) 10,085 16,480 11,919 10,482
Avesage Tantl ZE/Kwh 574 7 98| 529 559
Tote! Revenue Billions ZE 6,305 8.204 7.102 5035
Opeisting Income 637 892, 678 873
Gross Fixed Assels 31,020 38,626 34,278 30.608
Accumulated Depreciation 21.004 70 9% 25561 | 66 2% 26,372 76 9% 18.102 59 0%
Nel Fizxed Assets . 0.027 13,0685 7.804 12,568
Shareholders Equity 12,902 20,150 14.740 17,143

ACG/HAGLER, BAILLY, Inc
File Name g \poltharry\exhibit\e5 3+
08- Mar- 9



’....Jil 5
INCOME

TEMENT - GROUP 1

Bilions Zioty at Base Year Frices
Case. gencobas\system_v\group1

PRO - FORMA | "ACTUAL | ACTUAL | POLISH GENERATING COMPANIES ESTIMATE |
1960 1900 1991 | Yeas End - - December 31 1902
1. 12,564 | Energy Sales - - Gwh 10570
T 2,563 | Capacity - - MW 2,563
] ... |'%cCapacity Soid e
. “29£!§ Houwrs ol Producton/Year 20,814
____|___24,588 | Capacity Sales - Mw/m 20,331
- T I Maxcapacty Sates @1994 instaiation 26,141
| __ | 100.203] Enecgy Sates Price - - Zikwh 242702
) .} ___. .| __e5719]Capacily Price - - '000 Z/Mw/m _._ 69366
, i | Adpsted 1994 Capacily Price .
] - _|. . __]Sales Revenue _
- 1,372 | Energy 2,565
| 1.616 | Capacity . \l40
! 180 1,537 3.007 | Sub-tolal Elac¥icity Sales ___.3976
B 136 | Others . . I
_. 3,142 . Total Sales/Revenues | 3,976
. e Variable Cost ——
AL 978 1.453 | Fuel 1532
— S I Trarsport . . .
_ B Envionmental Penalty 416
8 .2 (1) Others Lo - . -
e 1.000 1,452 | Total Variable Cost @ 1992 Prices 2,024
115 203 L_ 1,452 . _____TYotal Vasiable Cost 2,024
S ___. |Fined/Capacity Costs -
48 35 1,132} Existing Plant e 1,232
IR S ... | New Plant , o
__ as] 33| 1.132] Towl FixedCost (ex Dep'ny@1982 2%
R | Pusmfaton |
e .. 48] ¥ 1,132  Total Fixed Cost batore Dep'n, 1.232
. ] 16 252 | Depreciation Expenee . . 966
61| 1413 2,836 [ Total Operatng Expense 4,222
. _18 286 307 | Operating income - {246)
4 3 Financial/interest Expense (Net) el
I I 28 31 | Exwaordinary Incoma (Loss) —
B ) 283 337 | Income Bafore Tax - _(248)
B 138 2151 Corporate Tax o {98)
10 7 123 | Net income After Tax (148

y _ FORECAST .
103|194 1995 | 1996 |
10,754 10,985 10,788 9,980
2,563 2,563 2,563 2563
20,814 20814 20,814 20,814
20426| 20963 21,142 19,727
26,141 6141 28141 26,141
346.445 6700 346693 346 508
130,303 19,112 109,823 110,768
3.726 3.809 3,740 3.458
2662 2,407 2322 2.185
6,387 6,305 6,062 5,643
0,307 e305|  eoe2| 564
3215 3,264 3222 2,969
423 433 427 398
3638 ans| 3640 3.967
3,638 aris| see|  aser
1,108 985 869 703
1,108 985 869 793
008  ees 800 793
066 966 966 966
5,712 5,660 5,483 5126
675 637 579 517
675 637 579 517
270 255 23 207
405 382 347 310

1997

2,115
2,563

20814
17,876
26.141

346 549
116,764

3159
2.087
5.246

5,246

3,070
3,070
749
740
749
4,785

461

461
184
271

ACG/HAGLER, BAILLY, Inc
Fde Namae g \pol\hariy\e xhibiie?
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Exhibit 5—4b
BALANCE SHEET - GROUP 1

PRO-FORMA | ACTUAL | ACTUAL | POLISH GENERATING COMPANIES | ESTIMATE FORECAST
1909| 1990|1991 | Year End - - December3t | 1992 1903 | 1904 | 1995 | 1998 1967
e ASSETS .
N3l 255|Cash . 238 345 341 37 301 274
.62}  65]Accounts Recawable 87 149 . 148 143 ._1e] 129
155 313} Inventores - - Fual 208 605 617 603 547 492
.| ___ otes X )
100 {140)| Others SR R i
. -1 . [ § S Total Cursent Assets | 823 1,100 1,106 1,073 . . bb4 895
. 5214 5022 Gross Fixed Assets , , 31,020 31,020 31,020 31,020 31,020 31.020
._3078] 3421 Less Acc.Depreciabon = 20,061 21.028 21.894 22960 23,926 24.892
o _2a3 2201 NetFixedAssets o . 10,959 9.993 8.027 8.061 7,095 6.129
% 193 | Capilal Work —in - Prograss o 1983 193 . 193 193 193 193
] 2812 2688 TOTAL ASSETS EMPLOYED 1,775 11,285 - 10,326 9,327 8,271 7,218
_ .. JuaBwimies _
AL 214 Accounts Payable - e
J191L 134 ] Other Liabiities L I
.. .. |L1Ddue wittun t year - exsting —
. e |LTD due within | yeas - newiocal -
,,,,, e | LTD due within | year -~ new FX .
e — Cash Deficiency (Susplus) o . (340} (1.235) (2.576) (3.922} _(5.2866) (6.620j
. __ 37 e8| Total Current Liabilities | {340) {1.235) {2,576) {3.922) {5.268) {6.620}
_ —ee_. | Other Liabiiies ,
- Long Tetm Debt - ewsting
_ .- _ . |leong Term Dabt — new local
Long Tern Debt - new FX -
— A_ . Total Long Term Debt | _
. . __._ |Equity Balance: L o
— o). 228}  2328| AssumedOpenngPoson | = 2,320 2,329 2,329 2,329 2329 2.329
Additbonal Paid in Capitai ,
Revaluation of Fixed Assets - . 8724 8.724 8.724 9.724 9.724 9.724
91| Retainad Earnings - - Prior Yaars 209 62 466 848 1.196 1.506
.. 9V . 18] Curent Year's Net Income , . (148) 405 362 347 310 2n
_..2308| 25| .. Yotal Equity 12,115 12,520 12,002 13,240 13,560 13,836
2,612 2,886 TOTAL LIABILITIES & EQUITY 11,778 11,285 10,326 0.327 8,271 1.218
Billions Zloty al Base Year Prices ' : ACG/HAGLER, BAILY, In.
‘SO geficobas\system vigroupt . file Narne g \poih Titatia®
' 04 Mar 93 '
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Exhibit 5—4c¢
OPERATING AND FINANCIAL RATIOS FOR GROUP 1

PRO - FORMA | AGTUAL | AGTUAL | POLISH GENERATING COMPANIES | ESTIMATE  FORECAST -
. 1989| 1000| 1901 | Yews End - - December 31 1ee2 wos|  1eoa|  wses|  roee|  wewr
. |SMES O A — L A
T . |enegysaksiGwn) -AnnuaiGrowtn % | -15.9% 17% 22% 1% 75% 87%
. 7§§ 1% 9§6’*_ §l|,l_ ng.nuc[ll) - Annual Growth - % 33g% 60 7% - l?% -39% -6 9% 7 0%
S . _239§|9 »Ayﬂ_lp!v‘_lnﬂ ZlOIYI/kwh glslgz 593 942 573 998 . 561 933 565 461 575 542
o | openaTiNG RATIOS | L L -
e 115 55' \_/Illlb!p_g&l / k?l"! 3 1g|§q2 336 318 §§9.4_4l ) ?@.224 337 376 336 822
1. 22§ 092 Tpl{! (_)E!!hng CQS_U kwh pgg«_)s _5.’” 187 §!99_52 §06258 513 608 524 965
N 225 692 Total C_g!(A/ kw.h (l!((;l HOE) . 2@_495 §3|,187 §I_§952 508 288 513 608 524 965
L IO 46.028 | Fved CosY Mw/m ... 60573 54,245 .. 46,980 41,078 40,183 41.889
I 56.284 | Fixed Cos! pius Dep'n/ Mw/m .. 108,000 101,543 93,075 eg772] | 89154 95,934
. 56,284 | Fixed Cost plus Dep'n & Int /Mw/m __.._108,000 101,543 . 83,075 _._8s7rr24 89,154 85,934
. _1esx% 9 8% | Operating income to Sales - % . _..T82% 10.6% _10.1% ... 95% 92% 8 8%
_____ I __ | Operating Income lo Gross Assets I —— e b
SRR SRR _..| nSeivice (Average) - %: —_— R B}
) o tee% -historicat 4 _ e o o
| _nox 57% . _tevalued L. . -13% . 2.2% L 21% 1% 17% 15%
- o1 223%] 11.7% | Operating Income/ Net Assets - % . m34% 8o%[ _eo%|  60%| = 60% 61%
. __|eaance suEeT RaTIOS e . T
SRR A 14| Curent Ratio =18 -09 . -04 ~03 0z o1
B I DR 1.0 Cash at Bank to Sales - months S Y 06 . 06 06 06 06
I D 8 | Accts Receivable to Sales —days .58 8 , 9 9 9 9
e Debt 1o Equity Ratio - % U
. -~ historical
il 00% ~tevalued
Bilhons Zioty al Base Year Prices ACG/HAGLER, BAILLY, Inc
Case: gencobas\system v\group't ' Fie Name g \pohhatry\axtutuhet
04 Mar 93




PRO - FORMA
1080

18

w8 -3

18 '3

o N
N

ACTUAL
1900

ACTUAL
1991

16,393
3eu
11,047
30.504

cxiibit o—oa

INCOME STATEMENT - GROUP 2

POLISH GENERATING COMPANIES
Year End - - December 31

Energy Sales - - Gwh
;6 Cagacny Sold

Howrs of HomchonlYoal
Capacity Sales - Mw/m

124576
42,526

Bilions Zloty at Base Year Prices

. gencobas\system vigroup2

Energy Sales Price - - ZUkwh
Capacity Price - - '000 AMw/m

Adjusted 1994 Capacity Price

Sales Raveruis
042 | Energy
ClPOC'n' S
Sub- \ohlEhct_lealu
Others

~__ Total Sales/Revenuss
Vasiable Cost
Fuel
Irlmgggt

o . Toul Vanablo Co-l
Fixed/Ca M Costs
Existing Plant
New Plant - B
Toul Fixed Cost (g l_)gg'n_)@!ggz__
Plus: inflation .
__Total Fixad Cost before Qgg
Depxeciation Experme
Total Operating Expsnse
Opeiating income
Flnnncinl/lnmnl Expense (Net)

!1.99!*_! 99!9!9 Ig
Corporate Tax
Net Income After Tax

ESTIMATE

100
!'9_“;
5,459

02
(18

210

126

19093 1994
16,134 16.480
3,605 3,564
11.917 11,017
32,551 33,481
36,771 36.353
320 443 320226
94,804 87.401
5.170 5277
3.086 2.926
8,256 8,204
8,256 8.204
4.497 4,583
4 @9
4,908 5.003
4,008 5,003
684 613
684 613
604 813
1.696 1,696
7.288 7311
2968 892
(295) (493)
1.262 1.385
505 554
157 831

FORECAST

wwos|  ima|  yer
16,608 17,057 16,907
3,564 3,523 341
1o 1,917 11917
34065 34,446 33,09
36,353 35,035 35,008
320 236 319 364 317723
80.844 75318 72,052
5.347 5,447 5,372
2.754 2,594 2.476
8.101 8.042 7.848
8,101 8,042 7,048
4,640 4715 4.642
424 432 429
5,064 5,147 5011
s084| 5,147 5,011
547 485 412
547 485 an2
547 ass arz
1.696 1.696 1.696
7.307 7.328 7.239
794 714 609
(698) (907} (v.127)
1,492 1,621 1,736
597 648 694
895 923 1 041

ACG/HAGLER, BAILLY, Inc

file Narne g \polhailyigeiinney_$
04 Mar %



Exhibit 5-5b
BALANCE SHEET - GROUP 2

PRO - FORMA | AGTUAL | ACTUAL | POLISH GENERATING COMPANIES |  ESTIMATE o . FORECAST
1969| _1000| 1001 | Year End - - Decembes 31 1902 1903 1904 | 1995 | 1908 1907
C |assers _ - _
| stjcan 107 143 143 138 132 126
___ 3| 218 Accounts Recewable 202 322 a2 320 321 310
ne| 220 inventories - - Fusl 218 364 8 303 “07 390
- | . Othens
50| 35|0thers . —
1T 2e 528 Tolal Current Aszets 528 830 847 851 860 825
) 5,_3‘10 4,380 | Gross Fixed Assets 38,626 38,626 38,626 38,626 38,626 38,626
~'2633 2,840 Lesx Acc Depreciation 22,170 23.865 25,561 27.257 28,953 30.649
_!:677 1.549 |  Net Fixed Assats 16,457 14,761 13,065 11,369 9673 7.971
70 160 | Capital Work -in - Progyass ] 160 160 160 160 160 160
2008 2,237 __ TOTAL ASSETS EMPLOYED 17,142 15,750 14,072 12,380 10,604 8,963
UABILITIES
87 115 | Accounts Payable o
_10e 224 | Othes Labilities N
. LTD due within t year - exsting L
B LTD due within | yems - new local T
B _ . {LTD dua within 1 yeas - new FX R :
S N __ | cash Deticiency (Swpius) 1o ey (568 (6077  (sees) - (11324 {14,099
1 __we| 3% Total Gurent Lisbilities (1,419 (3.508) _ (6077) = (ees)  (11,324) (14,006
] N _.__ | Other Liabilities . L
_n 67 | Long Term Debt - existing
4. Long Term Debt - new local e
A _|long TemDebt - newrx | - -
R _ L Total Long Term Debt | o o
- Equity Balance: R S
[ 328 AssumedOpening Position ___3z 328 328 328 328 328
- Addironal Paid in Capital _
. Revaluation of Fixed Assets _ 16,603 16,603 18,603 16,603 16,603 16 603
._ 1384 1,459 | Retained Eanings - - Prior Years 1,504 1,630 2,387 3218 4014 5086
B DR | 45| Curent Years Nelincome 126 757 Y 895 973 1 041
—- -} te0 Lo _ Total Equity 18,561 19,318 20,150 21,045 22,018 23.059
__L, 2,008 2,297 _TOTAL LIABILITIES & EQUITY 17,142 15,750 14,072 12,380 10,604 8,083

Bilions Zioty at Base Yea Pices
Case. gencobas\system v\goup2

RCGIHAGLEH, BAILY, Inc

t1le Namae g \pol\harry\extututiey .S

04 Mas 9




PRO - FORMA
.. 1969

AGTUAL

Exhibit 5-5¢

OPERATING AND FINANCIAL RATIOS FOR GROUP 2

POLISH GENERATING COMPANIES

Bikons Zioty at Base Yeas Prices
Case: gencobas\system_vigroup?2

ACTUAL
1900 1901 | Yeas End — -~ December 31
SALES B L
o b | Eneigy Sales{Gwh) - Annual Growth -%
1010.7% | 1008.9% | Sales RAsvenue(2)) - Annual Growth -%
| 219.481 ] Average Tal - - Ziolyskwh
o OPERATING RATIOS R
_. 71897 | Vaable Cas! [ kwh
o 143 584 | Total Operating CosY kwh
o 146 538 | Tolal Cost/ kwh (sxcl ROE)
- 20,344 | Fed Cosy Mw/m
— 32,122 | Fixed Cost plus Dep'n/ Mw/m ,
- 33,445 [ Fixed Cost plus Dep'n & inl Mw/m
__330% 7 7% | Operating Incoma to Sales - %
S __.| Operaung incoma 1o Gross Assets
. __ | wnService (Average) - %
. 149% ] -hatocal
_82%|  45%) | -fevalued —
_13.7% 9.7% | Opeiating incoma/ Net Assets - %
o | BALANCE SHEET RATIOS
—_ __1.8!Curent Rato - e
- __.02|Cash at Bank to Sales - months
31 | Accts.Receivable to Sales - days

Debt to Equity Ratio - %
_-historical
__—revalued

. 19e2

184.856
336.033
328751

ESTIMATE|

1903

-07%
48 7%
511720

304 230
451727
433 470
21.007
73,105
64.056
"n.7%

o
®

8

-]
1N

"

_ FORECAST o
woa[ 1005 wos| 1007
21% 13% 22% —09%
-06% -12% -07% —24%
497 793 485168| g  471.469 464 159

N .

303 553 303289 301775 299 944
443 651 437 593 429 608 428 151
413.729 395 792 a76.427 361 510
18,308 16,049 14,067 13,902
68,959 65,831 63,299 63.871
54,231 45,341 36,965 30,671
100% 08% 89% 6%
2% 21% 18% 1 6%
6.0% 61% 8.3% 63%
01 01 01 or
02 02 02 02
14 7] 15 14

RCG/HAGLER, BAILLY, Inc
File Nama g \pohharry\exhibit\es S
04 Mar- 3




PRO - FORMA | ACTUAL | ACTUAL

1989 1900|1001

R 1,226

:_3,545

... |_.s0300

132 304

] . _ 42014

1,485

R 1,201

. 2,776

- 000

L 3,680

N 1.508

_ 19

- L7

e L wnr
I

R 1,141

U S 1141

I 1,141

S P arr

. . 3.235

R 450

. 147

A 45

) 348

) 152

S 196

Bilions Zoty at Base Year Prices
Case gsncobas\system vigroup3

"...wi: 5.
INCOME

EMENT - GROUP 3

POL ISH GENERATING COMPANIES
Year £End - - December 31
Energy Sales Gwh
Capacity - - MW
% Capacity Sold
Hows of Producton/Year
Capacity Sales - Mw/m
Max Capacity Sales @ 1994 Inslallaton
Energy Sales Price — - ZI/Kwh
Capactty Price - - '000 ZYMw/m
Sales Revenus
Ener gy
Capacity
Sub - total Elechicity Sales
Othws . .
i Total Sales/Revenues

Vaslable Coat

Fuel _

Trarsport -
Enveonmantal Penatty
Others

Total Variable Cost @ 19692 Prices
.. Plus: Inflation . _

o ... . Total Variable Cost
Fixed/ Capacity Costs

Exsting Plant

Total Fixed Cast {sx.Dep'n)@1092

Plus; jnflation , ,

Total Fixed Coatl batore Dep'n.

Depreciation Expense

Total Operating Expense
Operatng Income

Financial/interest Expense (Nei)
Exvaordinary incoma (Loss)

Income Belore Tax
Corporate Tax
Net Income Aftar Tax

ES'II“AIE
1002

67
I 1)

248

L)

1993

11,484
35545

29,628
36,159
306.729
9!.‘99?

1004

11,919
3st1

31,060
35,812
307.605
85,052

3,666
2,642
6,308

.. 188
1.102

33

1,797
q,l_?4
678
(259)

931
372
559

FORECAST
1995

12,102

3511

31613
35812
307.490
80224

1,797
6.464

(327)

915

1006 |

12,228
3511

32,091
35,812
306 942
76,052

3.753
2,40
6.194

795

6,089

3.451

929
372

557

11,902
3,511

31241
35812
300 472
71817

3,648
2246
5,893

795

6,688

3.354
273
3.627

3,627

ACG/HAGIER, BAII Y, inc
e Name g \pol\harryrextutuiia®

04 Mar &y




Exhibit 5-6b

BALANCE SHEET - GROUP 3

PRO - FOHMA ACTUAL | ACTUAL | POLISH GENERATING COMPANIES
1980 1900 1991 | Year End - - December 31
. |ASSETS
50| 95|Cash .
. m 467 | Accounts Recewable
172 360 | inventories — - Fuel
_._8) 2y _ Othems o
68 48 | Othera o
ass L2 Total Cursrent Assets
_2325] 2,400 | Gross Futod Alutl
o 1404 1,502 | Lass; Acc, Depreciation
_ 920 807 Net Fixed Assels
) _ o8 Capital Work - in - Pfogun )
1,3 1,008 | JOTAL ASSETS EMPLOYED
—— _ .. |uABILITES -
_104] 270 Accounts Payable
{79) 206  Other Liabities
- - LTD due within | year - exsting
- — .. |LTD due within | year — new local
B N o LTD due withun | year — new FX
e | _____ |CashDeficiency (Swplus) ___ _
o 28] 558 Yotal Current mumm
o Olhll Lll.bllmu
210 326 | Long Term Debt - oxnhng .
] - L""IT!,"_‘Q‘_E!: new local
s ) U Long Term Debt - new FX |
o . o Total Long Torm Dobl
. ~ gﬂmﬂahmo o
N —___ | AssumedOpening} F'mmon e
— Addional Paid in Capital
1”7 Revaluation of Fixed Assets
947 1,035 | Retained Earnings ~ - Prior Years
8o} 80| Curent Years Natincome
- - 10451 114 . Total Eau'tr
_1,3% 1,906 TOTAL LIABILIIIES & EQUITY

Bilions Zioty at Base Year Prices
yse gencobas\system _v\groupld

ESTIMATE
1902

13
493
440

FORECAST -
1903 1904 | 1905 | 1996
160 166 168 170
562 557 554 551
756 188 801 810
450 850 1,300 1,700
1,827 2,902 2.623 3.2%
34,276 34,276 34,276 35,529
24574 28,372 26,169 20,967
9,701 7.004 6.106 5,562
462 1.318 2,270 1,587
12000  uses|  1niee| 10,380
(2.001) @.157) (4000 (467
(oo (57 (40s0)  (54e7)
l?,@]l 12.371 123N |g,3]l
1,263 1,811 2.369 2918
§!7 559 549 857
1082 te740|  1s280| 15841
12,000 11,583 11,100 10,380

1997

166

188

2.000
3,487
36,480
31814
4,666
R}
8,884

{7.469)
(7.460)

12,371
3.476
506
16,353
8.884

RCG/HAGLER, BAILLY, Inc

tile Namae g \pol\h
04 Ma 9

ubmlljll\af




PRO -FORMA | ACTUAL | ACTUAL
1080 1900| 1901
o 247 320

1. 152 929

N 288 207

. 301 339

__ 31.670

N 50.117

N 54.983

_ 12 2%

i B N BT E
- 19.0%

A ] 2%

. 18

— 03

.- 48

Billions Zioty at Base Yeas Prices
Case: gencobas\syslam vigroup3

"

Exhibit 5-6¢

OPERATING AND FINANCIAL RATIOS FOR GROUP 3

POLISH GENERATING COMPANIES

Year End — - Decembaer 31

SALES
Energy Sales{Gwh} - Annual Growth -~ %

Sales Revenua(2) - Annual Growth %
Average Tarlt - - Zotyshwh

Vanable Cost / kwh -

Total Operating Cosy kwh

Total Cost/ kwh (excl ROE}

Fived Coslf Mw/m

Fixed Cost pius Dep'n/ Mw/m

Fixed Coal plus Dep'n & Int /Mw/m

Opeiating Income 10 Sales - %

Operating Income 1o Gross Assets
n Service (Average) - %:

___—historical
.._.Ttevalued
Operating Incoma/ Net Aszets - %

BALANCE SHEET RATIOS
Current Ratio .
Cash at Bank to Sales - months
Accts Receivabie to Sales - days
Dabt 1o Equity Ratio - %

_ .. rhstorical

—revalued

ESTIMATE
1902

_18%
| 2%
a71.479

1903 |

05%
47.2%
544 045

304 972
548 340
533 770
33,685
84,328
88,681
10.6%

2.2%

62%

-09
03
29

_ FORECAST
1904 | 1995
38% 1.5%
1.0% -08%

529 251 517 047
0s822| 305720
598994 534147
517.805 507 109
31,608 30.500
89,476 87,448
81,344 71,097
9.6% 83%
2.0% 1.7%
6.2% 6.1%

- 07 -07
03 03

29 29

1998

1.0%
10%
506 524

305218
S3t 285
495 519
30.134
86,144
72515

7.0%

1 4%

55%

06
03
29

1907

27%
4 9%
495 140

304778
541 259
491 056
30,954
80.092
10,967
A71%

07%
29%

05
03
29

RACG/HAGIELRA, BAILLY, Inc
File Narma g \pohhasty\extubine!

04 Mar




Exhibit 5-7a
INCOME STATEMENT - GROUP 4

PRO - FORMA | ACTUAL | ACTUAL | POLISH GENERATING COMPANIES | ESTIMATE  FORECAST A
_1909| 1900|1991 | Veas End - - December 31 . 1ee2 1003|1004 wos| _ 1eee| T yeer
N 11,495 | Energy Sales - - Gwh | =~ 10008 10,894 10,482 9466 8368 1.487
2,001 | Capacity - - MW e ) .. 2604 2,533 2,462 2.462 2,462 2.321
,,,,,,, % Capacity Sold _ ] ,
. _ ]... 12,077 | Hows of Productan/Yeas - 12,077 12,077 12,077 12,077 12,077 5916
e} 21144 | Capacity Sales - Mw/m | = 22215 21,966 _21,744 21,704 19,582 . 4.3
e o |MaxCapactly Sales @1994 Installation | 26,550 25,838 _ 25,16 25116 251161 23,674
. __117.484 | Energy Sales Price - - ZUkwh .. 223040 330.164 330.291 332.354 333.577 320 318
oo e | 41,872 |Capacity Prica - - 000 2/Mw/m | 54,040 112,933 110,046 105,698 112,433 115,441
e _ | Adimsted 1904 Capacity frice
o | Sales Revenue o 7 o
] __1350|Energy . 2,232 3.630 3462} 3146 2,791 2,461
. .. 1,290 | Capactty el V20 2,481 2,393 2294 2203 2.008
73] 699 2,650 Sub-tolal Electicity Sales e} 3499 6,110 5,855 5,440 o 4994 4.469
T _. oty 2%lohes .t . 100 ol 80 B I 60
_________ 1) 17| 288%| = Jotal Sales/Revenues| = 3,533 8,200 5,835 5520( 5074 4,520
. _ VauiableCost = | ,
.. M| 319 12461 Fuel e} V206 3,196 3,045 2.764 2,451 2,162
o N} . | Tramport Y . 5 ]
. _ . .89 | Enviconmental Penatty . 28 300 288 267 239 206
) 319 1,335 TolaiVaiableCost @ 1992 Pices | 1,832 3,49 3333 3.030 2,690 2.369
e e | _Pus:fabon -
. 1 379 1,395 Tolal Variahle Gost | 1,092 3,496 333 3,030 2,000 2,360
,,,,,, .. .. _.|Fixed/Capacity Costs — o
31} 2371 1,000] Exsting Plant — . 892 768 721 675 . 841 575
AU I _ | NewPlant o R o _
. oW p 2371 1000 TotalFixedCost (ex Dep'nj@1992 | 892 , 788| 43 675 .. 647 575
e e | Pusiinflabon [ — . o -
N 23] V000 Total Fixed Cost betose Dep'n.| 882 _ 788 24 a75 047 575
... 2y 32 __ 349 Depreciation Exparme C .. Voos 1.009 1.009 1.009 1,009 974
_ 13| __ 648) 2684 TowlOperating Expense 3,833 5,292 5.062 4.714 4,346 3018
81 _ 1297 201 |Operating Income — (300) 908 813 L 728 612
Financial/interest Expense (Nat) {51) {136) {269) (403) (549) (679)
I B P _ .45 Exvaordinary Incoma (Loss) ,
1| ___ee| _ _233|Income Before Tax . {248) 1,044 1,138 1,209 1271 1.291
! . 60 174} Corporale Tax (tog) a8 ass| 484 508 516
5 . 66 60 | Net Incoms After Tax o (150)) . 826 683 726 163 774
Biions Zioty at Base Year Prices RCG/HAGLERA, BAILLY, Inc
S gencobas\systam_v\group4 tia Name g \pof\hay et .7
. 04 Mar )




Billions Zloty al Base Yeas Prices
Case: gencobas\system v\group4

Exhibit 5-7b
BALANCE SHEEY - GROUP 4

PRO - FORMA | AGTUAL | ACTUAL | POLISH GENERATING COMPANIES |  ESTIMATE B
1989 1900| 1991 | Year End - - December 31 o tee2 19003
T |mssets L
| __ee| _ _roofcasmn 140 219
i ___ 48| 171 Accaunts Recawvable : IO | 340
T 368 | Woventories — - Fuel . Ao 789
- BN DU _Others e
{8 . V]|Oters . I
o 204 645 7 Total Cutrent Assets D £ 1,340
- 7.422 7.582 Gross Fixed Assets 30.668 30 668
- 3y 3,408 | Less Acc Dtpucngbon _ §§:@5 17.084
i 4279 ACQBQ Net Fixed Assets o I_4lf_>_8;jl |§,§75
o 137 | Captal Work - 1n Progress o 137
1 _amm|  aen __TOTAL ASSETS EMPLOYED | 15400 15,080
- UABILITIES o
- 50 238 | Accounts Payable e
— 116 136 | Other Liabsties I )
— LTD due withun | year - exsting e
1 10 18 | LTD due within 1 year - new local —_— B}
. __. | LID due within 1 yeas - new FX I
i ____|Cash Deficiency (Surplus) 14 _{1,400)
o o 118 R 15 Total Cursent Liabilities {374) (1,400}
- ____ | Other Liabitites o . .
— ) Long Term Debt — existing S
} I . | long Tetm Dett - new local S
o B I | tong Term Debt - newFX S o
v_L_ _ o). . _Totallong TemDebt]
- . | Equity Baiance: o ——
| aars|  as21| AssumedOpening Positon _aa 4421
] Additonal Paid in Caphal .
— Revaluation of Fixed Assets . 11,503 11,503
1 Astained Earnings - - Priol Years 58 .. )
. 4. . s 59| CuienlYears Netincome (150 626
) AATal  A4a80| Towl Equity|] 15634} 16,460
1 aes 4,071 _JOTAL UABILITIES & EQUITY 15460] _ 15060

. FORECAST .
04| 1985 1996 | 1007
207 ) 165 149
330 309 286 262
754 684 606 541
1,201 1,179 1.057 952
30,666 30.668 30,668 30.668
18,102 19,111 20.120 21,094
12,566 11,557 10.549 9.575
a7 157 137 137
13,904 12,873 11,743 10,064
.. {3.149) . (e (6.888) {8.742)
. _13,149) _{4,995) {0.888) (8,742)
4,421 4,421 4421 4.421
11,503 11.503 10500 11,503
536 1219 1,944 2.707
683 726 763 774
17,143 17,868 18,631 19.405
13,004 12,873 11,743 10,604

ACG/HAGIER, BAIILY, Inc
File Name g \polharry\estutuhie.?
04 Mar @3



Exhibit 5~-7¢
OPERATING AND FINANCIAL RATIOS FOR GROUP 4

PRO -FORMA | AGTUAL | ACTUAL | POLISH GENERATING COMPANIES ESTWMATE| ___ FORECAST o i
1989 1900 1899 | Yeas End — - Dacambes 31 1902 ‘Elw o wu[ ) 1oo5|__ tnoo[ 1907
SALES . e e
b | Enegy Sales(Gwh) - Annual Growth - % -1z 8.9% -4 -87% -116%]  -104%
851.6% | 279.0% | Sales Revenue(Z]) - Annual Growth -% ... 205% 78 0% -4.2% “T1% o .T82%) . -105%
1250533 ] Average Tasift - - Ziotyshwh 342903 5585 797 558560 574697 . S96.820 596 109
S | OPERATING RATIOS - e _
_ o 116 165 | Variable Cost fkwh e} .. 199.063]  317.084] 317071  320113] 321468 315 967
_ I 233508 | TolalOperatingCost/kwh | 382900| = 481379| 462048 . 497.839) 519335 522 544
. 233 544 TolalCost/kwh (excl ROE) | =~ 3717693 . 465021 .. 457644 4554071  454.501 431935
- . 30,040 | Fixed Cosly Mw/m e} o %000 35862 33145 31088 33027 33.046
U S .49.600 | FedCostphm Dep'ryMw/m [ 85564 81782 .. 19538 11558 84510 80,053
R R 49,706 | FixadCostpis Dep'n &It Mw/m | _83288) 75506 _.67.335 50008| 56819 49,992
) | 1ee% 70% | Opeiating Income to Sales - % | = -85% . 1a6% LR 146% )  144% 135%
TR SO Operabng incorme b0 Gross Asses 1 L _ - .
— I . in Sefvice (Average) - % [ SR . R -
I ovaex)  -heotiead L ) . -
o 35%| 27%| ____ -tevaled e -1.6% 3.0% oL 28% . 26% L 24% 20%
,,,,,, Ll ST%] 43% | Opeating income/ NetAssets - % | -3.0% 6.0% 6.1% 6.1% 6 0% 55%
- |emancesHeermATOS | o e T
U . 18[CwrentRato = .. ...z20 -10 .04 _-02{  -02 -01
e eeeipe— | . _.. 04| CashatBankio Sales -months = | 05} 04 04 _ 04 .. 04 04
IR S 22 | Accts Receivable 10 Sales —days 20 .20 20 20 21 21
) ___|__.. _. _|Oebtio Equity Ratio - % U . o
. o e ) _—historical _
A S R - _Tfevalued - »

Billons Zioty at Base Yeas Prices RCG/HAGLER, BAILLY, inc
Case: gencobas\systemn_vigroup4 E Fila Name g \pohharr\exhibinie5.?

04 -Mar @
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FINANCIAL ANALYSIS OF THE GENERATION SYSTEM 5.24

Lignite Plants

The group of lignite plants has approximately the same amount of sales as all four generating
companies with coal plants. It is projected that the revenue requirement for the lignite group
will be 434 ZI/kWh in 1994, or about 19 percent lower than for coal plants. The financial
statements for the lignite group are shown in Exhibit 5-8.

In contrast to the coal plants, a rate of return of 6 percent on net assets of the lignite group is
not sufficient to cover all cash requirements. This is largely due to work planned in the
Patnow and Turow plants.

Therefore, some debt increase is necessary. The total cash deficiency is projected to
increase to 10,837 B.Zl1 by 1997, while long-term debt will increase from 3,772 B.Zl in
1992 to 9,945 B.Zl in 1997. Nevertheless, the total debt-to-equity ratio is projected to
increase to a very reasonable 16.6 percent by 1997.

RCG,Hagler, Bailly, Inc.
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txhibit b-—-ta

INCOME STATEMENT — LIGNITE GROUP

Bilions Zioty at Base Year Prices

' gencobas\systermn_v\grouphg

PRO - FORMA | ACTUAL | ACTUAL | POLISH GENERATING COMPANIES | ESTMATE
1969 1900| 1901 | Yems End — — December 31 1902
R - _ 48,170 [ Energy Sales - - Gwh o .o 782
8,120 (Capacity -~ - MW 8,120
_ . |%Capacity Soid R B
. [ 28,327 | How's of Production/Year _ __.. 208818
L 76,008 | Capacity Sales - Mw/m ... }_._ 608900
o o Max Capacity Sales @1994 Installation | 82,824
- 100.400 | Energy Sales Price - — ZUKwh _ ....1eo585
I —_— 40,633 | Capacity Price — - '000 ZI/Mw/m - ...50253
- Adjsied 1994 Capacity Price , ——
e —.___|Saies Revernus .o
- _5051 Enegy =~ - . 1.830
- 3116 Capacty _4.065
IO N A &) 8,168 | Sub-total Eleckicity Sales |18
- .23 1811 Others I
~ 1,041] 8,340 Total Sales/Revenues 11,600
S _ . |VariableCoet =~ o ]
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Exhibit 5--8b
BALANCE SHEET - LIGNITE GROUP

PRO - FORMA | ACTUAL | ACTUAL | POLISH GENERATING COMPANIES | ESTIMATE A  FORECAST
1060( 1900] 1901 | Yems End - - Dacember 31 __ise2| 1903 1094 !99?‘ 1990 Ao07
. |asses |
. _a2an|  223(Cash __._281 a2 427 _ a3 430 430
___Vee{ 458 Accounts Receivable .14 1.107 1124 1,165 1,184 1227
___210] 320 inventiores — - Fuel . L. 657 611 . 689 669 689
.8, ] _ Otens _ .
. __.244/ = 280 Others o ) e . . :
__E B |la_og . ) Total Cutrent @lgb mv__!,2_5t 2,184 2,222 2,285 2,304 2,346
) _|§955 16:63':’ Gj(_n} le!t_! Assets §§g__42 85,242 93_7?3 |Q?,675 110,398 129,161
__g_gn 7.030| Less Acc Qogoclq!:pn 75!:3*9\'_! 44 789 48,123 51,559 55,260 59235
__9eis 9.783| Nei Fixad Assets o 43938 40,452 45,600 51,116 55.118 69,927
. 1189] 2682 | Capital Work —in- Progress ...4363 11,584 12,775 11,864 . 16,307 8.517
L_vees| 13,777  TOTAL ASSETS EMPLOYED 49,552 54,230 60,597 = 65,265 73,728 80,700
e UABILITIES I -
- __a45 493 | Accounts Payable I
_ 220 141 | Othar Liabiities e . e
_______ LTD due within 1 year - axsting ____4o 170 ... ¥ 170 170 170
I _ | LTD dus within 1 year - new local_ - . _—
U _ | LTD due within | yeasr - new FX e _ U
| ___|CashDeficency (Swplus) . {2769 (103 1974 _1.268 10.837
. ) 465| 63| = Total Current Liabilities | (2,509) = (933)) 2,144 1,497 11,000
RUUUENE S {50) _. | Other Liabikties . 104 1970, = 3342 . | 6,934 1.72%
] __166| 2,100 Long Term Debt - existing . __3.0868 2.809 2,729 2,559 2,390 2.220
U A 162 | Long Term Debt - new local . . _To4 1,970 3,342 4112 . 6934 7.725
B P . |tong Tetm Debt - new FX . e L R e o
N S R S __ToualLong Tesm Debt | 3,772 4060  aon 0,071 9,%23 9,045
I Equity Balance: _ ; e A o
_______ ,j .14 8,563 Assumed Opening Positon 10227 10,227 10,227 10,227 10,221 10,227
N __1199|  1268| Addtional Paid n Capital N o , o
j‘ 388 378 | Revaluation of Fixed Assets _ 3163 37,631 37,631 37,631 37.631 37,631
e b 502 519 Relained Earninge - - Prior Years .M 522 2,437 4524 6.848 9110
. _ 0 393 | Cusrent Years Netincome 1390)5,‘ 1.916 2,087| . 2,324 2,262 2871
i | -f0052{ 11,138 Total Equity 48,378 50,205 52,382 54,706 58,068 59,830
o089 13777 . . TOTAL UABILITIES & EQUITY 49552 54,230 60,597 65,265 73,728 80,7900
Billions Zloty at Base Year Prices ) BCG/MHAGLER, BAILLY, inc

Case gencobas\system v\gouplg Fie Toune g \polhairyraxtutunes. e

. tdar X8



s
Pt

OPERATING AND FINANCIAL RATIOS FOR LIGNITE GROUP

Exhibit 5-8¢

Biions Zioty al Base Yewn Prices
Cass. gencobas\system vigrouphg

PRO -FORMA | ACTUAL | ACTUAL [ POLISH GENERATING COMPANIES ESTIMATE
_1989 | 1900 1999 | Yeas End -~ - December 31 1902
o SAMLES o o
el o | Energy Sales{Gwh) -~ Annual Growth -% .. 56%
. 618.1% | Sales Revenue(Z1) - Annual Growth - % 45 6%
| 176000 | Average Twifl - - Ziotyshkwh 243.958
i o o OPERATING RATIOS R
. 122610 | Vaiable Cost /kwh e 141.326
, _ ... | . 128253 Total Operating Cos kwh _ R _wrazr
, - 125.418 | Total Cost/ kwh (excl. ROE) - . 180.926
e 21,225 FixadCosl/ Mw/m —— - . 30,593
S 31,006 | Fixad Cost plus Dep'ny Mw/m .. Taem4
) 20,389 | Fixed Cost pius Dep'n & Int./Mw/m 69,686
_125% 36% | Opetating incoma to Sales - % -8.0%
—_ __ | Opetating incoma 1o Gross Assets .
R DT S i Service (Average) - %:
I [ '_5_’_“ Y __'!!‘2"(_:._' e
. 18%)  to%]  tevalued - -19%
_1__ _30%] 3.1%]|Operang incoms/ Net Assets - % -36%
o .. _._ __ |BALANGE SHEET RATIOS . :
- . .. 2.1 Curent Rato -05
. 0.3 Cash at Bank to Sales -~ months 03
N .20 | Accts Recsivable to Sales -days 20
— __ | Debt to Equity Ratio — %
- ~historical
- -tevalued 18%

____ FORECAST ) N
o3| _ eea|  iwes| 1906 1907
3% 12% 27% 00% oo%
741% -0.4% 26% 0o% 5 6%
441005|  a3a064|  4asazes|  a3agor|  asrewr
264764| 263207 262502  e2ser| 262592
204504| 204965\ 204288  289007| 209590
281799 279 472 276 737 269 829 290 248
28,286 26,534 25,120 27.070 23,799
73,087 69,847 70,571 82,921 77.934
65,363 60,280 59,244 68.876 65.011
12.5% 133% 14 3% 13 4% 17 2%
30% 31% 31% 27% 32%
61% 6 4% 8 2% 5 3% 61%
-23 10 06 03 02
02 02 02 02 02
20 20 20 20 20
9 7% 11 6% 12 2% 16 4% 16 6%

ACG/HAGLER, BAILLY, inc
Fiie Name g \pohhasry\axtubineb .9
04 Mar- 3




e | ™)
Road Map to the Study
@® -
Supply-Demand ‘c:::m 1
Review Atroduction

Chapter 3 Chapter 2
Review of the Review of the Load
Generation S"um Forecast
Part II E (i:h:Pt:lr ‘“ ( Recommenaed
o COROMIC ARalysis o e Forecast for Tanff
Generation Generation System Qnmn;
System
Ec Load c Gensrauon Marginal
R ) (s,
——————— .— —-— -— - \
[ Unconstrained |
: Financial |
! Analysis |
o ' + |
! —— : Chapter 6
{ apter ] ‘.
| [ Generstion System j | Bulk P““'-l:
l | Purchase Tariffs
> | ‘ ]‘ <
| |
Part III | '
Transmission | » ! Chapter 7
d | Chapter 8 | Ecomomic All‘lylil -
aq . . Polish Power Grid Company I Long-Run Marginal Costs
Distribution ! |
System : L |
[ Chapter 9 !
Distribanon System |
: s
5 eizll‘roﬂu:n bdy <
Part IV Eu‘:llo.mnrv(.:h::
Tariff Design
® . o
_Chapter 10, Chapter 11 Chapter 12
Impact of Tariff Constrained F Desi
. . . Tariff Design
Increase Financial Analysis




BULK POWER PURCHASE TARIFFS 6.12

administer. it is possible that a better total power price from a generator could result if a
two-part tariff would facilitate better financing terms for the plant.

Dispatch Flexibility

The total avoided cost of energy should be the ceiling of the willingness of PPGC to pay for
power that would be entirely under its control. Less control or flexibility in the dispatch of
that power should result in a lower price.

In the computation of DRR assumptions must be made regarding the split of CHP power
between base and peak. That is. some of the energy from CHP is assumed to be associated
with a constant power output. while some can be flexibly dispatched and therefore generated
during the peak hours. To the extent that CHP plants are willing to accept more flexibility
in the dispatch. these assumptions could be changed and the resulting avoided costs would be
slightly higher.

RCG/Hagler, Bailly, Inc.



BULK POWER PURCHASE TARIFFS 6.2

6.2 COST-BASED PRICING

It is recommended that cost based pricing apply to all existing conventional power plants that
are dedicated primarily to power production. This would-include piants involved in minor
sales of heat. as described earlier.

The compensation should be based on a two-part tariff. Fixed costs would be recovered
through capacity sales and variable costs through energy sales. In addition. profit. calculated
as a return on net assets. should be included in the tariff. It is recommended that most of
this rerurn (85 percent) be collected through capacity sales with a small part (15 percent)
collected through energy sales.

6.2.1 Standard Cost Phase-In

Standard costs should be established for both fixed and variable cost components. Fixed-cost
standards should cover the wages of plant personnel, administrative costs, and plant
maintenance. Variable-cost standards should apply to fuel, variable operating costs, and
costs for use of the environment.

To facilitate the transition to standard costs. a phase-in period can be established. During
this period. partial recovery will be allowed of costs incurred above standards and. similarly.
a parual withholding of an equal fraction of any the windfall profits of power plants that
operate at costs below standard. The need for this adjustment may be eliminated by revised
grouptng of thermal plants into generating utilities as discussed in Chapter 5.

The actual selection of standard costs for each component should be the subject of a detailed
analysis. but we offer recommendations on the principles for the treamnent of fixed costs of
non-essential capacity and basic principles for determining standard costs for fuel and the use
of the environment.

6.2.2 Non-Essential Capacity

While the current excess generating capacity is not the result of poor planning by the power
sector. it is nonetheless its responsibility. Therefore, generating utilities should be allowed
to recover the fixed costs of such capacity from the ratepayers. On the other hand, it is
necessary to provide a signal to the generating utilities that such capacity is not of value to
the system at present and that it is within their managerial responsibility to decide whether to
retire excess capacity or maintain it for future capacity sales.

RCG Hagter. Baillly. Inc
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One option is to allow the recovery of standard fixed costs while not providing any return on
assets for non-ordered capacity. This option will not provide a significant saving since the
capacity in question generally is installed in the older plants and their return on net revalued
assets is very small. '

A second option is to reduce the standard fixed cost allowance by application of a factor that
is uniform for all non-essential capacity and related to the period of time until such capacity
will become essential. This is being done at present except that the factor is not uniform (it
is related to the specific plant).

A third option is to compute the value of the current capacity by performing a differential
revenue requirements analysis. (A similar option is discussed later in this chapter with
respect to CHP plants.)

6.2.3 Standard Fuel Cost

We recommended that fuel costs for coal-fired conventional grid plants be recovered on the
basis of the border price of coal of a standard quality burned at the efficiency declared by the

plant to the central dispatch. The standard cost of lignite should be pegged to the border .
price of coal through a formula that includes the estimated additional cost of burning lignite

at the same level of emissions as that of standard-quality coal.

It is reasonable to use the heat rate declared by each powerplant in the formula that relates
the actual energy purchases to the fuel cost compensation at standard fuel price. In this
situation, the order of merit dispatch will be strictly based on increasing heat rate for each
tvpe of fuel. Any increment in the declared heat rate above its actual value would simply
result in lower energy purchases and therefore lower profit. Hence, it could be economically
sound to allow powerplants to compete against each other in the declaration of heat rate to
the central dispatch.

6.2.4 . Allowance for Environmental Tax Recovery

In principle. we would prefer that no environmental tax be levied against plants that meet
target emission levels set by the Polish Government and that, eventually, only plants meeting
these targets be allowed to sell power. However, since this policy may not be within the
control of the power sector, a system needs to be established to allow the recovery of these
costs in a way that would promote fair internal prices for fuels of different qualities and
reduce overall emissions.

RCG. Hagler, Bailly, Inc.
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It is recommended that recovery of environmental costs be allowed up to the amount that
would be levied if the plant were burning fuel of the standard quality used as a reference for
setting border price of coal. Any additional costs would not be recoverable. Thus. a svstem
of internal tuel prices would develop in the coal market 1o offset the environmental costs
which can not be recovered when lower quality fuel is burned. Furthermore. any emissions
reduced below the standard will result in additional profit to the generating company thereby
giving further incentives for clean air production.

Two important issues must be addressed in the allowance for recovery of environmental tax:
1) the recovery of the cost of environmental control equipment and 2) the effect of
environmental tax on the order of merit dispatch.

Recovery of the Cost of Environmental Control

Accepuing that emission standards are a matter of Government policy, it is entirely
reasonable to allow for recovery of any capital and operating costs incurred to meet those
standards and to allow a return on the additional value of net assets. It is also reasonable to
develop a different operating cost standard to cover the cost of chemicals and other operating
expenses associated with emission control equipment.

In general. it should be attractive for any powerplant to eliminate non-recoverable emissions
costs if requisite investments are fully recoverable and even profitable. It is important to
establish that, once the environmental control equipment is in operation, then the equivalent
level of emissions for fuel of standard quality also drops. Thus switching to a cheaper (and
dirtier) fuel will not be very atractive. In other words, the ratepayers should pay for
investments and costs that result in actual improvement to the quality of the environment and
not for investments that increase profit to the plants at the same environmental quality level.

Dispatch Order

As a general rule, environmental taxes should not be included as economic costs when
calculating order of merit dispatch. Taxes are transfer payments within society, and as such
they are not treated as economic coOsts.

Environmental costs should be included as economic costs if they represent quantified
measures of impact to society. Specifically, these charges should be directly related to: 1)
the quantity of pollutants emirtted, and 2) the cost to society of either reducing emissions or
of living with them.

RCG. Hagler. Bally, Inc.
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th

Including environmental taxes in the dispatch could cause lignite-fired plants to move above
the base in the merit dispatch, significantly distorting the intended use of these plants and
increasing the total cost of power generation. Therefore. we recommend that environmental
costs should be included only to the extent that they represent explicit costs to society.

6.2.5 Heat Sales by Power Plants

The sale of heat by plants primarily dedicated to power production is economically efficient
to both the heat and the power subsectors and this activity must therefore be encouraged.
These plants will be compensated according to the cost based principles discussed above,
including the recovery of the additional cost of producing heat for sale. However. the
revenues from the sale of heat should be applied against costs to be recovered. In order to
provide an incentive for sales of heat from powerplants, these plants may be allowed a
regulated rate of return on such sales so long as the regulator is satisfied that revenues from
heat sales offset the additional costs.

6.3 VALUE-BASED PRICING

There are many resources in the system that are not entirely under the control of central
dispatch or that have constraints that prevent their dispatch on an economic basis. Resources
that may have this characteristics are combined heat and power plants, small hydroelectric
plants and surplus power from autoproducers. Many of these resources may sell their power
directly to distribution companies at negotiated prices but in some cases power will be sold to
the grid and thus the price should be determined either through bidding or negotiated not to
exceed the mimimum cost that would be incurred to secure such power supply from an
alternative source. This approach 1o evaluating power is known as the "avoided cost
principle” and there are many methods and techniques applied all over the world to compute
avoided costs. :

As discussed in Chapter 4, the computation of avoided cost may in some cases yield similar
results to that of marginal costs but the former takes into account the characteristics of the
power being supplied (i.e. capacity and capacity factor) whereas the later assumes that power
is supplied at load factor and very small increments.

RCG/Hagler, Bailly, Inc.
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6.4 COMPUTATION OF AVOIDED COSTS FOR CHP. SMALL HYDRO AND
AUTOPRODUCERS

While the joint production of heat and power is economically efficient and should be
encouraged. a cost based compensation for power is not recommended for plants thar are not
primarily operatéd for power production as is the case of CHP plants in Poland.

Due to the relatively small share of CHP in total power production and the social priority
placed on adequate and economic heat supply. it is preferable to transfer to district heating
customers the full benefit of the cogeneration process as recommended in the district heating
tariff study (DBDH. August 1992). Purchase of electricity from CHP plants based on the
principle of avoided costs eliminates the need to allocate costs berween the joint products of
heat and electricity.

Small hydro plants and autoproducers are mostly outside the control of central dispatch and.
at any rate. produce to little power to engage in individual pricing formulas based on their
production cost. It is therefore preferable to apply avoided cost principles to these resources.

Since different resources have different characteristics the computation of avoided cost should
be done individually for each resource under negotiation. However, in order to provide a
reference value. it is illustrative to present a computation of the combined avoided cost of all
CHP. small hyvdro and autoproducers.

6.4.1 Least-Cost Expansion Plans

The GPT model described before and used for the long term simulation of the system has a
very convenient feature that is partucularly useful to estimate the approximate least cost of
expanding the system. Faced with a situation when capacity reserve is below a target level
GPT will choose from a selection of different resources those that will minimize the capital
and operating costs for each year.

This method generally results in expansion plans that are not continuously feasible and are
slightly lower in cost than that of the true feasible least cost plan but the difference in cost
between two approximate plans is very close to the difference in cost between two true lest
cost plans and thus the method is well suited for avoided cost calculations.

In this case GPT was allowed to choose resources from three possible candidates. A 360
MW lignite fired steam turbine unit. a 600 MW coal fired steam turbine unit and a 120 MW
gas turbine fired with natural gas. These candidate resources were also used by PPGC in the
analysis of the expansion plan and the same characteristics and costs were adopted. The

RCG Hagler. Bailly. Inc.
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need for capacity is defined by a target of zero effective capacity reserve which results in
adequate installed capacity reserve levels.

The model was run twice under identical conditions for the period 1992-2010 with the only
difference being that in the second run (evaluation case) all CHP. small hvdro and
autoproducers are eliminated from the planned system (base case). A summary of the
capacity additions chosen for some spot years follows:

Capacity Additions in MW

Year Base Case Evaluation Case
Gas Gas
Lignite Coal Turbine Lignite Coal Turbine
1995 0 0 720 0 0 4,560
2000 0 0 120 0 0 6.840
2005 0 0 1,680 1,440 6,960 2.400
2010 360 1,200 1,200 2.880 4,800 6.600

It is stressed that the additions shown for the two plans are only meaningful in the context of
an analysis of differential costs and not at all in absolute terms. For instance, the addition of
720 MW of gas turbines in 1995 is to compensate for capacity undergoing rehabilitation.
Similarly, the drop in peaking capacity (gas turbines) through time in favor of base load
capacity (lignite and coal) is not really feasible. On the other hand, the reliability of these
ideal sequences is much closer than can normally be expected of truly feasible sequences and
thus their costs are more readily comparable.

6.4.2 Annual Avoided Costs

In Exhibit 6-1 it is shown, for each of these two cases, the annual capacity and production of
all CHP, hydro and autoproducers and the fixed cost (capital and operation) and variable cost
(fuel) of the entire generation system. The capacity and production of hydro in the
evaluation case corresponds to resources not being evaluated such as pumped storage

hydroelectric. .

RCG/Hagler, Bally, Inc.
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EXHIBIT 6-—-1

COMBINED AVOIDED COST OF CHP, SMALL HYDRO AND AUTOPRODUCERS

YEAR | BASE CASE EXPANSION EVALUATION CASE EXPANSION GENERATION AVOIDED COSTS
ANNUAL VALUES ANNUAL VALUES ANNUAL UNIT VALUES
CHP+H GAls E’;PGH +AP FIXED VARIABLE | CHP tH+ AP CHP i1H AP FIXED VARIABLE | CAPACITY CAPACHITY ENERGY TOIAL
CAPACITY PRODUCTION COS1Ss COSs18 CAPACITY PRODUCTION COS1S COSTS $/kW -Y CTS/MWh CTIS/MAWh CIS/KWh
MW GWH M$ M$ MW GWH MS$ M$

1992 7041 146302 4734 2044 8 1330 326.7 729.3 24658 44 81 179 294 473
1993 7091 164778 4998 2085.3 1330 1844.4 771.6 25396 47.18 1.86 3.10 4 96
1994 7191 15658.3 5140 2168 .3 1330 3589 8016 2665 .2 4907 1.88 3.25 513
1995 7341 164947 514 8 22183 1330 208.4 8104 2747.6 49.18 1.82 3.25 5 06
1996 7531 177869 484 0 2206.4 1330 204.8 787.6 2777.6 48.96 1.73 3.25 498
1997 7871 200244 4807 22237 1330 1739 808.1 2864.5 50.05 1.65 3.23 4.88
1998 9061 238924 614.2 2218.4 2080 1124 9415 2987.7 46.88 1.44 338 482
1999 9161 245168 6271 2206.9 2080 1088.3 986.2 3136.7 5071 ' 153 358 512
2000 9681 279521 618.2 2300.2 2080 1050.4 1017.0 3293 1 52.47 1.48 369 517
2001 9981 299549 6119 2217.9 2080 1023.9 1034.5 3276 2 5349 1.46 366 512
2002 10281 31906.4 638.0 23078 2080 986.1 1092.3 3493.2 5540 1.47 383 5.30
2003 10581 338844 660.0 2391.6 2080 960.3 1258.7 36035 70.43 1.82 368 550
2004 10881 357854 6955 2509.4 2080 914.5 1559.9 35947 98.22 248 311 559
2005 11181  37808.7 7131 2592 1 2080 879.3 1807.5 36050| 12025 2 96 274 571
2006 11481 397203 7448 2717.9 2080 823.8 1997.4 36805| 133.24 322 247 570
2007 11781 416886 8001 2695 5 2080 7778 2028 .1 38214 126 .58 300 . 2175 575
2008 12081 43608 .6 7542 2828 4 2080 710.7 2148.2 3910.7 139.39 325 252 577
2009 12381 455392 863.9 2875.2 2080 681.2 2402.3 3933.4| 14934 343 236 579
2010 12851 48822 1071.2 2816.2 2080 6296 26000 4018.7| 14194 317 250 567
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The difference in fixed costs divided by the difference in capacirty is the fixed avoided cost
per unit of capacity of each year and the difference in variable costs divided by the difference
in production is the variable avoided cost per unit of energy of each year. The total avoided
cost per unit of energy is the difference between all costs divided by the difference in
production. The fixed avoided cost can. of course. also be expressed per unit of energy.

6.4.3 Levelized Avoided Costs

The unit annual avoided costs are rather unstable because they react to short term system
circumstances. It is normally preferable to use levelized values over a period of time,
generally corresponding to contract term, as a basis for a power purchase agreernent.
Sometimes part of the price is levelized while another part, usually the fuel component,
remains annually variable.

In Exhibit 6-2 the results of the two cases are shown in the form of accumulated discounted

values for each year and the computation of unit levelized values of avoided costs is done

using these accumulated discounted values exactly in the same way that the unit annual

values were used in Exhibit 6-1. This is the correct method of obtaining levelized unit ‘
avoided costs (or any levelized unit cost for that matter) and is not the same as levelizing the

annual unit avoided costs.

The tendency for avoided costs to increase is due to several factors. The avoided fixed costs
per unit of capacity increase as the excess reserve in the system disappears towards 1997/98.
After 2000 it continues to increase as the replacement generation becomes more mixed
between base load and peaking plants. The variable costs vary very little and only as a result
of different generation mix through the years and the small but constant increase in the price
of gas.

6.4.4 Proxy Plant Methods

It is often considered advantageous to define avoided cost in terms of an alternative or
"proxy” resource. Thus, any changes in fuel prices or other costs can be captured directly
by the response of the proxy resource to the new cost inputs.

The most likely proxy plant for compensating CHP power in Poland is a conventional coal

fired steam plant. A reasonable agreement would involve energy payments based on the

equivalent cost of energy produced by a coal fired steam turbine and capacity payments based

on the unit capacity cost of a coal fired steam turbine plant applied to the alternative capacity

that the CHP system is actually avoiding. The amount of "avoided capacity” can again be .

RCG/Hagler, Bally, Inc.
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YEAR

1992

1993

1994

1995

1996
1997
1998
1999
2000
2001

2002
2003
2004
2005
2006
2007
2008
2009
2010

A\

EXHIBIT 6-2

COMBINED AVOIDED COST OF CHP, SMALL HYDRO AND AUTOPRODUCERS

BASE CASE EXPANSION
ACCUMULATED PRESENT VALUES

CHP+H+AP CHP+H+AP
CAPACITY PRODUCTION

_mw awH
70410 14630.2
133723 293425
191049 418252
243300 53565.8
20116 .1 64869.7
33582.4 762321
381729 88336.7
423169 90426.9
462269 110716.3
49826.2 121518.3
53136 .4 1317913
561781 1415323
58971.0 1807175
615334 1693823
63882.7 1675098
660350 1751262
68005.7 182239.7
69808.9 1888722

714800 1952210

BASE YEAR

FIXED
cosTs
M

4734

919.7
1329 .4
1695 .8
2003 .4
22762
2587.4
28710
3120.7
33414
3546.8
37365
39150
4078.5
42309
43770
45001
46259
4765.2

1992

VARIABLE
cosTs
“s

2044 8
3906.7
5635.2
72142
8616.4
9878.2
11002.1
12041 1
12970.1
137699
145129
15200.5
15844 6
16438.6
16994.7
17487.2
17948.6
18367.3
187335

CHP+H4AP CHP+H+AP
CAPACITY PRODUCTION
W
13300 326.7
25175 19735
35778 22596
4524 4 2407.9
5369.7 2538.1
6124 4 26368
71781 3206.2
81190 3698.5
8959.1 4122.7
9709.2 44920
10378.9 4809.5
10976 8 50855
115107 5320.3
11987 .4 55218
12413.0 5690.3
12793.0 58324
131323 5948 4
13435.2 6047 .6
137057 61295

DISCOUNT RATE:

GWH

EVALUATION CASE EXPANSION
ACCUMULATED PRESENT VALUES

FIXED
COoSsTSs

7293
1418.2
2057.3
2634.1
31346
3593.2
4070.2
4516.3
4927.0
§300.1
5651.7
6013.6
64140
6828.2
72369
7607 .4
79579
8307.7
86459

o _12.00%

L

VARIABLE
Ccosts

24658

47333

6858.0

88137
10578.9
12204.3
13717.9
15136.8
16466.9
17648 3
18773.0
19808.9
207316
21557.8
223109
23009.0
23646 9
242198
24742.4

GENERATION AVOIDED COSTS

LEVELIZED UNIT VALUES

CAPACITY CAPACITY ENERGY
$/KW --Y CTS/MWh

44 81
4593
46.88
47.37
47 64
47.96
47.84
48.11
48.47
48 82
49.23
50.38
52.65
55.50
58.40
60.67
63.01
65.31
67.17

1.79
1.82
1.64
1.83
1.81
1.79
1.74
1.72

169

1.67
1.66
1.67
1.72
1.79
1.86
1.91
196
2.01
205

CTS/MWh

294
3.02
3.09
3.13
3.15
3.16
3.19
323
3.28
3.31

3.35
338
336
333
329
326
323
3.20
318

(1992 YE AR}
TOTAL
CIS/aWh

473
484
493
4.96
4 96
495
493
495
498
499
501
505
508
511
514
517
519
522

523
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determined directly from system expansion plans with and without the CHP component or
more simply from the capacity needed to maintain adequate capacity reserve margin if the
CHP component were not there.

Alternative proxy plant methods can be used to provide an incentive for generation at times
of highest system cost. For instance. energy sold at peak can be compensated at the cost of
gas turbine generation while energy sold off-peak can be compensated at the cost of steam
turbine generation. This mode may be interesting for new resources entering the system
beyond 1997 but the additional complexity is not justified for existing resources.

6.5 BULK PURCHASE POWER STRUCTURE

It is important to maintain the LRMC structure at the retail and perhaps at the bulk sales
tariff level in order to give consumers correct signals about the cost of supplying electricity.
At the power purchase level these signals are only relevant to value based compensation
system since the economic dispatch will assure the efficient utilization of the cost based
resources.

Time-of-Day Tariff for CHP

There could be economic advantages for PPGC to structure its bulk purchase tariff in line
with its bulk sales tariff. For instance, when time-of-day tariffs are offered to distribution
companies it makes sense to offer CHP plants a time-of-day compensation on the variable
portion of avoided costs.

This can be structured on the basis of the hourly short run marginal costs (SRMC) discussed
in Chapter 4 but the differential SRMC between peak and off-peak up to 1997 is fairly small,
only 8 percent. Thus it is unlikely that a time-of-day tariff for CHP would be justified in the
next few years. Once gas turbines exist in the system the differential SRMC could be much

. greater and a time-of-day tariff will certainly be advantageous. This time-of-day tariff may
be agreed on the basis of the SRMC structure or by developing a two part energy proxy plant
as discussed in 6.4.2 above.

One-Part or Two-Part Tariff

At the generation level the issue of one-part or two-part tariff has more to do with project
financing and risk management than with economics and is therefore a matter of negotiation.
For instance, while a one part tariff based on energy delivered may be simpler for PPGC to ‘

RCG/Hagler, Ballly, Inc.
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administer. it 1s possible that a better total power price from a generator could result if a
two-part tariff would facilitate better financing terms for the plant.

Dispatch Flexibility

The total avoided cost of energy should be the ceiling of the willingness of PPGC to pay for
power that would be entirely under its control. Less control or flexibility in the dispatch of
that power should result in a lower price.

In the computation of DRR assumptions must be made regarding the split of CHP power
between base and peak. That is. some of the energy from CHP is assumed to be associated
with a constant power output, while some can be flexibly dispatched and therefore generated
during the peak hours. To the extent that CHP plants are willing to accept more flexibility
in the dispatch. these assumptions could be changed and the resulting avoided costs would be
slightly higher.

RCG:/Hagler, Bailly, Inc.
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CHAPTER 7: ECONOMIC ANALYSIS - LONG-RUN MARGINAL COSTS

This chapter describes the methodology employed and the analysis undertaken to estimate
long-run marginal costs (LRMCs) for the Polish power system. These estimates provide the
necessary economic benchmark and establish the point of departure in tariff design that are
required to accommodate financial and equity objectives. Specifically, average tariff yield is
governed by the financial revenue requirement, whereas the allocation of this revenue
responsibility by customer class and the individual customer class tariff structure are affected
by the LRMC structure.

The chapter is organized as follows. Section 7.1 describes the overall marginal cost
methodology. Section 7.2 illustrates the application of this methodology through the use of
an LRMC computer model tailored specifically to Poland. This section contains actual
model printouts and results. Section 7.3 discusses the sensitivity of the results to alternative
modeling assumptions.

7.1 OBJECTIVES AND APPROACH

The efficiency pricing objective in electricity tariff planning is embedded in the economic .
theory of efficient allocation of resources and can be theoretically linked to the marginal cost

structure of the supply system. These costs typically vary by service voltage level and by

time of day, and spatial characteristics in cost structure may exist due to differential losses.

Put very simply, the marginal cost of electricity represents the cost of an increment of
demand. While there are different interpretations of marginal cost, the alternative definitions
are similar in that they are all forward looking. They consider only future costs related to
future output, as opposed to embedded cost-of-service methods.

The rationale for marginal cost pricing emanates from the economic theory of efficient
allocation of resources in competitive markets. Prices that are equal to marginal cost provide
the correct signals to decision-makers -- producers and consumers -- and should result in a
market equilibrium at a level and pattern of electricity supply that provide for the most
efficient allocation of scarce resources.

Long-run marginal cost can be defined as the incremental costs of all adjustments in the
system development plan and system operations that are attributable to an incremental
increase in demand that is sustained indefinitely into the future. LRMC pricing emphasizes
the trade-off between the need to give correct signals and the importance of prices that are

RCG/Hagler, Bally, Tnc. .
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ECONOMIC ANALYSIS - LONG RUN MARGINAL COSTS 7.2

relatively stable over time. While short-run marginal costs (SRMC)' might provide even
greater allocative efficiency at any given time, tanff policy-makers, producers, and
consumers generally prefer a reasonable degree of price predictability and stability in order
to facilitate long-term planning. A long-run perspective also reflects the long-term effects of
the changing costs of electricity supply. Ignoring such effects can result in consumers
making sub-optimal decisions with regard to long-term investments.

7.2 LONG-RUN MARGINAL COST PRICING MODEL AND RESULTS

For this study, a PC-based model was developed and adapted to estimate marginal costs for
the Polish power system. Ilustrative model results and their implications are discussed in
detail in the following sections. Briefly, the model’s structure embodies the theoretical
considerations outlined in the preceding discussion and facilitates the calculation of marginal
energy costs for up to three rating periods (peak, mid-peak, and off-peak). In addition, the
model incorporates the calculations necessary to estimate marginal generation capacity cost
utilizing the peaker method, and as a user option affords the same calculation using the next-
plant method.? Also contained in the model are calculations of long-run average incremental
costs (LRAIC) for various network voltage levels selected by the user.

It should be noted that the model calculates long-run marginal costs in "border prices."
These are the world market prices of the goods and services (delivered to the Polish border)
needed to provide marginal energy and capacity. Border prices exclude the effects of taxes,
duties and subsidies that distort the prices of these goods in the domestic market.

A standard conversion factor (SCF) is used to adjust the costs of local goods to border prices
in the model. This factor has been approximated as 1.0 (i.e., no adjustment).’ A foreign
conversion factor is included in the model in order to account for the average duties/taxes on
imported equipment; this factor is assumed to be 1.00 because taxes and duties are excluded
from all cost streams. A local labor conversion factor is also included in the model to adjust
for cases in which the opportunity cost of domestic labor employed on power projects
diverges from its market wage. We have not applied this factor in Poland because local
labor was not separated in the cost streams. After LRMCs are calculated at border prices,

! Short-run marginal cost can be defined as the variable fuel and O&M cost ("systemn lambda®) of the
geoerating unit providing marginal energy, plus outage costs (also known as “congestion costs®).

2 Estimates from the second approach serve as a useful point of comparison. As noted later in this
chapter, the next-plant method is less relevant for the curreat Polish situation of excess baseload capacity.

? The SCF is defined as the official exchange rate divided by the shadow exchange rate (OER/SER);_an
SCF of 1.0 implies a shadow exchange rate equal to the market exchange rate of 13,400 ZI/US dollar (mid-
1992).

RCG/Hagler, Baily, Inc.
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they are finally restated at domestic prices (using the same SCF) to derive appropriate
LRMCs at market efficiency prices. Of course, with an SCF of 1.0, there is no adjustment.

Cash flows in future years are discounted back to the study year by applying a 12 percent
real discount rate. The discount rate level was defined in discussions with international
agencies and Polish planning authorities; it represents the opportunity cost of capital for the
economy as a whole as presumed that the weighted average return on all the possible sources
to finance for future investment in Poland. This choice is justified on the basis that capital
markets reflect all we need to know about the productivity of capital and the preferences of
consumers, whose utilities in turn ought to form the basis for social choice. Just as a private
firm seeks to maximize profits, the national economy’s goal is to maximize growth of net
output. It should not, therefore, undertake any project which does not at least achieve its
weighted average opportunity cost of capital.

In order to parallel the logical flow of the LRMC model, the remainder of this section is
organized into four subsections:

marginal energy cost

marginal generation capacity cost
marginal network capacity cost
results.

vV v v .Y

The first three sections demonstrate how the model uses basic assumptions about the system
to calculate energy (ZI/kWh) and capacity (ZI/kW) costs. The results section presents the
additional calculations required to integrate these component costs into the model’s estimation
of the long-run marginal cost of electricity delivered to different voltages and tariff classes.

Marginal Energy Cost

The first component is essentially the variable cost (fuel and variable O&M) of the most
expensive generating unit that is running for the purpose of "picking up incremental load at
the margin.” Once this plant is identified, the marginal energy cost at that instant can be
calculated directly given the unit fuel price, heat content of the fuel, and the incremental heat
rate of the generating unit.

Exhibit 7-1 helps to illustrate the concept of marginal energy cost and its variation by time-
of-day (TOD). The exhibit depicts a schematic of a typical winter daily load curve for the
Polish power grid. Also shown in the exhibit is a 1997 merit order stacking of generating
units classified into seven homogeneous groups, ranked from the cheapest to the most
expensive fuel group. At the bottom (i.e., the first to be dispatched) is the base hydro

RCG/Hagler, Bailly, Inc.
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energy. The variable cost of operation for this group is essentially any non-fuel variable
O&M expense. Therefore, the total variable cost for this group is close to zero.

Stacked immediately above the base hydro are the combined heat and power (CHP) units
expected to be in the system by 1997. These units are not stacked in "merit order” due to
lower cost, but rather because the system is obligated to purchase the energy produced as
part of the nation’s district heating system. Next in the stack come the lignite units. The
variable cost of lignite-fired energy is estimated to be 218.7 ZI/kWh. As one goes higher up
in the stacking order, the variable (fuel plus other O&M) costs become progressively higher.

Stacked immediately above the lignite units are the coal units. We have divided these into
two groups. "Coal-1" includes the majority of coal-fired capacity; the variable cost of
energy of these more efficient units is estimated to be 272.5 ZUkWh. "Coal-2" generally
includes the oldest, smallest, and least-efficient coal-fired units, with an estimated variable
cost of 302.9 ZUkWh. Following the coal units in the stacking order is the peaking energy
from combustion turbines, with an estimated variable cost of 591.5 ZI/kWh.

A production simulation model (GPT) was utilized to determine the optimal stacking
presented in Exhibit 7-1, and a short-marginal cost model was used to determine, on g
probabilistic basis, the units that can be expected to be at the margin at different hours of the
day in summer and winter. These models are described in Chapter 4. Surprisingly, the 240
MW of combustion turbine capacity installed by 1997 are not expected to provide marginal
energy, even during peak winter hours; these units are part of the least-cost expansion plan
to provide reliability support, as highlighted by the very low capacity utilization of
combustion turbines shown in Exhibit 7-1. Rather, marginal energy during both seasons and
during all hours of the day is provided by coal-fired steam generating units.

For the purposes of estimating long-run marginal energy costs by season and time of day, the
following data were reviewed:

> projected load resource balances (MW) through the year 2006

> system dispatch (GWh generation by fuel type) at present and projected
for the future

> production costing simulations for the next 15 years, focusing on the
year 1997, estimating the capacity utilization and average energy
production by generating unit

‘ We selected the year 1997 as a representative snapshot of system characteristics and conditions for the
purpose of estimating long-run marginal costs.

RCG Hagler, Bailly, Inc.
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Exhibit 7-1

Typical Day Winter Load Curve and 1997 "Merit

Order" Stacking of Marginal Plants

Variable Cost (Z/kWh)

by Plant Group

Pumped Storage
Combined Turbines
Coal -2

Coal -1

Lignite

CHP

Base Hydro

591.5

302.9

2725

218.7
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> system hourly load data for the last several years.

In addition, a separate analysis was conducted to identify those hours of each day that
contribute most towards the annual loss-of-load probability (LOLP). Based on LOLP, the
peak, mid-peak, and off-peak periods have been identified.

These analyses, detailed in Chapter 4, are the basis for the following assumptions applied to
estimate marginal energy costs:

> distinct seasonal difference in both supply and demand distinguish
summer (May through October) and winter (November through April)
periods

> Time of day rating periods:

- Winter: A peak period of 4:00 p.m. to 9:00 p.m. on weekdays, and a
mid-peak period of 7:00 a.m. to 1:00 p.m. on weekdays, with all other
times off-peak

. - Summer: A peak period of 7:00 p.m. to 10:00 p.m. on weekdays, and
~ a mid-peak period of 7:00 a.m. to 1:00 p.m. on weekdays, with all
other times off-peak

> Fuel costs used in the marginal energy cost analysis are summarized below.
(Fuel price issues are elaborated in Chapter 3 and in Appendix 3.2.)

Fuel Cost $/GJ TysZUGJ
Coal 2.01 26.940
Lignite 1.53 20.470
Mazout 2.07 27.610
Gas/Distillate 3.65 49.050

> The following table summarizes the marginal costs derived from the

production simulation analysis for 1997. The table identifies "proxy”

coal-fired units whose variable costs closely approximate the calculated
marginal costs. These proxies have been applied in the LRMC model
to define marginal energy costs.

> Note that marginal energy costs are higher in the Summer than during the
Winter for mid-peak and off-peak rating periods. As discussed in Chapter 4,
‘ this surprising result follows from the fact that less capacity is available during

RCG/Hagler, Bailly, Inc.
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the Summer months (e.g., shutdown of CHP units) and maintenance
scheduling requires utilization of older, less efficient generating units.

Season/ Marginal Energy Cost Proxy Unit (MW)
Time of Day ($/kWh)
Summer
Peak 4.64 Gas Turbine
Mid-Peak 3.97 S
Off-Peak 2.12 Jaworzno 3 (200)
Winter
Peak 4.64 Gas Turbine
Mid-Peak 2.80 Jaworzno | (19)
Off-Peak 2.07 Rybnik (200)

Exhibit 7-2, taken from the LRMC model, summarizes the results and specific assumptions
used in calculating marginal energy costs: heat rate, fuel types, heat content, variable O&M
expenses, etc. for the marginal plants during on-peak and off-peak hours. The exhibit
indicates that marginal energy costs are determined as fuel and O&M costs (per kWh) for
operating the proxy gas turbine and coal-fired steam plants identified in the preceding table.
The on-peak energy cost is taken as the operating cost of a combustion turbine; the mid-peak
(morning peak) and off-peak marginal energy costs are taken as that of the coal-fired steam

units identified above.

By way of illustration, the border price long-run marginal costs of energy at generation
(before losses) for peak energy (summer) and off-peak energy (winter) are given as:

Summer Peak Energy = (

12000Bru x $3.65 . $1.056GJ

Z113400 _
X

= 620 ZIkWh

5

kWh GJ MMBtu

$

As a practical matter, due to operational constraints in the system, Summer mid-peak marginal energy

cost falls between the operation costs of a small coal plant and a gas turbine (see Chapter 4). In the model, a
"dummy" heat rate was assigned to simulate the marginal cost defined through a production cost simulation of

the system 1n 1997.

RCG/Hagler, Bailly, Inc.




EXHIBIT 7-2
MARGINAL ENERGY COSTS

Assumplions for Marginal

Marginal Planl

Heat Rate (BTU/kWh)

Fuel Used

Fuel Cosl (US$/unit) 7/
Heat Content (MMBtu/unit)
Variable O&M ($/MMBtu)

Utilization of Plant on Peak (%)

SUMMER SEASON 8/

PEAK-1 PEAK-2 MID-PK

C-TURB COAL

12000 13289

Gas Coal

386 212

100 1t 00 1.00

0 000 0.000 0 000
100% 0%

MARGINAL ENERGY COST (tysZ/KWh): 1/

"~ SUMMER SEASON 2/
 PEAK MID-PK OFF-PK

GEN 0.670 0.407 0.306

{adjusted to local prices and for station losses)

VHV 0.682 0.415 0310

HV 0.713 0433 0.321

MV 0.736 0.448 0.329

Lv 0.832 0.506 0.361

QF,F-.PKI

COAL
9984
Coal
212
100
0.000

WINTER SEASON 2/
MID-PK _OFF-PK

- PEAK
0.670

0.682
0.713
0.736
0.832

0.573

0584
0610
0.630
0712

0.298

0.303
0.313
0.321
0.352

1/ Energy Costs derived directly from basic assumptions regarding marginal plant, heat rate,
fuel cost, fue! heat content, and variable O&M.

l PEAK-1

C-TURB

12000
Gas

3.86

1.00

0.000

100%

WINTER SEASON 8/

PEAK-2

1.00
0.000
0%

MID-PK

COAL 9/

18700

Coal
212
1.00

0.000

OFF - PK

COAL
9734
Coaf
212
1.00
0.000

ANNUAL AVERAGE 2/
PEAK  MID-PK

0.670

0.682
0.713
0.736
0.832

0.490

0.499
0.522
0.539
0.609

OFF-PK
0.302

0.306
0.317
0325
0.356
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Winter Oﬁ’—Peak Energy = (9,734Btu x $2.01 . SIOSGGJJ x Zl 13400

kWh GJ  MMBu g 763 Zikh

Subsequently, these estimates are further adjusted to local prices for our estimate of the
LRMC of energy at generation by season and time of day,as shown in the lower panel of
Exhibit 7-2. '

Marginal Generation Capacity Cost

In contrast to the marginal energy cost calculation, there is no universally accepted method
for estimating the LRMC for generation capacity. Whereas there is general agreement at a
conceptual level, when it comes to estumation, a consensus is lacking. Several methods have
been proposed. Three methods frequendy mentioned are:

peaker ii.cthod
> next-plant method
> incremental revenue requirements method. .

It is beyond the scope of this report to provide a detailed description of these methods, the
subtleties involved, and their relative merits and disadvantages. Briefly, however, long-run
marginal generational capacity cost is defined as the changes in total future costs associated
with a 1 kW increase in peak demand, sustained indefinitely into the future. The methods
noted above differ in what they assume to be hypothetical system response to the hypothetical
increment in peak load.

The peaker method is rationalized on the basis that the least-cost means of securing capacity
is a peaking unit, and the reason any other type of generation is built is to derive the energy
savings. The annualized cost of such a unit -- adjusted for reserve margin and losses, and
appropriately discounted to today from the year it is needed -- is the marginal cost of
generation capacity. The following equation captures this calculation:

~ Marginal Generation Capacity Cost (ZljcoincidentKW]year) = K x (1+RM )

1-SL

® These marginal epergy costs must also be adjusted for losses if the energy is not sold at the busbar.

RCG/Hagler, Bailly, Inc.
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where,
K = annualized cost of peaking unit (ZUkW/yr)
RM = planning reserve margin (%)
SL = station losses (%).

This cost (in constant prices) is subsequently discounted from the first year in the future
when the reserve margin constraint (or the loss-of-load probability criterion) is binding, and
adjusted upwards for incremental fixed O&M expenses, as well as any downstream losses up
to the point of delivery. Finally, this cost can be allocated to different rating periods in the
study (e.g., peak, mid-peak, and off-peak) using a number of different methods. A common
allocation method is on the basis of the contribution of each rating period to the annual loss-
of-load probability (LOLP).

Under the next-plant method, it is assumed that the 1 kW load increment (decrement) will be
met by appropriately advancing forward (delaying) whichever power plant is planned to come
on-line next. For example, if the next plant called for in the system plan is a baseload lignite
unit planned for 2001,” then its annualized cost can be used to establish the LRMC, after
assigning credit for any fuel savings as a result of having a more fuel-efficient plant.

Exhibit 7-3 helps to illustrate the fuel savings adjustment that is required when using the
next-plant method to estmate marginal generation capacity cost. The exhibit shows a
schematic annual load duration curve with a merit order stacking of generating plants. If the
"next plant” in the least-cost expansion program is a baseload lignite unit, then 1 kW of
additional capacity from such a unit will have the effect of displacing generation of all more
expensive units, i.e., units higher up in the stacking order. In the illustration in Exhibit 7-3,
this 1s depicted as reducing | kW of "Coal-1" generation for 5,948 hours, 1 kW of "Coal-2"
for 284 hours, and | kW of gas turbine generation for 6 hours. Thus, the annual fuel
savings that should be credited against the annualized capital cost of the lignite plant are
given by the calculation {5948 x (272.5 - 218.7) + 284 x (302.9 - 272.5) + 6 x (591.5 -
302.9)] ZI/kW/year. Therefore, the marginal generation capacity cost under the next-plant
method is inferred as the annualized capital cost of the lignite plant (expressed in
ZI/kW/year) less the fuel savings estimated as above.

In contrast to the two methods described above, the incremental revenue requirements
method re-optimizes the entire expansion plan and estimates the incremental difference in the
present value of two expenditure streams. Reoptimization of the expansion plan requires the

7 Excluding combustion turbines (already reflected in the peaker method) and pumped hydro (whose
benefits exceed pure capacity), such a ligmute plant 1s the "next plant® in the least-cost developmeat plan.

RCG/ Hagler, Bailly, Inc.
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Exhibit 7-3

Marginal Generation Capacity Costs
Using "Next Plant" Method

Gas Turbines

Coal -2

MW

Coal - 1

Lignite

CHP

e N e e

Base Hydro

|
i

|
|
I
|
1

5,948

Utilization ( [yr)

1.579 8,760

Marginal capacity cost = Annualized cost of lignite plant minus fuel savings

591.5

302.9

2725

218.7

Fuel savings = [5948 x (272.5 - 218.7)] + [284 x (302.9 - 272.5)] + [6 x (59.5 - 302.9)]

(Z1/kWh)

-

°
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use of sophisticated optimization system expansion planning models." We have emploved a
variation of this methodology to caiculate the "avoided cost® of the CHP generation supplied
to the system (see Chapter 4).

Implementing the incremental revenue requirements method requires a substantial
commitment of resources. More fundamentally, however, the incremental revenue
requirements method is characterized by a conceptual flaw. Estimates of "marginal cost”
developed by this method are weighted averages of capacity costs of a diverse mix of
marginal as well as inframarginal plant types: peaking, intermediate, and baseload. Such a
basis is contrary to the notion of marginal capacity cost, i.e., the cost of meeting a marginal
increment of demand on-peak.

As a practical matter, the three methods should yield similar estimates of LRMC under
conditions where the utility’s generating mix is not substantially different from the least-cost
mix and the reserve margin is just adequate. Under such conditions, the "next unit" for '
capacity purposes will indeed be a peaker and the system reoptimization method should also
elect to advance the peaker.

In practice, the peaker method is by far the most frequently used method, providing a close
approximation of the pure value of an increment of capacity. Use of the incremental revenue
requirements method is less frequent but is probably the best when a firm expansion plan is
available. Because the method provides the most complex system response to meet an
increment of new load, it is more commonly utilized in the context of estimating "avoided
costs” for calculating payments for power purchases. The "next plant” method, while
providing only an imperfect measure of the system response to a capacity addition, has been
applied in some regulatory environments as an alternative to the peaker method, particularly
when new peeking capacity is not part of the system expansion plan. This method is less
reliable than the others two.

* For example, the International Atomic Energy Agency's WASP model for optimal generation expansion
planning, or the GPT model described 1n Chapter 4. Specifically, three model runs are required as follows.
Run 1 corresponds to optimizing the system geperalion expansion plan to the baselosd forecast. Model Run 2
reoptimizes the system expansion plan with the peak load forecast used in Run 1 incremented by the equivaleat
of one year’s load growth. Finally, Run 3 is a production sumulation (e.g., WASP in a "pre-specified pathway”
mode) to estimate the fuel costs associated with the load forecast used in Run 1, but unit staging detsrmined in
Run 2. Thus, LRMC for generation capacity can be estimated by calculating the following quantity and
levelizing it:

[(CR, - CRY + (FC, - FC,)/DMW
where CR; is the capital investment associated with model run i (i = I, 2, 3), FC, is the fuel (production) cost

associated with the expansion plan model run i, and DMW is the megawstt incremental difference in peak load
between Ruas | and 2.

KCOG/Hagler, Bailly, Inc.
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ECONOMIC ANALYSIS - LONG RUN MARGINAL COSTS 7.13

Based upon our review of the expansion plan, we believe that the peaker method is
appropriate for estimating the marginal cost of generation capacity. However, ‘or the
purposes of comparison, we have also estimated generation capacity cost using the next-plant
method. For this purpose, the first baseload plant added to the system in the least-cost
expansion plan (a lignite plant in the year 2001) provides the only reasonable proxy. As
noted above, the results of this method are not reliable and are only provided as an
illustration.

Exhibit 7-4 depicts key input assumptions and results for the LRMC model for the marginal
generation capacity cost calculation. At an exchange rate of Z1 13,400 to US $1.00 and a
standard conversion factor of 1.0, the border prices discounted back from the year the
capacity is required, are 3,073 TysZI/kW for a peaker plant’ and 8,551 TysZI/kW'® less
associated fuel savings of 330 TysZl/kW/year for the lignite plant. These costs are
subsequently annualized over the respective plant lifetimes, adjusted to local prices and for
reserve margin, station losses, and incremental O&M expense.

Marginal Network Capacity Cost

The transmission and distribution (T&D) network’s capacity is designed to accommodate ‘
peak demand power flows from generation to end users. Further, in a growing system, such

network capacity is sized and sequenced recognizing future growth potential as well.

Generally, all investment costs for T&D are allocated to incremental capacity since the

designs of these facilities are determined principally by the peak kilowatts that they carry

rather than by kilowatt-hours. The most frequently used approach for estimating marginal

T&D capacity cost, and the one which we have also used, is the long-run average

incremental cost (LRAIC) method.

The LRAIC represents the present value of all T&D investments over the planning horizon
divided by the present value of the corresponding annual increments in peak load. This
value, expressed in Z1 per incremental kW, is then annuitized over the life of the facilities,
resulting in the annuitized capacity cost, expressed in ZI/kW/year.

Separate LRAICs must be estimated for each major voltage level of the grid -- very high

voltage (VHV), high voltage (HV), medium voltage (MV), and low voitage (LV) - as
depicted schematically in Exhibit 7-5.

% j.e., (4033 + 1083 x 1.0) x (1/(1.12)%).

10 j.e.. (3557 + 20155 x 1.0) x (1/(1.12).

RCG/Hagler, Bailly, Inc.



SXHIBIT 7-4

SENERATICN CAPACITY COST -~ PEAKER AND “NEXT SLANT METHCDS tysZl KW)

ASSUMPTIONS

Marginal Plant
wte (years)
C&M and A&G (% of capnal cost)
Year Generation Required
Capnal Cost:

Foreign (tysZl/KW)

i_ocal Matenais

Locai Labor 4/

PEAKER METHCD

CAPACITY COST (discounted to study year)

Market Price
Borger Price

PSE/POLISH POWER GRID

C-TURB
20
4 50%
1997

4332.7
1083.2
2.0

3073.09
3073.09

RANKING OF GENERATING PLANTS BY VARIABLE COST - 1987

GENERATING PLANT GROUPS

SASE HYDRO

COMB. HEAT AND POWER 2/
LIGNITE - FiRED
COAL~FIRED STEAM 1 .
COAL-FIRED STEAM 2
ZOMBUSTION TURBINES
PUMPED STORAGE

1/ Installeg capacity.

2/ Megawat capactty inciudes 1290 MW autogeneration.

TYPE

HYDRO
CHP
LIGNITE
COAL -
COAL-2
C-TURB
P-STOR

MEGA-
WATTS
(MWY 1/

80
5801
8791

11652
2292
240
1890

3/ Baseo on PSE pracuce, all O&M 1s Ueatec as a fixea cost

ASSOCIATED FUEL SAVINGS - "NEXT PLANT METHOD

-==JNITTYPE~~--  COST (tysZl/KWh)
NEW DISPL NEW DisPL
LIGNITE COAL-1 0.2187 0.2725
COAL-1 COAL-2 0.2725 0.3029
COAL-2 C-TURB 0.3029 0.5915

TOTAL FUEL SAVINGS (tysZI/KW/¥r)

~RSYR

5948
284
6

NEXT PLANT
LIGNITE

30

1.87%

2001

3556.8

20155.4

0.0

8550.86

8550.86

ANNUAL

USE VARIABLE COST
Hra/Yr S/KWh tysZI/KWh
87680 - -
2597 - -
7579 00163 0.2187
5048 00203 0.2725
284 00226 0.3029
6 0.0441 0.5815
1420 - -

SAVINGS

(tysZVKW)

320.01

a.64

1.73

330.38

HEAT
RATE
Btu/KWh

10118

9582
10652
12000

FUEL
CosT
$/MMBtu

1.681
2.12
2.12
3.68

VAR. O&M
{% FUEL
cosn

0.0%
0.0%
0.0%
0.0%

GV
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Exhibit 7-5
Schematic Representation of the Polish Power Grid
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The schematic representation is a simplification adopted to facilitate more coherent modeling.
Of course, electricity is generated at many points in the network, and more detailed power
flows can be used to determine specific point to point tariff structures.

To estimate separate LRAICs for each voltage, capital expenditures, lines, and loads must be
estimated for each voltage level. Exhibit 7-6 displays the incremental investments by
voltage. These were derived from the most recent investment program of PPGC, and from a
planning study of distribution network investment needs prepared by the Institute of Power
Engineering.!! The details of these programs are presented in Appendix 7.1.

Forecasts of energy consumption by voltage level are shown in Exhibit 7-7. These
allocations were derived from PPGC’s forecast of sales and peak demand for the national
grid (see Chapter 2). System peak loads are derived from total sales by applying a system
load factor because peak load forecasts are not available by voltage.

The model also requires estimates of peak and average loss coefficients at each voltage level
as a percent of incoming load. Based upon discussions with PPGC's transmission planning
staff, average network losses in 1991 were allocated by voltage level as 1.5 percent for
VHYV, 3.4 percent for HV, 1.8 percent for MV, and 4.3 percent for LV (for a total of 11.1
percent). For subsequent years, these values were scaled to match PPGC'’s total network
loss forecast.

Peak loss calculations in the model are determined according to the following empirical
formula, which has been developed based upon experience in many countries:

Average Losses
.3 + (.7 x Load Factor)

Peak Losses =

Estimates of average and peak loss factors by voltage level are shown in Exhibit 7-8.

Estmates of incoming peak load, losses, and consumption in MW at each voltage level as
calculated by the model are shown in Exhibit 7-9. The exhibit displays the predicted
coincident power balance under each voltage for the years 1992 through 2001. To illustrate,
in the year 1993, the gross peak level of 22,224 MW, after adjusting for 1,596 MW of
station use (based upon application of the peak station use factors in Exhibit 7-8), and after

" A consolidated investment program by voltage level for the distribution companies is not available.
Since the best available investment program for the distribution companies is a “requiremeats” plan, there is
some concern that it may overstaze a realistic investmeat program. The impact of a lower investment program
on estimated LRMCs 1s considered wn the sensitivity analysis of Section 7.3.

RCG/Hagler, Bailly, Inc.
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EXHIBIT 7-6
NETWORK CAPACITY COSTS (tysZl MILLION)

YEAR - ——————— VHVCOSTS -~ ——————= ————— = HV COSTS - — — - - —- -
ENDING  TOTAL FOREIGN LOC Mat LOC Labor ~ TOTAL FOREIGN LOC Mat. LOC Labor
1992  331.00 26480 66.20 000 43015 14196 28819 0.00
1993 15800  126.40 31.60 000 69664 24318 45346 0.00
1994 107900 75070 32830 000 75202 25945 49257 0.00
1995 169400 124105 45295 000  B4450 28220 56230 000
1996 161000 1183.00  427.00 000 79079 25466 53612 0.00
1997 20600  164.80 41.20 000 63389 15001 48368 0.00
1998 20000  160.00 40.00 000 58638 11424 47214 0.00
1999  1161.00 82380  337.20 000 68475 17596  508.80 000
2000 124300 88820 35480 000 79475  247.46  547.30 0.00
2001 1160.00 82300  337.00 000 48201 16426  317.75 0.00
YEAR = ——m——— - MVCOSTS- - ————== ————em LVCOSTS- - - - - - -
ENDING  TOTAL FOREIGN LOC Mat. LOC Labor ~ TOTAL FOREIGN LOC Mat LOC Labor
1992 1354.40 181.72 117268 0.00 1497.32 200 90 1296 42 0.00
1993 138593 18595 1199.98 000 151900 20381 131519 0.00
1994 137408 18436  1189.72 000 1529.70 20524 132446 000
1995 145266 19491 1257.75 000 157509 21133 136375 000
1996 1738.85 23331 150555 000 154122 20679 133443 0.00
1997 183504 24621 1568.83 000 156558 21006 135552 000
1998 183504 24621  1588.83 000 158509 21268 137241 0.00
1999  1868.57 - 25071 1617.86 000 160459 21529 138930 000
2000 1897.70 25462  1643.08 000 162895 21856 141039 0.00
2001 1897.70 25462 164308 000 162895 21856 141039 0.00
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EXHIBIT 7 8

AVERAGE AND PEAK {LOSS FACTORS (FRACTION OF INCOMING)

YEAR STATION USE - S OVHV - HV - -- = —--- MV
ENDING AVERAGE PEAK AVERAGE PEAK AVERAGE PEAK AVERAGE
1992 0072 0072 0016 0022 0039 0052 0030
1993 0072 0072 0015 0020 0037 0048 0028
1994 0072 0072 00t4 0019 0034 0045 0028
1995 go72 0072 0013 ooz 0031 0 D40 0023
1996 0072 0072 0013 0017 0031 0041 0.023
1997 0072 0.072 0.0t3 0017 0.0 0 041 0023
1998 0072 0072 0013 0017 0031 0 041 0023
1999 0072 0072 0013 0017 0032 0041 0023
2000 0073 0073 0.013 o017 0031 0 040 0023
2001 0072 0072 0013 o017 0031 0040 0023
Average 0072 0.072 0014 0018 0033 0043 0.025
EXHIBIT 7 -9 :
DEMAND AND LOSS FORECAST AT TIME OF SYSTEM PEAK (MW)
YEAR PEAK STATION GEN  ~---- - VHV- - - - - -~
ENDING USE CONSUM LOSS PEAK CONSUM LOSS
1992 22024 15820 766 2 4297 19246 1 563 4 9705
1993 22224 1596 2 769 4 403 2 19454 9 5595 2111
1994 22528 161789 7729 380.1 19757 2 5732 859 4
1995 22978 16500 7763 3495 202019 569 3 7905
1996 22089 1654 2 771 2 3582 202051 3228 8104
1997 23570 1699 6 776 9 3679 207262 3224 8322
1968 24077 17397 1797 3755 211824 3208 8495
1999 24660 17855 785 2 385 1 2171038 3203 8712
2000 25173 1826 4 796 2 3838 221665 3219 868 4
2001 25279 18321 783.2 3938 222587 00 8906

- Lv
PEAK AVERAGE
0 040 o1
0.037 o101
0034 0093
0030 0082
0030 0 084
0 030 0084
0030 0083
0030 0083
0029 0081
0.030 0081
0.032 0088
PEAK CONSUM
177123 4969 8
17984 3 4923 6
18324 6 4883 8
18842 2 4900 8
19071 9 49357
18571 6 5047 0
200121 51415
205125 5251 0
20976 3 5359 2
21369.1 5441 2

PEAK

0147
0134
0122
0108

0108
a 108
0108
0105
0105
0.115

LOSS

5097
479 4
4530
4176
428 2
4398
4490
460 5
4591
4709

- - MV -

PEAK

122328
12581 3
129828
13523 8
137080
14084 6
14421 6
14801 0
151579
15457 0

CONSUM

4391 2
44537
4533 8
4666 4
4700 5
4807 3
4898 1
5003 4
5107 5
5194 5

LOSS

1539
1089 0
10319
9543
9791
1005 6
1027 1
1053 6
1050 8
1078 1

Lv

PEAK

6687 /
7038 7
M7
7903 1
8028 5
8271 9
8496 4
8743 9
8999 5
9184 4
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adjusting for generation consumption (heat generation auxiliary use and hvdro pumping) of
769 MW and VHV network losses of 403 MW, results in a VHV peak of 19,455 MW, Of
this amount, 560 MW of load is supplied at this voltage (net exports), with the remaining
power transmitted to the HV network. The HV peak is estimated to be 17,984 MW, after
adjusting for losses of 911 MW. In this manner, the power balance is sequentially derived to
arrive at an estimated LV network peak of 7,038 MW.

Exhibit 7-10 shows the calculation of separate LRAICs for the four voltage levels.
Incremental peak loads are calculated from Exhibit 7-9, whereas incremental expenditures are
calculated from Exhibit 7-6. These costs are subsequently annualized over their respective
lifetimes, and then adjusted to local prices and for incremental O&M expense as shown in
Exhibit 7-11.

Results

Estimates of marginal generation capacity cost and network capacity cost (expressed as
Zl/coincident kW) are summarized in Exhibit 7-11. In the model and the foregoing
discussion, both capacity and energy costs are calculated at border prices. In order to
estimate the long-run marginal cost as seen by the customer, these border prices must be re-
expressed in terms of local prices (i.e., divided by the SCF). The capital cost of generation
capacity must also be adjusted to account for the desired reserve margin and station losses at
peak. The "summary of capacity costs” in Exhibit 7-11 makes these adjustments, annualizes
investment costs, adds in an appropriate factor for annual O&M (including administrative and
general expenses), and esumates a capacity cost per month for generation and network at
each voltage level. To illustrate, the marginal generation capacity cost (peaker method) is
59.26 TysZl/coincident kW/month.

Similarly, Exhibit 7-11 derives the marginal cost of network capacity (Zl/coincident
kW/month) at each voltage level. These costs range from 27.70 TysZIVkW/month at HV to
74.65 TysZ/kW/month at LV.

Exhibit 7-12 presents estimates of strict long-run marginal costs by voltage level. To
illustrate, marginal capacity costs (generatuon plus nerwork) using the peaker method range
from 93.21 TysZl/coincident kW/month for load served at VHV to 285.69 TysZl/coincident
kW/month for LV load. Similarly, average annual marginal energy costs at LV are 428
Zl/kWh during the peak hours and 356 ZI/kWh during off-peak hours. These costs are
progressively lower (reflecting reduced losses) as service is taken at higher voltages.

In order to apply the strict marginal cost estimates discussed above to each tariff class,
additional factors must be considered. These are: the coincidence of peak for each class in
relation to the system peak, the load factor for each type of customer, and the split of total

RCG/Hagler, Bailly, inc.



EXHIBIT 7 10
AVERAGE INCREMENTAL NETWORK CAPACITY COSTS BY VOL TAGE | EVEL (tysZI MILLION)
S - VHV NE TWORK _
YEAR - - PEAK MW - - INVESTMENT COST - - - -
ENDING  TOTAL DISCOUNTED MARKET BORDER DISCOUNTED
1992 000 000 33100 33100 33100
1993 20879 18642 15600 15800 14107
1994 30226 24096 107900 107900 86017
1995 44475 31657 169400 169400 120576
1996 318 202 161000 161000 1023.18
1997 52105 29566 20600 20600 11689
1998 45624 23115 20000 20000 10133
1999 52150 23590 116100 116100  525.18
2000 46258 18683 124300 124300 50203
2001 93 22 3382 116000 116000 41831
{agged latal 1542 70 (1994 - 2001) 4304 58 (1992 99)
AVERAGE INCREMENTAL VHV CAPACITY COST/KW - 2790 29
------- - - -- - MVNETWORK :
YEAR -~ —PEAK MW - - - -~ - = —INVESTMENT COST - - - -
ENDING  TOTAL DISCOUNTED MARKET BORDER DISCOUNTED
1992 000 000 1354 40 1354 40 1354 40
1993 34851 31117 138593 138580  1237.44
1994 40145 32003 197408 137408 1095 41
1995 54105 38511 145266 145266 103397
1996 18419 11705 173885 173885 110507
1997 37679 21380 183504 183504 1041 25
1996 33683 17065 183504 183504 92969
1999 37935 17160 1868 57 186857 84525
2000 35683 14416 189770 189770 766 45
2001 29013 107.87 189770 189770 684 33
Lagged Total 1941.44 (1993 - 2001) 9408 93 (1992 - 00)

AVERAGE INCREMENTAL MV CAPACITY COST/KW =

4846 .36

TOTAL DISCOUNTED
000 000
27202 242 88
340 32 271 30
517 58 368 40
22973 146 00
499 64 283 51
44053 223 19
500 38 226 35
463 79 187 32
392 89 141 68

TOTAL DISCOUNIED
000 000
351 02 313 41
378 38 301 64
486 05 345 96
125 35 19 66
243 39 13810
224 48 11373
247 59 112 00
255 59 103 23
184 88 66 67

- - PEAK MW -

1847 73 (1994 2001)
AVERAGE INCREMENTAL HY CAPACITY COST/KW -

- - - PEAK MW

1574 41 (1993 - 2001)
AVERAGE INCREMENTAL LV CAPACITY COST/KW -

HV NETWORK

- - - INVESTMENT COS1

MARKET

430 15
696 64
752 02
844 50
790 79
633 89
586 38
684.75
794 75
48201

LV NETWORK

BORDER DISCOUNTED
430 15 43015
69664 ~ 62200
75202 599 51
844 50 601 10
79079 502 56
633 89 359 69
586 38 297 08
68475 308 75
79475 32099
482 01 17382

3721 82 (1992 99)
2014 26

- - - - INVESTMENT COST -
MARKET BORDER DISCOUNTED

1497 32 1497 32 1487 32
1519 00 1519 00 1356 25
1529 70 1529 70 1219 47
1575 09 1575 09 112112
1541 22 1541 22 979 47
1565 58 1565 58 888 35
1585 09 1585 09 80305
1604 59 1604 59 72584
1628 95 1628 95 657 91
1628 95 1628 95 587 42

9248 77 (1992 00)
5874 43

=
gg;



EXHIBIT 7 - 11 |
SUMMARY OF CAPACITY COSTS

GENERATION: : PEAKER METHOD "NEXT PLANT"
CAPITAL COST (tysZI/KW) 3974.27 11058.38
(adjusted to local prices and for reserve

margin and station losses at peak)
CAPITAL. COST PER YEAR (tysZl/KW/Yr) 532 07 1372.83

ASSOCIATED FUEL SAVINGS (tysZI/KW/Yr) 356.06
(adjusted to local prices and for station losses)
CAPITAL COST NET OF FUEL SAVINGS (tysZI/KW/YTr) 532.07 1016.77
O&M COST PER YEAR (tysZi/KW/Yr) 179.04 206.36
TOTAL CAPITAL COST PER YEAR (tysZI/KW/Yr) 71111 1223.13
CAPACITY COST PER MONTH 59 26 101.93
TRANSMISSION & DISTRIBUTION: VHV HV MV LV
CAPITAL COST (tysZI/KW) 2790 29 2014 26 4846.36 5874 .43
(adjusted to local prices)
CAPITAL COST PER YEAR (tysZI/KW/Yr) 338 47 244 34 617 91 748 99
O&M COST PER YEAR (tysZI/KW/Yr) 55 81 40.29 121.16 146 86
TOTAL CAPITAL COST PER YEAR (tysZI/KW/Yr) 394 28 284 62 739.07 895 85
CAPACITY COST PER MONTH 3286 2372 61.59 74 65

o
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EXHIBIT 7 12
STHICT LONG RUN MARGINAL COST BASED TARIFF BY VOLTAGE LEVEL

MARGINAL CAPACITY COST (tysZYCOINCIDENT KW/MONTH)

- GENERATION TAANSMISSION & DISTRIBUTION
 PEAKERMETHOD 'NEXTPLANT-|  VHV HY MY Lv
VHV 60.38 103 82 32 86
HV 63.08 108 46 3433 2372
MV [.LRL] 11205 35 46 2450 6159
LV 73.63 126 65 40 08 2770 69 62 74 65

TOTAL
32 86
58 04
12155
21205

TOTAL MARGINAL CAPACITY COST

PEAKER METHOD "NEXT PLANT"
93 21 " 13668

121 10 166 50

186 70 23360

285 69 338.70
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energy between peak and off-peak. Applying the coincidence factors results in an estimate of
total marginal capacity cost per month for each customer class.’? These results are shown

for PPGC’s sales to distribution companies in Exhibit 7-13, and for distribution company
final sales in Exhibit 7-14. In these exhibits, marginal energy cost is a weighted average of
peak, mid-peak and off-peak costs. The class load factors are used to express capacity costs
in terms of kWh.”? The final line of each exhibit derives average system-wide strict LRMC
estimates for PPGC and the consolidated distribution companies, respectively.

The strict LRMC values by tariff class shown in Exhibits 7-13 and 7-14 establish an
economic benchmark for the purpose of evaluating the extent of distortions in the present
tariffs. In the case of PPGC, the average'* LRMC is 708.5 ZI/kWh in comparison with an
estimated current average tariff yield (mid-1992 prices) of 339.8 ZI/kWh. For the
distribution companies, the average LRMC is 987.9 ZI/kWh in comparison with an average
tariff yield of 542.1 ZUkWh.

Strict LRMC is a pure economic cost and as such does not represent what must be collected
from electricity customers. Rather, tariffs must collect the financial revenue requirement
(see Chapter 8), which is generally less than the strict long-run marginal cost.

7.3  SENSITIVITY ANALYSIS

It is useful to test the sensitvity of results to key input variables. This exercise helps to
identify those assumptions with a significant impact on final LRMC calculations. We have
analyzed the sensitivity of PPGC and distribution company average LRMC tariff to changes
in the following vanables: '

"2 In arriving st these assumptions, the study leam members first reviewed and analyzed the load research
data derived from surveys conducted by the Institute of Power Engineering (JEN/Katovica) and consolidated
ariff class billing data compiled by PPGC for the past two years. We ideatified class load factors and
coincidence factors from seasonal hourly load shapes estimated for each tanff class. Further, the billing records
provided an independent estimate of class losd factors. Where available data were insufficient, the assumptions
made are aiso conditioned upon the team members’ expenence and judgment. In the absence of comprehensive
national load research data, our estimates of coincidence factors are intentionally conservative; underestimation
of coincidence factors would translate directly into undercollection of revenues for customers not metered on a
coincideat demand basis.

" To avoid unnecessary confusion, the printed table shows strict LRMCs for the peaker method. For
comparative purposes, parallel results for the *next-plant® method appear in the model spreadsheet to the right
of these printed data. A complete printout of the LRMC model results is contained in Appendix 5.2.

'* Weighted by billed sales by tariff class recorded for the first half of 1992.

RCG/Hagler, Bailly, Inc.



Exhibit 7 13

STRICT LONG RUN MARGINAL COST BASED TARIFF BY TARIFF CLASS - BULK

SERVICE CONCI-
VOLTAGE DENCE

TARIFF CLASS
DISTRIBUTION COS. HV 1.00
BULK SYSTEM AVERAGE

Equivalent tysZI/KWh
9% of System Average

Exhibit 7 - 14

STRICT LONG RUN MARGINAL COST BASED TARIFF BY TARIFF CLASS — RETAIL

SERVICE CONCIi-

TARIFF CLASS VOLTAGE DENCE
INDUSTRIAL HV 081
MV 063
Lv 054
TRACTION HV 093
MV 093
COMMERCIAL MYV 0.63
Lv ' 0.55
AGRICULTURAL MV 054
RETAIL LV 0.49
ST. LIGHTING Lv 1.00

DISTRIBUTION COMPANY AVERAGE
Equivalent tysZI/KWh
% of System Avesage

LOAD
FACTOR

065

LOAD
FACTOR

060
0.42
0 3%
0.48
0.48
0.49
0.30
0.38
025
0.50

ENERGY SHARES
PEAK MID - PEAK

0.20

0.20

0.28

0.28

ENERGY SHARES

PEAK MID - PEAK
0.18 027
0.18 o
0.18 031
0.19 0.30
0.19 0.30
020 032
0.20 0.32
0.20 032
027 025
0.21 004
0.20 .28

TOTAL MARGINAL COST/MONTH  DEMAND
CAPACITY ENERGY TOTAL CHARGE
tysZI/KW  tysZI/KWh tysZI/KWh SHARE

121.10 0.4533 0.7085 36%

121.10 0.4533 0.7085
0.2552 0.4533 0.7085
36% 64% 100%

TOTAL MARGINAL COST/MONTH  DEMAND
CAPACITY ENERGY  TOTAL CHARGE
tysZY/KW tysZ/KWh tysZ/KWh  SHARE

90.00 0.4354 0.6504 34%
117.62 0.4652 0.8488 45%
154.27 0.5203 1.2020 57%
112.62 0.4534 0.7748 41%
17363 0.4671 0.9627 51%
117.62 0 4755 0.8044 41%
15713 0.5323 1.2488 57%
100.82 0 4755 08300 43%
139.99 05479 1.3150 58%
285.69 0.4659 1.2486 63%

128.31 0.4888 0.9879
0.4991 0.4888 0.9879
51% 49% 100%

H1/1992 CURRENT
SALES  YiELD
GWh tysZi/KWh

50434 0.3398

50434 0.3398

H1/1982 CURRENT
SALES  VIELD
GWh tysZi/KWh

14090 03874
8884 0 4995

1334 07628
67 0 4606
2178 04715
641 0 4934
4464 07745
320 0 5287
13616 06310
742 0 7884

46336 0.54214



ECONOMIC ANALYSIS - LONG RUN MARGINAL COSTS

:l
(9]
[~

Variable Sensitivity Range
Discount Rate 8% - 14%

Standard Conversion Factor 0.85-1.0

Foreign Exchange Rate 13000 - 19000 ZI/US$
Planning Reserve Margin 15% - 25%

Year Generation Required 1996 - 1999
Economic Price of Coal $1.50 - $2.50/MMBtu

Size of T&D Investment Program 0.6 - 1.0 times the Base Case

Exhibit 7-15 summarizes the results of these sensitivities. The top row of each sensitivity
test shows the LRMC -- PPGC bulk and distribution company retail -- with the base case
value for that variable. Subsequent rows show how alternative values would alter the final
result.

The average LRMC is most sensitive to changes in the foreign exchange rate, and to the
T&D investment program. The exhibit graphs the sensitivity of these results. As the
exchange rate moves from 13,400 ZU/$ (mid-1992) to 19,000 ZI/kWh, the retail (distribution
company) LRMC increases from 988 to 1,302 ZI/kWh. Alternatively, a reduction in the

total T&D investment program by 20 percent would reduce the retail LRMC from 988 to 919
ZUkWh.

The LRMC is also sensitive to changes in the discount rate and the price of coal. A 2
percent increase (decrease) in the discount rate used in project analysis effectively increases
(decreases) the retail LRMC by about 6 percent. A coal price rise from $2.12 to $2.50 per

MMBtu ($2.01 to $2.37 per GJ) increases the average retail LRMC from 988 to 1,047
ZI/kWh. ‘

Surprisingly, LRMC is relatively insensitive to differing reserve margin assumptions. At

planning reserve margins in the range of 15 to 25 percent, the retail LRMC varies by less
than 2 percent. It is also quite insensitive to expediting or delaying the year in which new
generation is first required.

We did not calculate the sensitivity of LRMC to changes in projected load growth that might
occur as a result of required electricity tariff increases. There are two major reasons nor to
do so. First, no reliable Poland-specific price elasticity data are available from which to
estimate demand response. Second, any demand response will require a revised investment
program in order to calculate the LRAIC of network capacity. In the absence of this
information, tariff planning should continue based on the PPGC Scenario II (*low") load
forecast.

RCG/Hagler, Bailly, Inc.



Exhibit 7 - 15
LAMC SENSITIVITY ANALYSIS (tysZI/KWh)

DISCOUNT  Bulk Relail SCF Bulk Retail 1 300
RATE LRMC LRMC LRMC LAMC 1 200 =
12% 0.7085 09879 1.00 0.7085 09879 1.100
8% 06538 08768 085 0.8193 1.1152 1 000
10% 0.6807 09311 090 0.7783 1.0680 0900
12% 0.7085 0.9879 095 07416 1.0259 § o800
14% 0.7370 1.0468 1.00 0.7085 0.9879 5 0 700
o 0 600
EXCHANGE  Bulk Retail YEARGEN  Bulk Ratail S 0500
RATE LRMC LRAMC NEEDED LAMC LAMC g 0400
13400 07085 09879 1997 07085 09879 T 0300
13 000 0.6890 0.9655 1906 0.7244 1.0067 0 200
15 000 07867 10778 . 1997 0.7085 0.9879 0100
17000 08844 11900 1996 06843 09712 0000 = 000 15000
19.000 0.9621 1.3023 1990 0.6816 0.9563
Exchange Rate (tysZI/$)
COAL Bulk Ratall ' RESERVE Bulk Retall
PRICE LtRAMC LAMC MARGIN LRAMC LRAMC 1 300
212 0 7085 09879 20.0% 0.7085 09879 1 200
150 06174 08913 15.0% 0.7030 09814 1 100
1.75 0 8540 0.9301 17.5% 07057 0.9847 1 000
200 0 6906 0.9690 20.0% 0 7085 09879 _ 0900
225 07272 1.0078 22.5% 07113 09912 § oeoo
250 0.7639 1.0467 25 0% 0.7140 0.9944 X 0 700
) 0 600,
T&D Builk Retail  T&D % of > 0500
INVSTMNT  LAMC LAMC Capac Cats g 0400
1.00 0.7085 09879 74% @ 0300
0.90 06963 0 9536 72% 0 200
080 06840 09193 70% g (')gg
0.70 06718 0.8850 67%
060 06596  0.8507 63% 13000 17000

Note: Program must be "RUN" 10 update sensitivity analysis.

1100

0 700

LRMC @YsZ/kwn}
)

0100

100 000 0 80

Q70
Scaler for TAD investment Program
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Exhibit 8- 3c
FINANCIAL PERFORMANCE RA1I0S - PPGC

PRO - FORMA ACFUM ACTUAL | POLSKIE SIECH ELEKTROENERGETYCZN ESTIMATE FORECAST
1889 1990 1991 | Yeai End - [Decembar 31 1902 1993 1994| 1995 1996 1997

DOMESTIC SAILS

2 2% | Energy Sales(Gwh) Annual Growth % -26% t 8% 22% 32% 27% 2 8%

Sales Hevenue(Zl) Annual Growth % 50 3% 19% 70 7% 2 1% 3% 5 0%

o 218.2 | Average Tarift Zi/kwh . 3387 337.0 563 0 5570 5590 5710
2182 Average Energy Tanft Dhwh B 336 7 3370 563 0 5570 559 0 5710

Av Capac Tanfl - "000 ZI/MW/mo

INCOME RATIOS:
Op income/ Net Assels %

. 145 7% | BEFORE Transtfer of Assets/Costs 200 0%

o -7 2% | AFTER Transler of Assets/Costs ‘ 8.1% 48% 6.1% 50% 8 0% 5 9%

_ Op Income atter Dep'n/ Sales % ‘

) 1 1% | BEFORE Transter of Assets/Cosls 7 28%

. 0 1% [ AFTER Transter of Assets/Costs o LI% -3 9% 2.8% 2.6% 2 6% ? 5%
_ Nel Income/ Total Equity %

- 21 7% | BEFORE Transter of Assals/Cosls 1 8%
. 236% | AFTER Transter of Assets/Cosls L. 21% -30% 3 3% 28% 2 5% 2 2%
. CASH FLOW RATIOS: o
—_ Debt Service Aatio o

_ 810! BEFORE Tramsfer of Assets/Costs __._ 17 -26 69 829 433 348 Ja2
— Selt Financing Ratio —_—— :

- 644% | BEFORE Transter of Assats/Costs ... 980% 787% 02% 247% 29 2% 99 8%,
_ BALANCE SHEET RATIOS:

_ 178 | Current Ralio .. . 186 253 375 490 543 672
- 001 | Cash at Bank to Sales - months o ool 030 073 125 i 66 205
. 093 | Accts Receivable 1o Sales months 0.92 092 092 092 092 092
_ Debt to Equity Ratio - % )

. 2B0% | BEFORE Trarsler of Assels/Costs 26%

~ AFTER Trarsler of Assets/Costs 4 3% 13 8% 24 3% 32 1'% BEN:EY

Projected HCG/HAGLERN, BAILLY . Inc
Case. psebas\pse001 fite Nama g Hohharywsstubityvest) 1
08 Mar 93
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UNCONSTRAINED FINANCIAL ANALYSIS OF THE POLISH POWER GRID
COMPANY 8.2

8.3 FINANCIAL REVENLE REQUIREMENTS OF PPGC
8.3.1 Transfer of Assets

In projecting the results for 1993-1997. PPGC's fixed assets were revalued and increased.
effective January 1. 1993 by 57.207 billion zloties, representing the 1992 valuation of
distribution assets transferred from the distribution compantes to PPGC. The gross book
value of the assets transferred can be summarized as follows:

Billion Zloties
Asset At 1990 Book Value At 1992 Revaluation
Lines > 100 kV 4.163 24,644
Substations 3,002 13,007
Subtotal 7.165 37.651
Pumped Storage Plants 3,339 19.556
Total 10.504 57.207

The revalued depreciation amounted to 52 percent of the revalued gross book value. It was
assumed that the asset transfer represented an equiry contribution to PPGC.

8.3.2 Financial Criteria to be Met
The key financial target to be achieved by PPGC was assumed to be the same as for the

generating companies: 6.0 percent return on net assets employed (i.e., working capital plus
fixed assets valued at depreciated replacement cost).

8.3.3 Assumptions and Data Sources
Assumptions similar to those for the generating companies were adopted for PPGE.

> The financial forecast was developed at mid-1992 price levels and exchange
rate of 13,400 Z! to the US dollar.

RCG/Hagler, Baily, Inc.



UNCONSTRAINED FINANCIAL ANALYSIS OF THE POLISH POWER GRID
COMPANY 8.3 '

> The financial forecast was developed at mid-1992 price levels and exchange
rate of 13.400 Zl to the US dollar.

> The purchase price of electricity is the weighted average of the selling price by
the system power plants -- i.e.. 489 ZkWh in 1994 and the "avoided cost”
that would be paid to the CHP plants. assumed to be 603 ZI'kWh. or 4.5 US
cents/KWh. as discussed in Chapter 4.

> The PPGC capital investment program 1s the program provided by the PPGC
Investment Planning Department.

> PPGC's 1992 cost estimate 1s based on the revised budget prepared by the
PPGC Finance Department in November 1992.

> The costs for 1993 and future years are based on the 1992 budget plus costs
associated with the transferred assets. as developed by Energoprojekt.

> System losses overall are assumed to be approximately 2.5 percent, which
comprises approximately 1.8 percent in the transmission network and
approximately 0.7 percent in pumped storage. .

8.4 RESULTS

The results presented in this section are those for the unconstrained tariff increase and instant
asset revaluation scenario. See Chapter 11 for results under the financial forecast constrained
by the need to limit the impact of tariff increases and the feasible extent of and schedule for
the revaluation of assets.

In Exhibit 8-1 the forecast energy balance of PPGC is presented for the period 1992-1997:
Exhibit 8-2 contains a forecast of revenues and revenues from sales and the cost of energy
sold. In Exhibits 8-3a, 8-3b, and 8-3c, the income statement, balance sheet and financial

performance ratios of PPGC are shown.

Based on the average purchase price to the generating companies of 489 ZI/kWh forecast for
1994 and the avoided cost to CHP plants estimated at 603 ZI/kWh, the revenue requirement
that PPGC needs to provide a return of 6.0 percent on its revalued net assets is 563 ZI/kWh.
All these are expressed at 1992 price levels.

Considering the mid-1992 average bulk purchase sale price of 337 ZUkWh, this represents a
real increase of 67 percent. .

RCG. Hagler. Baiilv. Inc.



PARO - FORMA
1969

65,405

9,386

8,633

20,267

28 900
111,072
13,345

124,013
396

GWH

5875

1.508¢

HM:WAL
1990

57,312
. 5,346

8.218
RAML
22,183
30.307
_.425
102,500

. 923

12
495
L
111,743

123
1477

122,712
L ILAL,

_m
. 0
4,025
127,454
10,437
_ 11017
115,614

Case psebas\pse00}

ACTUAL
1091

. 51,052
4.915
9.821

. 8.3

20,829
20,223
1,372
96,383

14 597
1 891

108 733
g

1”7
109.088

108,733
9.326
116,059
785

[¢]

3642
122,480
6.708
115,778
114,347

1.431

f xhibit 8- 1

ENLRGY BALANCE OF PPGC

POLSKIE SIECI ELEKTROENERGETYCZN
Year End - - December 31

Total Energy Sales by Ixstibn Cos
Industry
Raitways
Commercial
Agicultne
Residantal
Sub tolal - Agricult & Resid'|
Sweet Lighting
TOTAL FINAL CONSUMPTION
Diswibution System Losses - - %
Miswibution Systam Losses
Diswibution Co's Own Generation
Total Distnibution Co Puwichases:
fFrom Gnd (PSE}
From Sell Produce:s
From Small Hydro
Total Puichases
Total Energy Sales by Gnd:
Distibution Comparies
Exports
TOTAL PSE SALES
Pumped Storage Usage (Net}
Transmussian Losses - - %
Transrmission Losses
. TOTAL PSE PURCHASES
imports
Domestic Puchases:
Systemn Thermal Plants
CHP & Collacior Plants
Hydro - generation
Unexplained Dittference

ESTIMATE
1992

48,988
5.160
9.192
8,422
21,937
30,359
1.375

95,074

11,237

105,811
400

106,311

105911

. 105011
150

_ 0
.. 2,250
. 1o8,914
108,914
94,913
12,570
1.431

1993 |

48,864
5,631
9,676
8,865
23,001
31.956
1,448

97,575

10,659

107.834
400

108,234
107,834

107,834
750

(1]

2,097
110,721

110,721
96.387
12.903

1,431

FORECAST
1994 | 1995 1996 1907
48,843 49,300 50,410 51610
6.158 6.800 6.940 7,002
10,206 10.871 11,201 11554
9,351 9,960 10.262 10587
24,356 25,943 26731 27578
33.707 35,903 36.993 38165
1.527 1,627 1,676 1.729
100,441 104,501 107,220 110,154
10.156 9.5/9 9919 10,201
110,197 113,680 116,739 119.961
400 400 400 400
110,597 ||4,DBD 17139 120,361
110,197 113,660 116.739 119.061
110,197 113,680 116,739 119,061
750 750 750 750
0 0 0 0
2036 1921 1,988 2.046
112,983 116,351 119,477 122,757
112.983 116,351 119.477 122,751
97.983 100,352 102 208 103.219
13,569 14,568 15838 18107
1.43) 1.431 1431 1431

RCG/HAGLE R, BAILL Y, Inc
Fe Name g \polthatty\e stututiotd_1
05 Mar 9
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Exhibit 8-2
REVENUE AND COST OF SALES OF PPGC

PRO-FORMA | ACTUAL | ACTUAL | POLSKIE SIECI ELEKTROENERGETYCZN]  ESTIMATE FORECAST
1080| _ 1900] 1991 | Yass End - — December 31 woz|  aees| 1004 wos| T eee|  veor

| nevenue aND COST OF saLES
Domestic Damand - - MW

124,003 111,235| 108,733 | Domestic Enargy Sales - - GWH - 105,911 107,834 110,197 113,680 116.739 119,961
(1.781) 1,040 2,618} Net Export Energy Sales - - GWH ‘ '
233% | _405%| 382%| Systemlosses - - % _ L 2.76% 261% 247% 2.30% 229% 228%
125,144 117,017! 115,778 | Domestic Energy Pwichases - - GWh 108,914 110721 112,983 116.351 119.477 122,751
235,072 8 | Capacity Purchases - - MW , 231.826 4 231.8284

769 | No. of Empioyees

Domestic Tanft - - 000 21} MW .
218 230 - - 000 4 [ kwh 336.716 337 000 563 000 557 000 559 000 571 000
333 200 | Expor! TatiAv Nei) - - 000 Zkwh

Revenues kom Sales:

23720 | Domestic 35,662 36.340 62.041 63,320 65,257 68,49/
Demand
23720 Energy ' 35,662 36.340 62.041 63.320 65,257 o8 497
873 | Net Export Revenue
Demand
873 Energy B
52 Other (Services. Domestic/Export) -
i 24,053 | Total Sales . 35,602 36,340 62,041 63,320 85,257 60,49/
_ | Puchase Tantts kom Generators
46 848 | Capacity Payment - - 000 21 / MW 57.5% 57 590
110211 | Energy Payment - - system 21/ kwh 186 000 186 000 488 951 487 195 490 566 504 200
| Energy Payment - - CHP 21 /kwh 186.000 186 000 603 000 603 000 603 000 60:3 000
~ | Energy Paymant - - hydio 21/ kwh 336716 337 000 653 000 447 000 559 000 571 000
. |costot sates: |
11,013 Capactty payments 13,351 13,351 0 0 0 0
12.760 | Energy Puichases - system plants 17,654 17,928 47,909 48 6891 50,140 520413
Energy Puirchases  CHP plants 2,334 2.400 8182 8.785 . 9.55%0 10919
Energy Puchases  hydio plants 482 482 BOL 197 800 a/

{98)| Penalty to GenCos for Shorttail
341 | System Conbol Costs

24,015 Total Cost of Sales 34,329 34,161 58,897 58,473 60,490 63,179
Bihons Zloty RCG/HAGLER, BAILLY . tnc
Case psebas\pse001 File Name g \pohharryvextubhet) 1

08 Mar 4§ l




Exhibit 8- 3a
INCOME STATEMLNT - PPGC

PRO - FORMA | ACTUAL | ACTUAL | POLSKIE SIECI ELEKTROENERGETYCZN]  ESTIMATE FORECAST
1980 1900 1901 | Year End — - December 31 1992 |993l lD!_Ml |995| 1996 1997
| INCOME STATEMENT )
24,653 | Total Sales ' 35.662 36,340 62,041 | 63,320 65.257 68 497
24,015 | Tolal Cost ot §ales 34,329 34161 56.897 58.473 60,490 6379/
638 | Net Hevenue Wom Eneigy Sales 1,333 2179 5144 4847 4,767 4718
141 | Materials & Energy 166
147 [ Outside Services [¢Z]
35} Salarwe / Payroll 62
22 | Paprol Taxas. eic 30
2 | Business Travel } 2
7| Other
354 Tolal Overhsad Costs 1992 yices 354
Inflation
Total (@ Cutrent Frices 354
frus Trarslers hom Distibution Cos
9 { Maltenak & Energy 12
54 | Outside Setvices 75
39 | Saiaries / Payroll 54
Payoll Taxas. elc
e Businass Travel v ) _
. 56 | Pumped Storage Costs 69
143 | Other 198
] 301 | Total O'head Costs Transt'd @1992 Prices Y
- ; Inflaion .
N . Total O’head Costs Transterred . 401
Adpusted Total Overhead Costs:
150 | Matenak & Energy - 178 178 178 178 178 [RL] '
201 | Outside Services 169 169 169 169 | . 169 169
74 | Salanes ( Payroll 116 116 116 116 16 1t
22 | Payroll Taxes. eic 30 30 30 30 30 30
!
2 [ Business Travel 2 2 2 2 2 K
64 | Pumped Storage Costs 69 69 69 69 69 28] t
151 | Other i 198 198 TUIEn 198 198 1o
682 | Total Adjusted O'head Costs @ 1092 181 761 781 7814 ‘ /a1 761
Inflation
Total @ Current Prices 76 161 161 761 l 7614 161
13| Other Costs |
2N Net Revenue rom Producton 479 , I
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PRO - FORMA

1909

Bilhons Zloty
Case psebas\pse001

ACTUAL
1900

ACTUAL
1901

414

"

37
148

221

Exhibit 8- 3a

INCOME STATEMENT - PPGC

POLSKIE SIEC) ELEKTROENERGETYCZN
Yeas End - - December 31 -
{BEFORE TRANSFERRED COSTS)
Net Revenue fom Producton
(AFTER TRANSFERRED COSTS)
interest kom loans 1o Others
interest an Deposis at Bank
Gain on Currency Exchange
Financial Income/ Inleres! Income
Other Revenues
Opetating income
(BEFORE TRANSFERRED COSTS)
Operatng ncome
(AFTER TRANSFERRED COSTS)
Depreciation - - per Slatement
Plus. Dep'n on Revaluaton
Tolat Dep'n @ Custent Prices
Depreciatan - - Transterred kom DCs
Plus: Dep'n on Revaluation
Total Dep'n @ Current Prices
Total Adusted Depreciation @1992
Plus. Dep'n on Revaluation
Total Dep’n @ Current Prices
Operating Incomae afier Deprecn
Financial Charges:
Lease Payments
Long Term Loan Interest
Less. interest curing Consvuction
Net Interest
Income before Tax
Income Tax
Capital Tax
Other Tames )
NET INCOME (BEFORE TRANSFERS)

ESTIMATE
1002

V7

15

59

59
925
370

555

1983

1418

51

51

1.469

22

22
525
2.329
2.854

2.329
2,875
(1.406)

107

14

30
{1.437)
{575)

(862)

1994

4,383

258

258

4.641

59

59
525
2.337
2,063

22337
2,922
1.719

286
148
138
1581
632

949

tORECAST
1995 | 1906 | 1997
4.086 4.006 3gs!
569 - 857 1,139
569 857 1,139
4655 4,863 5096
147 309 509
147 300 500
525 525 525
2337 2337 2331
2,603 2,883 2.803
672 834 1,034
2,337 2337 2337
3,009 3.172 3.372
1,648 1 692 1724
619 949 1128
330 520 538
289 420 569
1.357 1262 1135
543 505 454
814 157 681

RCG/HAGLER, BAILLY, Inc
File Name ¢ \polharylexhidxned 1
08 Mar 90
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PRO FORMA
1089

ACTUAL
1000

179

91

w

1,180

ACTUAL
1991

95

85
130
185

Exhibit 8-3b
BAL ANCE SHEET - PPGC

POLSKIE SIECT FLEKIROENERGE TYCZN ESVIMATE
Year Fnd - - December 31 1992 1993
ASSETS
Fixed Assets:
Capital Assels
Gross Fixed Asséls 180 680
Plus Translers of Gad rom [)XCs 7.165 7.165
Plus Trarslers ol Pumped Slorage 3.339 3339
Tolal Adjusted Gross fixed Assats 10,685 11,185
Mus flevauaton lo 1992 46,397 46.746
tus Revaluabion ahter 1992
Revalsad Gross Fixed Assets 57.082 57,9314
less Accumulated Deprecial’n 110 132
Dejweciation on Trarslers 5.483 6.008
Hevalued Degxeciation 24217 26.545
Depx aciation on flevaluation )
Total Accumulated Depreciationn 29,810 32,605
Net Fixed Assels 27,272 25.246
Capal Work in Progress 699 1.344
Advance Payments 197 197
Patents & Licensas 1 !
Financial invesiments:
Shares in other Companies
Long Term Accounts Receivable . 193 193
Cwirent Assets:
inventores
Accounts Receivable 2,736 2.788
Incomne Tax Receivable
Other Accounts Receivable
Cash at Bank and on Deposn 15 917
Total Cwrent Assets 2,751 3,704
TOTAL ASSETS 31,114 30,686

1.680
7.165
3.339
12,185
46.746

58,931
191
6.533
28.883

35,607
23,324
3.000
197

193

4,759

3.769
8.520
35,245

FORECASI
1994 |

1995

4,180
7.165
3.339
14 685
46.746

61,431
337
7.059
31,220

sa 616
22,815
4723
197

193

4857

6578
11,435
39,365

1096

8.180
7.165
3,339
18,6865
46.746

65,431
646
7,584
33,557

41,707
23 644
4,895
197

193

5.006

9.007
14013
42 044

1997

12.180
7.165
3.3

22.685

46,746

69.431
1.155
8.109

35.894

45,159
24272
2627
197

193

5,255

11,697
16,852
44,243




Exhibit 8-3b
BALANCE SHEET - PPGC

ACTUAL | POLSKIE SIECH ELEKYN)ENEF!C;ETYCZN ESTIMATE

PAO FoRMA | AcTUAL FORECAST o
1960|  1990| 1901 Yeas End — - December 31 1902 1903 1904 | wos|  iwea|  1oor
. _.__|uaBnmes
-~ .. |Equity Caphtai: ,
st5]  515] Equity 515 515 515 515 515 515
| __ 300| RessrveCapital o 610 1.165 303 1252 2088|282
. _ __| Trarsters of Grid kom DCs _ 1165 7.165 7.165 7.165 7.165 7.168
_ ) .| Tearster of Pumped Storage 3.33% 3.330 3.339 3.339 33390 3.3%
1. | Less: Accum dep'n on Tiansters 5,483 5.483 5.483 5.483 5,483 5.482
o tb | AssetRevaluation ) 22.180 22.180 22.180 22.180 22,180 22.180
_3a1 221} Current Years Net income S . 555 {862) 949 84} 157 681
_ 908! 1,125 TotalEquity o 28,802 28,020 28,068 20,783} . 30,540 31.221
315/ Long Tem Debt L 750 1200 4.000 7.250 10,000 10.500
Current Liabilities: o
231 841 | Accounts Payable . 1,232 v 2,026 2,083 2.154 2272
6 112 | Other Accounts Payabls N 1o tea 110 110 1oy - 110
Short TemLoans o
) 35 138 | Other Liabilities o 140 140 140 140 140 140
Owing to Bank - v
__2n|  1,001{ TowlCurtent Lisbities o 1A teo7)] 2270 2,333 2404 2,522
_ L100{ 2,531 . YOTALUABILITIES 31,114 30,000 35,245 30,365 42,944 44,243
179 180 | Gross Fixed Assets 180 680 1.680 4.180 6.180 12,180
6,903 6.903 | Pia: Translers of Grid kom DCs 7.165 7.165 7.165 7.165 7.165 7.165
o 3,252 Pus: Transfers of Pumped Skorage 3339 3339 3339 3.339 3.339 3339
7.082|  7,084| Total Adpmied Gross Fixed Assets 10,685 11,185 12,185 14,085 18,685 22,085
Bihons Zioty RACG/HAGLER, BAILLY, inc
Case psabas\pse001 File Name g \pohhaty\exhutsned_ 1
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Exhibit 8—-3c
I INANCIAL PERFORMANCE RATIOS - PPGC

PRO - FORMA ACIUM ACTUAL | POLSKIE SIECHELEKTROENELRGETYCZN ESTIMATE FORECASI1
1880 | 1990 199t | Year End - December 31 1992 1993 1994| |995| : 1996 1097
DOMESTIC SALLS.
22% Enafgy Salas(GQh’ Annual Growth % -2 6% 1 8% 2 2% 3 2% 2 7% 2 8%
Sales Hevenue(Zl) Annual Growth % 50 3% 1 9% 70 7% 2 1% 3% 5 0%
218.2 | Average Taift Zl/xwh 3387 3370 563 0 557.0 559 0 511 0
o 2182 | Average Energy Tantt Dwh . 3367 3370 563 0 557 0 5590 57110
! Av Capac Tanft - '000 21/MW/mo
o INCOME RATIOS:
- Op ncoma/ Nel Ass ets %
o 145 7% | Bt FORE Transter 0! Assets/Costs 200 0%
L 72%; AFTER Transfer of Assets/Costs . 8.1% 48% 6.1% 5 9% 6 0% L%
B Op Income after Dep'n/ Sales % A
) V1% | BEFORE Transter of Assets/Cosls ) 28%
. 0 1% | AFTERA Transfer of Assets/Costs L% -3 9% 2.8% 2.6% 2 6% 2 5%
_ Nat Income/ Total Equity % o
. 21 7% | BEFORE Transfer of Assels/Costs 1%
. 23 6% | AFTER Tramsfer of Assets/Cosls o 21% -30% 33% | 28% 2 5% 2%
o CASH FLOW RATIOS: o
e Debt Service Ratw o
__ 8 10| BEFORE Transter of Assets/Costs . _1r13 -26 69 829 433 348 302
) — Seft Financing Ratio e , ,
_ 64 4% | BEFORE Trarster of Assets/Costs . 980% -787% 02% 247% 29 2% 99 8%
_ BALANCE SHEET RATIOS: o
- 178 | Current Ralo 186 253 375 490 583 672
. 001 | Cash at Bank to Sales - months o oo 030 073 125 1 66 204
_ 083 | Accts Receivable to Sales months 092 092 092 092 092 092
_ Debt to Equity Rabio - %
i 28 0% | BEFORE Trarster of Assets/Costs ‘ 2 6%
B AFTER Transler of Assets/Costs 4 3% 13 8% 24 3% 32 1% 33 6%
Piogected BUG/HAGLE R, BAILLY | Ind
Case. psebas\pse001 File Name g \palihaiyastubtaet (1
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CHAPTER 9: UNCONSTRAINED FINANCIAL ANALYSIS OF THE
DISTRIBUTION SYSTEM

9.1 OBJECTIVES AND APPROACH

In this chapter. the financial requirements for the total distribution system and the resulting
average svstem-wide tariff at the distribution level are developed with an emphasis on 1994
As was done with the generating system in Chapter 5 and the transmission grid in Chapter 8.
the objective was to determine the revenue requirements of the distribution svstem so that
this system can become a viable commercial activity.

As in Chapter 5. the financial forecast of Chapter 9 corresponds to a scenario of
unconstrained tariff increase and instant asset revaluation. In Chapter 11, these results are
subjected to different assumptions in order to arrive at a financial forecast that is constrained
by the need to limit the impacts of tariff increases and by the feasible extent of and schedule
for the revaluation of assets.

It is the Polish Government’s policy to adopt uniform bulk sales tariffs for all distribution .
companies and allow each company to set its retail tariffs based on a regulated profit but

according to the specific cost structure of each company. It is relevant to the objectives of

this study to determine the variability that can be expected among the average retail tariffs of

different distribution companies. Therefore, in addition to the consolidated case, three

individual distribution companies were analyzed -- namely Warsaw, Gliwice and Bialystok --

which represent major urban, mid-size urban, and rural distribution companies.

The analysis of distribution costs and the required financial revenues and average tariff at the
level of the distribution company customers was based on a consolidation or aggregation of
key income statement and balance sheet data for the 33 distribution companies.

The consolidation was prepared by the Economics Department of PPGC from the "F-02"
accounting returns from the individual distribution companies.

The analysis of 1989-1992 includes high-voltage lines and substations that were carried on
the books of the distribution companies before being transferred to PPGC in January 1993.

RCG/ Hagler, Bally, Inc.
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UNCONSTRAINED FINANCIAL ANALYSIS OF THE DISTRIBUTION SYSTEM 9.2

9.2  HISTORICAL FINANCIAL REVIEW AND ANALYSIS

It should be noted that the 1989-1992 analysis includes high-voltage transmission assets.

Thus. in 1991. distribution losses shown at 11.65 percent include losses attributable to
transmission. which are estimated at approximately 2.0 percent.

9.2.1 Income Ratios

The ratios between the average selling tariff of the distribution companies and their average
purchase cost from PPGC are as follows:

1989 1990 1991 1992
(est.)
Average Selling Tanff 19.9 2134 354.0 542.1
(ZI/kWh)
Average Purchase Cost n.a. 135.3 221.7 339.1
(ZI/kWh) -
Ratio (percent) n.a. 157.7 159.7 159.9

In 1990 and 1991. the ratios of operating income to sales (after allowing for depreciation
based upon the 1990 PSO (Polish Statistical Office) asset revaluation were 10.4 percent and
8.4 percent, respectively. This, in turn, amounted to an operating income to net assets
return of 3.4 percent and 3.9 percent, respectively.

It is worth noting that consistency has been maintained in these ratios despite the massive
inflation that has occurred between 1989 and 1992.

9.2.2 Balance Sheet Ratios

The total net assets employed in the Polish distribution system in 1991 amounted to
approximately 42,272 billion Zlotys (based on the 1990 PSO revaluation). Long-term debt
totalled 1.309 billion Zlotys. This amounted to a debt-to-equity ratio of about 4 percent.

RCG:Hagler, Bailly, Inc.



UNCONSTRAINED FINANCIAL ANALYSIS OF THE DISTRIBUTION SYSTEM 9.4 .

At least three different financial criteria are possible for the distribution system. They
correspond to different levels of risk and different possibilities of financing, and result in
different revenue requirements.

Criterion A - No Net Increase in Overall Debt

This criterion requires that there be no net change in borrowing or indebtedness over the
1993-1997 period (a four-year period), although short-term borrowing to smooth out
fluctuations is allowed in the intervening vears. This criterion means that all capital
expenditures plus all working capital increases must be paid for from cash flow, taking the
four vears in total. The distribution system must thus be capable of financing its equipment
replacement and extending its service coverage from its revenues.

This 1s unquestionably the most prudent policy because it assumes that distribution utilities
will not borrow on a long-term basis. Because of the stringency of this criterion. it will tend
to result in a higher tanff than the other two criteria. .

Criterion B - 6 Percent Return on Net Assets

A 6 percent rerurn on net assets for distribution companies was considered only because this
would provide a consistent criterion throughout the power system, from generation to
distribution. However, this criterion could result in highly volatile tariffs because the effects
of capital expenditures in distribution are magnified by the effect of a 60 percent tax rate on
the pre-tax profits of distribution companies.

Criterion C - 100 Percent Self-Financing Ratio

The self-financing ratio is defined here as the net cash generation (i.e., depreciation plus net
profit after taxes) divided by the average of three years of capital expenditure in the
previous, current, and following years.

This definition, however, ignores any requirement to finance working capital (that is,

increases in accounts receivable and inventories). In other words, a self-financing ratio of

100 percent would mean that only the cost of fixed capital expenditure is paid for from .
internal cash flow. Increases in working capital could still be financed by increased bank

borrowing.

RCG Hagler, Baiily. Inc.
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UNCONSTRAINED FINANCIAL ANALYSIS OF THE DISTRIBUTION SYSTEM 9.

tn

9.3.3 Assumptions and Sources of Data

The following are the major assumptions and sources of data used in the analysis of
distribution companies: .

> The historical data for the income statement and balance sheet were entered
from a consolidation of the "F-02" statements for the distribution companies.

> The forecast energy sales were developed by Hagler, Bailly in conjunction with
PPGC. They are described in Chapter 2.

> All projections of costs are in constant, mid-1992 price levels (equivalent to US
$1.00 equals 13.400 Zlotys).

> Energy purchase costs were input from the results of the financial analysis of
the transmission grid in Chapter 8.

> Operating costs for 1992 and subsequent years were based on 1991 costs
(adjusted for the transfer of transmission assets) plus an inflation provision of
38 percent from 1991 to 1992. Given the companies’ flat or modestly
increasing sales. the real operating costs were projected to remain unchanged
from 1992 levels.

> Annual depreciation expense was computed at 5.0 percent of average gross
fixed assets in service.

> Interest expense (net of inflation) was computed at 11.0 percent per annum,
based on average outstanding debt.

> From 1993 onwards. capital expenditure was assumed to be the sum of two
components: 1) a component proportional to sales growth and the existing gross
fixed assets in service and 2) replacement and modernization at 3.33 percent of
existing gross assets. Assets were assumed, on average, to be placed in service
12 months after initial expenditure.

> Working capital is based on 2.0 months’ sales in accounts receivable. This is
higher than in the past; however, as the economy becomes increasingly
privatized, it is likely that the trend will be towards an increase in average
outstanding receivables (which were just under 1 month in 1991).

RCG/Hagler, Bailly, Inc.



UNCONSTRAINED FINANCIAL ANALYSIS OF THE DISTRIBUTION SYSTEM 9.6

To avoid fluctuations over the period 1994-1997 due to annual changes in the revenue
requirements of the generation system and the transmission grid. the average retail tariff was
levelized by short-term borrowing rather than maintaining a uniform ratio with the bulk
tariff.

9.4 RESULTS FOR THE CONSOLIDATED DISTRIBUTION SYSTEM

Exhibit 9-1 shows a balance of energy sales and purchases for the consolidated distribution
companies. Exhibits 9-2a and 9-2b correspond to the income statement and balance sheet.
respectively. for the consolidated distribution system. using the financial criterion of no net
increase in overall debt (criterion A), as discussed above.

The application of the financial criterion of no net increase in debt to the forecast costs and

capital expenditures results in revenue requirements of 785 ZU/kWh for the period 1994-

1995. This represents the required average retail tariff at price levels of 1992 and is

equivalent to 5.9 US cents/kWh. Compared with the mid-1992 average retail tariff. this

represents a real increase of 45 percent. Using this criterion, the operating and financial

ratios for the consolidated system are shown in Exhibit 9-2c¢. .

The operating and financial ratios of the consolidated distribution companies using the 6
percent return on net assets criterion are presented in Exhibit 9-2d. Using this criterion, the
forecast revenue requirements at the retail level would be 847 ZI/kWh in 1994, or a 56
percent increase from mid-1992 levels.

The operating and financial ratios of the consolidated distribution companies using the 100
percent self-financing ratio criterion are presented in Exhibit 9-2e. Using this criterion, the
forecast revenue requirements at the retail level would be 739 ZI/kWh in 1994 or a 36
percent increase from mid-1992 levels.

The resuits presented below are those for the unconstrained tariff increase and instant asset
revaluation scenario. See Chapter 11 for results under the financial forecast constrained by
the need to-limit the impact of tariff increases and the feasible extent of and schedule for the
revaluation of assets. '

RCG. Hagler. Baily. Inc.
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Exhibit 91
BALANCE OF ENERGY PURCHASES AND SALES
CONSOLIDATED DISTRIBUTION SYSTEM

PRO-FORMA | ACTUAL | ACTUAL POLBKIE BIEC| ELEKTROENERGETYCZNE | ESTIMATE - FORECAST
 tee9| 1998 1991 | Year End - — December 31 12|  iees|  iees[  1o0s] 1908] 107

BALES SUMMARY GWh

es.405| s7.312|  51,082| ncumewy ] ene] woee|  aseaa wao| _ soan|  srer

5875 5.346 4015| Ralwap 5,160 5631  6.158 6000 6940 7.002

9,388 8,218 9,821 | Commercial oo 9ae2f 9676 10,206 osn| _ 2o0| 11556

8033| _8124| 0394| Agicutre_ 8,422 sees|  vast 9,060 10262| 10507

20207| 22,183 20820| Residerdial e w_o2nesr 2300 24,350 25043 26731 21578
26000 30307| 20223| Sub-toal - Agricult & Resid| 30,350 31ese|  ss707| 35903 36903 38,165
. 1508f 1928 1.372] Sveetliging . . 1275 _olaas) 1,527 ey 1616 1720
111,072| 102,508] oe383 TOYALENERGY BALES|  95074|  o7,575| 100441 104501 107220 _ 110,154
, _ | AVERAGE TARIFF

00| 2411|3417 nduswy

00| 2047]| 3526| Ralwae _
00| 3406| 5021| Commercial . _
00| 1192|3174 Aglcutre ) . _
00[  906|  3040| Residental _ o _
00| 1040|  3078| Sub-total - Aglcut 8 Residl —

00 5085 7413 Sweetlighing = _ _ N N
199 2134 354.0 OVERALL AVERAGE TARIFF 542.1 542.1 7850 1850 7850 805 0

TOTAL SALES REVENUE

13,815 17,443 Induey -
1415 1,733 Ralways -
2700]  4931] Commercial ) -

22100 6,331; Residential A }
3470 _ 8,005, Sub-tolal - Agricult & Residi
671|  1.017] Sweetlighting e
2215 21,880] 34,118 | GRAND TOTAL S8ALES — - ELECTRICITY | = 51,540 52,

3

78,848 82033 _ _85240( 88074

AC G/HAGLER, BAILLY, inc.
F ile Name g \polyeporfiaxhitutie® 1 wk i
30 - Jun- 63




Exhibit 9—2a
INCOME STATEMENT — CONSOLIDATED DISTRIBUTION SYSTEM
PRO-FORMA | ACTUAL | AGTUAL | POLISH DISTRIBUTION COMPANIES | ESTIMATE| . FORECAST
1989| _ 1900| 1001 | Yeas End - - December 31 _we2|  eea|  wsed| T gees|  iees|  1eer

95074 97575 100,443 104,501 107,220 110,154

199 2134  354.0] Average Tt - - ZI&Wh 5421 5421 7850 7850 7850 8050
2215] 21,8801 34,119 TotalEnergy Sales Revenue 51,540 52,805 78,846 82,033 85,240 88.674
16 332 676 | Other Revenues (Nety 173 _ 793  1,183] 1,230 1,279 1,330

111072 102508} 96,383 | Energy Sales - - GWh

L2291 | 22212] 34,704 e, . Jotal Revenue |  52313]| = 53,680 80020 = 83.204| = 86518| 90,004
I, _ | Energy Coste — . -
) 130 OwnThermal I : .
L 248 | Own Hydro _ i o
. b |80} Autoproducer ) 88 58 50 58 _ 58 58
e ) 7| Smebydo - )L , .
o183 1St22{ 23.1m5) PSE J35080( 3634 6039 63322 65250 68.407

' 1,5%0] 15114 241407 2 TolalEnergyCosm| 30,047 30,390 62,007 63,380 05,317 6a,558
Transmission and Cusiomes Service

25 2181 37| Matriak —
197 1422| 1,503 Repaim A S
o243 12715] 2000| Salwies andPayroll Taxes

st e} 3418 Amortizslion R

. ns]  ess{ 200} AdminetationOverhhead =~

mc“. e m——mam - N e emmamot s e e - [ . . . Cemmien PO
1,717| TOTAL FIXED OPERATINGCOSTS| o 0 0 0 e 0
B Less: High Voltage Network Costs _
. 0 Mawriah
| s 54| Repan
26| 30| Salwies and Taxes

| 18| aee| Amortzaton L
) | ss|___ e7| AdmiswationOvernhead
. l___ses|  714| vota High Volage Network Costs | ) o 0 ° ° °




Exhibit 9—-2a
INCOME STATEMENT — CONSOLIDATED DISTRIBUTION SYSTEM
PRO_FORMA | ACTUAL | ACTUAL | POLISH DISTRIBUTION COMPANIES | ESTIMATE  FORECAST
1000 1900 1001 |Yew End -~ Decamberst | weee|  1eea|  1ses|  1ees|  yees| 4o
S __ | net Dmwibution Network Cosm o , ) )
o 212 308 Mawerlam 4 425 425 425 425 425
e 1978| 1,539 Repais 2 2123 2123 2,123 2123 2123
_ 1,249 2,051 | Salaies and Taxes R o Aasef 1,732 1,732 . nis2 1,732 1.732
o 1.0!_7 2,040 _W o __lgz_gg 12,230 12,384 12,703 13,237 14007
e 835 212 | Administation Overhhead e o 130 1,301 . 1901 1,394 1.304
b 130) _.{56) Other Coam TR (SR (4. | SRR U4 | I {re) LAey (ro)f . (79)
- 4400| 1002  Totsl Dewibuton Cosm 1002 | 17,882 17,832 17err| 182907 1883 19810
I Plu[!‘ﬂnlon _____vp 0 o 0 0 0
I R ) Total DissibutionCoss | 17,832 17,832 nsen 18,207 16,830 19.610
2,111] 18907 31806 o JOTAL COBTS 83,870 84,232 80075, 81677 @ 84,148  sa,108
. Mei 238 2609 F. ... OPERATINGINCOME | = (1,807) = (543) L 1,587 23N 1,838
T sr| wars| T OTHER INCOME 1881 1s97|  area| 2780 2,088 3.007
.2l 3 _ 200 | inderest Expense . R OV - T % | N A L) | {1.064) (1.041) {1.064)
198 2,647 4044  INCOME BEFORE TAX 27| __l1eo0s 3389 8,430 = 8277 5,008
- ) §g<_w|,7|o 2474 Lllﬂl» '!‘."ii'!‘.’. & 90(?9_'!2 TI} _ "g 643 . ‘_!.955 g,_l 7? 2511 5,303
100 031 t.170 : NET INCOME as 2965 2,083 3268{ = 3,768 3,348
Bilions Zloty at Bass Year Prices RCG/HAGLER, BAILLY, Inc.
Case. DISCOBAS\disor011 File Namae g:\polyeportiexhibit\e0 2 wk !

30 ~ Jun - 83



Exhibit 9-2b

BALANCE SHEET — CONSOLIDATED DISTRIBUTION SYSTEM

ESTMATE|

PRO-FORMA | ACTUAL | ACTUAL | POLISH DISTRIBUTION COMPANIES
1960]  1900| 1991 |YVesr End - - December 31 . 1ee2
. |aesers _ ——
_ine| 1228iCash Lee
. 895(  3716|Accounts Receivable 8,719
B R 11 532 | inventories e o 138
0 2,320 5,474 Tolal Curtent Asasls 11,148
) IR U -1 L — S
I Gross Fixed Assels: = |
— 0.903 | Trarwmission (> 110kY& S/stations .
R 44200 Disviution Lines -
- 14.803 | Subslations S ;
- 4.930 (Other Fixed & Tangible Asses | =
_.85818| 70842 | Gross Fixed & Tangible Assets | 244775
33859 38976/ Less: Acc. Depreciation . |. — 140,000
31950  33.868)| NetFixed & Tangible Assets 104.775
. 1.1%0 2,003 | Capital Work - in - Progress — 2903
. 8] 0| GoodwM
0] 34027 42272 __TOTALASSETSEMPLOYED| 118,823
- - , LIABRLITIES ———
B 2,671 | Accounts Payable L
- 833 3,799 | Other Liabilities — -
- ol o oo O | Cash Deficlancy (Swplus) [ _(3:492)
of 1784} 04701 = Total Current Liabilities (3.402)
575 1,309 | Long Term Debt o 1,300
Equity Balancs:
31,645 32,576 | Assumed Opening Posrtion 32578
Reserve for Asset Revaluaton 86,448
923 | Retained Earnings - - Prior Years 1,915
923 991 | Curent Years Nel income . 65
32,568 | 34,492 Total Equity . 121,005
34,027 42,272 TOTAL LIABILITIES & EQUITY 118,823

o

lhons Zioty at Base Year Prices
se DISCOBAS\disoi011

_ FORECAST
1903 | woe| 1005
1692 1,602 1,692
o] 1339 13,877
sl res| 7
uars| as7es| 16,304
247,678 ?54,003 204,737
152.239 164,623 177.326
05,430 89,440 87.412
0.305 10,074 15.000
13.09)  1isese| 119315
 (10,08) (0.434 (9.250)
(10081) (9434  (v.250)
1.309 1.300 1.300
32,578 32,578 32578
86,448 86,448 86 448
1,979 2,944 4978
965 2.033 3,258
121,070 124,004 127,262
|'3J99 115,880 110,315

(9.489)
(9.489)
1.308

32578
06,448
8.236
3.766
131,028

122 848

ACG/HAGLER, BAILLY, Inc

F e Name g \polyeportextutane9d

30

Jun 93

1907

1,692
15.001
735

.. 17,427

206,564
204.570
91.985
16,389

125,801

{10,081)
(10.081)
1,309

32578
86 448
12,002
3,545
134,573
125 801




Exhibit 9—-2¢
OPERATING AND FINANCIAL RATIOS — CONSOLIDATED DISTRIBUTION SYSTEM
Criterion = Zero Debt Increase

PRO- FORMA | ACTUAL | ACTUAL | POLISH DISTRIBUTION COMPANIES ESTIMATE| e FORECASY

_ teeo| __1900| 1901 | Yeur End - — Decamber 31 1082 weea| . aees| _ wees]  1eer
. SALES RATIOS R —
19942 | 213.444 353.004 | Average Sales Tarif - — ZykWh sa2100(  542100{ 785000 785000( 795000 805000
135258| 221677 | Average Purchase Cost - ~ 2/ kWh 30071|  3s6205| 514w 555.559| 557500 500588
T 277%|  -00% |AwusiSales Growtn pwn) --% | -tax|  z2ex|  2e% sox| ___20%|  27%
| ss7.0%|  55.0% | Annual Sales Growth (71 - - % . os11% 26% 91% aox| __aex| aox

o OPERATING RATIOB o o ) _ S
Taax|  1iex|Daviasontosses -% | 100% oox| e sax| 8% 8%
634%|  626% |EnergyPuchase/Sales --% | = e25% 62 0% 71 5% rex| _701%|  7T08%
54%| 104%|  0.4X|Opeatingincome/Smles —-% | . -30% o% -01% rox|  27% 20%
C34%|  30%|Operstngincome/NetAssets --% | -21% 5% -00% x| 23% 1%
C29%| _ 34%|Netincome after Taw Equty --% | 01% oox 1o% 2ex| _20% 26%

_ B |ewancarnavos | o ,
13| os|Curem Rato o 32 '’ T 1e| e -7
72%|  220% | Towl Deby Equty - - % N 16% 72% o o% o2x|  -62% “65%
|seM-FinencingRavo - % [ 2322% 132 4% n2r%|  tesex 107 0%

) RAC G/HAGLER, BAILLY, Inc.
Case: DISCOBAS\chsor01 { File Name g \polyeporfiexivbiia® 2 wi i
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Exhibit 9-2d

OPERATING AND FINANCIAL RATIOS — CONSOLIDATED DISTRIBUTION SYSTEM
Criterion = 6% Return on Assetls

POLISH DISTRIBUTION COMPANIES
Year End — ~ December 31

ESTIMATE

PRO -FORMA | ACTUAL |
_ 1ee8| 1900
T eea2] 213444
195.250

_ -1.T%

_1 es7e%

] e

83 4%

sa%| _104%

. 4%
ol 2%

_ o 13
o 12%

221077
-80%
55 9%

SALESRATIOS =~

Average Bales Twill — - 2/ kWh
Average Puchase Cost — - Z/kWh
Annual Sales Growth (kWh) — - %
Annual Sales Growth (2)) - - %

... 542100
__ 33007

S SL%

OPERATING RATIOB
Disviution Losses - %
Energy Purchase/ Saies - - %
Operating Income/ Sales - - %
Operating Income/ Net Assets - - %

Net Incoms afler Tax/ Equity - - %

—

. B25%

Case: DISCOBAS\disor012

FINANCIAL RATIOS

g"l""' ﬂlﬂg . - [ _;23
Total Deb/ Equity -~ % . ___-18%
SeN-FinancingRatio -~-% |

10e%

542.100
336 205
2.0%
2.0%

1we2| 1ees|  wes|

847.000

561.402
. 2%
00.8%

wos|

555.550
40%
1.6%

8%
07.0%
T1%
aox
AT%

820.000

122 e%

831000
857500

2e%
26%

. 8s%
.871%
70%

60%
40%

STieex

~-oo]

RCG/HAGLER, BAILLY, inc.
File Name g \polyeporfiexhibitie9 2 wk i
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27%

4 6%
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: Exhibit 9-2e
OPERATING AND FINANCIAL RATIOS — CONSOLIDATED DISTRIBUTION SYSTEM
Criterion = 100% Self Financing

PRO-FORMA | ACTUAL | ACTUAL POLISH DISTRIBUTION COMPANIES | ESTMATE| FORECAST
_1oep| 1900 1091 |Yem End - Decamber 31 Cieeel 7 Tiees| T ieeal T ees] _ oes] 1007

N BSALES RATIOS e
T1e942| 213444 353.004 | Average Sales Tarlf — - ZU kWh 542100 542100  739.000
135258 | _ 221.677 | Average Purchase Cost — — 2/xWn |

awory|  amzes|  sevam|  ssssso| __ssrscol  seoses
7% | -00% |Anual Sales Growin pWhy =% | cta%] o 2e%) 29% eox| __2e%| 27

se76%| _55.0% | Annual Sales Growth (2) - = % | s 20%| 40 To%| ___01% 35%

|oeRATNG RATIOS _ o , -
“asn| _ 116%|Duvbutonlosses - % | . toex| . oo 0 2% san| 85 8 5%
62 5% 62 0% T8 0% x|l TO0O% 71 0%

54%| _ 104%|  8.4%|Operating income/ Sales - - % L To% 1o% o 8% 1% 1% 04%
34%| __ 39% | Opersting income/ Net Assets — - % R 2 (05% -4o% Srow) 13% 0 4%

" 20| 3.4%|Netincome afle TayEquty -~ % | 01% 08% S1a% %] 23% 6%

FwaoLmaTI08 1 _ o
113 96 CEI:@R!!_‘O o B -32 1t 22 36 ______-47 -58

7.2% 22.6% | Total Debt/ Equity - - % R 18% 72% -45% ~26% -18% -13%
SeN-Financing Ratio - - % 2322%|  100.4% 100.3% 100.4% 100 1%

AC G/HAGLER, BAILLY, Inc.

Case: DISCOBAS\chsor013 Fue Name g \polveportiexiubitie® 2.wk i
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UNCONSTRAINED FINANCIAL ANALYSIS OF THE DISTRIBUTION SYSTEM 9.14

9.5 SUMMARY OF RESULTS OF THE UNCONSTRAINED FINANCIAL
ANALYSIS OF THE CONSOLIDATED SYSTEM

Exhibit 9-2f shows a summary of the results of the financial revenue requirements analyses
for the consolidated generation, transmission and distribution system. For the distribution

system. the most strongly recommended financial criterion was used: that is. no increase in
overall debt.

9.6 CASt STUDIES FOR DISTRIBUTION COMPANIES

In order to study the effect of uniform bulk sales tariffs on individual distribution utilities.
the financial outlook of three companies was examined. The financial and operating ratios
for the distribution company Bialystok are shown in Exhibit 9-3a.b. and ¢ corresponding to
the three financial criteria discussed above for the consolidated system. The same
information is shown for the Gliwice Distribution Company in Exhibit 94 and for the
Warsaw Distribution Company in Exhibit 9-5.

The resulting 1994 revenue requirements for each company and according to the different ‘
criteria are shown in Exhibit 9-6. Because the capital investment forecasts for each of these

companies were not available, they were estimated on a basis that is not directly comparable

to the forecast available for the consolidated distribution system. Thus, the results for these

companies are only valid to establish relative differences among them and not in relation to

the entire system. Nevertheless, the following conclusions are possible:

» The spreads among the average retail tariffs of these companies are 60.0
percent, 50.2 percent, and 48.92 percent corresponding to criteria A, B and C
above.

> As might be expected, tariffs for Bialystok (rural area) are consistently the
highest while tariffs for the heaviest industrial area Gliwice are consistently the
lowest.

RCG: Hagler, Bailly. Inc.



EXHIBIT 9-2F

SUMMARY OF REVENUE
REQUIREMENTS THROUGH THE SYSTEM

1992 1994 1995 1996 1997 FINANCIAL

CRITERION

GENLERATING 300.296 488.951 487.195 490.566 504.206 6% Return on
COMPANIES Net Assets
PPGC 336.716 563.000 557.000 559.000 571.000 | 6% Return on
Net Assels

DISTRIBUTION 542.100 ||  785.000 785.000 795.000 805.000 No increase
COMPANILS in Overall
Criterion A Borrowing
' 1993-1997

DISTRIBUTION 542.100 739 000 760.000 T86.(XX) T92.(0(%) 100%
COMPANILES Self Financing
Criterion C Ratio




Exhibit 9-3a
OPERATING AND FINANCIAL RATIOS — BIALYSTOK
DISTRIBUTION COMPANY
Criterion = Zero Debt Increase

PRO_FORMA | ACTUAL | ACTUAL | POLISH DISTRIBUTIONCOMPANIES | ESTIMATE|  FORECAST
1069|1900 1901 ] Year End —— December 31 1o02]  wees|  1ees] 1905 1007
SALES RATIOS - e
0.000]_211.112] 303,001 | Average Sales Tt - - 2y kwh _sez100]  saz1o0| 1245000  12es00] 1245000 1245000
104000 181800 | Average Purchase Cont -~ ZykwWh | smeori|  s205|  ssscoo|  ss7000|  sseooo| 571000
o | oo |Avuei el Grow gy -- % | usex | asx|  _asw Tsax| 26k 20%
T esn| vk |avwsiswee arowm@m --% | serx asx|  rarex|  sax|  2ex 20%
) __|operaTing RATIOS - o ) T
T x| _wex|Davewsontossee - % | eex]  eex| e 75% 75% 75%
T x| sezx gy Puchase/saes -% | esw|  e2ox 452% “rx e as0%
__8a%|__107%|_ 110% |Opwatngincome/Sales --% | em|  -200x 28 4% 0ax|  280% 27 2%
o 102% | 0.0% |Opsaing income/NetAssen - % | vex|  -asx|  10ex X 10.4% 10 8%
to%|  57%|Neticomeater TawEquy —-% | _tax|  -2e% 0o% 72% 70% 6 7%
FINANCIAL RATIOS e __ B
e e _.._!:9 R 9! g‘.ﬂ!‘_ﬂ‘_ﬂ!_“i_ Lo . __..-04 B 0.1 . 01 01 L0 01
T Teex | 17.9% | TowiDew Equiy o isx 8 2% 8 2% 0 7% 2 2% 7%
o SefFinancngRaso -~ % | 100ex seox| w2ix|  is2ax|  aserx|  2s20x
Case: DISCOBAS\biak 001 ACG/HAGLER, BAILLY, tnc.

Fue Name g \polyeporfiexhibit\e® 3 wk1
20 Jun - 63




Exhibit 9-3b
OPERATING AND FINANCIAL RATIOS - BIALYSTOK
DISTRIBUTION COMPANY
Criterion = 6% Return on Assets

PRO- FORMA | ACTUAL | ACTUAL rI’QLISH DISTRIBUTION COMPANIES ESTMMATE i FORECAST e
1909| _1900] 1001 ] Year End -~ December 31 o2 wees| Tieeal T wees| ieee|  ieer
L SALES RATIOS e |

0000] 211.112| 303081 |Average Sales T —— 24Wh | s42100]  saz100| 10ss000| 10e8000| 1073.000| _ 1.083000
104089| 181000 | Average Prchase Cost —— ZykWh | 3se071|  33a2e5|  sesooo|  ss7ooo|  550000( 571000
] ar%|AmusiSales Growh g —-% | isex|  asw|  asx sex| __28%| 2%
Q17%|  70.9% |AnnuaiSales Growh @) --% | s07% 35% 107 3% 3sx| _33% a8%
T T loeenavmamatos | . .

o |g.ﬁ !g;“__ Qbmm—i o | 98% 90% 8 3I% 7 5% ) ?,5% 75%
a93x|  402% |EneigyPuchase/Sas - % | e2sx 62 0% 51 0% 52 2% 52.1% 522%
87%| 107%| 110%|Opsatingincome/Sales —-% | e 200% 17o% 1% 175% 17 1%
102%|  88%|Opaaing income/ NetAsse —~% | 10% 3o 8 ox oo% ao% 6 0%
1e%|  57%|Neticomester TayEquy --% | 1ax 20% aox “in a2% 4%

L |rwancwrmaros ] L .
10 o8 Qgggg!_ﬁgﬁ_q - -0 4 01 (1] (1] 00 00
. !g% '?g%_ r:;qlpggo_/gqmy 7 1 5% 8 2% 1 4% 16 8% !9.'% 21 6%
Self Financing Raso — - % .l woex 56 0% 100 5% naa|  usan 198 2%

Case. DISCOBAS\hiak002 . AC G/HAGLER, BAILLY, Inc.

Fie Name g \polysportiextubif\e9 3 wii
20 Jun 93
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Exhibit 9—-4a
OPERATING AND FINANCIAL RATIOS - GLIWICE
DISTRIBUTION COMPANY
Criterion = Zero Debt Increase

PRO_FORMA | ACTUAL| ACTUAL [POLISH DISTRIBUTION COMPANIES | ESTMMATE| FORECASY
1989| 1900| 1901 | Year End — — Decamber 31 1902 wes|  ieea]  1ses|  1ees] et
SALES RATIOB T )
_0000| 204201 322.284)Average Sales Tai - - ZVkWh | = S42100] = S42100]
o o 164.083 247 .583 A_V!! Pwurchase 92!}: gk\“l _33‘07! - gg-ﬂ_gg{l
b ] -so% | Awwal Sales Growth (kWh) - - % | -01%] 1.3%
o 855.1% N 45.1% | Annual Sales Growth @) - ! 7 N_i.e_.'__ﬁ_ N I .!E
- T |opemarmamatos T o
T 1 Tsex| 1w |Dwvkumontosses -x | esx|  eox 83% 75% 75% 75%
| __s08%| 768% | EnergyPuchase/Sales --% | = eS| = 6&0%X 12 5% 72 5% 12 5% 72 5%
L 25% 70% 0.1% | Opsrating income/ Sales -~ % [ ~ 21.4%; = 181% 101% 10e%  loe% 107%
L 55%|  55%|Operating Income/ NetAssets —-% | 30.2%] 30 4% 1% 13 0% 12.71% 127%
R 45% 20% | Netincome after Tax/Equity —-% | =~ 66%] 48% 1% To% 7.4% 73%
FINANCIAL RATIOS A e o
L - 08| _ 07iCurentRAatio e !5r 14 14 14 N K 18
o 11.0% 33.0% Iggoﬂgggny B o e !! % 136% |7 g% 18 1% l‘_‘% 13I1%
oo L | SeMFinancing Ratio - - % . __ L oeex| 2352% 181 8% 172 7% 161.5% 252 4%

Case: DISCOBAS\gimi 001 RC G/HAGLER, BAILLY, inc.

fie Name g \polyeportiexhibit\e® 3 wki
29 Jun 93
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Exhibit 9-3c

OPERATING AND FINANCIAL RATIOS — BIALYSTOK
DISTRIBUTION COMPANY
Criterion = 100% Self Financing Ratio

Case: DISCOBAS\NAIOOS

PRO-FORMA | ACTUAL | ACTUAL | POLISH DISTRIBUTION COMPANIES | ESTBMATE|
1009|1900 1901 ] Year End — - December31 e 1903 ]
T |eaEsnatios o ,
o 9[]”;__2” 112 303 081 Mvg‘b‘ T - - Z)_IKM\ . 5!3_‘& 542 160
| 104080] 181800 | Average Purchase Cost - - 2y kwh 339.071 336 205
I -3 7% | Avrwal Sales Growth (kWh) - - % o 158% 35%
___l,__;.”‘ 7%‘ 710 3% | Anvnual §l|, Growth (q - * I 50.7} ?5*
S OPEAATING RATIOS _ 7
_ 1% 19 6% | Disyibution Losser - % . 9e% 9.0%
| 4 % 46 2% | Energy ?gchau/ Sales - - % _*_Bgzg} !}?‘pfn
87%| 107% 11 0% | Operating incomae/ Sales - - % 8.1% -209%
U L 2. 8 8% | Operating Income/ Net Assets - - % 1.6% -3.3%
1 V8% 5.7% | Net iIncome after Taw/ Equity - - % 1.4% —29%
B 7 |emamcurmatos i
R SR £ . 0.8 | Currert Ratio . -04 1]
86% |  17.3% | Total Debt/ Equity : __-15% 82%
R Sel Financing Ratio — - % __1006% 56.0%

01

.. FORECAST

Ceea|  wees|  qoe|
1042000| 1005000  1.005000
563 000 557.000 550000
35% 52% 28%
90.0% 1.5% 28%
8% 7.5% 75%
!}49* 55 4% 55 6%
sk 126% "ox
A% 40% 38%
a2 20% 20%
X 00 00
12.4% 19.3% 23 4%
100.5% 100 7% 100 7%

RCG/HAGLER, BAILLY, Inc.

1907

825 000
571 000
2 0%
15 5%

75%
60 2%
9 8%
20%
1 5%

00
34 0%
102 8%

Fie Name g \pofyepoitiexhit>t\ed 3 wki

29 - Jun - 93
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Exhibit 9—-4b
OPERATING AND FINANCIAL RATIOS — GLIWICE
DISTRIBUTION COMPANY
Criterion = 6% Return on Assets

PRO-FORMA | ACTUAL | AGTUAL | POLISH DISTRIBUTIONCOMPANIES | ESTWMATE|  FORECAST
wes| 1009|1901 Year End — - Decembes 31 1902 wes|  iees|  1ses| 1900 1907
SALES RATIOS o o )
_ 0000| 204201 322264 Average Sales Tl — - ZAWh 542.100| 542,100  735.000 7230001  720000|  743.000
“ | te4983| 247583 Average Purchase Cost — - Zy kWh 30071 336205 563000 557 000 __359.000 571 000
. —8.0% | Annual Sales Growth (kWh) — - % — =04%| 1%l 16% 2% 25% 2.6%
_ 855.1% 45 1% | Annual Sales Growth (Z0) :;'n N 88.1% o 1 g% ) ?? 3__* 1 0*_ i ___!?%_ 47%

" Jorenating RATIOS [
b sex|  70%|Duvlbution Lossss - X __98% ]| 9o0%| 83X 75% L 15% 75%
| __e08%| 768%|Energy Puchase/Sales --% | = 625%| = 620% . . 1ee6% 17 0% _ T68% 76 9%
25%|  18%| _ 61%|Opsiatng income/Sales --% [ = 214%| = 161% 50 50% 5 53%
]l ssui  55%|Opmalng ncome/NetAssets - - % | = 2% 30 4% 81% 60% 8% 6 0%
o 4.5% _ 2.6% | Net incomae afier IWEM::* 1 A,;A_m e!! : gg% qﬂ% _ng 4 0%
T FINANCIAL RATIOS S - ____
- 0.? 2? Currert Ratio R A!_S 14 1 10 o 90 o8
e 11.6% | 33.0% | Total Deby Equry SR O - &) 13 6% 21 0% 251% 200% 31 0%
. Sell Financing Ratio - -~ % oL seen| 2352%[ 1555% 126 2% 120.6% 188 3%
Case: DISCOBAS\gwr002 AC G/MAGLER, BAILLY, Inc.

fila Name g \pofysporfiexhibfieg 3 wii
20 - Jun 93




Exhibit 9-5a
OPERATING AND FINANCIAL RATIOS — WARSAWA
DISTRIBUTION COMPANY
Criterion = Zero Debt Increase

PRO—FORMA | ACTUAL | AGTUAL | POLISH DISTRIBUTION COMPANIES ESTMATE | _FORECASY
1088| 1888] 1881 | Year End — — December 31 1002 1908 | 1904 [ 1006  1ees]  1ee7

SALES RATIOS ) , ] . e
| 220113 378 067 | Average Bales Tarll — - Z/ kWh 542100 . $42.100 900430 |  896.770( 890900 919.310
_ 145019 238353 | Average Purchase Cost - = 2 kWh _ 3%0071|  336205| 563000  557.000| 550000 571 000
b1 -e0% | Avwal Sale Growth (W) - - % 9.3% X)) X A% 2.7% 20%
D 50 2% | Anusl Sales Growth (7§ - - % 58.3% 3.3% 73.3% 3% 0% 5 0%

| OrERATMG RATIOS _ _ . e

0.9% 132% |Distbaion Losses - % [ = 98%; = 00%]| 8.3% L 15% 75% 75%
= 63 0% @2 0% | Energy Purchase/ Sales - - % 02.5% RoO%X| ~ 61%| €% = 621% 62 1%
4% 85% 3 6% | Operating Income/ Sales — - % 02%! 1% 149% | _156% _150% 15 8%
43.1% 167% |  4.7% | Opwatng income/ Net Assas — - % go%| 15% __17.8% L_leex) = 158% 15 5%
30%|  05% | Netlncome afer Ta/ Equity —- % 24%|  osx 11.3% wex| 1% 0%

FINANCIAL RATIOS V, o _
X 07 |Curert Rate “ 12 o7 o8| s " oo 10
son|  345%|TomDetWEquy i nex|  2esx|  soax|  2sex 23.4% 19 1%
MFW\‘ Ratio — - % e 124.3% B 114.4% 143.71% B J!E‘% '55“ 174.7%

Case: DISCOBAS\Was/001 ACG/HAGLER, BAILLY, Inc.

File Name g \polveporfiexhibitie® 3 whi

20 - Jun- 93




Exhibit 9-5b

OPERATING AND FINANCIAL RATIOS — WARSAWA
DISTRIBUTION COMPANY
Criterion = 6% Return on Assets

Case. DISCOBAS\warw002

PRO-FORMA | ACTUAL | AGTUAL | POLISH DISTRIBUTION COMPANIES ESTIMATE |
1989 1000 1001 | Yoar End — — December 31 2]
SALES RATIOS
e 228.113| 376.887 | Average Sales Tarit — — ZI/ kWh $42.100|
e 145019 238 353 | Average Purchase Cost — - ZI/ kWh 9071 |
-9.0% | Annual Sales Growth (kWh) - - % 0.3%]
R 50.2% | Annual Sales Growth (27) —— % 56.3%
_ OPERATING RATIOS .
i 0.0% 13.2% | Diatriution Losses - % 9.6%
L 83.0% 62.9% | Energy Purchase/ Sales — - % 5%
49% 8.5% 3.6% | Operaling income/ Sales — - % 0.2%|
. _43%|  187%|  47%|Opeatngincome/NetAsses - - % | o.0% |
3.0% 0.5% | Net Income afler Taxw/ Equity — - % B 4%
FINANCIAL RATIOS
e 11 07 /Curentfablo c.12
o 89% |  345%] Total Detw Equity 13.6%
i ____ |soMFiancingRato --% [ 1243%]|

. . FOREGAST
_aeea] ees|  1eee]

817.000]  s07000] 813,000
563000|  557000| 550000
aex% A% 27%
50.2% 3.4% 3.4%
2.3% k] s
0a 0% woox| _esex
5.0% 6 2% 6s%
o1% 61% 8.1%
1% a5% arx
+X.] 9 5 7 9 5

§0 g% 48 7% 49 2%

03 6% 100 4% 105.1%

RCG/HAGLER, BAILLY, Inc.
Fie Nama g \polyeportiexhibifie0® 3 wkt

20 Jun 93
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Exhibit 9—-5¢

OPERATING AND FINANCIAL RATIOS — WARSAWA
DISTRIBUTION COMPANY

Case: DISCOBAS\warw00d

RCG/HAGLER, BAILLY, inc.
File Name g \polveportiexhibif\e® 3 w1

29 -Jun-93

Criterion = 100% Seif Financing Ratio
PRO-FORMA | ACTUAL| AGTUAL | POLISH DISTRIBUTION COMPANKES | ESTMATE| _ FORECAST
1960] 1008|1081 Year End — - December 31 woa|  10es|  1ee4] 1005 | 08| veer
SALES RATIOS S N N
. 220113 378807 MunguTul -- ZykWh L 542.100 _.§‘32 '°° _.820000|  807.000f 805000 800.000
I | 145019 238.353 | Average Purchase Q‘,’!‘ - - 2y kWh 330.071 . 336205 563.000 5570001 - 550.000 571 000
B - 0.0% [ Annual Sales Growth fWh) — - % 0.3% 3.3% o le% _AT% 2% 28%
50 2% | Annual Sales Growth (7)) — - % 58.9% _.._33% . 58.5% R, 2.4% 22%
| orenaTmiG RaTIOS - -
90% |  132% | Dmiibution Losses - % ) sex|  oox 8% | rsx|  7sx 75%
| esex| @29% | Energy Purchases Sales - - % 02.5% c20%|  e1ex|  oeox 09 4% 71 4%
aon| 5| 36% | Operangcome/seies - % 02% Tex|  row| T Tem|  sex s2%
A.4%|  187%|  47% | Operating Income; Net Assel — — % oo%| %] 1% 81% s2% 28%
30%|  0.5% | Net income afier Tax/ Equity - - % 2.4% 0.5% 5.1% 4.4% ao% 23%
FINANCIAL RATIOB N B ) S
11 07/|CurentRako S 12] o7 Y Y 05 04
so%|  345% | Total Debt/ Equity o 136%|  245% aT.4% a52% 48 6% 548%
| |semFnancngRato -- % 124.3% 114.4% 100.3% 100.4% 100 5% 100 0%




EXHIBIT 9-6

REVENUE REQUIREMENTS OF THREL
DISTRIBUTION COMPANIES (Z1/kWh)

| |
FINANCIAL CRITERION

DISTRIBUTION
COMPANY A B C

ZERO DEBT INCREASE 6% RETURN 100% SELF FINANCING
BIALYSTOK 1245.0 1086.0 1042.0
GLIWICE - 776.9 735.0 703.0
WARSAW 906.4 817.0 829.0
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CHAPTER 10: IMPACT OF TARIFF INCREASES .

This chapter assesses the impact of electricity tariff increases on Poland’s end-users in order
to adjust from current levels to full cost-based pricing. If the payment of new tariffs for
electricity were extremely damaging to economic output or to the welfare of households, it
might be desirable to design tariff phase-in periods, continued subsidies, or other mitigating
measures.

This chapter focuses primarily on Polish industry and households, although agriculture and
transportation are also discussed. For several reasons, it is not possible to rely fully on the
information that is currently available on these end-users. First, where data exist, they are
poor and may not reflect the values that are of most interest. Thus, data on past
expenditures usually do not reflect the amounts spent now. Second, all end-users are
experiencing markets in great disequilibrium. Even if precise data were available on
variables of interest, it is likely that those values will change rapidly in the near future.
Third, abrupt changes in the Polish incentive system imply significant changes in consumer
and productive behavior over the relatively short run. Again, precise data on the current
situation may not reveal much about the near future.

As a result of these conditions, we used empirical data where possible, and made judgments .
where good data were not available. For each end-user, we attempted to determine the

amounts of money that are likely to be spent on electricity now. We then asked whether it

would make a difference if tariffs were much higher. Polish decision-makers must ultimately

judge whether or not the differences identified are significant in the Polish context.

10.1 THE IMPACTS ON INDUSTRY

A number of factors complicate the analysis of the impact of tariff increases on Poland’s
industries. First, the historical data available on Polish industry reflect many factors that
were arbitrarily determined by state planners. Second, the disequilibrium faced by Polish
industry now is so overpowering that it is difficult to predict what cost/price structures will
>e when "normal” conditions return. Third, prior to 1990, internal incentives for Polish
industry were perverse, and in many cases, cost reductions resulted in reduced profit.’

Also, because electricity shortages were common, managers would take steps to reduce the
potential damage to production that results from input shortages. If they incurred extra costs

! For an elaboration on the inceatives embedded in socialized industry in Poland, see Kharas (1991). .

RCG/Hagler, Bailly, Inc.
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IMPACT OF TARIFF INCREASES 10.2

to avoid shortages, they protected their ability to meet production targets and were rewarded
with increased profits. In addition, it was common to contract for much more capacity than
was actually needed (however, capacity was seldom drawn upon). Therefore, in calculating
the cost of electricity to an enterprise, the cost per kWh may appear to be very high. This is
not necessarily due to having used a great deal of energy, but to spreading the capacity
charge over the energy that was used. A more rational contract for capacity would have
shown reduced energy costs even if the amount of energy, production and all prices ’
(including the prices of demand and energy) had remained the same.

Last, there were no standard electricity rates prior to 1990. Firms had their own individual
rates, even if they operated under circumstances similar to those of other firms in the same
industry.? Similar problems with other inputs make most cost/price data prior to 1991
irrelevant.

Since 1990, Polish industry has been in disequilibrium, making it difficult to determine
"normal” cost/price relationships. Some of the dimensions of the disequilibrium include;

> Many industries, particularly heavy industry, are still state-owned. Many are
still affected by state decisions, subsidies, financing, etc. Even those facing
privatization do not yet have firmly established operating rules, nor are their
managers operating under private incentives. Furthermore, industry lags other
sectors in privatization. As of September 1992, private employment was 58
percent of total employment and some sectors, such as retail businesses, were
over 80 percent private. Meanwhile, only 24 percent of industrial output was
from private industry.

> Proper revaluation of industrial assets has not been completed. Thus, actual
capital costs cannot be determined.

> Intemational trade has been liberalized, and many firms are responding to
international prices for the first ime. However, most are only beginning to
adjust their production to compete in freer markets and full adjustment will
take time.

2 To illustrate the range of electricity rates facing Polish industry, consider the average cost per kWh, as
experienced in 1990-91, as reported by GUS, Fuels and Energy Statistics (October 1992). Table 2(67) reports
the costs per kWh for 22 industries. The average cost was 441 ZI/kWh, but the standard deviation was 83 ZI.
Therefore, 95 percent of industrial electrical energy costs would have fallen in the 293 ZI to 547 ZI range.

RCG/Hagler, Bailly, Inc.
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IMPACT OF TARIFF INCREASES 10.3

> For political reasons, firms that are suffering losses have been kept operating
to protect employment levels. Some firms have maintained employment by
cutting work hours. Others maintain "over employment” by keeping more
workers than are necessary for current production levels. Wages are kept
under control by an "excess wage tax,"” which applies to all employment in
public enterprises and government. In general, as production has been cut
back, labor forces have been reduced by much less. )

This last point probably affects the pattern of recorded electricity in production. If firms
respond to reduced demand by cutting back production but not employment, then the use of
resources that support employees may be reduced by less than output is reduced. Excess
employment wastes not only labor, but it also wastes the resources that support labor. In the
case of electricity, as the same number of employees go through a scaled-back or slowed-
down set of activities to produce less output, the amount of electricity consumed is not likely-
to drop by as much as output. Electrical devices will still be operated simply to keep the
excessive number of workers "working.” Under these circumstances, it is likely that as
output drops, the electricity input per unit of output increases.

Exhibit 10-1 illustrates this phenomenon using data for 23 industrial branches over the period .
1987-1991. For each industry it shows kWh per million zlotys of value added, in constant
1990 zlotys. It also shows real value-added per employee for the same period. Using the
above reasoning, as output slowed between 1987-89 and 1990-91, the ratio of kWh to value-
added should rise, which in general it does. Furthermore, those industries where value-
added per employee has fallen most are those that are suffering from the most "over
employment.” Thus, the kWh to value-added ratio should rise most where value-added per
employee has fallen most, which also appears to be the case. For example, in coal mining
and fuels production, the ratio has risen about 60 percent and 100 percent, respectively. At
the same time, value-added per employee in coal (the most notorious case of maintaining
employment despite demand conditions) has fallen by about 40 percent and in fuels by 60
percent. In industry branches where demand has held up (e.g., wood, construction
materials) or where workers have been laid off (e.g., clothing) the kWh/value-added ratio
has not risen.

This examination reveals three important points. First, what appears to be increasingly
electricity-intensive industrial production probably is not. It is merely a reflection of unique
conditions facing Polish industry. Second, the level of electricity intensity in Polish industry

RCG/Hagler, Bailly, Inc.



EXHIBIT 10-1

ELECTRICITY AND EMPLOYMENT IN POLISH INDUSTRY

kWh/VA = kWh per million ziotys of vaive added
VA/Empl. = Valve-added per employee. 1o mullion ZI.
All figures are in ziotys of 1990

.

] 1987 1988 [ 1989 | 1990 | 1991
INDUSTRY OVERALL '
kWh/VA 302 293 296 344 38§
VA/Empl. na na na na " pa
COAL
kWh/VA 605 667 744 1070 1064
VA/Empl. 39.6 36.5 32.1 21.7 22.2
FUEL
kWh/VA 84 89 98 155 181
VA/Empl. 589.2 566.4 543.0 315.1 228.8
ELECTRIC ENERGY
kWh/VA 581 598 783 1076 1635
VA/Empl. 238.3 228.2 178.6 122.1 75.0
IRON & STEEL
kWh/V A 366 393 438 454 566
VA/Empl. 172.6 165.0 146.9 140.7 95.4

NON FERROUS METALS

KWh/VA . | 288 283 305 425 817

VA/Empl. | 3052 320.0 297.5 199.3 107.3
METALS

KwH/VA I 232 226 201 198 188

V A/Empl. | 373 413 47.7 42.9 14.6
MACHINERY

kWh/VA 197 183 146 130 137

VA/Empl. 34.2 38.3 47.8 49.4 39.6
PRECISION INSTRUMENTS

KWh/VA 104 91 78 74 76

VA/Empl. 26.1 30.7 36.6 37.8 31.2
TRANSPORTATION EQUIPMENT

KWH/VA 137 128 144 138 301

V A/Empl. 53.4 58.7 51:8 a1.9 21.4




EXHIBIT 10-1, page 2
ELECTRICITY AND EMPLOYMENT IN POLISH INDUSTRY (cont.)

ELECTRICAL & ELECTRICAL
MACHINERY

KWH/VA 154 138 131 124 119

VA/Empl. 34.6 40.5 41.9 42.7 39.8
CHEMICALS

KWh/VA 446 425 495 571 590

VA/Empl. 106.5 115.9 103.0 82.0 62.6
CONSTRUCTION MATERIALS

KWh/VA 624 610 549 486 541

VA/Empl. 38.9 41.0 49.7 45.9 38.8
GLASS

KWh/V A 215 200 245 329 350

VA/Empl 52.4 57.1 50.3 37.5 34.9
CERAMICS

kWh/VA 144 149 156 189 228

VA/Empl. 43.7 49.2 49.4 38.5 31.5 {’
WOOD

kKWh/VA 265 248 207 296 251

VA/Empl. _ 31.7 35.6 46.5 33.4 25.4
PAPER ,

KWh/VA 438 429 417 695 720

VA/Empl. . 115.1 124.0 128.9 73.5 71.0
TEXTILES

KWh/VA 176 162 154 222 203

VA/Empl. 44.3 50.7 52.7 31.4 30.3
CLOTHING

kWh/VA 53 47 32 39 47

VA/Empl. 16.2 18.7 24.4 21.4 17.0
LEATHER GOODS

kWh/VA 54 50 55 68 61

VA/Empl. 31.4 34.8 30.1 24.3 23.5 .




— e — .- =y pep~ =

ELECTRICITY AND EMPLOYMENT IN POLISH INDUSTRY (cont.)

e ————e e ey :
1987 1988 1989 1990 1991
FOOD
kWh/VA 54 57 72 85 79
VA/Empl. 165.8 160.0 127.2 101.0 90.5
PRINTING
kWh/VA 96 91 71 77 116
VA/Empl. 23.6 26.7 31.3 30.9 20.1
OTHER
kWh/VA 207 197 143 207 210
VA/Empi. 34.7 37.6 39.6 32.2 18.5
SOURCE: Ministry of Industry and Trade, Energy Information Center, CHARAKTERYS TYKI
ENERGO-EKONOMICZNE GALEZI I BRANZ PRZEMYSLM (1992)
Wl
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under "normal” conditions is probably somewhat less than recent data may indicate. Third,
in many areas of Polish industry, production is not particularly electricity intensive, although
heavy industry appears to be so.

The data in Exhibit 10-2 can be used to indicate the importance of electricity in total industry
costs. Column 1 shows the number of kWh per million zlotys of output sold in 1991 for
main industries. Because data on the actual electricity rates paid by each industry are not
available, the average price paid by the industrial sector in 1991 (342 ZI/kWh) was used. If
all industries paid the average price, then electricity cost as a percentage of sales is the figure
shown in column 2. If all industries had exactly zero profit in 1991, then costs and sales
would be equal and column 2 would approximate the percentage of electricity cost to total
cost. For industries that were not profitable (a common event in 1991), the figures in
column 2 overstate the importance of electricity in total cost, and vice versa. Also, if it is
correct to assume that electricity intensity increases in the process of keeping employment
artificially high, then the figures in column 2 would again over-state electricity costs as a
percentage of the total.?

The data in Exhibit 10-2 indicate that electricity accounts for about 3.4 percent of industrial
costs on average. There are some industries, notably heavy industries, where the proportion ‘
is higher. The non-ferrous metal industry includes aluminum which is highly electricity

intensive.® Some chemicals are particularly electricity (and energy) intensive, and among

construction materials, the main cement production techniques used in Poland are very

electricity intensive. Nevertheless, electricity costs as a percentage of total costs are not high

for the most part. The range is generally from about 1 percent to 5 percent of the total, but

some industries exceed this.

Partial corroboration of these figures comes from a survey of selected industries based on
1990 conditions (column 3). These figures are generally higher than the first set, but they
include cogeneration. The food industry is of particular concern when assessing the welfare
of households (see below). Separate information on the food processing industry for 1992

3 An additional factor may cause these figures to overstate electricity as a percentage of total cost. The
original source obtains its data from firms that are relatively large (over 50 employees). If smaller firms are
less electricity-intensive in their production technology and if these smaller firms were included in the data, the
figures in column 2 would be lower.

* The only aluminum firm has a relatively constant demand of 120 MW. Electricity costs account for
about 26 percent of total costs according to a representative of the firm.

RCG/Hagler, Bailly, Inc.



EXHIBIT 10-2

. ELECTRICITY COST IN TOTAL COST
kWh/Product Electneity Electncity as
Sold in Costas & of | % of Total Cost
mullion ZI. | = Product sold - (A)
1991 1991
INDUSTRY OVERALL 100 3.4
Coal : 189 6.5
Fuel 42 1.4
Electnc Energy 269 9.2
Iron & Steel 162 5.5 4.9
Non-Ferrous Metals 226 7.7 7.3
Metal 58 2.0 4.4
Machinery 49 1.7 4.6
Precision Instruments 29 1.0 3.6
Transportation Equipment 48 1.6 4.4
. Electrical Machinery 7 1.3 3.3
Chemicals 151 5.2 6.7
Construcuon Matenals 158 54
Glass 97 2.8
Ceramics i 78 2.7
Wood ] 53 1.8 4.3
Paper ‘ 237 8.1
Textules : I 65 2.2
Clothing ’ 15 0.5
Leather Goods l 17 0.6
Food | 23 0.8 2.1
Feed 28 1.0
Printing 21 0.7
Other 67 2.2 3.6

Source: Some as Table 12.1 except A. Whuch 1s the results of a questionaire administered by GUS for the
‘ Minustry of industry and Trade, 1990
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reveals that the overall energy costs (which include electricity) for the first 6 months of 1992
averaged only 2.6 percent.

Summary

Electricity costs are probably not the largest problem facing Polish industry at this time. The
problems associated with privatization, changing product prices, changing technology, shifts
in product choice, depressed aggregate demand, and the installation of normal market
incentives tend to make the problem of rising real electricity prices seem rather slight.

World Bank (1992) studies illustrate the institutional problems remaining and the incentives
still lacking before industrial firms can operate on a market basis. State-owned industries
(the majority) have been slow to adjust and their output still appears to be in decline.
Mining, some chemicals, cement and aluminum production are intensive in the use of
electricity. For them, electricity pricing is a major concern, but in these cases, opportunities
for energy conservation can be easily identified (Pasierb, 1992). Of greater concern to most
firms is whether they will continue to exist under any circumstances in a free market
environment. Industrial net profits were negative for the first eight months of 1992 (World ’
Bank, Economic Update, October 1992), despite a slight increase in real output. The fact
that the real price of electricity to industry declined between 1991 and 1992 seems consistent
with the notion that factors other than electricity prices predominate.

Conclusions

Electricity prices are not a factor that will make or break Polish industry. More important
factors are easily identified. However, industrial customers should be given greater
flexibility in striking contracts with the entities that offer them the most favorable price and
delivery conditions. Currently, industrial enterprises do not have many options in terms of
service and rates.

10.2 THE IMPACTS ON AGRICULTURE AND TRANSPORTATION

Agriculture and transportation are of particular interest to the assessment of household

budgets. Food occupies a relatively large part of most household budgets in Poland. The

transportation system is usually a key factor in people’s ability to work, and in Poland a

large part of the transportation system is by electric tram or train. Therefore, interviews .

RCG/Hagier, Bailly, Inc.
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were held with several specialists in various aspects of agricultural and food production.
Also, several representatives of the railroad (PKP) were interviewed.

Agriculture

Although specific data were not available on electricity as an input to farm production, there
is a consensus that production is not very electricity-intensive. Furthermore, PPGC and
distribution company data confirm that little electricity is used for production on most Polish
farms. Most farms have only one meter, serving both the home and farm operations.
Average annual use (in the F1 rate class) is only 2,000 kWh. Distribution company
representatives and agricultural specialists estimate that only 20 percent of that goes toward
farm production; the remainder is used in the home. Therefore, it is not likely that non-farm
households’ budgets will be affected much by electricity price increases to farmers.

It is interesting to note that everyone interviewed indicated an unmet demand for increased
electrical service on farms. Most farms are served by a very weak distribution system that
was installed shortly after World War I1.> Many farms would like to install increased
numbers of electrically-driven devices, but overly loaded distribution systems do not permit
it. Distribution companies receive many requests for increased service, but are unable to
respond under current conditions.

Transportation

The transportation system in Poland relies heavily on electric trains and trams. Of the
23,000 km of track in Poland, 11,000 are electrified. Most freight and almost all passengers
are moved by electric power.

Currently, there is no clear transportation policy. The rail company (the PKP) is heavily
subsidized. Rates for service are set without regard to cost, and rates for passenger service
appear to be far below actual costs. Budget constraints have cut the subsidy flowing to the
PKP in recent years, but allowed rate increases have fallen well short of inflation. As a
result, the PKP system is probably deteriorating physically and service is being reduced.

5 The system installed then was a first effort at rural electrification. Some rural distribution systems were
upgraded in the 1970s, but those improvements were aimed mainly at serving state farms. Most state farms are
now bankrupt. About 80 percent of all farms are private and are still served by the distribution system installed
almost fifty years ago.

RCG/Hagler, Bailly, Inc.



IMPACT OF TARIFF INCREASES 10.11

Meanwhile, PKP has fallen into arrears in its payments to electric distribution companies and
to other suppliers. The distribution company surrounding Warsaw alone is owed over 20
billion Z1 by PKP, and PKP has no obvious solution available to it for making payment.

It is difficult to estimate how transportation rates would behave should the price of electricity
paid by PKP rise. PKP estimates that only 5.6 percent of its total costs are associated with
electricity purchases. However, because transportation rates are not cost-based, how they
would be affected by electric tariff increases is not clear.

Conclusions

Electric pricing for Polish agriculture appears to be a minor problem. No special treatment
seems justified for agricultural customers, except insofar as they reflect differences in the
cost of service.

There is an apparent unmet demand for power in the agricultural sector. Special attention
should be directed toward developing a distribution system upgrade and expansion plan in
rural areas. ‘

The transportation system appears to be in some disarray due to a lack of clear policy. The
PKP is one of the electric system’s largest customers, yet it has been put in a position where
it cannot recover its own costs and cannot rely on subsidies to make up for losses. PKP
arrears with the distribution companies that serve it are almost assured until PKP is put on a
self-sustaining basis.

10.3 THE IMPACTS ON HOUSEHOLDS

Household budget information is available from the Government Statistical Office (GUS).*
Because data are available for all of 1991 and for the first three quarters of 1992,” the

® Three sources were used here. GUS (1992a) is a statistical yearbook for general data through 1991.
GUS (1992b) provides detailed housebold information, including data on income and expenditures, through
1991. GUS (1993) provides abbreviated data, similar in coverage to GUS (1992b), but reported quarterly,
through the third quarter of 1992. Data from GUS documeats are consistent across documents.

7 To sbbreviate, the notation "year:quarter” will be used (e.g., the first quarter of 1992 is 1992:1).

RCG/Hagler, Bailly, Inc.
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analysis focuses first on 1991, and then qualified estmates are made of budgets as of the end
of 1992 and early 1993. The estimates for early 1993 are only general approximations.

GUS regularly collects data from a large, stratified sample of Polish households.® The
stratification separates households into four categories:

> Employees. Where the head of household works in business and trades,
including work in state organizations. About 42 percent of all households
surveyed fall in this category. This group is divided into two classes: wage
earners and salaried workers.

> Employees/farmers. Where the household head is an "employee” (as above)
but also where part of the family income comes from farming. Eleven percent
of households are in this group.

»  Farmers. Where the household’s primary income is from farming. Eleven
percent of households are farmers.

»  Retirees and pensioners. Households in this group receive the largest part of
their income from pensions, although they may also work in one of the other
categories. Thirty-six percent of households fall in this group. Retired
persons fall in the other categories if their income from work exceeds their
income from retirement.

Exhibit 10-3 shows a summary of data on households and their 1991 incomes from the GUS
documents, All data on incomes and expenditures are stated in thousand zlotys, or kilo-
zlotys (kZ) unless otherwise specified. Households averaged 3.1 persons; households of
retirees were smaller than average (1.9 people) and those on farms were larger. All income
figures shown are net of taxes and include social benefits. While there was some variation in
average household income across the groups, the variation is largely a function of the
number of people in the household. Per-household monthly net income averaged 2,929
kZ,® but ranged from 1,816 kZ for retirees to 4,391 kZ for employee/farmers.

' Fora description of the survey and sampling technique, see GUS (1992b), pages xxiii - xxx.

®  About $266, given average exchange rates for the period. Average per capita net income was about

$1,130 per year.

RCG/Hagier, Bailly, Inc.
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. Very little variation in income exists in per capita terms. Per capita incomes on farms seem
lowest, but are probably under-stated due to the consumption of food items produced at
home, and the fact that few farm households pay rent. Incomes of retirees, which seem low
on a per household basis, are about average in per capita terms. Some inequality exists
within categories. Within employee households, GUS distinguishes between wage and salary
earners. Average per capita incomes within salaried households (1,177 kZ per month)
exceeded those of wage-earning households (858 kZ) by about 37 percent. However, this -
per capita inequality is offset by the fact that wage-employee households are larger. Thus,
there is less inequality in terms of household income than first appears.

Exhibit 10-4 shows expenditures per household. These are sorted out by broad category of
expenditure.'® Electricity is separated from other energy, where the latter includes heat,
natural gas, and other fuels. Transportation fuels are included in the "transportation”
category. As percentages of household income, expenditures on energy overall are
moderate, ranging from 5.3 percent of income for the employee and employee/farmer
categories to 9.7 percent for retirees. While both farmers and retirees spend more on energy
than other households, most of the difference is accounted for by non-electrical energy.
Farmers are not likely to have access to district heating and must therefore heat with other
fuels. While retirees’ households often have access to district heating, these households are

‘ smaller. For them, the cost of heating a dwelling is spread over fewer people and a smaller
income, causing the proportion of income spent on "other energy" to appear extraordinarily
high. In money terms, retiree households spend about the same amount on "other energy” as
other households and spend less on electricity.

These observations indicate that as a proportion of household expenditures, electricity
expenditures are not very great. The proporton of income spent on electricity is generally
about 2 percent, although it may range up to 2.8 percent for households of retired persons.

Similar conclusions are reached 1if uulity data are used instead of expenditure survey data.
PPGC data are available for all rate classes for calendar year 1992. These data show the
total numbers of customers, energy sales to rate classes, and average revenue from each.

The rate class that 15 most commonly occupied by "employee households” (G1) applies to

1% This exhibit identifies “savings,” which are defined as income minus the expenditures that have been
specified. Some families have debts, and debt service must come out of "savings.” In other cases, inter-
household transfers or gifts are made, which would affect the savings category. These cases are labelled
"savings” but are not savings as normally calculated. Rather, they represeat an amount of income left over
after normal expenditures that may be used for other purposes, some of which may include saving. It may also

‘ be possible that households have not recorded all expenditures (a common occurrence with surveys of this type).

RCG Hagler, Bailly, Inc.
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about 9.7 million customers. Within that rate class, 1992 average energy consumption was
1,675 kWh per customer. Average revenue per kWh in that class was ZI 619. Thus, the
average annual expenditure per customer was about 1 million zlotys, and the average
monthly expenditure was about 87 kZ per month. GUS (1993) data indicate that household
income for "employees® was about 4,400 kZ per month for the same period.!" Thus,
average expenditures on electricity account for about 2 percent of the total average incomes
of households of "employees.” If the same calculations were performed for 1991, electricity
would have amounted to about 1.4 percent of employees’ household incomes.

Similar calculations for the rate class most often applicable to farms (F1) indicate that farm
customers spent about 100 kZ per month. GUS data indicate that farm household incomes
were around Z1 4 million per month. Electricity would have occupied about 2.5 percent of
farm household income.'? In 1991, by the same calculation, electricity took about 2 percent
of farm household income. On farms, one should separate electricity used for normal
household functions from that used for agricultural production. Most farms have only one
meter, sO an exact separation is not possible. However, people knowledgeable about farm
production conditions in Poland estimate that only about 20 percent of electricity used on
farms is used to support production. The remainder is for household use. If this is the case,
then Polish farm households are much like urban households in that about 2 percent of the
household budget goes to purchase electricity for household uses.

In both cases, where household types can be associated with a rate class (as in the case of
employees with G1 and farmers with F1), average electric energy consumption for the rate
class declined between 1991 and 1992. In the residential rate class (G1), average energy
consumption declined by about 3.6 percent, while among farm customers (in rate class F1),
average energy consu.mption dropped by 7 percent. In both rate classes, average revenue per
kWh increased by almost 30 percent in real terms, although real monthly household income
remained unchanged during the period. While these declines in energy consumption may be
a continued response to the economically depressed conditions in Poland, they are consistent
with normal expectations about short-run price elasticites.

1 The GUS data do not cover 1992:4. The income referred to here is for the period 1991:4 through
1992:3. Thus, the utility data and the GUS daw almost match up, but not quite.

2 1t is not very clear where “employee/farmer® or "retired/pensioner® households fall within electric rate
classes.

RCG/Hagler, Bailly, Inc.
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The far right-hand column of Exhibit 10-4 displays data for an average household, where the
household head is a wage earner. This is meant to represent a lower-middle income family.

Expenditures on electricity for this kind of family are slightly less than they are for other
households, but the proportion of household income spent on electricity is about the same: 2
percent, |

Exhibit 10-5 depicts more recent household budgets. Because there is very little variation in
budgets across household types, only "employee” and "pensioner” households are reported,;
together these two groups represent about 78 percent of all households. Exhibit 10-5
represents an "average” monthly budget, given conditions as of the end of 1992:3, where the
average accounts for seasonal variation. GUS (1993) reports household incomes and
expenditures quarterly for 1991 and 1992, but only through 1992:3. The GUS data are
expressed in current zlotys of the quarter in which they occur. Unfortunately, quarter-to-
quarter inflation is high enough that simply adding the last four quarters together gives an
under-estimate of expenditures in zlotys at the end of period. Simple quarter-to-quarter
addition adds inflated zlotys to some with less inflation. Fortunately, the GUS data provide
category-specific price changes for each of the expenditure types. To place these figures in
zlotys as of the end of 1992:3, each quarter’s expenditure, and each category within, has ‘
been adjusted upward to represent the inflation that occurred between the time it was
recorded and 1992:3."

As of 1992:3, "employee” household energy expenditures had reached an average of about
7.2 percent of income, up from about 5.3 percent in 1991 and from as low as about 3
percent in the late 1980s. Energy expenditures required an even greater share of pensioner
income, about 11.8 percent in 1992:3 up from 9.8 percent in 1991. Further, it is worth
noting that average total expenditures of pensioners actually exceeded their household income
in late 1992.

Because these data do not separate expenditures on electricity from those on other energy
resources, the price increases that have occurred in each kind of energy were used to infer
the proportion of electricity in the energy budget (Exhibit 10-6). All energy forms shown
are sold at regulated prices, except for "coal and other fuels”; thus, price increases are
known. For coal and other fuels we assumed that prices increased about in line with

13 For example, food expenditures for the 1991:4 quarter are adjusted upward by the amount of inflation '
occurring in food items during each of the subsequent quarters, 1992:1-3.

RCG/Hagler, Bailly, inc.
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Exhibit 10-5

Monthly Average Househoid Budgets, 1992:3

('000 ZI of 1992:3)

. A. Employees’ Households

Per Capita Househoid % of income

~ !
Total Expenditure: - 1221.8. 4325.2: 86.4i
Food 513.51 1817.81 36.3|
Alcohol, Tobacco 37.0! 131.0! 261
Clothing 88.0] 311.5] 6.2]
Housing 139.5i 493.8 | 9.9
Health > 57.2] 202.5| 4.0
Entertainmt/Educ.: 125.5! 444.3 | 8.9
Transp.Commun. : 94.6 i 334.9 6.7
Energy 102.4 : 362.5 | 7.2]
Other 64.11 226.9 | 4.5]

| |
Savings 191.8: 679.01 13.6]
Total Income 1413.6| 5004.2 | 100.0

. B. Retired Persons and Pensioners Households

% of Income l

Per Capita Household
' !
Total Expenditure 1313.9: 2525.3! 100.91
I
Food 646.8 1243.1! 48.7 |
Alconhol.Tobacco 35.0 67.3 2.7!
Clothing 64.6 124.2, 5.0|
Housing 148.3 285.0! 11.41
Heaith 776 149.1 6.01
Entertainmt/Educ.. 70.2 134.9 541
Transp.Commun. 65.6 126.1 5.0]
Energy 154 .1 296.2 11.81
Other 51.7 939 4 4.0|
Savings —-11.8: -22.7 . —-0.9
: ! |
Total Income 1302.1 1} 2502.6 | 100.0

Source: GUS (1993).
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inflation, i.e., by 40 percent. During 1992, the cost of heat and hot water to households was
increased in nominal terms by about 169 percent. Heat prices increased by 158 percent and
hot water by 180 percent, while electricity and gas prices rose by 42.5 percent and 89.6
percent, respectively.

Meanwhile, household incomes were increasing in nominal terms about in line with inflation
(44 percent). Thus, as the price of electricity was rising, its proportion of energy
expenditures was falling'* slightly since electricity price increases kept pace with the general
inflation rate, while other energy forms had price increases exceeding inflation. By the third
quarter of 1992, electricity probably represented about 30 percent of the "employee”
household energy budget expenditures and about 2.2 percent of household income. For the
pensioner household, electricity may have represented only about 22 percent of energy
expenditures, but about 2.6 percent of the total household budget.

After 1992:3, GUS data are not available, but the scheduled 1993 price increases for
electricity, gas, and heat & hot water are known. (In the absence of more detailed data, we
again assume that coal and other fuel prices keep pace with inflation.) These data, also
reported in Exhibit 10-6, permit us to approximate the contribution of electricity and other
types of energy to the household budget as of the end of 1993. While other fuels (notably ‘
heat & hot water) will experience even greater price increases, retail electricity prices will
.icrease more rapidly than inflation through 1993. Electricity is expected to consume a
rising share of the total budget, in the range of 2.6 to 3.1 percent. Further, the statistics
suggest that total energy expenditures will increase by about 25 percent in real terms,
representing about 9 percent of the "employee” household budget and almost 15 percent of
the pensioner budget.

Two reasonable interpretations of this data are possible. They can be summarized briefly as
follows:

(1) Because households spend only 2.5 to 3 percent of their total income on
electricity, a large real price increase would have only a small effect on
household well being. For example, a 75 percent increase in the real price of
electricity, in the first quarter of 1994, would cause households to spend an
additional 2 to 2.25 percent of income on electricity (assuming no -
conservation). In isolation, this increase would not appear to be disruptive.

14 This discussion assumes that the households in question have district heating and bot water., Both
“empioyee” and "peasioner™ households are likely to be in cities and therefore likely to be distnct heating .
customers.

RCG/Hagler, Bally, Inc.
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Exhibit 10-6
Eneigy Price increases, (991-93
{all vaiues in percent)

A. Employees’ Households

Shareof " Price " Inferred Share of - Piice | inferred Share of
Fuel Household Expendituse 1891 1/ Incieaane Household Expenditure 1992:3 Increaase Household Expenditure 1993:4
I .| Energy Budget Total Budget | 1991-92:3 2/ | Energy Budget Tolal Budget | 92:3-93:4 3/ | Energy Budget Total Budget
Electricty _ . 38 200 a3 2.2 67 : 29y 26
Gas . . 2 SN D I oy . 221 16| 1) .18 17
Heal Hot Water | 23 REI -] - L 25 i T a0 35
Cosig Other — [ (1] DU | v IR | 1 SN2 D, o2
Tow | _weo| s3] 81| t00] 72 EZIN __100 __ 90
B. Retired Persons and Pensioners Householde
B Share of Price " interied Share of Price | " Infered Share of
Fuel Household Expenditure 1081 1/ Increaase Household Expenditure 1992:3 Increaase Household Expendilure 1993:4
} Energy Budget ~ Total Budget | 1991 92.3 2/ | Energy Budget _Total Budget | 92:3-93:4 3/ | Eneigy Budget  Total Budget
Elecwicty | . _ 29 28 w0 2 X1 DY 1 { D 1) R ¥
Gas A L 23 90| 24| 29| 5t 21 3.1
Heat, Hot Water | 26 250 169 .38 44 ol 43 e
Coal & Other__ A 21 40 16 __vel 84l 14 2.1
To | 100 98| 86| 100] B S . ) I 1] B T W

1/ Based on 1991 annual average energy budget.
2/ Source: GUS (1993). :
3/ From Department Polityki Finansowaeji | Analiz for 1993 forecast; 1992:4 assumed price increases ~ slectricity (4.9%), gas (5%), heat & hot water (5%), other (10%,)
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(2) A 2 to 2.25 percent increase in electricity’s demand on household expenditures
might be "the straw that broke the camel’s back". Prices of most other energy
sources have been increasing more rapidly than inflation, and the share of
energy in the total household budget has more than doubled since 1990. As
noted above, energy will represent nearly 1S percent of a pensioner household
budget by 1994. Of course, households must also adjust to some dramatic
price increases outside the energy sector.

Households would also be affected indirectly if electricity price increases were passed on to
producers of the other things that households consume. Most important in the household
budget is food. Fortunately, food production in Poland is not particularly electricity
intensive (see the discussion above on industry). About 2.2 percent of the costs of food are
attributable to electricity inputs. If real electricity prices to food producers increased by 75 -
percent as well, given that food occupies about 35 percent of the household budget,
expenditures on food would increase by about 0.6 percent.

Transportation may also be important since most people commute to work on electric trains.
Evidence suggests that only a very small part of a typical household budget is spent on .
electrically driven, public transportation. According to GUS data only about 1 percent of the

budget is spent on passenger transport and about another 1 percent on freight. Since only

5.6 percent of the rail system’s costs are for electricity, the impact of electricity price

increases on households, acting through the rail system, would be negligible.

Summary

As of late 1992, a 75 percent real increase in electricity prices could increase household
expenditures by about 2.5 to 3 percent of incomes. Of this, 2 to 2.25 percent would be
through the direct use of electricity and 0.6 percent through higher food prices. Other
consumption items would have very small effects. These estimates must be considered very
approximate, for the data upon which they are based are very weak. Furthermore, much
depends upon what happens to household incomes as electricity prices rise, and on how
households reallocate their expenditures.

The impact of a large electricity tariff increase on household budgets may at first appear
negligible. Taken in the context of a rapidly rising prices in all sources of energy and in
other sectors of the economy, the adjustments appear more burdensome. Further, even a 3 .

RCG/Hagler, Bailly, Inc.
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IMPACT OF TARIFF INCREASES 10.22

percent increase in expenses in the household budget is dramatic if resources are
strained. !*-1¢

Consumer Responses

In most cases where prices increase, reduced consumption can be expected. Although there
are no recent studies of the price elasticity for electricity in Poland, there are two main
reasons to think that the reduction in consumption among residential customers is likely to be
slight. First, electrical energy consumption, on average, is already very low (1,675 kWh per
year). Furthermore, about one-third of residential customers consume less than 1,000 kWh
per year. Among many of these customers, it is not likely that significant reductions will
occur for many uses of electricity other than basic lighting.

A second reason relates to the way residential customers are billed. All residential customers
receive a payment book, with payments to be sent in bi-monthly. Books are issued once per
year and are based upon forecast consumption. At the end of each year, adjustments are
made for consumption that was different than the forecast and for rate changes that occurred
during the year."” For most customers, this implies modest payments during the year and a
very large payment at the end. Even in cases where kWh consumption has declined, the
settlement at year-end can give the impression that conservation doesn’t pay.

15 In 1992:3, GUS data indicate that the household budget of retired persons and pensioners
(representing 36 perceat of all households) exceeded monthly income by almost 1 percent.

6 In light of the political nature of electric tariff increases and the difficult economic position of many
low-income families in Poland, one opuon to consider is a residential tariff with two or three rate blocks.
Given the pattern of resideatial electnc consumption 1o Poland, such a step may give relief to lower-income
families without affecting average families very much. The amount of electric energy consumed by the lowest
consumption group is so small that the revenue loss associated with a lower-priced first block is not very large,
and total electric bills for average consumers may not be affected much when revenue is recuperated 1n higher
blocks. This option is discussed iz more detail in Chapter 10.

17 This creates a financial problem for the eatire utility system. Curreatly, generators bill PPGC every
five days, but settle accounts monthly. PPGC does the same for distribution companies. However, distribution
companies experience a lag in receiving revenue, since they collect from end-users based on forecasts, with a
large adjustment in the bill at the end of the year. Payment booklets are issued year round, so some catch-up
payments are received at all times. However, when tariffs are increasing rapidly, the resulting reveaue
increases trickie into the distribution compames over the course of a year. Yet the distribution companies must
settle accounts with PPGC monthly.

RCG/Hagler, Bailly, Inc.
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Furthermore, customers may not know how much they are consuming month to month
because their bi-monthly payment gives them no guidance. Finally, even the utility may not
be able to tell them what their consumption is because of meter reading problems.

Normally, meters are read only once per year, in order to settle the account from the
preceding year and prepare a forecast for the next. Meters are normally inside each
customer’s home, especially in older homes (i.e., over ten years old), so someone must be at
home to have the meter read. Thus, meter reading may require repeated visits until someone
is found at home.' Under these circumstances it is not likely that people even know how
much they are spending on electricity service.!® Without this information, it is not likely
that rational decisions can be made about electricity consumption.

Conclusions

Electricity expenditures represent a small portion of the average household budget in

percentage terms. Expenditures related to all energy requirements, however, represent a

more significant share of income. Statistical data suggest that if electricity were the only

good needing a significant real price increase, this increase could be passed to final .
consumers without damaging household welfare. Unfortunately, electricity is only one of

many goods in need of real price adjustments. Therefore it is reasonable that policy-makers

call for gradual real price adjustments as the electric sector moves steadily toward tariffs

which provide for full financial cost-recovery.

Based on discussions with PPGC management, which in turn reflect PPGC discussions with
the Government, we believe that real tariff increases on the order of 10 to 15 percent per
year represent the maximum acceptable average annual upward adjustment of prices in
today’s economic environment. Thus, although the pure financial evaluation presented in
Chapters 8 and 9 identifies the need for greater tariff increases, it is recommended that
financial leverage be employed to "phase in" tariff adjustments gradually over several years.

1t is not uncommon for meters to be unread for as long as two years.

19 Recently, a Polish research foundation attempted to solicit information about energy consumption from
indiviauals in focus group settings. People were asked about how much they were speading on electricity.
Responses were over twice what one would bave expected from other information. This exercise revealed that ‘
people could only guess what they speat on electncity.

RCG/Hagler, Bailly, Inc.
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CHAPTER 11: CONSTRAINED FINANCIAL ANALYSIS

In Chapter 9 it was concluded that if revenues at retail level for 1994 could be, in real terms,
45 percent higher than in 1992, then a full adjustment of the pricing system for the power sector
would be possible providing the resources needed to maintain and expand the system while
providing acceptable rates of return on a realistic value of the assets. However, in Chapter 10
it was concluded that, it may not be possible for real retail tariffs to increase at more than 15
percent per year.

In addition to these constraints on tariff increases the decisions regarding asset revaluation do
not rest entirely within the power sector and there is a real possibility that asset revaluation may
need to proceed gradually if at all, in order to avoid sudden increases on depreciation allowances
for tax purposes. Also, it is likely that by the end of 1993 there would be hardly any real
growth in electricity prices with respect to mid-1992.

The objective of this Chapter 11 is to examine the effect of these constraints on the financial
outlook of the power sector to arrive at a realistic level of revenues for the period 1994-1997.
At the same time, the major uncertainties affecting the analysis are examined to develop a
perception of the range of results that can be expected.

11.1 CONSTRAINED CASES

It is appropriate to refer to the financial analysis completed in Chapter 9 as the unconstrained
analysis in the sense that is not affected by limitations external to the power sector. The cases
to be studied in this chapter are all constrained by combinations of the following:

a ceiling on the real annual growth of average tariffs at retail level
~ a ceiling on the annual rate of revaluation of assets
o a ceiling on the depreciation allowance for tax purposes

Three cases are being considered:

Case 1 - Tariff Increase Restriction Only

Based on the conclusions of Chapter 10 it appears that a 15 percent real increase in average
retail tariffs is the maximum that can be applied from one year to the next without serious
negative public reaction. Since little progress is expected in real revenue increases from
calendar years 1992 to 1993 it will be assumed that average 1994 revenues at retail level can be
only 15 percent higher, in real terms, than 1992 increasing at a maximum of 15 percent per year
thereafter until other financial performance criteria become binding.

RCG/Hagler, Bailly, lnc.




CHAPTER 11: CONSTRAINED FINANCIAL ANALYSIS 11.2

Case 2 - Tariff Increase Restriction and No Asset Revaluation

Keeping the ceiling on tariff increases as described for Case 1, this case simply assumes that no
revaluation of assets is possible.

Case 3 - Tariff Increase Restriction and Gradual Asset Revaluation

Based on discussion with PSE it appears that a gradual revaluation is possible and it has been
assumed that, by 1997, gross assets could be valued at 100 percent of their replacement cost
while depreciation allowance may be limited to only 70 percent of revalued gross assets.

Case 3 is considered to be the most likely scenario and therefore sensitivity analysis with respect
to major uncertainties are made keeping the same constraints. Two cases were considered:

Case 3a - High Capital Investments in the Generation System

The analysis described so far estimates that the system will need approximately six billion US
dollars in capital investments during 1994-1997. There is a great deal of uncertainty about this
figure and currently studies are being conducted to better forecast these needs. To examine the
impact of higher investment Case 3a considers a 50 percent increase in the level of required
investment to approximately nine billion dollars during 1994-1997.

Case 3b - High Operating Costs in the Generation System

It has been assumed that operating costs would decrease from current levels as the system
becomes modernized and operating efficiency is rewarded. While this is certainly likely at a
very high level of investments it is less likely at more modest levels since some capital
investments may continue to be shown as operating expense. To examine this possibility Case
3b considers no drop in operating expense from current levels.

11.2 APPROACH TO THE ANALYSIS OF FINANCIAL CONSTRAINTS

In order to analyze these different cases it was necessary to simplify the process followed
through the detailed financial analyses of the generation, transmission and distribution systems
described in Chapters 5, 8 and 9 respectively. Essentially, the analysis of financial constraints
is performed on the basis of aggregated generation instead of the plant by plant analyses carried

RCG/Hagler, Bailly, Inc.
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CHAPTER 11: CONSTRAINED FINANCIAL ANALYSIS 11.3

out in Chapter 5. Therefore, the financial forecasts for 1994-1997 presented in this section are
less accurate than those presented for the unconstrained case.

However, in order to allow for clear comparison against the unconstrained case, completed in
Chapter 9 the results for this case are first presented, in Exhibit 11.1 in the same form as that
will be used for the constrained cases.

11.3 RESULTS OF THE ANALYSIS OF FINANCIAL CONSTRAINTS

Case 1 - Tariff Increase Restriction Only

The results of this analysis are shown in Exhibit 11.2 where it can be observed that average
retail tariffs in 1994 are 15 percent higher than 1992 levels and increase an additional 15 percent
by 1995. After 1995 only a 10.9 percent increase is required to bring the system to the
recommended level.

Since it is reasonable to maintain a no net borrowing criterion for the distribution companies the
burden of a lower tariff yield in the short term is assigned to the generation system reducing its
average tariff yield from 488.9 ZI/kWh to 351.0 Z/kWh. This results in a significant loss for
the generating system (given border prices for coal) at the operating income and net income
levels, leading to a significant increase in the cash deficiency or net borrowing requirement for
the generating system. Even so, with a borrowing requirement of about zl 15,000 billion in
1994, the projected debt-to-equity for the generating system is about 5.0%.

Case 2 - Tariff Increase Restriction and No Asset Revaluation

In this case shown in Exhibit 11-3, not only is the retail tariff constrained, but the elimination
of revaluation reduces the depreciation expense which can be claimed as a deduction for tax
purposes, thereby reducing annual cash flow to the distribution system. To offset this effect,
it 1s necessary to reduce the bulk purchase price paid to PSE.

Thus the PSE selling prices are reduced in 1994 and 1995, in turn forcing a reduction in the
price paid to the generating system.

By 1996 generating companies are able to approach a 6.0% rate of return, however, because the
assets are not revalued this return is insufficient to cover the financing costs on the ever-
increasing cash deficiency.

RCG/Hagler, Bailly, Inc.



Exhibit 11-1

NON-CONSTRAINED CASE

Assumptions:
Retad tariff increass: No constraint
Asset Revaiuation: 100% of replacement cost by January 1954
Tax allowancs from Depreciation: 100% of repiacement cost by January 1994
Investments in generation 1983 — 1997 USS 5.8 billion
Fixed _peration Costs: decreasing
" Financial criteria for DCs: no borrowing

f | ESTIMATE FORECAST
{ 1 1992 1994 | 1995 | 1996 1997
AVERAGE TARIFFS — ZI/kWh (at mid 1902 price leveis) |
Distribution Companies ! 542.1 | 785.0 785.0 | 7950 805.0
| _PSE * 336.7 | 563.0 | 557.0 | 559.0 571.0
Generation System | 300.0 | 488.9 | 487.2 | 490.6 : 504.2
AVERAGE TARIFFS — US cents/kWh (at mid 1992 price leveis) :
Distibuton Companies * 3.99 | 577 | 5.77 | 5.85 5.92 ;
PSE ‘ 2.48 | 4.14 | 4.10 | 4.11 4.20 |
" Generation Systefn 2.21 | 359 | 358 | ast ! 3.71
i -
| NET BORROWING / CASH DEFICIENCY (SURPLUS) (billions Zioty)
Distribution Companies 5 ! (9.434) (9.256)]  {9.488)]  (10.081)
PSE —— Programmed LTD 4,000 7.250 10.000 | 10.500
Cash (3.769 (6.578) {9.007) (11,
Generation Syswem 782 _(2.387) (4.604 @.
SELF—FINANCING RATIO — %
Distribution Comparves 132.4 | 112.7 | 105.8 1078 .
PSE 40.2 | 24.7 | 29.2 1| 99.aj’
' DEBT-TO—-EQUITY (revalusd) RATIO - % 3
Distributon Companies 0.0 | 00! 0.0 | 0.0 !
PSE 13.8 | 24.3 327" 336
Generabon System 4.7 2.8 3.0 1.2
RETURN ON NET ASSETS (revaived) — %
Distribution Companies 0.0 1.5 | 2.3 1.7
PSE 6.1 5.9 | 6.0 5.9
Generation Sysmm 7.2! 6.8 7.0 7.1
. I
| INCOME TAX FOR YEAR — billions 21. |
. Distribution Companies 1385 | 2172 2511 2.363 |
PSE 632 | 543 | 505 | 454
| Generanon Syswem 2895 | 2.545 | 3.255 | 3.803 |
Totl 4882 | 5.660 | 6.271 | 6.620 |

NOTE: income tax and cash positon differ from the Base case n chapters 1 ~ 11.

This is because chapters 1 — 11 had assumed asset revaluation st December, 1992,

File : g:\pol\reportiexhibit\e11 — 1.wk1



Exhibit 11-2
CONSTRAINED CASE 1
Tariff increase Restriction only

Assumptons:

Retail tariff increass: from mid— 1992 to mid — 1994, 15%; then 15% per year in real terms
Asset Revaluation: 100% of repiacement cost by January 1954

Tax aliowance from Depreciation: 100% of repiacement cost by January 1954
investments in generation 1993 — 1997: US$ 5.8 billion

Fixed Operation Costs: decreasing

Financial criteria for DCs: nc borrowing

, i ESTIMATE | FORECAST
! ‘ 1992 | 1994 ; 1985 | 1996 1997
| AVERAGE TARIFFS — ZI/kWh (at mid 1992 price leveis)
Distribution Companies 542.1 623.4 716.8 795.0 795.0
PSE 336.7 438.0 465.0 : 545.0 571.0
! Generation System i 3000 ; 351.0 3850 475.0 504.2
! AVERAGE TARIFFS — US cents/kWh (at mid 1992 price leveis) .
Distribubon Companies 399 4.58 5.27 5.85 5.85
PSE < 2.48 1 322 3.42 . 401" 420
Generaton Syswem ‘ 2.21 2.58 2.83 3.49 371
NET BORROWING / CASH DEFICIENCY (SURPLUS) (billions zioty)
. Distribution Companies ; | (10.223)] (10.203)! (10.220){ (10.368)|
| _PSE —— Programmed LTD 4 4.000 | 7.250 | 10,000 | 10,250 |
i Cash ' ‘ _ {4.039)] (6.958)| {9.033)! {11.654)]
| Generation System ! - 14.750 | 18.582 | 18.780 16.041 ‘
' SELF~FINANCING RATIO - % i
! Disgibution Companies i 114.5 | 124.7 | 111.8 104.0 |
; PSE ‘ ‘* 39.0 ] 244! 2.2 9.7 |
DEBT-TO—EQUITY (revalued) RATIO - % ;
Distributon Companies @.3) 7.0 (6.8)! (6.7)!
PSE 13.8 ¢ 24.4 32.8 33.7
Generation System 47 5.3 7.4 7.3
RETURN ON NET ASSETS (revalued) - % !
Distributon Companes (2.7)! 4.8 3.9 0.7 !
PSE 6.1 6.0 6.1 5.9 |
Generation System 6.7 (3.5) 46 5.8
INCOME TAX FOR YEAR ~ billions ZI. |
Distribution Companies 52 | 3,305 | 3.169 | 1,943 |
PSE 613 | 535 | 505 453
Generaton Systam (3,655) (2.607)1 1.037 1.922 |
Total ‘ . (2.990)| 1,233 | 4711 4,318 |

NOTE: iIncome tax and cash position differ from the Base case in chapters 1 — 11.
This s because chapters 1 — 11 had assumed asset revaiuaton at December, 1992.

File : g:\pol\reportiexhibitiet 1 — 2. wk 1
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exnion 11-3

CONSTRAINED CASE 2

Tariff Increase Restriction and no Assat Revaluation

Assumptions:

Retall tariff increass: from mid— 1982 10 mid - 1994, 15% ; then 15% per year in real terms

Asset Revaiuation: 0% of replacement cost by January 1997

Tax aliowance from Depreciation: 0% cf replacement cost by January 1997
investments in generation 1983 - 1897: USS 5.8 biliion

Fixed Operation Costs: decreasing

Financial criteria for DCs: no borrowing

FORECAST

| | ESTIMATE |
‘ » 1992 | 1994 | 1995 | 1996 1997
| AVERAGE TARIFFS ~ ZI/kWh (at mid 1992 price ievels)

Distribution Companies | 542.1 | 623.4 ! 716.9 | 7350 |  743.0
" PSE ! 336.7 375.0 | 398.0 439.0 - 4580 |
| Generaton System i 300.0 314.0 | 338.0 | 379.0 | 393.0 |
. AVERAGE TARIFFB — US cents/kWh (at mid 1992 price levels) j

Distribution Companies l 3.99 ! 4.58 | 527 5.40 5.46

PSE i 2.48 2.76 293! 3.23 3.37

Generation System | 2.2 2.31 2.49 279! 2.89
. NET BORROWING / CASH DEFICIENCY (SURPLUS) (biliions zZioty)

Distrioution Companies i 231 180 199 189
|_PSE —~ Programmaed LTD 4,000 7.250 10.000 10,250
( Cash
! Generstion System 19,542 29,431 39,026 48,018
| |
' SELF~FINANCING RATIO ~ % ]

Distribution Companies . 112.7 ! 125.2 | 104.9 | 103.9

PSE ’ 10.4 | 9.2 | 14.4 | 54.3

DEBT-TO~ EQUITY (revalued) RATIO — %

Distribubon Comparies 29| 22| 1.9 | 1.6

PSE 53.9 | 95.0 1274 1 129.5

Generavon System 1.0 | 86.3 | 111.0 1283 |

RETURN ON NET ASSETS (revaiued) — %

Distribubon Comparies 33g | 457 | 334 | 25.6

PSE 58 6.6 6.3 6.4 |

Generanon Syswmm (13.9)i (3.4); 5.8, 54|

|

INCOME TAX FOR YEAR — billions ZI. |

Distributon Companies 5.955 ' 9.300 | 8.448 | 7.958

PSE 135 | 141 | 145 172

Generapon System (2.200)] (1.843) (669) (731

Total 3,890 | 7.592 | 7.920 | 7,372

NOTE: incoms tax and cash position differ from the Base case in chapters 1 — 11,

This is because chapiers 1 — 11 had assumed asset revaluaton at December, 1992,

File : g:\pol\reportiexhibitie11 — 3.wk1
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Exhibit 11-4

CONSTRAINED CASE 3

Tariff increase Restriction and Gradual Asset Revaluation

(*most likely case®)

Assumptons:

Retail tariff increase: from mid— 1932 to mid— 1994, 15% ; then 15% per year in real terms

Asset Revaluation: 100% of replacement cost by January 1997

Tax allowance from Depreciation: 70% of replacement cost by January 1997
Investments in generation 1993 — 1997: US$ 5.8 billion

Fixed Operation Costs: decreasing

Financial criteria for DCs: no borrowing

ESTIMATE FORECAST
1992 1994 1995 | 1996 1997
{
| AVERAGE TARIFFS — ZI/kWh (at mid 1892 price leveis)
|_Distribution Companies 5421 6234 716.9 814.0 814.0
| PSE 336.7 3780 411.0 517.0 567.0
Generation System 300.0 ! 307.0 337.0 446.0 494 0
AVERAGE TARIFFS — US cents/kWh (at mid 1992 prics leveis)
i Distributon Companes 399 4 58 5.27 5.99 5.99
" pPSE 248 278 302 3.80 417
Generaton System 221 2.26 2.48 3.28 3.63
| NET BORROWING / CASH DEFICIENCY (SURPLUS) (billions zioty) ;’
| Distribution Companies ' 165 203! 199 219
| PSE — - Programmed LTD 4.000 ' 7.250 ! 10.000 10.250
1 Cash * ! (1.738)! (2587 (3.429)  (5.520) .
__Generation System ' i 19.942 ! 25.399 | 34,032 34.356
: SELF—FINANCING RATIO — % ‘
! Distribution Companies | i 113.3 | 124.5 . 114.0 103.0
PSE 11.8 95 188 87.0
DEBT-TO-EQUITY (revalued) RATIO - %
Distribubon Companies 1.8 1.4° 1.1 1.0
PSE 248 34.8 38.9 34.2
Generaton System 286" 343! 34.7 34.2
AETURN ON NET ASSETS (revaiued) - %
Distribution Companies 15.1 18.0 10.8 2.8
PSE 64 6.0 6.1 5.9
Generation System {9.9)! (5.4), 4.3 6.0
" INCOME TAX FOR YEAR — billions 23.
Distribution Companies 5.576 | 8.055 6.886 ' 3.646
PSE 543 | 656 | 771 773
| Generation System l ! {2.664)| (2.409)! 1.245 | 2.338 |
| Tow . ; i 3.455 | 6.302 | 8.902 ! 6.757 |-

NOTE: Income tax and cash position differ from the Base case in chapters 1 —~ 11,

This is because chapters 1 — 11 had assumed asset revaiuaton at December, 1992,

File : g:\pol\reportiexhibitie11 -4 wi1



CHAPTER 11: CONSTRAINED FINANCIAL ANALYSIS 11.7

This case results in significantly lower retail tariffs than any of the other cases. However, it is
not deemed viable because it results in persistent annual net losses at the generating company
level, as well as significant distortions in the financial ratios and financial relationships within
the industry.

Case 3 - Tariff Increase Restriction and Gradual Asset Revaluation
This is considered to be the most Likely case and the results are shown in Exhibit 11-4.

In the initial years 1994 and 1995, the limited asset revaluation and consequent limited deduction
of depreciation expense result in higher income tax and reduced annual cash flow. In turn this
necessitates a reduced bulk purchase tariff from PSE in order to maintain the annual cash flow
in the retail system.

Insofar as the PSE system is permitted a 6.0% rate of return, the burden of constrained tariffs
is borne primarily by the generating system.

In 1994, the generating system incurs operating losses and net losses. A similar result occurs
in 1995, leading to net borrowing by 1995 of approxxmately z1 30,000 billion. This is equivalent
to a debt-to-equity ratio of about 34%.

A tariff of 814 zl/kwh is required to achieve a 6.0% return on net assets in 1997.

Case 3a - High Capital Investments in the Generation System

The results of a sensitivity analysis of the results of Case 3 to higher investments in the
generation system are shown in Exhibit 11-5.

All of the additional investment will require to be borrowed -- leading to an increase in net
borrowing by the generating system. Net borrowing by 1997 would amount to zI 73,223 billion
-- or about U.S.$5.5 billion -- equivalent to a debt-to-equity ratio of 66.8%.

As the increased investment will eventually increase the assets-in-service, the tariff charged by
the generating system will increase in 1996 and 1997 to reflect a 6.0% return on net assets in
service. Thus this case will result in the highest tariff in 1997 — i.e. 846 zl/kwh, as well as the
highest debt for the generating system.

RCG/Hagler, Bailly, Inc.



Exhibit 11-5
CONSTRAINED CASE 3a
Sensitivity Analysis to High Generation Investment

Assumptions:

Retail tariff increase: from mid— 1992 to mid— 1954, 15%: then 15% per year in real terms
Asset Revaluation: 100% of repiacement cost by January 1997

Tax aliowance from Depreciation: 70% of replacement cost by January 1957
Investments in generation 1993 — 1937: USS 9.0 billion

Fixed Operation Costa: decreasing

Financial criteria for DCs: no borrowing

: i ESTIMATE ! FORECAST

i i 1992 1994 1995 | 1998 1997

. AVERAGE TARIFFS — ZI/kWh (at mid 1992 price leveis)
Distribubon Companies 542.1 6234 716.9 824 5 846.0
PSE : 336.7 378.0 " 411.0 . 5240 591.0
Genaration System : 300.0 307.0 337.0° 4540 520.0

AVERAGE TARIFFS — US cents/kWh (at mid 1992 price leveis)

Distribution Companies . 3991 4.58 5.27 6.06 6.22
PSE : 2.48 - 2.78 ! 3.02 3.85 435
Generaton System 221 2.26 ¢ 2.48 3.34 3.82

NET BORROWING / CASH DEFICIENCY (SURPLUS) (billions zoty)

i Distribution Companies . | 165 | 203 | 173} 173 |
! PSE — - Programmed LTD ; F 4.000 | 7.250 | 10,000 | 10.250 !
| Cash : i (1.738))  (2.597)] (3.389)! (5.483)
Generation System ‘ : 33.790 | s0.708 | 64,911 ° 73,223
“ SELF—FINANCING RATIO — %
Distribution Companies j ‘ 113.3 124.5 | 115.3 | 105.6
PSE i 5 120 10.0 | 20.2 ! 95.0 !
DEBT-TO~EQUITY (revalued) RATIO — %
Distnbuton Companies 18 1.4 1.1 1.0
PSE ‘ 248 34.8 389" 341
Generavon System 44.3 56.8 61.2 66.8
RETURN ON NET ASSETS {revaiued) — % i
Distributon Companes 15.1 18.0 11.1 3.2
PSE 6.4 | 6.0 | 6.1 6.3
Generation System {9.2); 5.1} 39 6.0
INCOME TAX FOR YEAR - billions 2. !
Distribubon Comparves 5.576 : 8.055 | 7.030 . 3.831
PSE 543 | 656 | 766 836 !
Generaton System (3.098)| (3.323)| 229 ! 1,579
Total . 3,021 | 5.388 | 8.025 ° 6.346

NOTE: income tax and cash position differ from the Base case in chapters 1 ~ 11,
This 18 becauss chapters 1 — 11 had assumed asset revaluaton at Decemnber, 1992,

File : g:\pol\reportiexhibit\@11 — 5. wk1t



Exnibit 11-6
CONSTRAINED CASE 3b
Sensitivity Analysis to Constant Operating Costs

Assumptons:

Retail taritf increase: from mid— 1992 to mid~ 1954, 15%: then 15% per year in real terms
Asset Revaluation: 100% of repiacement cost by January 1997

Tax aliowance from Depreciation: 70% of repiacement cost by January 1937
investments in generation 1993 - 1997: USS 5.8 billion

Fixed Operation Costs: constart

Financial criteria for DCs: no borrowing

i , | ESTIMATE FORECAST

? ! 1992 1994  1995] 1996 1997

|

| AVERAGE TARIFFS — Z1/kWh (at mid 1992 price levals)
Distrioution Companies ! 542.1 | 623.4 | 716.9 | 824.5 835.0
PSE | 336.7 | 378.0 | 411.0 | 524.0 . 583.0 ;
Generation System | 300.0 | 307.0 | 337.0 | 454.0 | 5110

|
|
| AVERAGE TARIFFS — US cents/kWh (st mid 1992 price leveis)

Distributon Companies | 2.99 | 458 | 5.27 | 6.06 6.14 ;
AN
PSE g' 2.48 | 278 3.02 | 3.85 ; 4.29
| Generation Syswem | 221 2.28 2.48 | 3.34 ! 3.76

' NET BORROWING / CASH DEFICIENCY (SURPLUS) (billions zioty)

Distribution Comparves » 165 203 173 154

PSE — - Programmed LTD l 4.000 7.250 10.000 10.250 |
Cash __(1.738) (2.567) (3.389) (5.512)

Generation System 21,007 31422 38.770 37.370

- SELF—FINANCING RATIO - % ;
Distributon Comparves 1133 | 1245 115.3 | 104.5 |
PSE : 11.8 | 95! 18.6 | 94.0 |

|
DEBT - TO- EQUITY (revaiued) RATIO — % |

Distribution Companies ' 1.8 14 1.1 1.0}
PSE 24.8 ! 348! 38.9 34.1 7
Generabon Systam 0.2 37.0 37.7 37.4 |

- RETURN ON NET ASSETS (revaiued) - %

| Dmtributon Comparies ; 15.1 18.0 | 119 3.0
PSE ' 6.4 6.0 6.1 6.3
Genecanon Sysem (11.5)| (6.9)! 35! 6.0 |

INCOME TAX FOR YEAR — billions Z1.

Distribubon Comparves 5,576 | 8.055 | 7.030 - 3.806
PSE 543 | 656 | 766 | 829 |
Generanon Syswm ‘ (3.118) (3.054)| 798 | 2.188 |
Total ‘ 3.001 | 5,657 | B.594 | 6.823 |

NOTE: income tax and cash position differ from the Base case in chapters 1 — 11,
This is because chapters 1 —~ 11 had assumed asset revaiuation at December, 1992,

File : g:\polireportiexhibit\e11 - 6.wk1



CHAPTER 11: CONSTRAINED FINANCIAL ANALYSIS 11.11

Case 3b - High Operating Costs in the Generation System

In Exhibit 11-6 are shown the results of Case 3 modified to reflect fixed costs being maintained
at 1992 levels, rather than decreasing.

The result is a retail tariff of 8§35 zl/kwh in 1997 -- or about 2.5% higher than in Case 3.
11.4 CONCLUSIONS OF THE CONSTRAINED FINANCIAL ANALYSIS

11.4.1 Tariffs at retail level
With the exception of Case 2, which is essentially not financially viable, it can be seen in
Exhibit 11-7 that by 1997 the retail tariff falls in the range 795 to 846 zl/kwh, or within -2.5%
to +3.5% of the 814 zl/kwh in the recommended Case 3.

EXHIBIT 11-7

AVERAGE RETAIL TARIFFS - ZL/KWH AT MID-1992 PRICE LEVEL

1992 j 1994 1995 1996 1997

Non-constrained 542.1 785.0 785.0 795.0 805.0
Case 1 623.4 716.9 795.0 795.0
2 623.4 716.9 735.0 743.0

3 623.4 716.9 814.0 814.0

3A T 623.4 716.9 824.5 846.0

3B 623.4 716.9 824.5 835.0

RCG/Hagler, Bailly, Inc.



CHAPTER 11: CONSTRAINED FINANCIAL ANALYSIS 11.12

11.4.2 Debt

Except for Case 2, none of the alternatives results in an unacceptable debt-to-equity ratio. Even
so, it should be recognized that the debt to be incurred is the result of not implementing the
tariff increases recommended in the unconstrained case.

It should also be noted that the net cash deficiency of zl 73,223 billion in Case 3A would be
likely to require further future tariff increases in order to amortise the principal.

11.4.3 Income tax

The total income tax payable in each case is summarized in Exhibit 11-8.

EXHIBIT 11-8

INCOME TAX PAYABLE (bl1.Z1. at mid 1992 price levels).

T 1994 1995 1996 1997 TOTAL
Non-constrained 4,882 5,660 6,271 6,620 23,433
Case 1 (2,950) 1,233 4,711 4,318 7,272
2 3,890 7,592 7,920 7,372 26,774
3 3,445 6,302 8,902 6,757 25,406
3A 3,021 5,388 8,025 6,346 22,780
3B 3,001 5,657 8,594 6,823 24,075

With the exception of Case 1 which combines restricted tariff increases with the maximum
depreciation allowance for tax, all other cases result in similar tax yields.

However, it should be noted that Case 2, which yields the highest tax revenue, is also not viable
financially. It is the reverse of Case 1, in that it combines the lowest tariffs with the highest
taxes (resulting from the lowest depreciation allowance due to the assets not being revalued).

RCG/Hagler, Bailly, Inc.
%
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CHAPTER 11: CONSTRAINED FINANCIAL ANALYSIS 11.13

Thus the overall conclusion is that allowing the industry to operate on an economic base with
properly valued assets and appropriate tariffs is unlikely to matenally affect the total income tax
yield from the industry.

11.4.4 Consolidated Financial Statements

The consolidated financial statements of the generating companies, PSE and the distribution
companies corresponding to the most likely scenario, Case 3, are shown in Exhibits 11-9to 11-
17. These can be compared to the consolidated financial statements corresponding to the
unconstrained case for generation companies, PSE and distribution companies inciuded in
Chapters 5, 8 and 9 respectively.

RCG/Hagler, Bailly, Inc.



Exhibit 11 -9
Case 3
CONSOLIDATED BALANCE SHEET - GENERATING COMPANIES

PRO-FORMA | ACTUAL | ACTUAL | POLISH GENERATING COMPANIES ESTIMATE FORECASTY ]
1989 1990 1901 | Year End — ~ December 31 1962 1908 | 1904 | 1905 | 1906 | 1007
| AssETS o e
T 538 220 | Cash b 1583 745 787 885 1,190 1355
- 374 1,378 | Accounts Receivable 1,504 1,584 1677 1801 2,580 2,022
- 197 1,614 | lventories —— Fuet 1,604 FRIA 3,334 3,414 3,547 3,830
12 0] ___Othes o : I S
408 224 | Others o 450 850 1,300 1,700 2,000
T | 2,190 4,165 " Total Current Assels 4,871 5,850 6,647 7,490 9,027 9,007
35.125|  30.835 | Gross Fixed Assets . o f 3212 100824) 165632 @ 211,220) = 2674221 207,728
T T T 18435 18205 Lass: Acc. Depreciation ) , 38,553 80,025 02,719 107,270 | 133,340 142,254
T tseea|  18530| NetFixedAssets o B —3are|  4g800 82,914 103,950 134,082 155,474
|l 18735 Caphal Work -in-Progress 2,133 33,449 27,611 30,368 20257 0738
| 22203 4149 2 TOTAL ASSETS EMPLOYED 82,724 80,2905 17,171 141,800 100,368 175,118
i UIABILITIES o . o -
T T e 1.320 | Accounts Payabie T . _ﬂ — o
) 556 920 | Other Liabilties _ ‘ o -
T — | LTD dus within 1 year — existing 170 170 170 1ol ol T i
I 10 18 L!Qd_ﬁg\_‘g!ﬁﬂn ly-u nowlocal o
R LTD cue within | year — newFX N R
T 7 _ | Cash Deficlancy (Susplus) ) (2.135) 7,782 19,042 20,300 34032| 34356
1,168 | 2268 Tolal Current Liabilities (1,905) 7,052 20,230 30,022 35,050 35,774
- (50)| Othves Liabilities L -
1,447 2,492 | Long Term Debt — existing 3,088 2,800 2,729 2,550 2,390 2,220
182 | Long Term Debt — new local 704 1,070 3,342 4112 __ 6834 7025
Long Term Debt — new FX .

1,447 2,054 Total Long Term Debt 8,172 4,609 8,071 6671|  o9323] 9,045

_ ___| Equity Balance: R
14657| 15,642 Assumed Qpening Position 32,770 32,770 32,770 32770 32770 32,770
1,199 16,751 | Additonal Paid in Capial 2,718 5,438 8.230 10,870 13,580 18,306
482 378 | Revaluation of Fixed Assets 17,408 35,014 52620  70228| 87832  @87.832
2833| 3,103 Retained Earnings — — Prior Years 3707 8,021 32s55]  (2756)  (8751) (9,204
507 684 Current Year's Nel Income 4,223 (4.766) (8.011) L5985 a5y 1 875
19,678 | 38,567 Total Equity 80,018 70,475 90864;  105.915)  124987| 129,379
22,203 41,439 TOTAL LIABILITIES & EQUITY 62,724 80,208 MIATI| 141,800  1eo388 175,118

Bilions Zoty at Base Yeas Prices ACG/HAGLER, BAILLY, inc.
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Exhibit 11-10
Case 3
CONSOLIDATED BALANCE SHEET — POLSKIE SIECI ELEKTROENERGETYCZNE

'PRO-FORMA | ACTUAL [ ACTUAL | POLBKIE BIECI ELEKTROENERGETYCZNE | ESTIMATE _ FORECAST L
wo:l 1900 1991 | Yeas End ~ — December 31 1992 1903 | 1004 | 1995 | 1006 | 1907
‘_ ASSETS - - _
o FxedAssets: . . ]
o . _| Copitat Assets NS PR S DR P - A
179 180 Gross FmodAluta 180 680 1,680 4,180 8,180 12,180
,‘_ Plus: Tranaters of Grid kom DCs 1.165 1185 1.165 1.165 7485)  7,185
. | Pus: Transters of Pumped Storage 3,339 3,339 3,330 3,339 3,339 13,339
Total Adjusted Gross Fixed Assels 10,885 11,185 12,185 14,685 18,685 22,685
_ Plus: Revaluation to 1902 1 e349| 16,008 28,048 37397| 46,748
o . _ |Pus: Revaluation after 1902 . I e
o | | 77| Revakid Gross Fixed Assets 10,885 20,534 30,883 42,733 56,082 69,431
U e| T es! Less: Accumulated Depreciatn 110 132 191 337 1,155
I S __Depreciation on Trarsfers 5,483 8,008 6,533 7,059 7584 8,100
i o1 _Revalued Depreciation 4,080 9.760 14,639 19519 24,300
I - _._ Depreciation on Rouluaﬁon . 234 835 2,104] 3740 5,843
_ _ | Total Accumuiated Depreciation 20,810 32,0685 35,007 38,618 41,787 45,159
88 85]  NelFxod Assete 5,002 9,281 13,485 18,504 24,503 29,024
3| __ 130} Capital Work~in—Progress 699 134 3000|4723 _4.895 2,627
- 4] 1es] Advance Payments _v 197 197 197 e 197 97
ol v|Patents & Licenses — AN 1l BN SO | 1
Flmnchl Investmenta: L
] 0| Shaes in other Companies o N N - i T
221 193 | _Long Term Accounts Receivable 193 193 193 193 183 183
Current Assats:
0 __ 0| nventories I I
247 1,905 | Accounts Recsivable 2,738] 2788 3095  3se4|  as30 5218
24 0| income Tax Receivable 1 o L i - ] T
5 5| Other Accounts Receivable o o e L e o o
500 25 | Cash atBank and on Deposit 15| _ais| 1,738 2507) aa2 5,520
868| 1,036| Total Cuirent Assels 2,751 3,103 4,933 o,181 8,059 10,738
1,180 2,530 TOTAL ASSETS 8,934 14,119 21,790 20,800 37,030 43,681




Exhibit 1110

Case 3

CONSOLIDATED BALANCE SHEET ~ POLSKIE SIECI ELEKTROENERGETYCZNE
PRO_FORMA | ACTUAL | ACTUAL | POLSKIE S8IECI ELEKTROENERGETYCZNE | ESTIMATE FORECAST ]
1989 1900 1991 | Yeasr End — - December 31 1992 1903 | 1904 | 1905 | 1906 | 1907

LIABRLITIES

._ | Equity Capitai: - .- e e
515 51| Equty 515 518 515 515 515 515
L4} 380 | Reserve Capital _ 610 1,165 1,447 1602y 1908 .2,285
Trarsters of Gridfom DCs 7,165 7.165 7,165 7165 7165 7,165
i Trammfer of Pumped Storage ) | 3330 3,339 3339  333| 3339 3330
T o "~ | Less: Accum. dep'n on Transfers 5483 5483|  5483| = 5483| 5483 5483
T 1 At ot Revaluabon I 0 e Y 13,408 17078| 229347
- a2 221 | Curent Years Net income B 55| 28t 238 224 370 529
L | voe 1,125 | Total Equity - 8,702 11,453 18,158 20,881 25,000 | 30,607
| 315 | Long Term Debt 750 1,200 4,000 7.250 10,000 10,500
_ |Current Unblmho _ — e
*—" 231 841 | Accounts Payable 1202 1217] 1382 15| 1,000 2234
_"_ 6 112 | Other Accounts Payable | 110 1o 110 110 110 110
T Shod Yum Loans . . o -
T 3s 138 | Other Liabulites 140 140 140) 140 140 140
R R Owing 0 Bark S
2711| 1.001| Total Current Liabiiities 1,482 1,467 1,632 1,780 2,240 2,484
R 1180 2,531 ___TOTAL UABIITIES 8,034 14,119 21,790 20,880 37,839, 43681
- ) 180 | Gross Fixed Assets 180 €80 1,680 4180  a180| 12,180
6,903 6,903 | Plus: Transfers of Grid kom DCs 7,185 7.165 7.185 7,165/ 7,165 7,165
3.252 | Plus: Trammters of Pumped Storage 3,339 3,339 3,330 3,330 3,339 3,330
7,082 | 7,084 | Total Adjusted Gross Fixed Assets 10,685 11,188 12,185 14,085 18,605| 22 085

Billions Zioty al Base Year Prices

ACG/HAGLER, BAILLY, inc.
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Exhibit 11-11
Case 3
CONSOLIDATED BALANCE SHEET - DISTRIBUTION COMPANIES

PRO-FORMA | ACTUAL | ACTUAL | POLISH DISTRIBUTION COMPANIES ESTMMATE FORECAST
1009 1980 1991 | Year End — — December 31 1992 1903 | 1904 | 1905 | 1906 | 1007
ASSETS _ o
. 1,116 1,226 | Cash - o1882] 1ee2 1,692 1,692 1002] 1892
T 805| 3,718 Accounts Recsivable 8.719 8,048 | 10,593 12,674 14764| 15,168
318 532 | inventories — — Fuel 735 735 735 735 735 _ 735
2,920 s.474 Total Current Assets 11,145 11,375 13,019 15,101 17,191 17,505
Gross Fixed Assets: 73,272 109,924 165,632 211,220 267,422 297,728
0.903 | Trarmmission (> 110kv)& S/stations o B
L ___ 44,200 | Diskibution Lines o B T
e} | 14,003 Substatiors " B . —
e} | ___4.930 | Other Fixed & Tangible Assets . o o ) -
| e5818] 70.842) Gross Fixed & Tangible Assets 63,039 103,000 145,581 192,403 244170 206,564
o .. | 33.850| 36,676 | Less: Acc. Depreciation 38553] 60,025 82,719 | 107,270 133340| 142,254
,,,,,,,, ] 31050] 33.866( NetFixed8 Tanghble Assels 27369 42556f @ 502121  78,149| " “omeio|  11m140
e | 1.190[ 2,903 | Capital Work ~in-Progress 2003  63es|  10614| 15800 16227] 15,389
_ 6| 30| Goodwil R
34927 42272 TOTAL ASSETS EMPLOYED 41,417 00,310 82,965 108,840 139,028 | 153,004
T ________[uasiimEs - T
) | 891}  2671fAccounts Payable - S . _
633 3700 |Other Uabities S U DR D
) Cash Deficiency (Swplus) 2820 1868 165|  203] __1eel 299
1,784| 8,470 Total Currant Liabilities 2,820 168 165 203 1| oy
575| 1,309 | Long Term Debt 1,300 1.309 1,309 1,309 1300 300
575 1,309 Total Long Term Debt 1,300 1,309 1,300 1,500 _%%09]|  i,300
- Equity Balance: o
31.645| 32,578| Assumed Opening Position _ 32578 325718  325718|  325718] 32578 T 33578
._ _ | . Reserve for Asset Revaluation . Of  17200f  34579f - 51860| 89,150  sg.4ds
_ . 923} Retained Earnings - - Priot Years J1eisy 470} 8e53) 14334  22800( 20784
| 923 991 | Cusrent Years Net income 2,705 4,243 5,381 . 8558|  eswa|l 275
32,568 | 34,492 Total Equity 37,288 58,820 81,401 107,337 131,520 " 151,565
34,927 | 42,212 TOTAL UABILITIES & EQUITY s1a17]  e0316]  82,005|  108,849|  133,028| 153004
Bilions Zioty at Base Year Prices AC G/HAGLER, BAILLY, Inc.
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‘Exhibilﬂ—l2 .

Case 3
INCOME STATEMENT — GENERATING COMPANIES

PRO_FORMA | ACTUAL | ACTUAL | POLIBH GENERATING COMPANIES | ESTIMATE . — FORECAST -
1980| 1900| 1901 ] Year End - - December 3 , 1902 1903] wea|  1ees| iwea| tee7
»:“ I 97@47 Energy Sales - — GWh i j____ 9er01n| 96337 99,676 A_Jggfgf _ﬁ_!g_éggg i 107,948
20,773 | Capacity -~ MW .} 20478) 20,366 20,180 20,390 20,189| 21318
. | |%capaciySold . . e v R D
T 73,135 | Hows of Production/Yeasr 13820 73620 74765) . 75904  es791| 80,630
195,312 | Capacity Sales - MW/m _ 185,803 182,381 184,205 184,127 172,483 173,407
| Max Capacity Sales @1994 Installation _ 208,851 207,732 202,166 200,636 101,242| 195,380
B " 115.400 | Energy Sales Price ~ ~ 2/kWh 196.754 300.222 306.771 313057 326.140| 338126
45,459 | Capacity Price - — '000 2/MW/m 53,684 103,053 96,580 96867|  100,044| 103,333
______{Adjusted 1904 Capactty Price —
S S, e ___|SalesRevenve =} | — : U ——
_ | . | . 11301 [Enegy e el 10087} 28022 30578f 32,064 34435 36500
| .| 819 Capaciy —J tomiz)  aeges|  ease) | 17838|  17.9%9| T i7.028
282 3008| 20.180 | Sub- ot Electicty Sales ) | ev0eef  28901|  30e01| 34517| 47089 53327
| 320 a12|oters ) 1,012 885 875 875 815 855
300 4018 20502 T T Total SalesRevenuss 30,111 20,780 31,475 35,391 a7 964 T s
oo ... .. |VuiableCoet - S e
, 170]  2087| 10.738| Fuel .l onse] 25205 20245 27016 28018 20,757
T B 88 Transport e tee4l )y T
T 1. 601 | Envionmental Penatty 2,719| 2,887 2,742 2708  2850| 2871
] 3 _ e8|  aloOtes L N D B
___ 173|  2,253| 11,343 Total Variable Cost @ 1992 Prices 16,004 27,082 28,087 20815|  30868| 31,620
R R L o D
173 2,253 11,343 - Total Vasiable Cost 16,004 27,082 28,087 20,815 soses| 31828

L Fixed/ Clp-dty Costs e B
05 951 _ 5,865 Existing Plant 6,300 5,778 5,342 4956| ~ 4e05|  aso01
| New Plant 72 45| 200  a3a
95 951 |  5865| TotalFixed Cost (ex.Dep'n)@1992 6,308 5778 5415 5,101 4084| " 4935

| Pus:iafation ] o -

95 951 5,805 Yotat Fixed Cost belore Dep'n. 6,308 5,778 5415 5,101 4084 4938
7 141 1,047 | Depreciation Expense 1,228 2,442 3,084 5521 _ 7.041 8014
274| _ 3.344| _ 19.155 | Total Operating Expense 23,620 36,203 38,008 0437  az28%| 45477
20 674! 1,438 | Operating Income 8,482 @A17))  (eseyl (5045 _ 5071) " s704
4 N 65| Financial/interest Expense (Net) (557) 711 2004 = 3359 4279 4,001
0 {67) 421 | Exwaordinary income (Loss) ] I R
28| 575| 1,794 income Before Tax 103  (a20)  (sers)  (8.405) 192|403
5] 219 980 | Corporate Tax 2818 (2383) (2064 (2.40) 1,245] © 2338
18] 208 814 | Nelincome Atter Tax | 4223|  areq| o1 (5.005) @sy| = G
Billions Zioty at Base Yeas Prices RCG/HAGLER, BAILLY, Inc.
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bExmipit 11—-43
Case 3
INCOME STATEMENT - POLSKIE SECI ELEKTROENERGETYCZNE

PRO-FORMA | ACTUAL | AGTUAL | POLBKIE BIECI ELEKTROENERGETYCZNE | ESTIMATE FORECAST
1989 1990 1991 | Yoas End ~ ~ December 81 1902 19003 | 1904 | 1905 | 1906 | 1007
INCOME STATEMENT
24,653 | Total Sales 35,682 36,340 41,655 48,723 00,354 68,018
24,015 | Total Cost of Sales 34,320 34,161 38,604 43,191 55,875 62,720
638 | Net Revenue kom Energy Sales 1,333 2,179 2,851 3,531 4,479 5,208 |
141 | Materials & Energy 106 |
147 | Outside Services o4
35 | Salasies / Payrol 62
22 | Payroll Taxes, eic. 30 o
2 | Business Travel 2
7| Other
e Total Overhead Costs §1902 Prices 354
inflation o ) -
; . Total @ Current Prices 354 _ .
Plus: Transters fom Distibution Companies:
0 | Materlals & Energy 12
54 | Outside Services 15 .
L - 39 | Salwies / Paytoll 54 N .
__| Payroll Taxss, etc. D R T
L _ | Business Travel ~ B e e
. .58 | Pumped Storage Costs 69 - o | -
143 | Other L) N e T
] - 301 [ Total O'head Costs Transfd @1992 Prices 7| - R |
e V| lnfaton . s e . B e i T
Total O'head Costs Transferred 407 - T
Adjusted Total Overhead Costs: B o o T
150 | Materials & Energy 178 179 B T O 11 ) T 7 ) D T T
201 | Outside Services 169 _t1eel _1ee| e8] e e
74 | Salaries / Payrol L R | U T R 1T I 17 B T
22 | Payroll Taxss, etc. o} %1 %0 sl T st g
_2 | Business Travel o2 2| 2| 2] 2] T T
84 | Pumped Storage Costs Gof 69| e e  e| T s
151 | Othar 198 198 _198 ) T T
662 | Total Adjusted O'head Costs @1002 761 161 761 781 81| T e
inflation _ A ) T
Total @ Current Prices 761 761 761| 181 71 700
13| Other Costs N e L Tttt
21 Net Revenue fom Production I R e . B




exhibit 11-13
Case 3
INCOME STATEMENT — POLSKIE SIECI ELEKTROENERGETYCZNE (cont)

"PRO-FORMA | AGTUAL | ACTUAL | POLSKIE SIECT ELEKTROENERGETYCZNE | ESTIMATE| . 'FORECAST .
1909| 1000 1901 | Year End - - December 31 _we2|  100] 1904 | 1905 | 1900 | 1907
T [ - ':(aerons TRANSFERRED COSTS) 1 - ) I
T T ) Net Revenua fom Production T I 1 1] 2,089 2,770 3718 4,537
R ~ (AFTER TRANSFERRED COSTS) k o B B
1o Inwnl fom loans to Othou I _ N 1 1 o
130 lnhult on Dopoanl at ggri( _ 2 16 13 238 V| 492
2 Guln on Cuuncy Exchange B o _ - N o
- 1 T 142 | Financial Incoma/ intsrest income 2 18 118 | 238 331 402
_1 | Other Revenues — e} . - -
T T 414| Operatingincome 998 L N
i (BEFORE TRANSFERRED COSTS) B _ I T
| | operating income ] 43 2,202 3,008 | 4,049 5,020
” B (AF TER TRANSFERRED COSTS) e . R B ol
1 Dopudlﬂon - - pw™ Shhmom . 15 ) 59| 147 00| 509
- Plus: Dep'n on Revaluation _ .
| __Yotal Dep'n @ Current Prices 13 22 se 147 309 509
400 | Depreciation - — Transferred fom OCs o N 525 525) 25 525 _ 525
) Pius: Dep'n on Revaluation | 234 701 1,169 1,636 2,104
- ’ Tolal Dep'n @ Current Prices | 1se} V220 "ieea| 260 2.020
) 480 Tohl Adp-hd Dcpucubon @1992 15 547 S84 = e72 _ B34 1,034
T N Plus: Dep'n on Revaluation N 234 701 1109 ] 1,838 2.104
o Total Dep'n @ Current Prices 15 780 1,285 1,840 2,470 3,138
T o __ | Operating Income stier Deprecn 655 917 1,108 1579 1,801
o o _ | Financial Charges: . o
8| LemePayments Y S
i 27| long Term Loan interest 59 107 200 e o9 128
Less: Interest during Constuction 7 148 aso|  s20f 538
_ Net interest 59 30 138 289 40| "sag
371 | income before Tax 925 625 770 o7ef  Md50| T 302
148 | Income Tax aro 343 543 656 | m| T
_____| Capital Tax | _ I L
1| Other Taxes o Ao -
221 | NET INCOME (BEFORE TRANSFERS) 555 281 238 224 ___819] T 's20

Billions Zioty at Base Year Prices

ACG/HAGLER, BAILLY, Inc.

File Name g:\polveportiexhibitia 1 1 - 10 wk 1
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—.bit.. .4
Case 3
INCOME STATEMENT — DISTRIBUTION COMPANIES

PRO-FORMA | ACTUAL [ ACTUAL | POLISH DISTRIBUTION COMPANIES ESTIMATE ___FORECAST
1969 1900 1901 | Year End —— December 31 1992 1903 | 1904 | 1005 | 1906 | 1907
_111,072] 102,508 | 06,383 Energy Sales —— GWh 95,074 97.575 100,441 104,501 107,220 110,154
1990|2134 354.0 | Average Taritt - — Z1kWh 542.1 542.1 7170 8245 9482 1090.4
2215| 21880 34,119 Total Energy Sales Revenue 51,540 52,895 62,618 74,920 87.277 80,065
18 332 676 | Other Revenues (Nef) _ 773 703 230 1,124 1,509 1,345
2231 22212] 34708 Total Sales/Revenues 52,313 53,689 63,556 76,043 83,508 91,010
Energy Coss
130 Own Therma
248 | Own Hydio o o
50| Auto producer 58 58 58 58 56 58
7| Smal Hydo 1 . .
1530 15122 23715/ PSE 35,089 | 36,341 41,653 46,724 00,356 67,808
1,630 ] 18,014] 24,148 Total Energy Coste 368,047 36,390 41,712 46,783 00,414 67,058
B Transmission and Customes Service ) o
25 2181 317 Materiai N
_ 1311 1422]  1,503| Repain
~ 243 12731  2,000| Salaries and Payroll Taxes )
] el 1,192 3.418| Amortization
15 688;  209| Adminis¥ation Overhhead - h T
, Other Costs 1
581| 4783 7,717 Total Flxed Operating Costs
.| . {Less: High Voltage Network Costs o .
4 9] Matiak ) I
44] 54| Repan - — e
26 39| Salasies and Taxes N
148 480 [ Amortization _ o T
53 87 | _Administation Overhhead T
30 50 | Other Costs I
303 714 Total High Voltage Network Cosls N ]
Net Distibution Network Costs _ ) , T
212 308 | Materiak _425f  425) 0 45| aes| T aas| T Tuzs
1376| 1539 Repais 2,123 2123 2,123 2,123 2123| 7 2123
1,249 2,051 Salaies and Taxes 1,132 1,732 1,732 A2 s a2
1,047 2,049 | Amortization 3,197 5,005 6,950 9,080 _ 11428 4017
635 212 [ Adminis¥ation Overhhead 1,301 1,301 1300 3el  Tiae| T T Cqaen
(30) _(56)] Other Costs o S {78) __ {19 (4 DR 1) SR (/- I
4,490 7,002 Total Diskibution Costs @ 1002 8,790 10,500 12,852 14,680 17,022 19,810
Plus: Inflation 0 ) of __ ___ef_ e o
Total Diswibution Costs 8,790 10,509 12,552] 14080 17,022 J: 19,6810
2111] 10,907] 31,808 . _____TOTAL COSTS 44038] ‘40008 F_ 54204 61463 77438 erer
119] 2305 2929 OPERATING INCOME 7,475 6,001 | 92021 145811 11,150 3 444
21 47 1975 — OTHER INCOME 1,581 1,507 1,830 2,052 2050 2001
2 s 260 | InterestExpense | L] U] AT V1 210 2 23
139] 2.647( 404a] —— T INCOMEBEFORETAX| 8901 8277 ~ 10,057 18811 13780 6401
9 1.716 2,874 | Less: Income & Corporate Tax e 6108 4034 . 5578 80551 ~~ eosse 3,840
100 931 taze| T NET INCOME 2795| = 4243] 5381 8556 6804 2,756

Billions Zioty at Base Year Prices RC G/HAGL It Y, inc
?: . . File Nama g \polyeporfaxti 12wkl
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Exhibit 11 -15

CASE 3
OPERATING AND FINANCIAL RATIOS — GENERATION COMPANIES
PRO-FORMA | AGTUAL [ ACTUAL [ POLISH GENERATING COMPANIES ESTIMATE FORECAST -
1980 1900 1991 | Year End -~ December 31 1992 1903 | 1004 1905 | 1908 | 1997
) BALES o
) , , Energy Sales(Gwh) ~Annual Growth —% —09%]  -07%|  3s%[  28% 3.1% 22%
- 1200.5% | 445.7% | Sales Revenue(Zl) —~Annual Growth -% 42%| -o1%| sex| T 128% 36 4% 132%
o . : 206.239 | Average Twiff — — Zlotys/kWh 299.0957 300.000 307.000 | 337.000 448.000 484.000
3 OPERATING RATIOS :
L 115.929 | Variable Cost / kWh 164.080|  290.460 200815 201001 202,358 202.002
o 195761 | Total Operating Cost/ kWh 243575 375705 381.800 394.706 408.252 421266
- 196.428 | Total Cost/ kwh (excl. ROE) 237831 "375795| 381809 304706 406 252 421286
o 30,027 | Fixed Cost/ Mw/m 34,434 31684 20395 _21.702) 20608 20,445
o 39,004 | Fixed Cost plus Dep'n/ Mw/m 4042 45075 49.287 57.608 89717 - 79,824
R 40,328 | Fixed Cost plus Dep'n 8 int /Mw/m _ ..38,042 45075 - 40287 sree8| eo.r17| 79,824
o 18.6% 7.0% | Operating Income 1o Sates - % _215% -215% ~20 9% -143% 10 6% 16.1%
N Opwrating Incoms 10 Gioss Assets ) ) - e o
- in Sefvice (Average) — %: _ N -
o , 14.9% —historical o i B
3.8% 4.0% —revalued ~ S e% ~70% -48% 2% 2% 31%
o 72% 7.7% | Operating income/ Net Assets - % 243% ~152% ] -0e% -54%|  43%| 80%
BALANCE SHEET RATIOS - o - S
o 1.8|CurentRao . -25 07 03 0 2 03 03
- i 0.5 | Cash at Bank to Salee - months 03 03 03 03 03 03
] 24 | Accts Receivable to Sales - days e 19| 10 20 20 20
,,,,,, Debt 1o Equity Ratio - % o _ I D B
- — historical o . . o S
o 7.3% ~tevalued . 82% 165% 26%| 34| MI%|  3a2x
Billions Zloty at Base Year Prices RC G/HAGLER, BAILLY, Inc.
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Exhibit 11-16

CASE 3
OPERATING AND FINANCIAL RATIOS - PSE
PRO-FORMA | AGTUAL| ACTUAL | PBE ESTIMATE FORECAST ]
1000 1900 1901 | Yoar End — — December 31 1902 1903 | 1904 | 1905 | 1900 | 1907
SALES
-2.2% | Energy Sales(Gwh) - Annual Growth - % -2.6% 1.8% 22% 32% 27% 2.8%
Sales Rewenue(Z1) - Annual Growth ~% 50.3% 1.9% 14.6% 12.2% 20.2% 12.7%
218.2 | Average Tt — — ZiotysAWh 3sa.7 3370 3780| 410 5170 567.0
__7 218.2 | Average Energy Taritt — — ZiotyshkWh 67| 3370 378.0 4110 517.0 567.0
o Average Capacity: Tasift’ 000 Zlotys/ MW/mo o
INCOME RATIOS:
Operating income/ Net Assets — %
145.7% | BEFORE Tramsfer of Assets Costs 2000%| - ~ . )
—7.2% | AFTER Transter of Assets/Costs 20.0% 6.6% 6.4% 6.0% 8.1% _5.9%
) Operating income afier Dep'r/ Sales — % . -
1.1% | BEFORE Transter of Assen Costs 2.80% _ -
—0.1% | AFTER Tramsfer of Assets/Costs 1.7% 1.8% 2.2% 25% 2.6% 2.8%
- Net Incoms/ Total Equity — % - B A i
21.7% | BEFORE Transter of Asses Costs 7.1% ~ - -
-23.6% | AFTER Tramter of Assata/Costs 8.2% 3.1% 17%] 1.2% 16%] 1%
CASH FLOW RATIOS: T
Debt Sesvice Ratio . L } _
8.10 | BEFORE Transfes of Asseis Costs 10.73 10.98 EEXEI 2.28 200 276
8el-Financing Ratio ] i} _ B
64.4% | BEFORE Trans fet of AsseaCasta e80%|  284% 11.8% 9.5% 188%]  ero%
BALANCE SHEET RATIOS:
1.78 | Cuvent Ratio 1.86 212 102 3.48 360 432
0.01 | Cash at Bank 1o Sales — months 0.01 0.10 0.50 0.67 oes| 0.07
0.93 | Accts Receivable 1o Sales — months 092  ow2 092| 092 0.92 0.02
Debt 1o Equity Ratio — % - B o o
28.0% | BEFORE Transfer of Assets Costs nw2%| | N
AFTER Trarsfer of Assets/Costs 105%|  248%|  348%| BO%|  3a2x
Billlons Zoty at Base Year Prices RC G/HAGLER, BAILLY, Inc.

File Name g'\polyeporfiexhibit\e11_15 vk
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Exhibit 11-17
CASE 3
OPERATING AND FINANCIAL RATIOS — DISTRIBUTION COMPANIES

PRO-FORMA | ACTUAL | AGTUAL | POLISH DISTRIBUTION COMPANIES EBTIMATE  FORECAST o
1989 1900 1961 | Year End — — Decembaer 31 1902 1903 ] 1904 iees] 1906 | 1997
o BALES RATIOS . o
19042]  213.444]  353.004 | Average Sales Tasift — - 2/ Kwh __542100[ " s42.100[  e2aars] 718827  814.000 814.000
7777 13s2s8|  221.677 | Average Puchase Cost —— 2/ Kwh 339.071 336.205 377.161| __ 410071 515.734 564.605
— - _.Z1I% =8.0% | Annual Sales Growth (Kwh) - - % LoTlA%) 26%) 0 29%]  40% 26% 27%
o 887.8% 55.9% | Annual Sales Growth (Z) —— % 511%]  268%|  18.4%|  196% 165% 27%
OPERATING RATIOS

- —83%|___11.6% | Diswibution Losses — % 10e%] 9% 0.2% 8.4% 8.5% _8.5%
L ! 63.4% 62.8% | Energy Purchase/ Sales —— % .. B28%|  620%| @ 605%| 51.2% 83.4% 69.4%
54%| __104%|  0.4% | Operating income/ Sales -~ % BT E) 125% | _ 146% 192% 126% 8%
__ | T 3ax]|  3.0%|Operating income/ Net Assebs - - % C_200%|  150% [ 151% 18 0% 10 8% 28%
I 29% 3.4% | Ne! Income after Tax/ Equity —— % oo 15%) 72%) 6 6% 80%)  S2%|  __ 18%

T FINANCIAL RATIOS - . o o
S 13 0.8{Curent Ratio } 40 611 88 743 8641 60 2
o _ 7.2%|  22.6% | Towal Deby Equity — - % » 11.1% 25%|  18% 4% x| 10%
] Selt-Financing Ratio -~ % o l626% | _ 1133% 1245%|  1140%| _ 1030%

Bilions Zioty at Base Year Prices RC G/HAGLER, BAILLY, Inc.

i Name g \polyeporfiexhibife t1_15.wk )
30 Jun 83
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CHAPTER 12: TARIFF DESIGN

This chapter develops our recommendations for tariff restructuring. Section 12.1 presents a
review and evaluation of existing tariffs in light of information on the long-run marginal cost
(LRMC) structure and financial revenue requirements as determined in Chapters 7 through 9,

respectively.

The tariff restructuring begins with a determination of individual tariff class revenue _
responsibilities in Section 12.2. This is followed by a presentation of the tariff structures for
bulk electricity sales by PPGC to the distribution companies. Section 12.3 presents the
uniform bulk sales tariff and Section 12.4 outlines illustrative bulk sales tariffs for tariffs
differentiated for individual distribution companies. Section 12.5 presents "final sales” (retail)
tariffs that recover class-specific revenue responsibility. Section 12.6 discusses optional tariffs
recommended to PPGC and the distribution companies. Finally, Section 12.7 outlines other .
tariff clauses/provisions.

Throughout this chapter, we compare "current” tariff yields (i.e., based on price list No. 7-
Z/92) with financial and economic costs of supply expressed in mid-1992 prices. To facilitate
this comparison, the current yields are also restated at the levels of mid-1992.

12.1 REVIEW OF EXISTING TARIFF STRUCTURE AND LEVELS

All of PPGC’s domestic bulk sales are to 33 independent distribution companies (DCs), which
in turn resell electricity to final consumers. Tariffs to each company are adjusted to permit
uniform national tariffs to these end-users. PPGC'’s average yield on bulk sales was 334.6
ZI/kWh in October 1992, and is estimated to be 381.4 ZI/kWh as of February 1993 (339.8
ZV/kWh at mid-1992 prices).

Exhibit 12-1 summarizes the retail tariff structure that came into effect on January 1, 1993
(No. 7-2/92). The tariffs are based strictly on consumer service voltage, with time-of-day
rate options offered for each class. Based on billed sales data for the first half of 1992, tariff
"A" (High Voltage, 60 to 220 kV) represents approximately 31 percent of total sales. Tariff
"B" (Medium Voltage, 1 to 60 kV) customers account for about 26 percent of total sales. All
of these customers pay both demand and energy charges.

Tariff "C" (Low Voltage, below | kV) is divided into two classes. The first is customers with
maximum demand above 40 kW or consumption over 80 MWh/year (tariff "C2"), which
account for about 3 percent of total sales. The second is non-residential customers consuming

RCG Hagler, Bailly, Inc.



EXHIBIT 12-1
MAPPING OF CURRENT (No. 7 — 2/92) AND PREVIOUS (No. 7 - Z/91) TARIFF CLASSES

‘ CURRENT RETAIL TARIFF (No. 7-2/92) PREVIOUS RETAIL TARIFF (No. 7-2/92) l‘

egquivalent to - >

| Tarit Customer Segment %, of Sales 1/ Tarift Customer Seament % of Sajes 1/’
]
jA21 HV - All non—residentai 0.1% A9 (3%) HV Rail Transporn 0.1%
| (demand, fiat energy) ,
| .
'A22 HV — All non—residential 1% A2 HV Industry 1%
i (demand, energy — 2 TOD) .
|A23  HV - All non—residential 20% A3 HV Industry 20%
' (demand, energy — 3 TOD)
| :
IB21 MV - All non~residentia! 9% Al MV industry 3%!
I (demand, fiat energy) A9 (97%) MV Rail Transport 5% !
i E11 MV Commercial 1%
i F11 MV Large Farms 0.5% |
) i
1822 MV — All non-residential 10% A21 MV industry 9%
f (demand, energy - 2 TOD) E21 MV Commercial 0.3%!
i F21 MV Large Farms 0.2%
’823 MV - All non-residential 7% A31 MV industry 7%
| {demand, energy — 3 TOD) \
|
‘C21 LV - All non-residental 2% B1 LV Industry
{demand, fiat energy) _
! t
C22ab LV - All non—residental 1% B2 LV industry 1%
(demand, energy — 2 TOD) |
Ci1 LV - All non—residenual 10% D Street Lights 2% |
{fiat energy oniy) E1 LV Commercial 9%
iCt2a.b LV - All non—residental 1% E2 LV Commercial 1%i
(energy only — 2 TOD) '
G11 LV — Residential/Small Farm 23% Fi Small Farms 5% |
{flat energy only) G1 Resxdental 18% |
i
G12 LV ~ Residential/Small Farm 6% F2 Smail Farms 3% |
(energy only = 2 TOD) G2 Residential 3% |

1/ Based on sales data for the first half of 1992.

<



TARIFF DESIGN 12.3

less than 40 kW or 80 MWh/year (tariff "C1"), which comprise approximately 11 percent of
total sales. Only the former group is assessed a demand charge.

Residential and small farm customers (tariff "G") account for the remaining 29 percent of
system retail sales. :

Although the current tariff classes do not follow traditional customer classifications (industrial,
commercial, residential, street lights, etc.), we know the composition of the current classes
from the tariff structure that was in effect throughout 1992 (No. 7-Z/91). For comparison,
these tariff groups are also shown in Exhibit 12-1. The current HV sales (tariff "A") are
almost exclusively to industry, with a very small rail transport component. The MV sales
(tariff "B") are also dominated by industry (19 percent of total sales), with lesser shares
attributable to rail transport (5 percent), commerce (1 percent) and large farms (1 percent).
LV sales above 40 kW (or 80 MWh/year) all also all industrial, accounting for 3 percent of
final sales. LV sales below 40 kW are commercial (10 percent) and street lights (about 2
percent). Finally, LV residential sales (tariff "G") are predominantly to households (21
percent of total sales), with a significant small farrn component (8 percent of total sales).

The data reveal the dominance of industry in the Polish economy. Approximately 52 percent
of total final sales go to the industrial sector. Surprisingly, only 17 percent of all final sales
are consumed by rail transport, commerce, and large agricultural consumers combined.

Exhibits 12-2 and 12-3 present the essential features of the retail electricity tariffs in effect
today (No. 7-Z/92) and during the last quarter of 1992 (No. 7-Z/91).

12.1.1 Overall Assessment of Tariff Levels

From a resource allocation and purely economic efficiency point of view, tariffs should be set
at parity to the economic cost of supply. In practice, other considerations must also be
balanced. This means that any restructuring of tariffs should strive to bring tariffs at each
voltage level in closer alignment with the true cost of supply. Therefore, as a starting point, it
is useful to examine the efficiency implications of existing tariff levels vis-a-vis the marginal
cost, as defined earlier in Chapter 7 and reproduced here in Exhibit 12-4.

At the PPGC level, the data highlight the fact that the estimated current yield (i.e., as of the ~
February 1993 taniff increase) is 381.4 ZI/kWh (339.8 ZI/kWh at mid-1992 prnices). By
comparison, the economic cost of supply is 708.5 ZI/kWh (mid-1992 prices) and the 1994
financial revenue requirement (also at mid-1992 prices) has been estimated in Chapter 8 to be

RCG/Ragler, Bailly, Inc.



EXHIBIT 12-2
Retail Tarifts EHective 10/1/1992 (No. 7 — Z/91)

Tarift

Class

Att
A2
A21
A3
A31

A9
81
B2
D

E1

E2
E1t
E21

Fi1
F21

Fi1, Gt
F2, G2

Service

_{Voltage

MV

HV/MV
HV/MV
HV/MV
HV/MV

HV/MV
HV/MV

Lv
Lv

Lv
Lv

Lv
Lv
LV
HV/MV
HV/MV

Lv
Lv

LV
Lv

_ Segments

Customer

Industry
Industry
industry
industry
Industry

Transport
Transport

Industry
Induslry

Street Lights
Street Lights

Commercial
Commercial
Commercial
Commercial
Commercial

Farms
Farms

Temporary

Residential/Sm Farms
Residential/Sm Farms

" DEMAND CHARGE
(ZI/KW/Month)
Contract Measured
15.970 30.030
15.810 28.470
15.970 30.030
15810  28.470
15.970 30.030
15970  30.030
15.970 -
17.390 39.530
17.390 39.530
17.390 39.530
17.390 39.530
13279  27.100
13279  27.100

" ENERGY CHARGE
(ZVKWh)

Peak OH-Peak

Excess{__ __ Flal
169.700 440
158.100 -
159.700 -
158.100 -
1569.700 -
159.700 240
159.700 330
173.900 470
173.900 -

-~ 1180
- 830
- 830
- 770
173.900 400
173.900 -
132.800 400
132.800 ~
- 1130
- 700

670
620
490
490

940

650

230
210

_Day

300
270

__Night

170
150

=%



EXHIBIT 12-3

Retail Taritfs Effective 1/1993 (No. 7 — 2/92)

" DEMAND CHARGE -~ ENERGY CHARGE o

Tariff Service Customer (ZI/KWMonth) (Z/KWh)

Class__ Voltage  Segmenls Contract Measured Excess Flat Peak Off-Peak Day Night
A21 HV All Non-Residential 10.000  29.000  50.000 410 - - - -
A22 HV All Non—Residential 10.000 29.000 50.000 - 655 350 - -
A23 HvV All Non-Residential 10.000 29.000 50.000 - 655 - 355 180
B11 MV All Non-Residential - - - 650 - - - -
B21 MV All Non-Residential 11.000 30.000 55.000 415 - - - -
B22 MV All Non - Residential 11.000 30.000 55.000 - 705 350 - -
B23 MV All Non - Residential 11.000 30.000 §5.000 ~ 705 - 385 200
C21 LV>40kW Al Non-Residential 12.100 40.000 60.500 640 - - - -
C22a LV>40kW All Non—Residential 12.100 40.000 60.500 - 960 520 - -
C22b LV>40kW All Non-Residential 12.100 40.000 60.500 - - ~ 650 360
Cc1 LV<40kW All Non-Raesidential - - - 930 - - - -
C12a LV<40kW All Non-HResidential - - - - 1150 530 - -
Ci2b LV<40kW All Non-Residentiai - - -~ - - - 1040 400
R Temporary Service - - - 1230 - - - -
G111 LV Residential/Sm Farms - - - 785 - - - -
Gi12 Lv Rasidential/Sm Farms - - - - - - 925 340



EXHIBIT 12-4
STRICT LONG RUN MARGINAL COST BASED TARIFF BY TARIFF CLASS - BULK

TOTAL MARGINAL COSTMONTH DEMAND H1/1992 CURRENT
SERVICE CONCI - LOAD ENERGY SHARES CAPACITY ENERGY TOTAL CHARGE SALES YIELD

TARIFF CLASS VOLTAGE DENCE  FACTOR PEAK MID - PEAK tysZI/KW  tysZi/KWh tysZi/KWh SHARE ~ GWh tysZi/KWh

DISTRIBUTION COS. HV 1.00 0.65 020 0.28 121.10 0.4533 0.7085 36% 50434 0.3398

BULK SYSTEM AVERAGE 020 028 121.10 0.4533 0.7085 50434 0.3398
Equivalent tysZi/KWh 0.2552 0.4533 0.7085
% of System Average 36% 64% 100%

STRICT LONG RUN MARGINAL COST BASED TARIFF BY TARIFF CLASS - RETAIL
TOTAL MARGINAL COSTMONTH  DEMAND H1/1992 CURRENT
SERVICE CONCI- LOAD ENERGY SHARES CAPACITY ENERGY TOTAL CHARGE SALES YIELD

TARIFF CLASS VOLTAGE DENCE FACTOR PEAK MID - PEAK tysZI/KW  tysZi/KWh tysZI/KWh SHARE GWh tysZI/KWh

INDUSTRIAL HV 081 060 016 027 98.09 0.4354 0.6594 34% 14020 0.3874

MV 063 0 42 (/R 1:] 0.31 117.62 0.4652 0.8488 45% ‘8684 0.4995

Lv 054 031 018 031 154.27 0.5203 1.2020 57% 1334 0.7828

TRACTION HV 093 0.48 019 0.30 112.62 0.4534 0.7748 41% 67 0.4606

MV 093 048 019 030 173.63 0.4671 0.9627 51% 2178 0.4715

COMMERCIAL MV 063 0.49 020 032 117.62 0.4755 0.8044 41% 641 0.4934

Lv 055 030 020 032 157.13 0.5323 1.2498 57% 4464 0.7745

AGRICULTURAL MV 054 0.38 020 0.32 100.82 0.4755 0.8390 43% 320 0.5287

RETAIL Lv 049 0.25 027 0.25 139.99 0.5479 1.3150 58% 13616 06310

ST. LIGHTING Lv 1.00 0.50 021 0.04 285.69 0.4659 1.2486 63% 742 0.7884

DISTRIBUTION COMPANY AVERAGE 0.20 0.28 128.31 0.4888 0.9879 46336 0.5421
Equivalent tysZI/KWh 0.4991 0.4888 0.9879
% of System Average 51% 49% 100%
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367.0 Z/kWh. At the retail (final sales) level, the estimated current yield (as January 1993) is
621.9 ZUkWh (542.1 ZI/kWh at mid-1992 prices), the strict economic cost of supply is 987.9
ZI/kWh, and the financial revenue requirement in 1994 (mid-1992 prices) has been estimated
to be 623.4 ZUkWh. These data reveal a financial subsidy for all final sales on the order of ZI
7.5x10" per year, or equivalently, about US $0.6 billion per year at an exchange rate of
13,400 ZI/USS.

The economic subsidy - measured as the difference between current yield and LRMC -- for
all final sales is on the order of ZI 4.1x10" per year, or equivalently, about US $3.0 billion
per year. The incidence of these subsidies is widespread, with the most extreme case of
distortions to be found among low-voltage customers, in particular tariff class "G" (including
residential and small farm users).

Generally speaking, it is not prudent economic policy or financial policy to price electricity ---
or for that matter, any other good or service -- such that a very high percentage of customers
and sales are subsidized substantially. Any subsidies received by one customer segment must
be made up by charging more than otherwise necessary to another customer segment. This
distorts the price signals to all customers. Those who are being subsidized will not make
efficient consumption decisions because the price they pay is lower than the cost to the nation
for providing the service. Additionally, efficiency losses occur because others must pay more.
This distorts their consumption levels and patterns as well, and creates the potential for
significant distortionary impacts economy-wide due to resource and capital mis-allocation.

12.1.2 Tariff "G" - Residential

The residential tariff includes domestic sales (formerly, tariffs "G1" and "G2") and small
farms (formerly served under tariffs "F1" and "F2"). Larger farms (formerly, tariffs "F11"
and "F21") are served under a separate low-voltage tariff discussed later. Tariff "G" also
includes group accommodation facilities, such as dormitories, schools, etc.

The residential tariff structure is a flat energy charge for all kWh (tariff "G11"). Asan
option, a day/night time-of day (TOD) tariff (*G12") is available. The estimated average
yield (as of January 1993) is 744.4 Z/kWh (631.0 ZI/kWh at mid-1992 prices), as compared
to an economic cost of supply of 1,315.0 ZI/kWh and a revenue-neutral LRMC of 828.9

ZUKWh. At current sales levels, these numbers imply a financial subsidy of about Z1 S trillion

per year and an economic subsidy of about Z| 18 trillion per year. The tariff represents about
75 percent of the financial cost of supply and about 50 percent of the economic cost.

‘ RCG/Hagler, Bailly, Inc.
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The TOD tariff option divides the day into high price hours (14 hours/day, to be specified by
each distribution company) and low price hours (the remaining 10 hours/day, including two .
mid-day valley hours). The tariffs for these two rating periods are 925 and 340 Z1/kWh,

respectively.

Siﬁgle—b’lock residential tariff structures as employed in Poland are truly laudatory. Far more
common in other countries are increasing block tariffs designed to facilitate cross-subsidies
between and among different customer groups. We have specifically not considered such .
options in the present study because of PPGC’s (and the Polish Government’s) stated objective
to avoid any subsidies in the provision of electricity service.

Chapter 11 argues that electricity costs do not impose (on average) a disproportionate burden
on the consuming public. Nevertheless, the concern has been expressed that electricity costs
represent a higher share of low-income household budgets. One option for dealing with this -
concern is to design a multi-block tariff which, in effect, provides a cross-subsidy from rich to
poorer residential consumers. While this option is not being recommended at this time, it is
discussed briefly in the following analysis of residential bill frequency.

12.1.3 Bill Frequency Analysis of the Residential Tariff

The bill frequency analysis (BFA) utilizes historical customer billing records to develop two ’
summary characteristics.! The BFA provides estimates of the distribution of bills by

consumption level, e.g., the fraction of all bills rendered that had a billed consumption level of

50 kWh or less per month. The BFA also estimates the distribution of sales, e.g., the fraction

of al] sales accounted for up to the 50 kWh per month consumption block. This analysis

provides useful insights for tariff block sizing and in simulating future revenues from new

tariff structures.

The BFA uses a concept called the "consohdated factor.” This factor distinguishes between
the two components of sales at any parucuiar interval, and is estimated as the sum of all
kilowatt-hours in bills rendered from zero consumpuon up to that interval but only up to that
interval. Consider, for example. the sales in kilowatt-hours at 100 kWh per month. A portion
of the sales at 100 kWh is made up of the sum of all kilowatt-hours in bills rendered under that

! We have pot prepared a separate BFA for this study. Rather, we have relied on a study regularly

prepared by the Polish Energy Information Center.

RCG/Hagler, Bailly, Inc. .
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amount. The second portion of the consolidated factor is 100 kWh in every bill rendered in
excess of the 100 kWh.

The profiles of bills rendered and sales of electrical energy to all residential customers are
shown in Exhibit 12-5. The data aggregate sales and bills for tariff 7-Z/91 classifications
"Gl," "G2,"” "F1," and "F2."

Exhibit 12-§
Residential Bill Frequency: Tariff Classes G1, G2, F1, F2

l Sales Cumulative Cumulative H

Interval Percent of Percent of
(kWh/month) Bills Sales (kWh)

0 0.00% 0.00%

83 36.18% 10.77%

167 69.90% 34.49%

250 83.46% 50.08%

333 89.25% 59.57%

417 92.60% 66.63%

667 97.12% 79.80%

833 08.28% 84.61%

1,667 99.69% 93.19%

2,500 99.88% 95.21%

4,167 99.95% 96.58%

8,333 99.99% 97.57%

83,333 100.00% 100.00%

Note: Zero bills not esttmated.

RCG/Hagler, Bailly, Inc.
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The median points of bills rendered to customers (the point at which 50 percent of the bills are
rendered over and 50 under) is approximately 115 kWh per month. The median point of sales
in kilowatt-hours per month is about 250 kWh per month. The significance of the chart can be
further understood by reviewing the characteristics of sales to residential customers at several
intervals.

The billing data indicate that there are about 10,000 bills rendered over 2,500 kWh per month.
This is 2 high number, even after considering that group accommeodation facilities are included
within this tariff. We suggest that an exception report should be prepared identifying these
very large accounts to ensure that they are not misclassified commercial accounts.

Under the present tariff structure, the price of electricity in the residential tariff is much lower
than in tariff "C1" (LV < 40 kW). Thus, it is more advantageous for low-voltage
commercial customers to be classified as residential. While we do not know the extent (if
any) of such misclassification, it is a common problem in other countries. Ultimately, any
incentive for strategic misclassification on the part of a large customer can be eliminated by
making the price for non-residential customers less than or equal to that of the residential
customers. The economic cost structure supports this realignment of tariff levels.

As noted above, it would be possible to "soften” the shock of required residential tariff
increases by developing a three-block tariff. The first, subsidized block, would include only
electricity consumption associated with basic needs. To illustrate, this block might be set at
83 kWh/month (1,000 kWh/year). The BFA indicates that approximately 36 percent of all
bills are rendered at or below this level, and that approximately 11 percent of all sales are
billed at this level (including customers that consume more than 83 kWh/month). A second
block, 1ncluding the largest share of sales and bills, would be billed at the revenue-neutral
LRMC. Finally, a tail block of high-consumption customers (e.g., over 667 kWh/month, or
8,000 kWh/year, representing only about 1.6 percent of all bills, but nearly 15 percent of all
sales) would be charged strict LRMC, cross-subsidizing the low-income consumers. Of

- course, the structuring of such an option would require more detailed revenue analysis, but in
our opinion, the option is far better than a more broadly based residential subsidy.

The argument for this tariff structure is, of course, that high subsidy levels place an unfair
burden on other consuming sectors of the economy. Electricity is an expensive good in that it
requires substantial commitments of the nation’s productive resources. Thus, subsidies, if
necessary, should be confined solely to the poorest of the poor.

The disadvantage of a three-block tariff is that, once established, utilities in other countries
have found it very hard to eliminate. Thus, we would only consider this option if the burden

RCGHagler, Bailly, Tnc. .
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imposed by an "unblocked" structure is considered "unfair” or politically unacceptable. Based
on the analysis in Chapter 11, we do not recommend a blocked residential tariff.

The policy of providing free electricity to employees at all levels of the power system (the so-
called "Energy Worker’s" tariff) is inconsistent with the goal of economic efficiency pricing.
This practice should be eliminated. The subsidy is significant in financial as well as economic
terms; the average current yield (based on today’s tariffs (7-Z/92) applied to sales data for the
first half of 1992) for the residential class is 744.4 ZI/kWh without the subsidy and 723.2
ZI/kWh when the energy workers’ consumption is included, nearly a 3 percent decrease.

Of course, the subsidy cannot simply be eliminated, since "free” electricity is a component of
current income for these workers. Rather, a special wage/salary increase should be provided
to every worker based on an equitable estimate of the "market value” of this subsidy. Then,
the subsidy should be eliminated. Workers will then have the option of continuing to consume
energy at their present rate (i.e., no change in current electricity consumption or net income),
or they may choose to reduce consumption and apply the increased income to other needs.

12.1.4 Tariff "A" - High Voltage

This new class includes all high-voltage customers, formerly served under HV industrial
classes "A2" and "A3." It also includes a very small portion of traction consumption (3
percent of former class "A9"). The class accounts for approximately 30 percent of total sales.
The structure of current tariffs parallels that of classes "B" and "C2" discussed above (see
Exhibit 12-1).

The current yield (January 1993) from this tariff is estimated to be 457.4 ZVkWh, (387.7
ZI/kWh at mid-1992 prices) as compared to the economic cost of 659.9 ZI/kWh and a
revenue-neutral LRMC of 416.4 ZI/kWh.

Customers pay both a demand charge and energy charge. The basic demand charge has three
components -- a contract charge, a measured demand charge, and a penalty of five times the
contract rate if measured demand exceeds the contracted demand level. Effective January
1993, the demand charges are 10,000 ZI/kW/month for contract demand and 29,000
ZI/kW/month for measured demand. The basic tariff offers a flat energy charge, currently
640 ZUkWh. As with other non-residential tariff classes, two optional and three time-of-day
energy structures are offered (peak/off-peak, and peak/off-peak(day)/off-peak(night). These
tariffs are summarized in Exhibit 12-3.

RCG/Hagler, Bailly, Inc.
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12.1.5 Tariff "B" - Medium Voltage

This new class includes all medium-voltage customers, formerly served under separate MV
classes for industry ("Al11," "A21," "A31"), traction (97 percent of "A9"), commercial
("El1," "E21," "F11," "F21"). The class accounts for approximately 26 percent of total
sales. ‘

In terms of structure, tariff "B rates largely parallel the class "A" tariffs described above.

They incorporate slightly higher demand charges and energy charges. Optional TOD rates are |

offered. The actual tariffs are summarized in Exhibit 12-1. The current yield (January 1993)
from this tariff is estimated to be 583.8 ZI/’kWh (494.9 ZI/kWh at mid-1992 prices), as
compared to the economic cost of 866.8 ZI/kWh and a revenue-neutral LRMC of 547.0
ZI/kWh.

12.1.6 Tariff "C2" - Low Voltage > 40 kW

This class includes all non-residential low-voltage customers with maximum demand greater
than 40 kW and annual consumption above 80 MWh. This new tariff class is composed
predominantly of smaller-sized industrial customers formerly served under tariffs "B1" and
"B2."

In terms of structure, tariff "C2" rates parallel the class "A*" tariffs described above, albeit at
higher rate levels. The basic demand charge (effective January 1993) is 12,100 ZI/kW/month
for contract demand and 30,000 ZI/kW/month for measured demand. The basic tariff offers a
flat energy charge, currently 640 ZU/kWh. As with tariff "C1," two optional TOD structures
are also available for the energy charge (see Exhibit 12-1).

The current yield (January 1993) from this tariff is estimated to be 923.5 ZI/kWh (782.8
ZI/kWh at mid-1992 prices), as compared to the economic cost of 1,202.0 ZI/kWh and a
revenue-neutral LRMC of 758.5 ZI/kWh. At current sales levels, these numbers imply no
financial subsidy, but they suggest an economic subsidy on the ordr of ZI 1,100 billion per
year.

The economic and financial costs of supply are high due to a very low observed load factor
among these smaller industries. For example, the load factor for October 1992 was 0.30, and
for all of 1991 it was only 0.29. For a customer on this rate with 2 monthly load factor of
0.30, the demand charge currently represents about 30 percent of his average monthly bill.
By contrast, the economic cost structure indicates that this share should be over 60 percent.

RCG/Hagler, Bailly, Inc.
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It is sometimes suggested that preferential treatment to industrial customers may be justified in
order to stimulate industrial growth. Government interventions of this nature -- even though
they may be well intentioned and welcome as far as the beneficiaries are concerned --
ultimately distort the tariff for all customers and lead, on net, to more efficiency losses than
can be offset by any gains to the recipients of the subsidy.

12.1.7 Tariff "C1" - Low Voltage < 40 kW

This class includes all non-residential low-voltage customers with maximum demand of less
than 40 kW and annual consumption below 80 MWh. As noted in Exhibit 12-1, this new
tariff class is composed predominantly of small to medium-sized commercial customers
formerly served under tariffs "E1" and "E2." It also includes street lighting (formerly tariff
"D,

The basic tariff is a flat energy charge, currently 930 ZI/kWh. Two optional structures are
also available, charging either different peak/off-peak or day/night rates.

The current yield (January 1993) from this tariff is estimated to be 913.6 Z/kWh (774.5
ZI/kWh at mid-1992 prices), as compared to the economic cost of 1,249.8 ZI/kWh and a
revenue-neutral LRMC of 788.6 Z/kWh. At current sales levels, these numbers imply only a
modest financial subsidy, but they indicate an economic subsidy of ZI 4.2 trillion per year.

12.2 REVENUE RESPONSIBILITY BY TARIFF CLASS

The financial analysis in Chapters 8 and 9 (and subsequent sensitivity analyses) specify the
average revenue requirements for PPGC, the distribution companies, and for all final system
sales. These requirements for 1994 and the corresponding implications for percentage
increases that could be required are summarized in the following table.

RCG/Hagler, Bailly, Inc.
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1994 Financial Revenue Requirement

1994 Target Yield Est. Current Yield | Incresse Required
(mid-92 ZUkWh)* (mid-92 ZU/kWh) (%) -
PPGC ' 376.0 339.8 11%
DCs 623.4 542.1 15%

b —
*  based on the most likely "constrained® financial scenario developed in Chapter 12.

The class revenue responsibility analysis as well as the subsequent tariff design described in
the remainder of this chapter are carried out in real terms (at mid-1992 prices). Although
tariffs are being designed for 1994, uncertainty regarding domestic inflation and the
Zloty:US$ exchange rate make it appropriate to conduct the analysis in constant prices.

The above data show that on a total final sales basis, the financial revenue requirement of
623.4 ZI/kWh for 1994 implies an average real tariff increase of approximately 15 percent.
The procedure employed for tariff design is to allocate this revenue requirement to each tariff
class, thereby defining the revenue responsibility for each class, and then to design specific
tariffs for each class to match the revenue responsibility.

Exhibit 12-6 summarizes revenue responsibility by tariff class -- bulk and final sales -- based .
strictly upon the relative LRMC structure. The table shows current yield, strict LRMC, and

revenue neutral LRMC, and finally, revenue responsibility for each tariff class. The "revenue
neutral” LRMC is simply the strict LRMC scaled (on a class sales-weighted basis) to exactly

collect the financial revenue requirement.

For PPGC sales, the revenue-neutral LRMC implies, for example, that the average price
(yield) from PPGC sales to all distribution companies must be increased from 339.8 ZI/kWh
(mid-1992 prices) to 376.0 Z1/kWh, an 11 percent increase. At the retail level, the revenue-
neutral LRMC implies a rea/ average price (yield) increase of 31 percent for residential
customers (from 631.0 ZI/kWh today to 829.8 ZI/kWh), and considerably smaller increases
for all other tariff classes. On a total final sales basis, the average increase required is about
15 percent.

The class revenue responsibilities in Exhibit 12-6 (the last two columns) are designed to
incorporate adjustments to the class revenue-neutral LRMCs, if necessary. Possible

RCG/Hagler, Bailly, Inc.
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EXHIBIT 12-6

REVENUE RESPONSIBILITY BY CUSTOMERITA“!FF CLASS - BULK

BILLING YEAR 1994
TOTAL GRID SALES (GWh) 109072
REVENUE REQUIREMENT
TOTAL {tysZi MILLION) 41011
AVERAGE (tysZI/KWh) 1/ 0.3760

H1/1992 CURRENT

CUSTOMER/ SALES  YIELD2/
TARIFF CLASS GWh tysZI/KWh
DISTRIBUTION COS. 50434 0.3398
TOTAL BULK 50434 0.3398

1/ Approximate revenue target for 1994,

STRICT REVENUE NEUTRAL
LAMCY  STRICT LARMC
tysZ/KWh tysZUKWh % CHNG
0.7085  0.3760 1%

0.7085 0.3760 1%

2/ Estimated average current yield after tasiff increass of Q1/1993, in mid - 1992 prices.

3/ Escalated to 1994 prices, a

0.00% increase.

REVENUE RESPONSIBILITY BY CUSTOMER/TARIFF CLASS - RETAIL

BILLING YEAR 1994
TOTAL GRID SALES (GWh) 100441
REVENUE REQUIREMENT

TOTAL (tysZ1 MILLION) 62615
AVERAGE (tysZI/KWh) 1/ 0.6234
H1/1992 CURRENT

CUSTOMER/ SALES  YIELDR/

TARIFF CLASS GWh tysZI/KWh
A HY 14157 03877
B MV 12023 0.4949
"G (>40kW) LV 1334 0.7828
"C"(<40kW) LV 4464 07745

RETAIL v 13616  0.6310

ST.LIGHTING LV 742 0.7884

TOTAL DC RETAIL 4633  0.5421

1/ Approximate revenue target for 1994,

STRICT REVENUE NEUTRAL
LARMC3/  STRICT LRMC
tysZ/KWh tysZI/KWh % CHNG

0.6599 0.4164 7%
0.8668 0.5470 11%
1.2020 0.7585 -3%
1.2498 0.7886 2%
1.3150 0.8298 3%
1.2488 0.7879 0%
0.9879 0.6234 15%

2/ Estimated average current yield after tariff increase of Q1/1993, in mid - 1992 grices.

3/ Escalated {0 1994 prices, a

0.00% increase.

REVENUE
RESPONSIBILITY
tysZi/KWh % CHNG
0.3760 1%
0.3760 1%
REVENUE
RESPONSIBIUTY
tysZI/KWh % CHNG
0.4164 7%
0.5470 1%
0.7585 -3%
0.7886 2%
06298 31%
0.7879 0%
06234 15%
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adjustments might include, for example, 1) moderating to the extent possible a burdensome
rate increase to the residential tariff, or 2) avoiding any bill increases that may be perceived as
"unfair” in an intra-class comparison (e.g., no class should receive a tariff decrease when
others are facing large increases).

In our analysis, we have concluded that the revenue-neutral LRMCs do not place an unfair
burden on any particular class, and therefore no special adjustments have been made. The
class revenue responsibilities shown in Exhibit 12-6 imply average yield adjustments ranging
from a slight decrease for large commercial customers (tariff "C2") to the 31 percent increase
for residential customers (tariff "G") noted above.

12.3 BULK/PPGC TARIFF DESIGN

This section develops the proposed tariff structures and levels for bulk sales-for-resale by
PPGC to the distribution companies.

Revenue requirement targets for this analysis were developed as described in the financial

analysis of Chapters 8 and 9, and the sensitivity analyses of Chapter 11. Economic efficiency
considerations in developing the proposed tariff revision were based on: 1) estimates of

LRMC obtained as described in Chapter 7, and 2) insights obtained from the analysis of '
existing tariffs as described in the preceding section.

At present, PPGC sells electricity to each distribution company based on a two-component
energy tariff. Distributors are charged for (i) electrical energy ordered and (ii) electrical
energy consumed. The former charge approximates a capacity charge (i.e., it is related to the
fixed costs of producers providing capacity to supply ordered energy). The payment for
ordered energy includes a penalty factor to encourage the "exactness” of the order, much like
a penalty for exceeding contracted demand. The latter charge recovers the variable cost of
energy actually consumed in the system; this charge is the same for all kWh sold to
distributors. Optional settlement procedures based on coincident demand and TOD energy
sales are also available for distributors that have the appropriate measuring equipment.

The sale price is set such that a company can recover its costs (including any permitted return)
while re-selling electricity to final customers in its service territory at fixed national tariffs.
The current (as of February 1993) average bulk tariff for all distribution company sales is
381.4 ZUkWh (339.8 ZI/kWh at mid-1992 prices), as shown in Exhibit 12-6. As of 1994,
PPGC plans to sell to all distribution companies on the basis of the two-component energy
tariff or an optional coincident demand/TOD tariff, and permit end-user tariffs to be set by

RCG/Hagier, Bailly, Inc. .
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each company subject to regulatory approval. Section 12.4 explores the implications of this
change to three different types of distribution companies.

PPGC'’s objective should be to sell every kWh on a mandatory time-of-day (TOD) tariff. This
tariff might include a separate demand charge, or the capacity costs may be incorporated into
TOD energy tariffs. Due to the large number of delivery points, it will take some time to aiter
the current structure. Nevertheless, it should be possible to proceed in a phased manner to
procure and install TOD meters at each delivery point within the next three years, i.e., by
year-end 1996.

Section 12.5 describes the philosophy behind the recommended TOD tariff design with regard
to retail tariffs; these assumptions are not repeated here. The following table presents a menu
of acceptable options for bulk tariffs, based on the marginal cost structure and scaled to the
current PPGC revenue requirement of 376 Z/kWh (see Exhibit 12-6).

Bulk-22 Winter 32.840 446 188
Summer 29.870 438 199
Bulk-21 Winter 32.840 307
Summer 29.870 313
Bulk-13 Winter - 842 498 188
Summer - 649 587 199
Bulk-12 Winter - 586 188
Summer - 569 199
Bulk-11 Winter - 376
Summer - 376

Note: Tariffs based on coincident demand.

The two-part tariff (i.e., both demand and energy charges) designs recover network capacity
costs through demand, while generation capacity costs are incorporated in the energy rates.

RCG/Ragler, Bailly, Inc.
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(The rationale for this breakdown is discussed in Section 12.5.) The pure energy tariffs, of .
course, recover all capacity costs through TOD energy.

One problem with the tariff structures proposed is that they violate a basic tenet of marginal
cost pricing, i.e., that the charge during any hour of the day should not fall below the strict
marginal cost of off-peak energy. This result follows from the very low consolidated revenue
requirement ("constrained” scenario 3) of PPGC in relation to the level of strict marginal
costs. When strict marginal costs are allocated to appropriate rating periods and then scaled to
the revenue requirement (376 ZI/kWh), off-peak energy charges fall below their desired
minimum. On the other hand, if they are maintained at the value of off-peak energy, the
differential between peak and off-peak energy diminishes significantly to prevent over-
collection of revenue. On balance, we chose to preserve the appropriate peak/off-peak
signals; the strict marginal energy cost is collected during both peak and mid-peak rating
periods.

Having noted our strong preference for coincident demand metering or TOD rates which

incorporate capacity costs, we recognize that metering constraints may delay the adoption of

the proposed tariff structures. In the interim, it is proposed to maintain the present tariff

design -- i.e., a pure energy tariff with its capacity (ordered energy) and energy components -

- but adjust the levels upwards to ensure that designated revenue responsibilities are attained.

Further, it would be unfair to impose TOD tariffs on distribution company purchases until the .
companies have the right to bill end-users on the same basis.

12.4 EFFECT OF UNIFORM BULK TARIFFS ON DISTRIBUTION COMPANIES

In order to evaluate the effect of uniform bulk sales tariffs on individual distribution
companies and, in general terms, on retail tariffs, we studied three very different distribution
companies. ZE Glivice serves a heavily industrialized area, with approximately two-thirds of
final sales at high or medium voltage. ZE Warszawa covers a more balanced territory, with a
mix of customer groups. Finally, ZE Bialystok serves a relatively rural area, with nearly half
of all the company's customers in the residential tariff class (including small farms). These
three companies currently account for about 13 percent, S percent, and 2.5 percent of all
distribution company final sales, respectively. Relative sales by tariff class are shown in the
following table:

RCG/Hagier, Bailly, Inc.
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M
Percent of Sales by Tariff Class *
Tariff Class |\ ) Distributors | ZE Glivice | ZE Warszawa | ZE Bialystok
. mAn 31%. 58% 19% 1%
r "B" 26% 19% 20% 20%
"C2" > 40 kW 3% 2% 4% 4%
"Cl" < 40 kW 10% 5% 16% 14%
Street Lights 29 1% A 3%
"G" 29% 15% 2% 49%
TOTAL 100% 100% 100% 100%

® Based on sales data for January through May, 1992

The national long run marginal cost structure (see Chapter 5) was applied to each company
based on the above sales shares by tariff class and company-specific revenue requirements for
1994. Average strict LRMC and revenue neutral requirements vary widely among the three
companies:

Retail Strict LRMC Revenue Requirement ‘—q

(ZVkWh) (ZVkWh)
ZE Glivice 842 777
ZE Warszawa 1044 906
ZE Bialystok 1160 1245
All Distributors 088 | 785

* Based on "no increase in net borrowing"® criterion. The revenue requirements are taken from the financial analysis
of distribution companies presented in Chapter 9, i.c., the upconstrained financial analysis, which tends to magnify the
dispersion of revenue requirements across companies.

On a tariff class basis, revenue-neutral strict LRMC's are reasonably close to the consolidated
average for two of the three companies, as reported in the following summary:

RCG/Hagler, Bally, inc.
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'W ]
| Revenue-Neutral Strict LRMC by Tariff Class
- Tasiff Class All . | ZEGlivice | ZE Warszawa | ZE Bialystok
Distributors
"A" 524 ' 609 573 714
"B" . 689 795 749 918
*"C2">40k 955 1109 : 1043 1291
\%Y 993 1153 1085 1342
*"Cl1" <40k 1045 1213 1141 1412
W 992 1152 1084 1341
'G'
St. Lights 785 777 906 1245
Average

For ZE Glivice and ZE Warszawa, revenue-neutral LRMCs by class are within 10 to 15
percent of the consolidated average. The class LRMCs are much higher for ZE Bialystok, but
this result is not surprising given this rural distributor’s extremely high revenue requirement in
comparison with the consolidated system. The data suggest that the effect of a uniform bulk
tariff on final consumers will be relatively small in most cases.

Of course, these results could be revised (higher or lower) if detailed company-specific data
were considered (e.g., more accurate distribution investment program, load research detailing
class coincidence factors, load factors, and TOD energy shares. We do not believe, however
that t_hese revisions would significantly alter our conclusion.

12.4.1 Implications Final Sales Tariff-Setting

Since it is planned that distribution companies purchase electricity based on uniform bulk
tariffs by 1994, these companies may be faced with the need to develop their own end-use
tariffs to recover company-specific revenue requirements. While the electricity sector wants
to establish free and competitive markets, it also wants to encourage pricing based on

RCG/Hagler, Bailly, Inc.
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principles of economic efficiency. How will distribution companies be able to achieve both
goals, given no experience and limited staff expertise regarding marginal cost pricing?

We propose that each distributor should be given two options for end-user tariff-setting:

1) Distributors will be permitted to adopt the national structure of marginal costs by class
(defined in Section 12.5 and in Exhibits 12-4 and 12-6), appropriately adjusted by
company-specific weights (i.e., sales by class) and scaled to the company’s own
financial revenue requirements. The preliminary analysis reported above suggests that
end-user tariffs in different distribution companies would (in general) vary within an
acceptable range if this method were applied. At the same time, required revenues
would be collected based on a Poland-specific estimate of marginal cost structure.
While a clear simplification, the argument for employing this approximation of class
tariffs is that 1t is fast, low cost, and based (at the national level) or an accepted
methodology.

2) If, however, the results of the foregoing calculation are not acceptable to a distributor,
or the results derived differ from national average class tariffs by more than +20
percent, the company should be required to prepare (or have prepared) its own
marginal cost analysis as a basis for setting tariffs. Given the probable lack of
expertise within the company, one option would be to train one or two Polish
consulting teams (e.g., at Energoproject and/or the Institute of Power Engineering) to
conduct these studies based on a standardized methodology. This approach would help
to assure consistency of results among studies for different distributors.

12.5 FINAL SALES TARIFF DESIGN

This section discusses the proposed restructuring of tariffs for all sales made by distribution
companies, given the individual class revenue responsibilities developed in Section 12.2. The
discussion proposes many separate time-of-day (TOD) tariff options. The general philosophy
employed in setting these rates is discussed first, followed by the specific tariff designs.

RCG/Hagler, Bailly, Inc.
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12.5.1 TOD Rate Design Philosophy ‘

Specific seasonal and weekly rating periods identified for this study are:

Summer (May - October):

peak (7pm-10pm weekdays), mid-peak (7am-1pm weekdays), off-peak (all other hours)

Winter (November - April):

peak (4pm-9pm weekdays), mid-peak (7am-1pm weekdays), off-peak (all other hours) -

Our basic approach for developing a TOD tariff is summarized in Exhibit 12-7. (For the

purposes of this exhibit and the subsequent discussion, "peak hours” refers to both the peak

and mid-peak periods of the week). This approach is appropriate for a power system such as

that in Poland, where there is a relatively broad peak period and with relatlvely small seasonal
variations in the cost structure. .

12.5.2 Basis for Peak and Off-Peak Energy Charges

The strict marginal cost of energy in the peak and off-peak periods is obviously the basis for
the energy charge. Other charges (capacity costs) may also be incorporated into the energy
price, and these costs must be adjusted to reflect the class revenue responsibility. In no case,
however, should a customer be charged less than the off-peak cost of energy, since it
represents a minimum variable cost.

In addition, the portion of the marginal cost of generation capacity allocated by LOLP to the
off-peak period must be spread across all kWh in that period.

Whether other capacity costs should be collected through a demand charge or TOD energy
charges depends on whether 1) a coincident demand charge (i.e., one that is measured only in

RCG/Hagler, Bailly, Inc.



Exhibit 12-7
Allocation of Marginal Cost Components for TOD Rate Design

e T T L

Marginal Cost Demand Peak Off-Peak
Companent Charge Energy Price Energy Price
. 2-part tariff (demand and eoergy)
Strict marginal energy cost (not to be - X X
adjusted)
Coincident demand charge (i.e., on
maximum kW in peak hours only)
a. marginal cost of geperation capacity LOLP-based allocation to peak LOLP-based
period. Recovered through
energy or demand charge.
b. marginal cost of network capacity 100% recovery through energy
- transmission (VHY, HV) cost charge or demand charge -
- distribution MV, LV) cost - X X
Simple maximum demand charge (i.c., on
maximum kW in all hours)
a. marginal cost of generation capacity
- LOLP-based LOLP-based

b. marginal cost of network capacity
- transmission (VHV, HV) cost

100% recovery, preferably
through energy charge

- distribution (MV, LV) cost

Either 100% in demand charge or recovered fully
through peak and off-peak energy charge.

Pure energy tariff (no demand charge)

Marginal energy cost

Marginal capacity costs
a. marginal cost of geaeration capacity

b. marginal cost of network capacity
- transmission (VHV, HV) cost

- distribution (MV,LV) cost

- On-peak strict Off-peak strict
marginal energy marginal energy
cost cost
- LOLP-based LOLP-based
share of share of
geaeration geaeration
capacity cost capacity cost
- 100% recovery
through energy
charge
- Recovery spread equally across all
kWh in peak and off peak periods
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the peak period), or 2) a simple maximum demand charge (i.e., one that is based on the
maximum kW in any hour of the month) is used. .

If a coincident demand charge is applied:

a) the portion of the marginal cost of generation capacity allocated to the peak hours can
be recovered through a separate demand charge or through the energy charge. Ona
system with a broad peak period, recovering these costs through the separate demand
charge may be preferable. Often, however, the use of an energy charge is understood
better than the use of a demand charge.

b) the marginal cost of network capacity associated with transmission (VHV and/or HV)
can be properly recovered through either the peak energy charge or the demand charge. It
is assumed that these costs are related to serving peak, and should not be borne by off-

peak use.

¢) it is desirable that the marginal cost of network capacity related to distribution (MV

and/or LV) should be spread equally over all kWh (both peak and off-peak). This

prevents a customer from avoiding all costs associated with the local distribution system,

by limiting his usage to only the off-peak hours. Other costs further up the system (i.e.,
transmission and generation capacity costs) avoided by limiting usage to the off-peak hours .
are freed to serve new load. However, local facilities not used during peak hours are of

little or no use to serve other load. These costs could be avoided if they were to be

included in a peak period demand charge.

Alternatively, if a simple maximum demand charge is applied:

a) the portion of the marginal cost of generation capacity allocated by LOLP to the peak
period should be spread across all kWh 1n that period.

b) the marginal cost of network capacity related to transmission (VHV and/or HV) should
be recovered through the peak period energy price.

¢) the local facilities cost (MV and/or LV) can be recovered through either the demand
charge or spread equally across all kWh in the year. With a simple maximum demand
charge, these costs would not be avoided by peaking during the off-peak hours. While
recovering these costs through the demand charge is desirable, this cost component alone
may not be sufficient to justify the additional complication and expense of a separate
demand charge.

RCG/Hagler, Baiily, Inc. .
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In theory, a simple maximum demand charge-based tariff design is totally contrary to the
philosophy underlying TOD tariffs. From a practical standpoint as well, this option is largely
irrelevant in today’s metering environment, where TOD metering of energy and demand can
be accomplished with one meter and at a cost that is not significantly different than the cost of
TOD energy-only metering. '

We recommend a phased program of transition that replaces all simple maximum demand to
coincident demand billing with coincident demand billing within the next three years. We
have included simple maximum demand tariff designs in this report to cover the period of
transition.

12.5.3 Basis for Demand Charge

A discussion of the appropriate use of a separate demand charge has been incorporated into the

explanation of the peak and off-peak energy price. However, an additional discussion may be
helpful.

As is often the case when incorporating cost analysis into rate design, there is an inherent
conflict between short-run and long-run considerations. In the case of generation capacity
cost, recovering this cost through a separate demand charge may result in a more appropriate
short-run price signal, while recovering these costs through the energy charge may give a
more appropriate long-run price signal. (In the short run, a large portion of cost is fixed,
while in the long run, all costs are variable.)

Other factors to be considered when making the decision on the use of a demand charge
include:

seasonal load variations

duration of daily peak period

metering cost

customer understanding and acceptance

probability of shifting peak or off-peak period rather than reducing peak
probability of creating an even higher "needle” peak in the peak period

. (if the probability is high, use a separate demand charge)

» variation of load and cost between peak and off-peak periods.

¥y ¥ VvV v v v

These and other factors must be carefully weighed when rates are designed. A delicate
balance between economic efficiency, fairness and practicality must be achieved.

. RCG/Hagler, Bailly, Inc.
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It is current Polish practice to divide the demand charge into two components -- contract
demand and megsured (recorded) demand. A contract component places slightly more .

emphasis on revenue stability (i.e., the distribution company knows that this revenue is
coming) while a single demand charge (particularly a coincident one) places more emphasis on
- load management objectives. While there is excess system capacity, emphasis on revenue
stability is reasonable. We therefore recommend preserving this two-part demand charge in
the 1994 tariffs.

The rationale behind the contract demand charge component applied here is called "minimum
network cost.” The concept is that there are "fixed” and "variable" components to marginal
network capacity costs. The former costs (e.g., costs of primary feeders to customers,
associated substation transformer capacity) should be collected even if the facilities are not
used by the customers for which they are intended, while the latter costs are for facilities that
can be utilized to serve other load.?

The advantage of the two-component demand charge is that it is already understood by

customers. Further, during the current period of industrial restructuring, the "fixed" contract
component helps to stabilize revenues. In the near term, however, PPGC should consider

rolling all capacity costs into a single measured demand charge. This "pay as you go"

approach provides large customers with greater incentive to manage their load. The single

demand charge can easily be derived from the tariff structures presented in the following .
pages. If revenue stability remains a concern, a "ratchet” clause in the demand charge, which

relates minimum billing demand to peak-month demand, may be applied.

The level of the contract demand charge is taken as 50 percent of the cost of network capacity
on the customer’s own-voltage. Thus, for example, a customer served at HV (tariff "A")
would pay half of the HV network capacity cost (after it is adjusted to the class revenue
responsibility) as a contract charge.

The contract charge is further adjusted downward from strict marginal capacity cost to reflect
empirical data indicating that declared contract demand has historically exceeded measured
demand, as summarized in the following table.

2 Unfortunately, the precise share of costs that are "fixed” is location-specific. For typical customers, we
know that these costs are certainly less than 100 perceat of own-voltage capacity cost, but we do not know exactly
how much less. We have estimated that 50 percent of own-voltage capacity cost should not be avoided. Note that
the rationale for the contract demand charge 1s the same as discussed above with respect to distribution network
(MY and/or LVY) capacity costs, i.c., that certain investments in the network are user-specific local facilities that
should not be avoided even if a customer’s peak 1s not within the peak period.

RCG/hagier, Bailly, Tnc. .
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Historical Ratio of Contract to Measured
Tariff Demand Ratio
Class ] Assumed in
1991 . Jan-Jun 1992 | October 1992 this Study
"A" (HV) 1.28 1.23 1.20 1.10
"B" (MV) 1.86 1.80 1.68 1.50
"C2" (LV) 2.03 1.98 1.97 1.60

12.5.4 Proposed Tariff Design Structure

The foregoing TOD tariff-setting philosophy has been applied in the following manner. First,
all tariff classes have been allocated TOD energy charges based on strict long-run marginal
cost. Then, marginal capacity costs have then been scaled downward until total charges match
class revenue requirements. Finally, these capacity costs have been allocated as demand or
energy charges according to the considerations outlined above.

Tariff "G" - Residential

The most important issue with regard to the residential tariff is to reduce the magnitude of the
subsidy involved at present. Two options are proposed, paralleling current tariffs "G11" (flat
energy charge) and "G12" (TOD energy charge). Each option collects the class revenue target
yield of 828.9 ZI/kWh (mid-1992 prices), assuming an average load factor of .25 and a
coincidence factor of 0.49. These options are summarized in Exhibit 12-8 and representative
bill impacts are presented in Exhibit 12-9.

This tanff is applicable to all residential and small farm households. It is presumed that most
households will continue to be billed on a flat-rate energy charge. For the optional two-period
TOD rate, the peak period includes all peak and mid-peak hours of the week; the mid-day
valley and all other hours are off-peak.

Given the fact that an overall real yield increase of 15 percent is required to achieve revenue
responsibility (see Exhibit 12-6), it is considered reasonable to expect that the historically low
residential tariff accept a somewhat higher increase. Therefore, it was decided not to use
cross-subsidies from other classes as a means to moderate the proposed

. RCG/Hagler, Bailly, Inc.
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Exhibit 12-8
Proposed Tariff "G" (Residential) Structure

u Tariff "G*" Energy (ZVkWh)

| Option | Season | Peak |Mid-Pesk | Off-Peak
Gl2 Winter 1.149 484
Summer 1.106 531
Gl1 Winter 830
Summer 830
Exhibit 12-9

Typical Bill Impacts: Tariff "G" (Residential)

TOD Energy Shares Bill Impact ((ysZVkW/month)

Consumption

CWh/KW/mo Peak Mid-Peak Present Proposed | % Change
200 0.27 0.25 126.200 165.936 31%
200 0.32 0.30 126.200 177.823 41%
200 0.22 0.20 126.200 154.049 2%
100 0.27 0.25 63.100 82.968 31%
100 032 0.30 63.100 £8.912 41%
100 0.22 0.20 63.100 77.024 2%
400 0.27 0.25 252.400 331.872 31%
400 0.32 0.30 252.400 355.646 41%
400 0.22 0.20 252.400 308.098 2%

RCG/Hagler, Bailly, Inc.
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tariff increase to residential users. When comparing the flat-rate tariff with current rates, the
proposed real increase is approximately 60 percent (at mid-1992 prices).

As noted in Section 12.2, if it is concluded that this rate increase would impose too great a
burden on low-income users, we would suggest a three-block tariff instead. Under this option
(not quantified here), the tail block is priced to reflect strict LRMC. Once this is fixed, the
prices for the first two blocks would be adjusted until the desired yield (revenue responsibility)
is achieved. Under this option, the subsidized block would be charged gt 2 minimum the strict
long run marginal cost of off-peak energy.

The residential tariff currently includes group accommodation facilities (e.g., dormitories,
schools, orphanages, etc.). As residential tariffs are increased toward marginal costs, other
low-voltage tariffs may be more advantageous for these consumers, and they should be
encouraged to consider options available in tariff class "C."

A point worth noting here relates to the very small difference in class revenue-neutral LRMC
between residential (tariff "G") and other LV classes (tariffs "C1" and "C2"). Since all of
these classes are served at low voltage, the differences result from differing assumptions
regarding coincidence factor, load factor, and rating period energy shares. The results are
based on limited available load research and the judgment of the study team. Uncertainty
regarding these fundamental assumptions highlights the importance of and critical need for
additional load research on electricity consumption patterns in Poland.

Tariff "A" - High Voltage

This proposed tariff is to be applied for all electricity consumption of customers served at high
voltage.

Currently, tariff "A" customers (approximately 400) are given the option, subject to
engineering constraints, of a coincident or a maximum demand charge, and a flat or TOD
energy charge. As soon as feasible, all of these customers should be on a mandatory two-part
time-of-day (TOD) tariff with a coincident demand charge.

Tariff options are summarized in Exhibit 12-10. Assuming an average class load factor of 0.6
and representative TOD energy shares (0.17 peak and 0.27 mid-peak), these tariff structures
would meet a class revenue responsibility of 416.4 ZI/kWh. The demand and energy charges
have been aligned closely with the economic cost of supply.

RCG/Hagiler, Bailly, Inc.
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Exhibit 12-10
Proposed Tariff "A" (High Voltage) Structure

Taril "A" Demand (tysZI/kW/mo} Eaergy (Z/kWh)
Option Season Contract Measured Peak Mid-Pesk .| Off-Peak
A23 Winter .6.790 36.580 752 3s2 210
Summer 6.790 33.260 542 472 225
A22 Winter 6.790 36.580 508 210
Summer 6.790 33.260 494 225
A21 Winter 6.790 36.580 335
Summer 6.790 33.260 342
T ———

Note: Tariffs based on coincident demand.

Typical bill impacts are illustrated in Exhibit 12-11. Of course, actual bill impacts can vary
widely, depending on individual customer characteristics, including load factor, energy shares
by rating period, etc. Since the proposed structure is similar to the existing structure, the data

do not show a marked difference in impact across a range of load factors and patterns of

Energy use.

It is probable that obligatory implementation of TOD pricing will require time for vanious
preparatory activities, including meter procurement, testing, calibration, implementation,

training of meter readers and testers, altering billing procedures, etc. This process is likely to
take up to a year. In the intenim, it may be necessary to continue offering a two-part tariff

structure based upon a simple maximum demand charge (i.e., a non-coincident demand-based
charge) and a flat energy charge. Representative tariff structures are shown in Exhibit 12-10.

Tariff "B" - Medium Voltage

This tariff is to be applied to all customers -- currently about 27,000 -- served at medium

voltage.

RCG/Hagter, Bailly, Inc.
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Exhibit 12-11
., Typical Bill Impacts: Tariff "A" (High Voltage)
. - TOD Energy Shares Bill Impact (tysZI/kW/month}

:::, 1 cwvbnwime | Peak Mid-Peak Present Proposed | % Change
0.60 438 0.16 0.27 169.827 182.702 8 %
0.60 ) 438 0.19 0.32 169.827 193.322 14%.
0.60 438 0.13 0.22 169.827 172.082 1%
0.40 292 0.16 0.27 123.318 133.247 £%
0.40 292 0.19 0.32 123.318 140.327 14%
0.40 292 0.13 0.22 123.318 126.166 2%
0.80 584 0.16 0.27 216.335 232.157 7%
0.80 584 0.19 0.32 216.335 246.317 14%
0.80 584 0.13 0.22 216.335 217.997 1%

dadl

‘ The recommended tariff design is defined in Exhibit 12-12. Again, a mandatory, two-part

TOD tariff based on a coincident demand charge is recommended. Interim tariff structures
based on a maximum demand charge are also presented. Based upon an average class load
factor of 0.42 and assumed rating period energy shares (0.18 peak and 0.31 mid-peak), these
tariff structures are adequate for the desired revenue responsibility of 547 ZI/kWh.
Representative bill impacts are shown in Exhibit 12-13.

Tariff "C2" - Low Voltage > 40 kW

This tariff should be applied to all non-residential customers served at low voltage whose
maximum demand is over 40 kW or whose consumption exceeds 80 GWh. These customers
(estimated to be about 25,000) are predominantly small industries.

Again, two-part tariffs are recommended, with a pure energy tariff option. For low-voltage
service, it is reasonable to permit customers flexibility with regard to taniff structure
(coincident or maximum demand charge; one, two, or three rating periods for energy

. RCG/Hagler, Bailly, Inc.
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Exhibit 12-12

Proposed Tariff "B" (Medium Voltage) Structure

e —
Tarift "B" Demasand (tysZl/kW/mo) Energy (ZL/kWh)
Option Season Contract Mesasured Peak Mid-Peak |  Off-Peak
B23 Winter ‘11.560 33.760 884 457 277
Summer 11.560 31.780 644 574 303 -
B22 Winter 11.560 33.760 620 277
Summer 11.560 31.780 599 303
B21 Winter 11.560 33.760 442
Summer 11.560 31.780 448
Note: Tariffs based on coincident demand.
Exhibit 12-13
Typical Bill Impacts: Tariff "B" (Medium Voltage)
TOD Energy Shares Bill Impact (tysZUkW/month)
Load Consumption
Factor kWh/kW/mo Peak Mid-Peak Present Proposed % Change
0.42 307 0.18 0.31 151.743 168.075 11%
0.42 307 0.22 0.37 151.743 177.594 17%
0.42 307 0.14 0.25 151.743 158.557 4%
0.20 146 0.18 0.31 91.629 96.572 5%
0.20 146 0.22 0.37 91.629 101.105 10%
0.20 146 0.14 0.28 91.629 92.040 0%
0.60 438 Q.18 0.3 200.927 226.578 13%
0.60 438 0.22 0.37 200.927 240.176 200%
0.60 438 0.14 0.25 200.927 212.980 6%

RCG/Hagler, Bailly, Inc.
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charges). Various options pegged to the class revenue responsibility are presented in Exhibit
. 12-14. Typical bill impacts are shown in Exhibit 12-15.

Tariff "C1" - Low Voltage < 40 kW

This tariff should be applied to all non-residential customers served at low voltage whose
maximum demand is under 40 kW or whose consumption is less than 80 GWh. There are
more than 1.1 million customers in this class, including commercial and service facilities,
entertainment establishments, offices, hotels, etc.

Again, two-part tariffs are recommended, with a pure energy tariff option. Due to the large
number of customers and their diversity, it is reasonable to permit customers flexibility with
regard to tariff structure (coincident or maximum demand charge; one, two, or three rating
periods for energy charges). Various options pegged to the class revenue responsibility are
presented in Exhibit 12-16. Typical bill impacts are shown in Exhibit 12-17.

Street Lighting Tariff

Street lighting was eliminated as a separate tariff class in the most recent tariff revision. It is
. recommended that the class be re-instituted. Whenever a sizeable customer group with a
unique and identifiable consumption pattern can be classified, we believe that it should be
charged for these characteristics rather than those associated with other customers. There are
currently about 100,000 public lighting accounts.

The recommended street lighting tariff is shown in Exhibit 12-18. This tariff is designed to
recover class revenue responsibility. It is understood that the capital and O&M costs
associated with the installation of street lighting — poles, fixtures, luminaries, photovoltaic
cells, conductors, etc. — are directly borne by the respective public authorities concerned.
Consequently, the tariff is intended to recover only the cost of generation and distribution of
electricity.

. RCG/Hagler, Baiily, inc.
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Exhibit 12-14

Proposed Tariff "C2" (Low Voltage > 40 kW) Structure

Tariff "C2" (>40 kW) Demand (tysZUkWimo) Energy (ZI/kWh)
|  Option Season | Contract | Measured Peak Mid-Peak | Of-Peak
c223 Winter 5.930 17.240 1.152 660 448
Summer 5.930 16.530 860 787 483
c222 Winter 5.930 17.240 . 847 448
Summer 5.930 16.530 813 483
c221 Winter 5.930 17.240 640
Summer 5.930 16.530 645
C213 Winter - - 1.365 912 451
Summer - - 1.087 1.020 483
Note: Tariffs based on simple maximum demand.
Exhibit 12-15
Typical Bill Impacts: Tariff "C2" (Low Voltage > 40 kW)
TOD Energy Shares Bill Impact (tysZ/kW/month)
Load Consumption
Factor kWh/kW/mao Peak Mid-Peak Present Proposed % Change
0.31 226 0.18 0.31 177.153 171.834 3%
0.31 226 0.22 0.37 177.153 179.857 2%
0.31 226 0.14 0.25 177.153 163.811 -8%
0.20 146 0.18 0.31 130.922 120.219 2%
0.20 146 0.22 0.37 130.922 125.396 4%
0.20 146 0.14 0.25 130.922 115.043 -12%
0.50 365 0.18 0.31 257.005 260.986 2%
0.50 365 0.22 0.37 257.005 273.927 7%
0.50 365 0.14 0.25 257.005 248.045 3%

RCG/Hagler, Baily, Inc.
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Exhibit 12-16
Proposed Tariff "C1" (Low Voltage < 40 kW) Structure
——
Tariff *C1" (<40 kW) |  Demand (tysZl/kWime) Eaergy (ZI/kWh)
~'Option | Semsom. | Contract Messured Peak Mid-Peak Off-Peak
Cl23 Winter - 6.090 17.680 1.133 673 462
Summer 6.090 16.970 858 801 501
C122 Winter 6.090 17.680 854 462
Summer 6.090 16.970 822 501
Ci121 Winter 6.090 17.680 663
Summer 6.090 16.970 669
C113 Winter - - 1.347 92 467
Summer - - 1.084 1.032 503
Cl12 Winter - - 1.088 467
Summer - - 1.051 503
Cl11 Winter - - 789
Summer - - 789
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Exhibit 12-17
Typical Bill Impacts: Tariff "C1" (Low Voltage < 40 kW)
TOD Energy Shares Bill Impact (tysZU/kW/month)
;::. KWh/kW/mo Peik Mid-Peak | Present Proposed % Change
0.31 226 0.20 0.32 175.269 178.447 2%
0.31 226 0.24 0.38 175.269 192.185 10%
0.31 226 0.16 0.26 175.269 164.708 6%
0.20 146 0.20 0.32 113.077 115.127 2%
0.20 146 0.24 0.38 113.077 123.990 10%
0.20 146 0.16 - 0.26 113.077 106.263 6%
0.50 365 0.20 0.32 282.693 287.817 2%
0.50 365 0.24 0.38 282.693 309.976 10%
0.50 365 0.16 0.26 282.693 265.659 6%
S
Exhibit 12-18

Proposed Street Lights Tariff

Street Lights Tariff Energy (Z/kWh)
Option Season Peak Mid-Peak | Off-Peak
- Winter 788
Summer 788

RCG/Hagler, Bailly, Inc.
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12.6 OPTIONAL INTERRUPTIBLE TARIFFS

At some point in the future after today’s excess system capacity is absorbed,

distribution companies should consider the introduction of interruptible tariffs on an optional
basis. The potential class of such customers - typically a subset of tariff classes "A" and "B"
— will have to be determined based upon a detailed market survey and the considerations
outlined in the following.

Interruptible service (IS) is a demand-side option that is widely used and accepted by electric
utilities and utility customers in many countries. Interruptible service allows a utility to
interrupt load to a customer in accordance with specified provisions. For this privilege, the
utility reduces the customer's bill by a specified amount each month. In regard to the daily
operations of generation facilities, IS improves reliability and operating flexibility. In the
longer term, IS allows the utility to build less generating capacity. A well designed IS tariff
provides substantial benefits to both the utility and the customer.

Under an IS tariff, the customer contracts with the utility for an amount of load the customer
is willing to remove from the system when requested to do so. This load is then considered to
be non-firm. The IS tariff will specify an advance notice period that may be as long as 24
hours to as little as 15 minutes. While the utility may, in some cases, have direct control over
the customer’s load, most often the interruption is triggered by a phone call from the utility to
the customer. This requires a dedicated phone line which is manned constantly to ensure
timely communication. Special metering equipment that records usage on a continuous basis
is also required to ensure compliance with the magnitude and time of requested interruption.

As mentioned earlier, IS allows the utility to install less generating capacity while maintaining
a target level of reliability. Since IS can be called for a limited number of hours, it displaces
peaking capacity in the generaton mix. Therefore, the interruptible credit given to the
customer should be based on the long-run marginal cost of peaking capacity, generally
assumed to be combustion turbines (CT). While the credit should be based on this cost, it
may nor equal the LRMC of a CT because the IS capacity may not be of equal value to the
utility as the same amount of CT capacity. For example, an IS tariff that allows only 100
hours per year of interruption would not be as valuable to the utility as a CT that can run
2,000 or more hours per year. In this case, the $/kW credit for IS should be less than the
same $/kW LRMC of a CT.

The IS tariff should include specification of the interruption period. Generally, a maximum
number of hours of interruption per year, week, and day will be given. This provision has a
major impact on the value of the IS to the utility.

. RCG/Hagler, Bailly, Inc.

)



TARIFF DESIGN 12.38

The IS tariff should include a substantial penalty for non-compliance. The utility has foregone
building capacity and paid significant amounts to the customer for the right to interrupt the
load. Customers must be discouraged from contracting for non-firm load and receiving credits
when they have little intention or ability to interrupt load.

Since the influence of IS has a long-term impact on the utility’s generation expansion plan, a
three-year notice of contract cancellation on the part of the customer may be appropriate.
Specification of the various parameters of an interruptible tariff would begin with the
consideration and types of calculations discussed above. Once a preliminary menu of
interruptible tariffs is developed on this basis, it is necessary to conduct a survey of the target
population to test the concept. Information gathered in this process can be valuable in
subsequently "fine tuning" the preliminary menu. Some of this preliminary research is
currently in progress as part of the demand side management (DSM) program being conducted
for PPGC by Hagler, Bailly. .

12.7 OTHER TARIFF CONSIDERATIONS

The objective of this study is to identify appropriate levels and structures for electricity

pricing-of power purchases, bulk transactions and retail final sales- at the national level. The

study cannot address the myriad of special terms and agreements between and among ‘
individual generators, PPGC, distributors, and final consumers. In short, the detailed ‘
principles governing the settlement of accounts between entities in the power sector are not

superseded. Likewise, specialized billing principles such as outlined in the Price List No.7-

Z/92 (e.g., service rates, penalty provisions, and charges for reactive energy, overcurrent

protection, and increased service reliability should continue to be applied in the context of

revised tariff structures and levels.

Having noted the limit of this study, this section contains a brief discussion of other
considerations beyond the basic tariff class structures defined in the foregoing pages.

Reactive Energy

Currently, high and medium voltage (as well as some low voltage) customers can be charged
for the consumption of reactive energy when consumed at a sub-optimal level for the system.
The charge is billed as a percentage surcharge to the value of the active energy consumed.
The result is a progressive scale of payments for power factors below 0.93. While this system

RCGTHagler, Bailly, Inc.
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is being implemented successfully, we understand that there have been complaints that it is not
a rational fee, possibly due to a misunderstanding of its basis.

One possible alternative to the present system would be to require customers consuming
potentially high levels of reactive energy to be billed on the basis of kVa rather than kW.
Structuring the demand charge in this manner provides a built-in incentive for power factor
improvement. To illustrate, the proposed Winter demand charge for tariff "A*® is 36,580
Z1/coincident kW; alternatively, a demand charge of 32,920 Z1/coincident kVa could be
offered. A customer who maintains the desired power factor (assumed to be 0.90 for this
example), would see no adverse bill impact. On the other hand a customer with a lower
power factors would be penalized. Further, any customer who is able to improve power
factor beyond the target level will see a bill reduction. Additionally, distributors will benefit
through reduction in line losses.

This alternative billing procedure would require additional investment in metering, but it
would offer the advantage of a more transparent methodology with positive incentives.

Supply Reliability

Currently customers who request and receive a higher degree of reliability than the standard
(which is based on a single independent supply sequence), are charged a muitiple of the
demand charge specified for their tariff class. The multiple is a factor of 1.5 for two separate
supply sequences and 2.0 for three or more independent sequences.

In concept, the current charges appear reasonable, and they offer the clear advantage of
customer comprehension. The disadvantage of simple multiples is that they do not incorporate
specific customer circumstance, and may therefore over-or under-recover the cost of providing
increased supply reliability. For example, the charge should certainly be dependent on the
extent to which the customer-supplied equipment is used for improving reliability of supply.
In general, while it may be appropriate to offer a standard "“factor”, we would encourage
negotiations with individual customers permitting charges which are more closely linked to the
incremental cost of providing additional supply reliability.

RCG7Hagler, Bailly, Inc.
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Special Agreements with Customers ‘

Special agreements with customers are currently permitted when particular conditions dictate,
e.g., when the customer has his own generating units, or when his industrial requirement is
especially sensitive to the conditions of supply.

Adapting tariffs to local circumstances is entirely appropriate, so long as the principles
underlying negotiations are consistent with the principles of marginal cost pricing which have
been employed in setting standard rates by tariff class. Class tariff should be the starting point
of these negotiations; subsequent adjustments can then be made to more accurately reflect the
marginal cost of providing service under the specific circumstances of the customer.

Load Research

To facilitate future tariff revisions, we suggest that PPGC and the distribution companies
expand currently available load research data to develop on-going additional survey data on
customer load shapes, coincidence factors, peak energy shares, and load factors for each tariff
class, as well as for the typical customer segments within each class.

there is a need to put in place a well designed and on-going load research program. This .
could be done through a contract with an organization such as the Power Engineering Institute,

or through internal staffing. Such a program should be based upon a sample design that can

support the development of statistically valid estimates for the types of data noted above, with

a degree of precision that conforms to load research norms in the industry today. While useful

ad hoc load research activities have been conducted, these are not certain to provide an on-

going basis for developing estimates of key variables, noted above, that are essential in tariff

planning, load forecasting, and system planning.

RCG/Hagler, Bailly, Inc. .
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CENTRAL AND EASTERN EUROPE
REGIONAL ENERGY EFFICIENCY PROJECT

Task Completion Memorandum

Poland - Integrated Resource Planning

Summary Task Description

This task was designed to provide assistance to the Polish Power Grid Company (PPGC) and
other relevant parties in Poland to develop a process and capabilities for integrated resource
planning (IRP), which would combine the results of load forecasting, demand-side management
(DSM), electricity supply planning, and tariff studies. The work focused on developing
analytical, computer modeling, and organizational capabilities that support the appraisal of
multilateral development bank (MDB) power sector loans on an IRP basis.

Specific Goals and Objectives

The Poland Integrated Resource Planning Task had the following goals and objectives:

. To introduce integrated resource planning as the basis for power sector planning
in Poland;

. To assist PPGC to establish an organizational capability to carry out IRP
activities;

. To provide a computer model for utility planning based on IRP concepts and

analytical methodologies; and

. To support the appraisal of MDB power sector loans on an IRP basis.

Hagler Bailly Consulting

Task Completion Memorandum



Expected Outputs

Activity 1: Introduce Integrated Resource Planning Model

PPGC has an IRP model licensed and installed, with which it can incorporate available data for
utility planning purposes to support appraisal of MDB power sector loans.

Activity 2: Develop IRP Action Plan

PPGC prepared an IRP Action Plan that meets the requirements of the World Bank's power
transmission loan to the Government of Poland.

Activity 3: Provide Management Training on IRP Issues

Through training of relevant personnel from Polish power sector organizations, IRP has become
a well-known topic in Poland's power sector.

Deliverables

As the result of the preceding activities, Hagler Bailly produced the following deliverables:

One institutional development study was undertaken which resulted in a detailed
roadmap for the development and implementation of IRP at PPGC.

One copy of the selected IRP computer software model was licensed for use by
PPGC, including training and support.

Six seminars were produced at PPGC on topics related to IRP.
PPGC received assistance in arranging a visit to two U.S. utilities on IRP topics.

A Task Completion Memorandum was written that summarized the work of this
task. Five copies of the report were submitted to USAID.

Results and Next Steps

The USAID IRP Project supported work with a Polish utility counterpart organization, the Polish
Power Grid Company (PPGC) and accomplish the following tasks (deliverables):

Hagler Bailly Consulting

Task Completion Memorandum



> Institutional Policy Development. Through a number of executive management
seminars and policy papers, IRP concepts were communicated to high level officials in
Poland's government and energy sector. As a result, provisions were included in the draft
Energy Law (November 1994 version, amended February 1995) for energy enterprises to
conduct IRP (Article 19).

> Establishment of IRP Unit at PPGC. In the first tranche of World Bank lending for
PPGC's transmission system, a loan condition required PPGC to complete an IRP Action
Plan by June 1994 and establish an IRP unit within the company by December 1994.
These activities were accomplished, which included the provision of a software license

“and training for the Integrated Planning Model, a state-of-the-art utility IRP tool. PPGC

senior management also received executive training, including an extensive IRP study
tour in the U.S. One of the results was PPGC's competitive solicitation of supply-side
bids from generators in November 1994, which established a market-determined avoided
generation cost of US$ 0.036/kWh.

This bidding process and results framed the next step that PPGC anticipated taking in 1995
which was to solicit comparable competitive bids for demand-side resources.

Hagler Bailly Consulting

Task Completion Memorandum
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SECTION 1

INTRODUCTION

The Energy Sector Restructuring, Privatization, and Regulatory Reform Program of the
Government of Poland, which is currently underway, aims to:

> liberalize energy prices and eliminate subsidies as far as possible;

> promote enterprise competition through the elimination of barriers to market
entry in all productive sectors which are not "natural monopolies;" and

> transform the governance, ownership and control, and regulation of state-owned
enterprises through the adoption of a market economy and privatization.

These reforms are expected to revitalize the energy sector, enhance its long-term financial
viability, and encourage economically optimal investment and consumption decisions. The
program is being conducted with the assistance of the World Bank, the United States Agency
for International Development (USAID), and other bilateral agencies.

In order to guide the future development of Poland's power sector, the Energy Sector Program
includes an integrated resource planning (IRP) component through which both supply-side and
demand-side resources are being identified to produce a mix of electric resources which yield
the least cost to utilities, their customers, and society at large. Several teams are contributing
to the development of the integrated resource plan. A number of Polish organizations, e.g.,
the Polish Academy of Sciences and the Polish Institute of Power Engineering, have
undertaken electricity load forecasts. A USAID Electricity Transfer Pricing and Retail Tariff
Study was completed that formulated an electricity tariff strategy. A French team completed
a Transmission System Plan and an Austrian team worked on a Supply-Side Development
Plan. Another USAID team identified and assessed demand-side management (DSM)
resources.

The next step is to formulate an integrated resource plan using the results of these and other
studies. It is anticipated that the integrated resource plan will be the basis for power sector
loans from the World Bank and other multilateral development banks (MDBs), such as the
US$ 800 million tranche of the World Bank loan that is set for appraisal in 1995.

In anticipation of that appraisal, the World Bank and the Polish Power Grid Company (PPGC)
agreed to create an IRP unit, in an Aide Memoire of November 3, 1993 relevant to the $225
million transmission sector tranche. PPGC agreed to prepare a comprehensive proposal in
this IRP Action Plan by June 30, 1994 and to implement the IRP unit by December 31,
1994. This IRP Action Plan provides PPGC with a detailed roadmap for the development
and implementation of the IRP unit. The IRP Action Plan focuses on developing analytical,
organizational, and institutional capabilities at PPGC and in Poland that support MDB loan
appraisals on an integrated resource planning basis.



Following are the topics presented:

>

Section 2 gives an overview of the fundamental concepts of IRP, including a
discussion of how IRP can be developed and implemented within the context
of Poland's emphasis on market solutions to power sector development.

Section 3 discusses the role of the IRP unit within the corporate strategy of
PPGC and the institutional framework necessary for the IRP unit to function,
including allocation of responsibility within PPGC for each element of the
process and the role of outside agencies.

Section 4 identifies and describes the following elements of the IRP process,
including terms of reference that define the steps that must be carried out to do
each element:

o Load forecasting;

o Identification of both supply-side and DSM resources;,
o Transmission and distribution system planning;

o Environmental considerations;

o Plan integration;

o Tariff design and power pricing aspects; and

o Financial planning,

Section 5 presents the analytical framework for integrating these elements into
a system development plan including:

o Identifying the flow of information among the elements; and
o Specifying the outputs from each element of the process.

Section 6 identifies the resources within PPGC and outside of PPGC necessary
for IRP implementation, including:

o Staffing requirements, including job descriptions and qualifications;
o Subcontracting requirements;
o Assessment of PPGC's in-house human resource capacity to undertake
IRP-related activities and identification of training needs and facilities;
and
o Equipment and analytical tools.
mf?
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Section 7 provides an approximate scheduling and critical path analysis of
activities involved in each element of the IRP process, taking into account the

iterative nature of the process.

Section 8 presents budgets for the implementation of the IRP process.



SECTION 2

INTEGRATED RESOURCE PLANNING

Integrated resource planning (IRP) is a comprehensive process through which utilities identify
and acquire the most cost-effective electric resources necessary to meet their customers'
incremental requirements for energy and power. IRP is a strategic planning process that
provides significant changes to the way that utilities traditionally have conducted business.

IRP is often called "least-cost" planning, which refers to the acquisition of electric resources
by utilities with the lowest possible cost to themselves, their customers, and society at large.
"Electric resources" are available throughout the entire power system from the point of
generation to the point of consumption. They include the traditional supply-side measures that
provide megawatts from the construction of new generators, repowering and rehabilitating
existing generation facilities, and purchasing power from wholesale markets or independent
power producers. Electric resources also include measures that provide "negawatts" from
efficiency improvements in generators (better heat rates), the transmission and distribution
system (fewer line losses) and at the end-use (demand-side management).

In determining which are the most cost-effective resources to a utility, it is important to
calculate costs and benefits properly. Utilities have traditionally calculated costs and benefits
strictly from their own perspective. Thus, the benefits of a resource option (utility avoided
operating and capital costs) would have to exceed its costs to the utility for the option to be
cost-effective.

An important innovation of IRP is the inclusion of the costs and benefits of the utility's
customers. For example, customer bill savings from demand-side management (DSM) add a
large benefit that makes a number of energy efficiency measures cost-effective. Adding the
customer's perspective to the cost/benefit analysis is increasingly important in economies like
Poland's, which must be competitive in world markets.

Another innovation of IRP is the inclusion of benefits to society from the acquisition of
electric resources that are relatively environmentally benign. The reduced social costs from
reliance on technologies that create less pollution from the combustion of fossil fuels are
increasingly important in a country like the Poland, which suffers environmental damages
from power generation.

Electric resources in Poland should be systematically identified and acquired to be the lowest-
cost options from the perspectives of the utility, its customers, and all society. This approach
will yield the most economically-efficient outcome and will ensure the sustainable
development of Poland's power system to meet current needs as well as those of future
generations.

While IRP implies a "planning" activity, that is only one component of the entire process
through which utilities systematically identify and acquire least-cost resources. The following
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components of IRP are addressed below: 1) the power sector plan, 2) computer modeling to
perform the quantitative analyses that support the plan, 3) resource acquisition activities that
implement the plan, and 4) a system of incentives to motivate utilities to act in accordance
with the plan.

Developing the Power Sector Plan

The basis for IRP is a plan that provides extensive analyses and recommendations for a
course of action. Section 4 provides a detailed description of the IRP process proposed for
implementation in Poland. Following is an outline of the steps of that process:

1. Identify the objectives of the plan (e.g., reliable service, minimal environmental
effects, low cost of environmental controls, meeting peak demand in a cost-
effective manner, and minimal bills for electricity customers).

2. Develop one or more load forecasts for different scenarios.
3. Determine the levels of capacity expected for each year of the plan.
4. Identify needed resources (e.g., fuels, generating capacity, transmission and

distribution capacity, a manageable load shape, and demand reductions) needed
to bridge the gap between expected loads and capacities.

5. Evaluate all of the electric resources in a consistent fashion and selecting the
most promising resources for fashioning an effective, flexible, and responsive
plan; and integrate methods of supplying power with methods for controlling
and moderating demand.

6. Construct scenarios that project the selected mixes of resources against possible
economic, environmental, and social circumstances.

7. Evaluate the economic and technical characteristics of each mix of resources
and analyzing the uncertainties associated with the various scenarios.

8. Screen the alternatives to eliminate those that are not suitable and rank-ordering
alternative courses of action.

9. Test each alternative for cost-effectiveness from a variety of perspectives (the
utilities, ratepayers of different classes, and society at large).

10. Reevaluate the alternatives considering economic, environmental, and societal
factors and select a plan for implementation that most nearly satisfies all the
objectives of the plan.

11.  Develop and implement a plan of action.

12. Monitor and evaluate the operation of the utilities under the plan and revising
the plan if necessary.



IRP Modeling

Utility planning is an intensely quantitative process that requires modern computer
technologies to establish databases, analyze options, and present results in meaningful ways to
decision makers. Most utilities have used large mainframe supply-side expansion models in
the past. IRP models are relatively new on the scene and represent an important evolution in
utility planning. The most important feature of IRP models is their ability to inherently
evaluate specific supply-side and DSM resource options in a common analytical framework.
Because these models are relatively new, they also provide state-of-the-art features, such as
running on high-powered personal computers and work stations, providing "user-friendly"
operational formats, and presenting high-quality graphical outputs. Section 5 details the
analytical framework required for conducting IRP.

From a functional perspective, IRP models provide utility planners with the capability to
literally integrate the results of a number of different models into one systematic analytical
framework. For example, IRP models take as inputs the results of load forecast analyses,
long-run marginal cost tariff studies, supply-side expansion plans, transmission and
distribution plans, assessments of DSM potential, and production costing models. Most IRP
models will accept the results of any number of other models as inputs. IRP models then
produce an optimal mix of available utility assets to determine the type and timing of supply-
side and DSM resources that best meet the demand forecast requirements over various time
periods.

Two different analytical methods have evolved to conduct the resource selection process. The
first method uses optimization models that incorporate dynamic programming techniques to
evaluate all combinations of supply-side and DSM options. From this evaluation, an optimal
plan is selected based on an objective function of minimizing revenue requirements or total
resource costs (a good example is ICF Resources's Integrated Planning Model). The second
method simulates a utility's chronological performance over long planning horizons and
selects the most cost-effective options by ranking all alternatives available each year based on
any combination of user-specified objective functions, e.g., minimizing total resource costs
and rates (a good example is EPRI's IRP-Manager). Both kinds of IRP models facilitate the
analysis of risk due to uncertainty in key assumptions through sensitivity and decision
analysis techniques. They also allow financial analyses to calculate the impact of resource
strategies on the utility's capital requirements, income statement, balance sheet, and source
and use of funds. Additionally, these models enable consideration of the impacts that

different resource strategies will have on the utility's revenue requirements and its customers'
electricity tariffs.

Some utilities have gone half-way toward IRP modeling by conducting separate supply-side
and DSM analyses using different models for each task. These models can be linked for
purposes of data-sharing and conducting iterative analyses. The results of this approach can
take two forms: 1) the subtraction of a cost-effective block of DSM resources from the lo