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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.I.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.I.D., and the World Bank. 

Approach to the Study 

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

P- review of load forecast and investment plans
 
IN. development of economic marginal costs
 
10. 	 forecast of financial revenue requirements 
11 	 development of electricity tariffs structured on the basis of economic marginal 

costs and designed to recover financial revenue requirements. 

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 mediu;1i 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 

RCG/Hagler Bailly 



S.2 SUMMARY 

schedule for asset revaluations and a program of gradual tariff increases designed to 
minimize negative public and economic impact. 

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. Parr 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 deterlined through the 
constrained financial analysis. 

Exhibit S-I 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. 

Price Level 

All monetary values are expressed in Polish Zlotys (ZI) at mid-1992 price levels or in US 
dollars or cents (C)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. 

RCG/Hagler Bailly 



EXHIBIT S-1 

Road Map to the Study 

PartI 
Supply-Demand IChapter
Review Inrducton 

Chapter 3 Chapter 2 
Review of the Review of the Load 

Generation System Forecast 

Chapter 4PartII 

Generation
System Economic Analysis of the roest for Tariff, f._j. 

Generation System 

Dipcomi c toad O Po wr~uCs Reliability PreiductionDisatc Foecat CUo PoerAnalysis Cost Analysis 

Unconstrained 
Financial 

Analysis 

' Chapter 5 1 I Chapter 6 
Generation SystemPower 

Purchase Ta rIffs 

PartIIITransmissionTan mi n Ch 8 Chpe7,Economic +.Analysis 
and [ ChPowerr a.Long-Run Marginal Costs 
Distribution lish Power Grid Company 
System 

Chapter 9
 
istributionSystemi 

Dissggregstton byPart IV I (i&vo., ,.Part IVVoltage Level and 
Tarif DeignCustomer ClassTariff Design 

'"ChaipterT10 "il Chapter 11 ';i:(" hi 
Impact of Tariff Constrained TJChapter 1

Incras i: F inanciai Analysis.LTrf ein . 



SUMMARY S.4
 

S.2 FIRST STAGE - UNCONSTRAINED ANALYSIS 

Supply-Demand Balance 

Review of the Load Forecast(Chapter2). 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 
results 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 GenerationSystem (Chapter3). 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.
 

The generation component of the public power system consists of thennal 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 :eserves, 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. 

RCG/Hagler Bailly 



EXIHBIT S-2
 

BASE CASE LOAD FORECAST
 

1995 996 
Avg Annual Rate (%) 

INDUSTRY 

TRACTION 1/ 

STREET LIGHTS 

COMMERCIAL 

HV 

Mv 
LV 
Total 

HV 
MV 
Total 

LV 

MV 

LV 
Total 

1992 

28229 
17844 
2914 

48988 

155 
5005 
5160 

1375 

1229 

7953 
9192 

1993 

28158 
17799 
2907 

48864 

169 
5462 
5631 

1448 

1294 

8382 
9676 

1994 

28146 

17791 
2906 

48843 

185 
5973 
6158 

1527 

1365 

8841 
10206 

1995 

28410 

17958 
2933 

49300 

204 
6596 
6800 

1627 

1454 

9417 
10871 

1996 

29054 

18365 

2999 
50419 

208 
6733 
6941 

1676 

1498 

9705 
11203 

1997 

29752 
18807 

3071 
51630 

213 
6881 
7094 

1730 

1546 

10015 
11560 

1998 

30180 
!9077 

3116 
52372 

215 
6967 
7182 

1768 

1580 

10237 
11817 

1999 

30746 

19435 
3174 

53355 

219 
7084 
7303 

1815 

1622 

10509 
12131 

2000 

31637 

19998 

3266 
54900 

225 
7275 
750 

1882 

1682 

10896 
12578 

2001 

31506 
19915 

3252 
54673 

225 
7283 
7508 

1883 

1683 

10902 
12535 

1991-96 

-0.4% 

-0.5% 
3.3% 

-0.2% 

-

-
7.1% 

4.1% 

4.0% 

2.5% 
2.7% 

1996-01 

1.6% 
1.6% 
1.6% 
1.6% 

1.6% 

2.4% 

2.4% 

2.4% 
2.4% 

FARMS MV 

LV 

Total 

RESIDENTIAL LV 

TOTAL FINAL SALES 

HV 
MV 
_____ ____LV 
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7712 

8422 

21937 

95073 

28384 
24788 
41901 

747 

8117 

8865 

23091 

97574 

28327 
25302 
43945 

788 

8562 

9351 

24356 

100441 

28331 
25917 
*_6193 

840 
9120 

9960 

25943 

104500 
28614 
26847 
49040 

865 
9399 

10264 

26735 

107238 
29262 
27461 
50515 

893 
9698 

10591 

27588 

110194 

29965 
28127 
52102 

913 
9913 

10826 

28200 

112105 
30395 
28536 
53233 

937 
10177 

11114 

28949 

114666 

30965 
29077 
54624 

971 
10552 

11523 

30017 

118400 

31862 
29926 
56613 

972 
10558 

11530 

30033 

118212 

31731 
29852 
56629 
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4.0% 

4.1% 

5.1% 
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2.0% 
1.6% 
1.7% 
2.3% 



EXHIBIT S-3
 
SUMMARY OF THE PUBLIC GENERATION SYSTEM
 

POLAND - SUMMARY OF THE PUBLIC GENERATION SYSTEMPLA4T NAME IYPE FUEL MEAN UNIT NO. NAMEPLATEPEAIQMN PERCENT ANNUAL FUEL I91 PERCENT 
C.PACITY UNITS CAPACITY CAPAMWUTYOF OPERATING TRANSPOIPRODUCTION OF


MW MW MW SYSIEM EXPENSES COST GWII GENERATION 
CAPABIUTY $IKWI BELCHATOW GRID $/MWII REQUIREMENTSLIGNITE 360 12 4320 4320 15.4% 11 27 000 27213 21.9%2 PAINOW GRID LIGNITE 200 10 2000 2000 71% 1236 000 7626 61%3 IUROW GRID [IGNITE 200 10 2000 2000 7.1%
4 ADAMOW GRID LGNITE 120 

2851 000 12035 97%
5 600 480 1.7% 3390 000 2875 2.3%5 KONIN GRID LIGNITE 65 9 583 523 1.9% 30.68 0.00 3148 2 5%LIGNITE FIRED PUBLIC PLANTS 9503 9323 33.2% 52899
3 OSTROLEKA B GR;D COAL 200 3 600 
42.6% 

600 2.1% 2038 1.91 2864 2 3%7 KOZIENICE GRID COAL 260 10 2600 2600 9.3% 17 94 1t59 7996 6 4%8 POLANIEC GRID COAL 200 8 1600 1600 5.7% 1880 1 35 7173 58%9 RYBNIK GRID COAL 200 8 1600 1600 5.7% 20.95 068 9252 75%10 JAWOFZNO III GRiD COAL 200 6 1200 1140 4.1% 2514 071 6302 51%1 DOLNA ODRA GRID COAL 200 8 1600 1600 57% 1742 209 6856 55%12 LAZISKA GRID COAL 173 6 1040 920 3.3% 29 72. 0 37 4286 35%13 LAGISZA GRID COAL 120 7 840 723 2.6% 2448 0 85 3423 28%14 SIERSZA GRID COAL 123 6 738 630 2.2% 29 17 079 3128 25%15 STALOWA WOLAGRID COAL 64 6 384 345 1.2% 1861 1.47 1356 1.1%COAL FIRED FULLY DISPATCHABLE PLANTS 12202 11758 41.9% 52636 424%FULLY DISPATCHABLE GRID PLANTS 21705 21081 
 75.2% 105535 85.0%
16 SKAWINA GRID-C COAL 79 7 550 495 1.8% 21.07 114 1919 15%17 JAWORZNO II GRID-C COAL 50 7 350 300 1.1% 2279 P87 904 07%
18 BLACHOWNIA GRID-C COAL 47 6 282 244 09% 2560 1 79 781 06%19 HALEMBA GRID-C COAL 50 4 200 200 0.7% 4233 023 769 06%20 JAWORZNO I GRID-C COAL 29 5 145 93 0.3% 2697 09121 MIECHOWICE GRID-C COAL 55 2 
279 02% 

110 101 0.4% 3003 004 295 02%22 POMORZANY GR!D-C COAL 60 2 120 112 0.4% 42.88 3.73 401 03%COLLECTOR TYPE GRID PLANTS 1757 1545 5.5% 5348 4.3%23 SIEKIERTY ClIP COAL 125 4 500 619 22% 3768 191 1794 1 4%24 KRAKOW CliP COAL 115 4 460 446 16% 2030 121 1791 .14%25 WROCLAW Cl IP COAl. 1o0 2 200 259 09% 26 32 2 60 1089 0 9%26 SMALLER Cl IP Cl IP COAL 30 100 2621 2174 7.8% 2866 2.25 7895 64%COMBINED HEAT AND POWER PLANTS 4160 3498 12.5% 12569 10.1%PUBLIC THERMAL 27622 26124 932% 123452 995%PUBLIC HYDROELECTRIC 2005 1918 6.8% 646 05%TOTAL PUBLIC 29,Y 2 8042 100.0% 124098 100.0% 



SUMMARY 	 S.7 

The generation mix is heavily biased towards base load resources and this results in less 
efficient operation than otherwise possible. This distortion also complicates th.; 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 GenerationSystem (Chapters4, 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 	 Morning Peak 07:01 to 12:59
 
Evening Peak 16:01 to 20:59
 
Off-Peak all other hours
 

April-September 	 Morning Peak 07:01 to 12:59
 
Evening Peak 19:01 to 21:59
 
Off-Peak all other hours
 

The corresponding short-run 	marginal costs are as follows: 

October-March 	 Morning Peak 2.80 US C/kWh
 
Evening Peak 4.64 US C/kWh
 
Off-Peak 2.07 US C/kWh
 

April-September 	 Morning Peak 3.97 US C/kWh
 
Evening Peak 4.64 US C/kWh
 
Off-Peak 2.12 US C/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 4.73c/kWh to 
5.23C/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
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S.8 SUMMARY 

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 Zl/kWh (7.37c/kWh) compared with a current
 
yield of 542 ZI/kWh (4.04 C/kWh), or a difference of 82 percent. At the bulk level, the
 
LRMC is 709 ZI/kWh (5.29 C/kWh) against a current yield of 340 Zl/kWh (2.53 C/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. 

Unconstrained Financial Analysis of the System 

UnconstrainedFinancialAnalysis of the Generation System (Chapter5). The
 
financiai 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 collector 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 under'ying 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. 

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 perforrmanc . 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 retu:n on the net revalued 
assets.
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EXHIBIT S-4 

LONG RUN MARGINAL COSTS 

SIPICr LONG RUN MARGINAL COST BASED TARIFF BY TARIFF CLASS - BULK 

TARIFF CLASS 
SERVICE 

VOLTAGE 
COINCI--
DENCE 

LOAD 
FACTOR 

ENERGY SHARES 
PEAK MID -PEAK 

TOTAL MARGINAL COST/MONTH 
CAPACITY ENERGY TOTAL 
tysZI/KW tysZ:/KWh tysZI/KWh 

DEMAND 
CHARGE 

SHARE 

HI/1992 
SALES 

GWh 

CURRENT 
YIELD 

tysZl/KWh 

DISTRIBUIION COS. 1lV 1.00 0.65 020 0.28 121.10 0.4533 0.708. 36% 50434 0.3398 

BULK SYSTEM AVERAGE 0.20 0.28 121.10 0.4533 07085 50434 0.3398 
Equ'valent tysZI/KWh 
% of System Average 

0.2552 
36% 

0.4533 
64% 

0.7085 
100% 

•fl1ICI LONG RUN MARGINAL COST BASED TARIFF BY TARIFF CLASS - RETAIL 
TOTAL MARGINAL COST/MONTH DEMAND HI/1992 CURRENT 

1ARIFF CLASS 
SERVICE 

VOLTAGE 
COINC!-
DENCE 

LOAD 
FACTOR 

ENERGY SHARES 
PEAK MID-PEAK 

CAPACITY 
ty ,ZI/KW 

ENERGY 
tysZI/KVh 

TOTAL 
tysZI/KWh 

CHARGE 
SHARE 

SALES 
GWh 

YIELD 
tysZI/KWh 

INDtJSInIAL HV 081 060 0.16 0.27 98.09 0.4354 06594 34% 14090 03874 

fRACTION 

MV 
LV 
HV 

0 53 
054 
093 

042 
031 
048 

0.18 
018 
019 

0.31 
0.31 
030 

117.62 
15427 
11262 

04652 
G5203 
04534 

0.8488 
12020 
07748 

45% 
57% 
41% 

8884 
1334 

67 

04995 
0.7828 
0.4606 

COMMERCIAL 
MV 
MV 

093 
063 

048 
049 

019 
020 

030 
032 

17363 
117.62 

04671 
P 4755 

09627 
0.8044 

51% 
41% 

2178 
641 

04715 
04934 

AGRICULTURAL 
RETAIL 
SI. LIGHTING 

LV 
MV 
LV 
LV 

055 
0.54 
0.49 
1.00 

030 
0.38 
025 
0.50 

020 
0 20 
027 
021 

032 
0.32 
0.25 
0.04 

157.13 
100.82 
139.99 
28569 

0.5323 
0.4755 
0.5479 
0.4659 

12498 
0.8390 
1.3150 
1.2486 

57% 
43% 
58% 
63% 

4464 
320 

13616 
742 

07745 
0.5287 
06310 
07884 

DISTRIBUTION COMPANY AVERAGE 
Equivalent tysZI/KWh 

0.20 028 128.31 
0.4991 

04888 
0.4888 

0.9879 
0.9879 

46336 0.5421 

'Y,of System Average 51% 49% 100% 

Tys ZI = thousands of zloty 
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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 c" the
 
likely replace.neat 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 Zl/kWh (3.65 C/kWh) or approximately a 63 percent real increase
 
above the 1992 level of revenues.
 

UnconstrainedFinancialAnalysis 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. 

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 Zl/kWh (4.20 C/kV''h) or an approximate increase of 67 percent above 1992 
revenue
 
levels.
 

UnconstrainedFinancialAnalysis of the DistributionSystem (Chapter9). At the
 
time this analysis was conducted, the Polish Government 
was leaning towards a policy of 
uniform bulk sales tariffs for all 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 and average tariff at therevenues 
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 dirferent distribution companies.
Therefore, in addition to the consolidated case, three individual distribution companies were 
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SUMMARY S. 11 

analyzed -- Warsaw, Gliwice and Bialystok -- which represent major urban, mid-size urban, 
and rural distribution companies, respectively. 

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 ZiikWh (5.86 C/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. Secono, there would be serious constraints to a sudden 
revaluation of assets to their full replacement cost. Furthermore, even if assets could 
gradually be rcvalucd 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. 
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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 latie 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 
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. 

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 C/kWh) for 1994, 716 Zl/kWh (5.34 C/kWh) for 1995, and 814 Zl/kWh (6.07 
C/kWh) for 1996 and 1997. 
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EXHIBIT S-5 
CONSTRAINED BY FINANCIAL ANALYSIS

Tariff Increase Restriction and Gradual Asset Revaluation 
(4most likely case,) 

Assumptor: 
;taI tatf increase: from mid - 1992 to mid -1994. 15%: then 15% per year in real terms 
A.set Revajuabon: 100% of reolacemem cost by January 1997 
-ax aJlowance from Deprecianor,: 70% of replacemrnt cost by January 1997
 
fnvoctmenta i gerwaon 1993  1997: US$ 5.8 billion
 
Ixea Opeaion Costs: decreasing
 

Fnanciai crrtena for DCa: no borrowing
 

ESTIMATE I 
 FORECAST
 
19921 
 19941 
 19951 
 19961 1997
 

AVERAGE TARIFFS - ZI/kWh (atmid 1992 price leve.J)

Distnbution Comoanm 
 542.1 623.41 716.9 814.0 814.0PSE 


336.7 378.0 1 
 411.0, 517.0 
 567.0
Generauon Svstem 300.0 1 307.0 337.0 446.01 494.0 

AVERAGE TARIFFS - US contakWh (at mid 1992 price levels)fistributon
Comoarmls 
 3.991 
 458 1 5.27 5.99 1 5.99PSE 
2.48 I 2.78 I 3.02 I 3.80 I 4.17Goration Syatern 2.21 i 2.26 I 2.481 3.28 I 3.63 

NET BORROWING /CASH DEFICIENCY (SURPLUS) (billions zloty)Distrbution Companwe 

1651 2031 
 1991 219
PSE -- Programmed LTD 

4,000 1 7.250 I 10.000 I 10.250
Cash 

(1.738)1 (2.597)1 (3.429)1 (5.520)Genration System 
19.942 29.399 I 34.032 34,356 

SELF-FINANCING RATIO -%
 
Distributzon Coml:arim-
 11i3.3 1 124.5 i 114.0 103.0 
PSE 

11.81 9.51[ 18.81 87.0 

D-BT-TO-EQUITY (revalued) RATIO - %
 
O;stbution Comparim 
 1.81 1.4 1 1.1 1.01 

PSE 

Generaton System 24.81 34.81 38.91 34.2128.61 34.3 1 34.7 34.2 

RETURN ON NET ASSETS revalued) - % 
Distribution Compruii 

15.1 18.0 I 10.81 2.8PSE 

6.41 6.01 6.1 5.9Genraton System 

(9.9)1 (5.4)1 4.3 1 6.0 

INCOME TAX FOR 
YEAR - bilinw 23. 
Distributio Compane 
PSE 

5.576I 8,055 I 6.8861 3,646 
5431 656 771 773Generation System 

(2,664)1 (2.409)1 1.2451 2.338Total 

3.455 I 6.302 8 6.7579.902 
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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 ZI/kWh as of February
 
1993 (339.8 ZI/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-Z/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. 

Tariff "C" (Low Voltage, below I 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 customcrs consuming less than 40 kW or 80 
MWh/year (tariff "CI "), 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.
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Exhibit S-6 
Revenue Responsibility by Class and Tariff Design 

Current Strict Revenue 
Yield LRMC Responsibility 

Tariff Class ZI/kWh Z1/kWh ZI/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 542 988 623 15% 

S.4 CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The Polish power system has a fairly high level of capacity reserve due to very lowgrowth 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 be needed under the modernization
schedule required to meet ambitious targets of operating efficiency and environmental 
quality. 

10 	 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. 
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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 

P. 	 The bulk of the large thermal generating plants should continue to be compensated on 
the basis of their production costs with a regulated profit. Historical operating costs,
including fuel costs, should be rapidly replaced by standard costs linked to their 
economic value. The Polish Power Grid Company should also be compensated on 
the basis of regulated operation cost and profit based on net assets. 

Resources of limited dispatchability, such as combined heat and power plants, surplus
from industrial autoproducers and small hydroelectric plants, should be negotiated not 
to exceed the avoided cost to the system resulting from the specific resource. 
Pumped storage hydroelectric plants provide a service to the network and should be 
treated as part of the asset base of the Polish Power Grid Company. 

Distribution companies should operate on the basis of a uniform bulk sales tariff and 
should 	develop specific retail tariff levels resulting in a regulated margin between 
wholesale and average retail tariffs. The marginal cost structure of tariffs calculated 
for the entire system should be observed by individual distribution utilities unless 
specific studies are carried out to support a different local structure of marginal costs. 

The existing principles for settlement with distribution companies and with power
plants are compatible with the proposed tariff system. This includes those interim 
settlement mechanisms designed to compensate for deficiencies in measurement 
capability. However, substantial effort is needed in the development of detailed 
guidelines for determining standard operating costs and for the accurate computation 
of system avoided costs for individual resources. 

It must be emphasized that the study was carried out in parallel with studies to determine the 
level of investments required in the transmission and distribution system and for the 
rehabilitation and modernization of generating plants. The results of the study are therefore 
based on preliminary estimates regarding these investments and should be revised as soon as 
the results from the aforementioned studies are available. 
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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 co; sumption 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 Worll 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 teLmologies during that period, the 
characteristics of its electric system are substantially different from those of modern systems 
of comparable size in western countries. 
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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 
stations, 55 publicly owned thermal plants, and J19 hydroelectric powerplants. Out of the 
2,000 	MW of hydroelectric 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 powerplnts into four commercial generating 
utilities 

0. 	 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 

P. 	 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 tariff 
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: 

0 	 Part I - Supply and Demand Review 
Part II - Generation System 
Part III 	 Transmission and Distribution System 
Part 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 tie report is that Part I 
does not necessitate any assumptions about exteral 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 rower market, namely the demand for 
power and power generation resources. The demand for power is reviewed in Chapter 2 
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INTRODUCTION 1.4 

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

PartII: Transmission and DistributionSystem. 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 lcvels. 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 years, 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 emphasizec, that this forecast 
is not yet 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 
system." 

Part 11 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 tariff for transactions between generators and the power grid. 

PartIII: Transmission and DistributionSystem. 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: Taiff 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 
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1.5 INTRODUCTION 

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 
by 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. 
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CHAPTER 2: REVIEW OF THE LOAD FORECAST 

The purpose of this task was to specify a ten-year (1992-2001) load forecast for use in 
subsequent activities within the overall study. For tariff planning, this forecast must be
 
disaggregated by voltage level and by customer class, and must incorporate planning
 
uncertainty. 

Although this task was narrowly conceived as a review and adaptation of the official PPGC 
forecast, its focus has been expanded in light of the current clima.e of economic uncertainty
in Poland. Our review indicates that existing forecasts adequately reflect optimistic future 
economic growth prospects, but do not address the possibility of slow recovery and/or low 
rates of economic growth. Therefore, an alternative growth scenario was developed for 
comparison with existing high and low load projections. 

This chapter is organized as follows. After a brief background discussion of the forecasting
environment (Section 2.1), Section 2.2 summarizes recent forecasts prepared in Poland, and 
categorizes these forecasts into three "scenarios" that reflect alternative assumptions about 
future economic growth. Section 2.3 compares the results of these scenarios and 
recommends energy and demand forecasts to be used for tariff planning. Finally, Section 
2.4 presents a disaggregation of the recommended load forecasts by voltage level and tariff 
group for use in subsequent long-run marginal cost and financial revenue analysis. 

2.1 BACKGROUND: THE FORECASTING ENVIRONMENT 

The forecasting environment for Poland is clouded by both erratic historical trends and the 
uncertainties accompanying drastic economic reform. The recent past is characterized by
significant economic contraction as the country adjusts to its new free-market course. The 
pace and impact of structural adjustments to the economy in the near term cannot be 
predicted with certainty. Further, because of the ongoing transition of the economy, there is 
likely to be a discontinuity between the functional determinants of demand historically and in 
the future. These factors suggest that the strict application of traditional econometric or 
elasticity-based models for load forecasting has only limited value for Poland at this time. 

Recent Economic Performance 
The Polish economy's historical performance is summarized in Exhibit 2-1. The economy 

experienced little growth in the early 1980s, and modest growth in subsequent years. After 
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Exhibit 2-1: Basic Economic Data 

Real GDP 
Year (bn ZI 1987) 

1980 15856 

1981 14274 

1982 13595 

1983 14350 

1984 15161 

1985 15941 

1986 16614 

1987 16940 

1988 17635 

1989 17722 

1990 15667 

1991 14413 


Average Rates of Growth: 
1980-91 -0.9% 
1980-85 0.1% 
1985-89 2.7% 
1989-91 -9.8% 

Population 
(million) 

35.58 
35.90 
36.23 
36.57 
36.91 
37.20 
37.46 
37.66 
37.86 
37.85 
38.18 
38.29 

0.7% 
0.9% 
0.4% 
0.6% 

GDP/Capita 
(tysZl 1987) 

446
 
398
 
375
 
392
 
411
 
429
 
444
 
450
 
466
 
468
 
410
 
376
 

-1.5% 
-0.8% 

2.2% 
-10.3% 

Source: These series were derived from: 
1) From IBRD, World Tables 
2) From International Monetary Fund, "International Financial Statistics"
3) From World Economy Research Institute of the Warsaw School of Economics, 

"Poland International Economic Report 1991/92 



REVIEW OF THE LOAD FORECAST 2.3 

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 anuary 
 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 

P. 	 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 long 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. 
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Exhibit 2- 2 
Republic of Poland: Historical Generation and Consumption (GWh) 

PUBLIC POWER SYSTEM I 198 1985 1986 1987 1988 1989 1990 f1991 Average Annu] Rate (%)1980-85 1985-89 1989-91 

Industry 
Traction 
Communal 
Final Domestic Sales 
Exports 
Impolts(-) 

TOTAL SALES 

Network Losses 
% of incoming

Pumping in Hydro Ptants 
Self-Producer Supply to Grid (-) 

NET GENERATION 

Heat Generation Auxillary Use 
Station Use 

% of incoming 

GROSS GENERATION (GVh) 
Load Factor 

MAXIMUM DEMAND (MW) 

59796 
4820 

25153 
90769 
4396 
4161 

91004 

12202 
112% 
1246 
835 

103617 

-
7914 
7.1% 

111531 

61858 
5478 

32789 
100125 

7568 
5456 

102237 

13337 
11.5% 
2797 
583 

117788 

2049 
9053 
7.1% 

128890 

63779 
5627 

34546 
103952 

7796 
7833 

103915 

13812 
11.7%o 
3059 

524 

120262 

2027 
9299 
7.2% 

131588 

66012 
5834 

37132 
108978 

8703 
10422 

107259 

15448 
12.6L 
3275 

311 

125671 

2141 
9300 

7.1% 

137412 

67135 
6005 

38438 
111578 

7980 
12456 

107102 

14190 
11.7-
3307 

307 

124292 

2045 
9596 
7.2% 

135933 

65402 
5875 

39792 
111069 
10268 
12059 

109278 

13345 
10.9% 
2922 
396 

125149 

2031 
9725 
7.2% 

136905 

57312 
5346 

39851 
102509 

11477 
10437 

103549 

11364 
9,9 

2614 
495 

117032 

2050 
9132 
7_2% 

128214 

51052 
4915 

40417 
93384 
9326 
6708 

99002 

14369 
12.7% 
2747 
339 

115779 

2105 
8961 

7.2% 

126845 

0.7% 
2.6% 
4.6% 
2.0% 

11.5% 
5.6% 

2.4% 

1.8% 

17.6% 
-6.9% 

2.6% 

-
2.7% 

2.9% 

1.4% 
1.8% 
5.0% 
2.6% 
7.9% 

21.9% 

1.7% 

0.0% 

1.1% 
-9.2% 

1.5% 

-0.2% 
1.8% 

1.5% 

-11.6% 
-8.5% 

0.8% 
-6.8% 
-4.7% 

-25.4% 

-4.8% 

3.8% 

-3.0% 
-7.5% 

-3.8% 

1.8% 
-4.0% 

-3.7% 

OTHER PRODUCERS 

Self- Producer Factory Use 
Self-Producer Supply to Grid 
Other Supply to Grid 

NET GENERATION 
Station Use 

% of incoming 
GROSS GENERATION (GWh) 

Load Factor 
MAXIMUM DEMAND (MW) 

8884 
835 

36 
9755 
585 

5.7% 
10340 

7741 
583 
34 

8358 
459 

5.2% 
8817 

7695 
524 
34 

8253 
453 

5.2% 
8706 

7646 
311 

35 
7992 
427 

5.1% 
8419 

7635 
307 

31 
7973 
434 

5.2% 
8407 

7681 
396 

28 
8105 
458 

5.3% 
8563 

7170 
495 
27 

7692 
459 

5.6% 
8151 

7051 
339 

29 
7419 
432 

5.5% 
7851 

-2.7% 
-6.9% 
-1.1% 
-3.0% 
-4.7% 

-3.1% 

-0.2% 
-9.2% 
-4.7% 
-0.8% 
-0.1% 

-0.7% 

-4.2% 
-7.5% 

1.8% 
-4.3% 
-2.9% 

-4.2% 

TOTAL GROSS GENERATION 121871 137707 140294 145831 144340 145468 136365 134696 2.5% 1.4% -3.8% 
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Exhibit 2-3 further highlights trends by customer class. It 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 12
 
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 determinc 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 rcquirements, 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 only for a year or two in advance, identifying the structure 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: 

I The Polish Academy of Sciences (PAS) 

The dramatic fall in low voltage (LV) industrial consumption in 1991 appears to be the result of a
reclassification of some LV customers to LV commercial rather than to a total collapse of small industrial
demand. We have therefore grouped these sales with commercial sales for the purposes of this analysis. 
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Exhibit 2-3 
Republic of Poland: Historical Sales end Consumption Shares by Customer Class (GWh) 

.........................
1.9.- .Avarage Annual Rte-(%) -
198 19895 1998 .. 

-
1990 1991 1980-85 1985-89 1989-91 

INDUSTRY HV - 34805 36209 37680 38531 37395 32761 29656 - 1.8% -10.9%MV - 23482 23781 24220 24271 23558 20593 18848 - 0.1% -10.6%LV - 3570 3788 4113 4333 4449 3959 2548 - 5.7% -24.3%Total 5973C 61858 63779 66012 67135 65402 57312 51052 0.7% 1.4% -11.6%
 
TRACTION 1/ HV 
 - 164 169 175 180 176 160 147 - -MV - 5314 5458 5659 5825 5699 5186 4768 - -Total 4820 5478 5627 5834 6005 5875 5346 4915 2.6% 1.8% -8.5% 
STREET LIGHTS LV 670 1274 1283 1186 1355 1506 1325 1372 13.7% 4.3% -4.6% 
COMMERCIAL MV - 927 999 1121 1185 1225 1179 1233 7.2% 0.3%LV - 7235 7640 7953 7997 8161 7039 8588 3.1% 2.6%Total 7645 8162 8639 9074 9182 9386 8218 96&1 1.3% 3.6% 2.3% 
FARMS MV - 599 654 728 754 745 711 682 5.6% -4.3%LV - 6629 7076 7726 7829 7888 7414 7712
Total 5360 7229 7731 8454 8582 

4.4% -1.1%
8633 8124 8394 6.2% 4.5% -1.4% 

RESIDENTIAL LV 11010 16126 16894 18417 19319 20267 22183 20829 7.9% 5.9% 1.4%84481 99962 103783 108803 111398 110893 102348 96236 3.4% 2.6%TOTAL FINAL SALES -6.8%89301 100126 103952 108978 111578 111069 102509 96384 2.3% 2.6% -6.8%HV - 34970 36209 37680 38531 37395 32761 29656  1.7% - 10.9%MV - 30321 30893 31728 32035 31227 27668 25531 - 0.7% -9.6%LV - 34835 36681 39396 40832 42271 41920 41049 - 5.0% -1.5% 

CONSUMPTION SHARES OF TOTAL SALES 

INDUSTRY 0.67 0.62 0.61 0.61 0.60 0.59 0.56 0.53TRACTION 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05COMMUNAL 0.28 0.33 0.33 0.34 0.34 0.36 0.39 0.42
Straet Lights 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01Commercial 0.09 0.08 0.08 0.08 0.08 0.08 0.08 0.10Farms 0.06 0.07 0.07 0.08 0.08 0.08 0.08 0.09Residential 0.12 0.16 0.16 0.17 0.17 0.18 0.22 0.22TOTAL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Consumption Shares by Customer Type 

5041 
40% 

-

20% 

10% 

1985 1950 1987 1988 1989 1990 1991 

0 Industry * Traction Communal 



2.7 REVIEW OF THE LOAD FORECAST 

P 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 forecast2 can be grouped as representative of Scenario I (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. 

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

RCG/Hagler, 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 MO! PAS/PSE MOI 

1990-95 
1995-00 
2000-05 
2005-10 
2010-20 

3.2% 
5.5% 
4.1% 
4.1% 
3.7% 

5.1% 
5.1% 
4.9% 
4.9% 

-

200,000 
-
-
-

350,000 

170,000 
200,000 
230,000 
260,000 

-

SCENARIO 2: Rapid Recovery to Steady Growth 

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

PAS/PSE MOI PAS/PSE MOI 

1990-95 -1.0% 3.4% 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" MOI assumptions. 
(2) Straight line growth assumed when interim year data not available. 



Exhibit 2-5 
Comparison of Forecasts of Gross Domestic Generation Requirements 

SCENARIO 1: Optimistic Economic Growth 

year 
PAS High 

TWh % 
PSE High (Variant II) 

TWh % 
MOI Variant II 

TWh % 

1991 
1996 
2001 

132.0 
156.7 
187.9 

-
3.5% 
3.7% 

132.0 
155.4 
179.4 

-
3.3% 
2.9% 

132.0 
158.4 
189.2 

-

3.7% 
3.6% 

SCENARIO 2: Rapid Recovery to Steady Economic Growth 

PAS Low PSE Low (Variant I) MOI Variant I 
year TWh % TWh % 	 TWh % 

1991 132.0 - 132.0 - 132.0 
1996 142.1 1.5% 141.5 1.4% 	 150.8 2.7%
2001 160.0 2.4% 	 160.1 2.5% 173.1 2.8% 

SCENARIOS 3: Slow Recovery to Steady Growth 

End-Use Trends 
year TWh % 

1991 132.0 

1996 129.9 -0.3% 
2001 157.1 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. 



2.10 REVIEW OF THE LOAD FORECAST 

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. 
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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
 
HV 61 to 220 kV
 
MV I to 60 kV
 
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 
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Exhibit 2 -6 
Comparison of Generation Requirements Forecasts (GWh) 

1991 I. 12 

SCENARIO 1: OPTIMISTIC GROWTH 

PSE Variant II(High) 134696 137200 
growth rate (%) 1.9% 

19" 

142700 
4.0% 

994 ,.-1995-

148300 154200 
3.9% 4.0% 

15.95. 

157377 
2.1% 

1997 

161854 
2.8% 

1998 

167900 
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Exhibit 2-7: Base Case Forecast 
Republic of Poland: PSE *Low Forecast Generation and Consumption (GWh) 

- Avg Annual Rate (%)PUBLIC POWER SYSTEM 1 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 1991-96 1996-01 

Industry 48988 48864 48843 49300 50419 51630 52372 53355 54900 54673 -0.2% 1.6% 
7303 7500 7508 

Traction 5160 5631 6158 6800 6941 7094 7182Comnunal 7.1% 1.6%40926 43079 45440 48400 49878 51470 52610 54009 56000 56031 4.3% 2.4%Fnal Domestic Sales 95073 97574 100441 104500 107238 110194 112165 114666 118400 118212Exports 1/ 3200 2.2% 2.0%3200 3300 3300 1900 1900 1900 1900 1900 0 -Imports (-) 0 0 0 0 0 0 0 0 0 0  -
TOTAL SALES 98273 100774 103741 107800 109138 112094 114065 116566 120300 118212 2.0% 1.6% 

Network Losses 13489 12796 12194 11500 11908 12256 12614 12974 13000 13135 -3.7% 2.0%% of incoming 11.4% 11.05% 10.32% 96% 966% 9.%Pumping in Hydro Plants 21 971% 9.73% 9.8% 9.72%2600 2600 2600 2600 2600 2600 3667Self-Producer Supply to Grid (-) 400 400 400 400 400 
4200 4200 4200 -1.1% 10.1%

400 400 400 400 i0O 3.4% 0.0% 
NET GENERATION 113962 115771 118136 121500 123246 126550 129946 133340 137100 135147 1.3% 1.9% 

Heat Generation Auxiliary Use 2152 2200 2250 2300 2339 2378 2418 2459 2500Station Use 2519 2.1% 1.5%8986 9129 9315 9400 9715 9972 10236 10501 10600 10634 1.6% 1.8%% of incoming 7.18% 7.18% 7.18% 7.18% 7.18% 7.18% 7.18% 7.18% 7.)8% 7.17% 

GROSS GENERATION (GWh) 125100 127100 129700 133200 135300 138900 142600 146300 150200 148300Load Factor 0.648 0.653 0.657 0.662 0.672 
1.3% 1.9% 

0.673 0.676 0.677MAXIMUM DEMAND (MW) 0.681 0.67022024 22224 22528 22978 22989 23570 24077 24660 25187 25260Load Growth (%) - 1.9%0.91% 1.37% 2.00% 0.05% 2.53% 2.15% 2.42% 2.14% 0.29% 

OTHER PRODUCERS 

Self- Producer Factory Use 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200 - -Self- Producer Supply to Grid 400 400 400 400 400 400 400 400 400 400 -Other Supply to Grid .-..... -NET GENERATION 7600 7600 7600 7600 7600 7600 7600 7600 7600Station Use 7600 - 500 500 500 500 500 500 500 500 500 500  -% of incoming 6.2% 6.2% 6.2% 6.2% 6.2,%,. 6.2% 5.2% 6.2%GROSS GENERATION (GWh) 8100 8100 8100 
6.2% 6.2%

8100 8100 8100 8100 8100 8100 8100Load Factor 0.648 0.653 0.657 0.662 0.672 0.673 0.676MAXIMUM DEMAND (MW) 0.677 0.681 0.6701426 1416 1,407 1397 1376 1375 1368 1365 1358 1380 - 0.0% 

TOTAL GROSS GENERATION 3/ 133200 135200 137800 141300 143400 147000 150700 154400 158300 156400 1.3%PSE Forecast 4/ 133200 135200 137800 1.8%141300 143400 147000 150700 154400 158300 156400Correction Factor Used 5/ 0.968 1.006 1.008 1.000 1.001 1.002 0.993 0.997 1.000 0.973TOTAL MAXIMUM DEMAND (PSE) 6/ 23450 23640 22935 24375 24365 24945 25445 26025 26545 26640 - 1.8%Annual Load Factor 7/ 0.648 0.653 0.657 0.662 0.672 0.673 0.676 0.677 0.681 0.670 

1/Includes 300 GWh ifee for transit. No exports assumed after 2000.

2/ Mloty pumping is included; this load is estimated as 1067 GWh by 1998 and another 533 GWh by 1999.

3/Includes domestic requirements plus international energy exchange estimated by PSE.
4/ PSE estimate adjusted to include international energy exchange and Mloty hydro pumping: also excludes 100 GWh unserved energy assumed by PSE after 1994.
5/This correction factor used to scale the non-fixed items in the disaggregated sales and generation forecast to achieve the PSE total gross generation fosecast.
6/ Domestic maximum demand estimated by PSE, including demand related to international energy exchange.
7/ Derived from maximum demand (PSE) and total gross generation (PSE forecast adjusted as r&'qc- in 4/above).
 



2.14 REVIEW OF THE LOAD FORECAST 

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. 
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Exhibit 2-8: Base Case Forecast 
Republic of Poland: PSE "Low Forecast of Sales by Customer Class (GWh) 

S 1992 1993 FAvg Annual Rate (%)1994 1995 19'96 1997 1998 1999 2000 2001 1991-96 1996-011 
INDUSTRY HV 28229 28158 28146 28410 29054 29752 30180 30746 31637 31506 -0.4%MV 17844 17799 17791 17958 18365 18807 19077 19435 19998 

1.6% 
19915 -0.5% 1.6%LV 2914 2907 2906 2933 2999 3071 3116 3174 3266 3252 3.3% 1.6%Total 48988 4864 48843 49300 50419 51630 52372 53355 54900 54673 -0.2% 1.6% 

TRACTION 1/ HV 155 169 185 204 208 213 215 219 225 225 - -MV 5005 5462 5973 6596 6733 6881 6967 7084 7275 7283  -Total 5160 5631 6158 6800 6941 7094 7182 7303 7500 7508 7.1% 1.6% 
STREET LIGHTS LV 1375 1448 1527 1627 1676 1730 1768 1815 1882 1883 4.1% 2.4% 
COMMERCIAL MV 1229 1294 1365 1454 1498 1546 1580 1622 1682 1683 4.0% 2.4%LV 7963 8382 8841 9417 9705 10015 10237 10509 10896 10902 2.5% 2.4%Total 9192 9676 10206 10871 11203 11560 11817 12131 12578 12585 2.7% 2.4% 
FARMS MV 710 747 788 840 865 893 913 937 971 972 4.9% 2.4%LV 771 8117 8562 9120 9399 9698 9913 10177 10552 '0558 4.0%Total 8422 8865 2.4%9351 9960 10264 10591 10826 11114 11523 1:,30 4.1% 2.4% 
RESIDENTIAL LV 21937 23091 24356 25943 26735 27588 28200 28949 30017 30033 5.1% 2.4% 
TOTAL FINAL SALES 95073 97574 100441 104500 107238 110194 112165 114666 118400 118212 2.2% 2.0%HV 28384 28327 28331 28614 29262 29965 30395 30965 31862 31731 -0.3% 1.6%MV 24788 25302 25917 26847 27461 28127 28536 29077 29926 29852 1.5% 1.7%LV 41901 43945 46193 49040 50515 52102 53233 54624 56613 56629 4.2% 2.3% 
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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 c'f 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 
international 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. 
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EXHIBIT 3-1 

SUMMARY OF THE PUBLIC GENERATION SYSTEM 

POLAND -PLANT NAME TYPE FUEL 
SUMMARY OF THE PUBLIC GENERATION SYSTEMMEAN UNIT NO. NAMEPLATEPEAKUNG PERCENT ANNUAL FUEL 1991 PERCENTCAPACITY UNITS CAPACITY CAPABIUTYOF OPERATING TRANSPOlPRODUCTION OF 

MW MW MW SYSTEM EXPENSES COST GWH GENERATION 
SBELCHATOW CAPABIUITYGRID LIGNITE 360 12 $/KW $/MWH4320 4320 15.4% 11-27 0.00 REQUIREMENTS2 PATNOW GRID 27213 21.9%LIGNITE 200 1.0 2000 2000 
 7.1% 12-36 0.003 TUROW 7628GRID LIGNITE 200 6.1%10 2000 2000 7.1% 28514 ADAMOW 0.00 12035 9.7%GRID LIGNITE 120 5 600 480 
 1.7% 33.90 0.005 KONIN 2875 2.3%GRID LIGNITE 65 9 583 523 1.9% 30.68 0.00LIGNITE FIRED PUBLIC PLANTS 3148 2.5%9503 9323 33.2%6OSTROLEKA B GRID COAL 52899 42.6%200 3 600 600 
 2.1% 20387 KOZIENICE GRID 1.91 2864 2.3%COAL 260 10 2600 2600
8 POLANIEC GRID COAL 

9.3% 17.94 1.59 7996 6.4%200 8 1600 1600 
 5.7% 18.80 1.359 RYBNIK GRID COAL 200 7173 5.8%8 1600 1600 5.7% 20.95 0.6810 JAWORZNO III GR:D COAL 9252 7.5%200 6 1200 1140 4.1% 25.1411 DOLNA ODRA GRID 0.71 6302 5.1%COAL 200 8 1600 1600 
 5.7% 17.42 2.0912 LAZISKA GRID COAL 173 6856 5.5%6 1040 92013 LAGISZA GRID COAL 
3.3% 29.72,. 0.37 4286 3.5%120 7 840 723 2.6% 2448 0.8514 SIERSZA GRID 3423 2.8%COAL 123 6 738 630 2.2% 29 1715 STALOWA WOLAGRID COAL 64 6 

0.79 3128 2.5%384 345 1.2% 18.61 1.47 1356COALFIRED FULLY DISPATCHABLE PLANTS 1.1%12202 11758 41.9%FULLY DISPATCHABLE GRID PLANTS 52636 42.4%21705 21081 75.2%16 SKAWINA GRID-C COAL 105535 85.0%79 7 550 49517 JAWORZNO II GRID-C COAL 50 7 
1.8% 21.07 1.14 1919 1.5%350 300 
 1.1% 22.79 0.8718 BLACHOWNIA GRID-C COAL 904 0.7%47 6 282 24419 HALEMBA GRID-C COAL 
0.9% 25.60 1.79 781 0.6%50 4 200

20 JAWORZNO I GRID-C COAL 
200 0.7% 42.33 0.23 769 0.6%29 5 145 93 0.3% 26.9721 MIECHOWICE GRID-C COAL 55 

0.91 279 0.2%2 110 101 0.4% 300322 POMORZANY GRID-C COAL 0.04 295 0.2%60 2 120 112 0.4% 42.88 3.73_ COLLECTOR 401 0.3%GRID PLANTS -- 1757 1545 5.5% 23 SIEKIERTY ___ 5348 4.3%CHP -- COA-L--- 125 4 500 619 2.2% 37.6824 KRAKOW CHP COAL 115 1.91 1794 1.4%4 460 446 1.6% 20.30 1.2125 WROCLAW CHP 1791 1.4%COAL 100 2 200 259 0.9% 26.32 260 1089 0.9%26SMALLER CHP CHP COAL 30 100 2621 ........ . 2174 7.8% 28.66
COMBINED HEAT AND POWER .......
PLANTS --. 0 34981 .51 2.25 7895 -64%3498.. .5%.12569...10.1%...54160PUBLIC THERMAL 5610 %27622 26124 93.2% _ PUBLIC HYDROELECTRIC 123452 9_99.5%2005 1918 
 6.8%TOTAL PUBLIC 646 0.5%.. 
 . 29627 
 28042 100.0%  124098 100.0% 



3.3 REVIEW OF THE GENERATION SYSTEM 

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 di;trict 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" grid 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 Plants 

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 cf these plants -- Belchatow, Patnow, Turow, Adamow and Konin -- are the only plants 
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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 Patnow are currently fuelled with No. 6 residual fuel oil or "mazout," 
but there are plans for converting these to burn lignite. 

Coflector 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 is 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, Badily, Inc. 
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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. As a 
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 ba.;is, current reserve margin levels fluctuate between 15 and 40 percent due to
the monthly varialions in peak demand, CHP capacity, and the capacity undergoing planned
maintenance. It appears possible 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. 

3.3 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 combination of the following: 
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REVIEW OF THE GENERATION SYSTEM 3.6 

10 	 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. 

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

10 	 Fuel conversion - modifications to boiler and fuel supply facilities to take 
advantage of cheaper fuels or to achieve compliance with emission standards 
by burning cleaner fuels. 

10 	 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

"modemzations, predominant over capacity additions.
 

Furthermore, programs for the expansion of CHP capacity are largely controlled by forecasts 
of heat demand growth, but include generation 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 
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3.7 REVIEW OF THE GENERATION SYSTEM 

cases, border prices. The lignite sector faces mounting environ-mental 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 
rmade, 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 cihanges 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 
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3.8 
REVIEW OF THE GENERATION SYSTEM 

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

Comments to PPGC Expansion Plan 

The following is a list of the major assumptions used in PPGC's scenario lc 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 
vIW 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. 

P 	 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. 

0 	 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 asr,;mptions refer only to those additions th-t could have an impact on or before 1997
in terms of operation costs or capital disbursemc.its. 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 
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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 acceptablereliability. 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 themaximum 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 14percent. 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. 

3.4 CAPITAL INVESTMENT ASSUMPTIONS 

3.4.1 Investments in Modernization 

PPGC assumes an extensive plan of rehabilitation in existing power units for the purposes oflife 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 oftwo 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 thatall these modernizations will include the addition of flue gas desulfi f.ation devices (FGD)plus improvements in efficiency and reliability. The cost has been estimated by PPGC at US 
$800/kW or $2,292 million. 
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Because of the wide spectrum of possibilities and objectives in the rehabilitation of generating
units, 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
 
feasible rehabilitation alternatives.
 

The bulk of the investment in modernizations will take place after 1994 and will thus not

directly 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 allow the
establishment 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 Compli.nce 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

investments in environmental controls required for full compliance. 
 Some of the existing

estimates 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 (S02) 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 
availability rate, increased net output, and reduced operating and maintenance cost. 
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REVIEW OF THE GENERATION SYSTEM 

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 modem design and improved seals. 

P. 	 Replace entire low-pressure turbine. 

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

0 	 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. 
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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 uncertainties 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.,
unit of energy produced), in others they are reported as fixed costs (i.e., 

per 
per unit of installed 
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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: 1! to 40 US$/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. 
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Exhibit 3.2 
Operation and Maintenance Costs 
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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.2 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 $/GJ. 

I GJ = l0' Joules 

2 As noted above, PPGC has calculated all of these costs exclusive of subsidies, duties, and taxes. 
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Exhibit 3-3 
World Bank Coal Forecast 

IBRI) Fuel Price Assumptions - Based on 10/92 IBRD Crude Forecast 

Calendar 
Year 

COAL/FOB 
Current 

$/MT 

COAL/FOB 
CY 85 
$/MT 

MUV Index 
Imputed 

COAL/FOB 
CY 92 
S/MT 

COAL/CIF 
CY 92 
$/MT 

COAL 
CY 92 

tysZI/MT 

COAL 
CY 92 

$/GJ 

1992 

1993 
41.00 

42.00 
27.00 

26.00 
151.85 

161.54 
41.00 

39.48 
50.00 
48.48 

670.00 

649.65 
1.80 

1.74 
1994 
1995 
1996 

44.00 
46.00 
48.83 

27.00 
27.00 
27.57 

162.96 
170-37 
177.08 

41.00 
41.00 
41.87 

50.00 
50.00 
50.87 

670.00 
670.00 
681.70 

1.80 
1.80 
1.83 

1997 51.83 28.16 184.05 42.76 51.76 693.65 1.86 
1998 
1999 
2000 
2001 

55.02 
58.41 
62.00 
64.23 

28.76 
29.37 
30.00 
30.00 

191.30 
198.84 
206.67 
214.11 

43.68 
44.61 
45.56 
45.56 

52.68 
53.61 
54.56 
54.56 

705.85 
71832 
731.04 
731.04 

1.89 
1.92 
1.96 
1.96 

Avg Rate 
Period 

5.1% 
1992-01 

1.2% 
1992-01 

3.9% 
1992-01 

1.2% 
1992-01 

1.0% 
1992-01 

1.0% 
1992-01 

1.0% 
1992-01 

NOTES: 
13.4 tysZli$ 
27.9 GJ/MT Coal 

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



Exhibit 3.4 
Non-Subsidized Cosi of Coal and Lignite by Plant 
PPGC Estir.ates for 1991 

Quantity Calorific Fuel Transport Total Fuel Total Total 
Consumed Value Cost Cost Cost Cost Cost Cost 

MT kJ/kg tysZI/MT tysZl/MT tysZl/MT tysZI/GJ tysZI/GJ $/GJ 

Largest Lignite Stations 

EL BeIchatow 
EL Turow 
EL Patnow 
EL Konin 

27213 
12035 
7628 
3148 

7633 
8949 
9244 
9059 

118.731 
117.882 
135.131 
135.131 

0.000 
0.000 
0.000 
0.000 

118.731 
117.882 
135.131 
135.131 

15.555 
13.173 
14.618 
14.917 

15.555 
13.173 
14.618 
14.917 

1.161 
0.983 
1.091 
1.113 

EL Adamow 2875 7955 149.431 0.000 149.431 18.785 18.785 1.402 

Weighted Average - 8267 123.547 0.000 123.547 15.015 15.015 1.121 
Estimated 1992 Price 1/ 20.721 20.721 1.546 

Largest Coal Stations 

EC Rybnik 9252 21626 404-349 25.631 429.980 18.697 19.883 1.484 
EC Kozienice 7996 21055 393.656 61.427 455.083 18.697 21.614 1.613 
EC Polaniea 
EC Dolna Odra 

7173 
6856 

18980 
21988 

294.974 
390.814 

48.051 
80.726 

343.025 
471.540 

15.541 
17.774 

18.073 
21.445 

1-349 
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 1.473 
Estimated 1992 Price 1/ 24.043 27.232 2.032 

LIGNITE: COAL (%) 40% - - - 86% 76% 76% 

1/ 1991 prices escalated by 38% (reported annual inflation from 1991 to 1992) 
2/ Foreign exchange rate assumed 13.400 tysZ! / $ 



Exhibit 3.5 
Non-Subsidized Share of Transport to Total Cost of Coal for Largest Plants 
PPGC Estimates for 1991 

Coal Station 

EC Rybnik J 

EC Kozienice 

EC Polaniea 

EC Dolna Odra 

EC Jaworzno 111 

EC Ostroleka 

EC Lazska 

EC Lagisza 

EC Siersza 

EC Staiowa Wola 

Weighted Average 

Quantity 

Consumed 

MT 

9,252 

7,996 

7,173 

6,856 

6,302 

2.864 

4.286 

3,423 


3,128 

1,356 

-i 

Fuel 

Cost 
tysZl/MT 

404.349 1 

393.656 i 

294.974 

390.814 

278.950 

282.901 

413.504 

306.996 

319.775 


318.780 

351.619 '_ 

Transport 

Cost 

tysZI/MT 

25.531 

61.427 

48.051 

80.726 

28.000 

67.300 

13.272 

27.899 

24.702 ' 

62.445 

43.8&8 

Total Transport 

Cost Percent of 
tysZl/MT Fuel Cost 

429.880 6.3% 

455.083 15.6% 

343.025 16.3% 1 

471.540 20.7% 

306.950 10.0% 
350.201 23.8% 

-426.7,6 3.2% I 
334.895 9.1% 

344.477 7.7% 

381.225 19.6% i 

395.487 12.7%
3548 27 



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

Quantity 
Consumed 

Calorific 
Value 

Fuel 
Cost 

Transport 
Cost 

Total 
Cost 

Fuel 
Cost 

Total 
Cost 

Total 
Cost 

MT kJ/kg tysZ/MT tysZI/MT tysZl/MT tysZL/GJ tysZl/GJ $/GJ 

Largest Lignite Stations 

EL Belchatow 
EL Turow 
EL Patnow 
EL Konin 
EL Adamow 

27213 
12035 
7628 
3148 
2875 

7633 
8949 
9244 
9059 
7955 

84.808 
84.059 
96.522 
96.522 

106.736 

0.000 
0.000 
0.000 
0.000 
0.000 

84.808 
84.059 
96.522 
96.522 

106.736 

11.111 
9-393 

10.442 
10.655 
13.417 

11.111 
9.393 

10.442 
10.655 
13.417 

0.829 
0.701 
0.779 
0.795 
1.001 

Weighted Average 
Estimated 1992 Price. 1/ 

- 8267 88.216 0.000 88.216 10.722 
14.796 

10.722 
14.796 

0.800 
1.104 

Largest Coal Stations 

EC Rybnik 
EC Kozienice 
EC Polaniea 
EC Dolna Odra 
EC Jaworno III 

9252 
7996 
7173 
6856 
6302 

21626 
21055 
18980 
21988 
17777 

288.749 
281.190 
210.696 
279.153 
199.964 

26531 
61.427 
48.051 
80.726 
26.000 

315.280 
342.617 
258.747 
359.879 
225.964 

13352 
13355 
11.101 
12.696 
11.248 

14.579 
16272 
13.633 
16367 
12.711 

1.088 
1.214 
1.017 
1.221 
0.949 

Weighted Average 
Estimated 1992 Price 1/ 

- 20420 255.602 47.862 303.464 12.450 
17.182 

14.772 
20385 

1.102 
1.521 

LIGNITE: COAL (%) 40% - - 86% 73% 73% 

1/ 1991 prices escalated by 38% (reported annual inflation from 1991 to 1992)
2/ Foreign exchange rate assumed 13.400 tysZl / S 
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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 'vell 
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 estimated 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 !hese 
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 internil transfer within th., economy. 
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Exhibit 3.7
 
CONSTANT PRICE FUEL FORECAST (1992 PRICES)
 

CRUDE 19921 MAZOUT MAZOUT1 MAZOUT 1MAZOUTI MAZOUT
 
Year S/bbI % CRUDE $A/bbI $tonno tysZ/tonne $/mmbtu
 

1992: 17.400000000 80% 13.920000001 87.6960000 1,175.126401 2.18 

19931 17.094736842 80% 13.67578947 86.1574737 1.154.51015 2.14 
1994 17.247368421 80% 13.79789474 86.9267368 1,164.818271 2.16
 
1995 17.857894737 80%i 14.28631579 90.0037895 1.20.05078 2.23
 

1996 18.403518751 80% 1 14.72281500 92.7537345 1,242.90004 2.30 2.30 )3-yr avg 
1997 18.,65813575 80% i1 5.1726 5086 95.5877004 11.280.87519 2.37 1 
1998 19.545288563 I 80% 15.63623085 98.5082544 11.320.01061 2.44iiI 1,2.16
 

1999 1 20.142468632 I 80% 1 16.11397491 !101.5180419 1,360.34176 2.52
 
20001 20.757894737 80% 16.60631579 104.6197895 1,401.90518 
 2,59
 
2001 20.788331663 , 80% 
 16.63066533 '104.7731916 11,403.96077 2.60 

CRUDE 1992' DISTILLATE DISTILLATE: DISTILLAT- DISTILLATH DIST;LLAT

YearI $fbbl % CRUDE $/blI $/tonne itysZl/tonne $/mmbtu
 

1992 17.400000000 140% 1 24.36000000 1172.9560000 12,317.610401 4.06 p 

1993 17.094736842 140% 23.93263158:169.9216842 2,276.95057 3.99 
1994 17.247368421 - 140% 24.14631579 1171.4388421 2,297.28048 4.02 
1995 17.857894737 140% 25.00105263 '177.5074737 12.378.60015 i 4.17 4.16 ) 3-yravg 
1996 18.403518751 140% 25.76492625 182.9309764 2,451.27508 - 4.29: 
1997 18.965813575 140% 1 26.55213901 188.5201869 2,526.17050 4.43 
19981 19.545288563 140% 27.36340399 194.2801683 2,603.35426 4.56
 
1999 20.142468632 140% 
 28.19945609 1200.2161382 I2,C82.89625 4.70
 
2000 20.757894737 140% 29.06105263 206.3334737 2,764 86855 : 
 4.84 

2001 20.7883316631 140% i 29.10366433 1206.63 67 2,768.92262 4.85 

NOTES: 

13.4 tysZll$ 

6.4 mmbtu/bbl Mazout 

6.3 bbl/tonne Mazout 

42.6 mmbtu/tone Distillate 

7.1 bbl/tonneDistillate 

0.8 Mazout.Crude price relationship 

1.4 DisTillate:Crude price relationship 
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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 
a, dressed 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:
 

P. 	 four generating utilities that own and operate the majority of conventional and 
collector grid plants burning coal 

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

10. 	 CHP plants and some collector grid plants will be independently owned or 
under the authority of district heating or distribution utilities 

0 	 run-of-river hydroelectric plants owned and operated by distribution companies 

0 	 pumped storage hydroelectric plants owned and operated by PPGC. 

Regardless of their ownership, all plants delivering power to the high-voltage grid (110 kV 
apd 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 
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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 
negotiation will take place for the aggregated non-essential capacity of each generating 
utility. 

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 cheK'z'.,t 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 
time be allowed for utilities and individual power plants to adjust their costs to competitive 
levels. 

Within this constraint, it is rossible 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. 
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3.24 REVIEW OF THE GENERATION SYSTEM 

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 reliance on standard costs. 
The remainder of generation 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. 
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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 ofpower production by plant based on economic load dispatch 
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). 

10 	 The pattern of reliabilityof the generatingsystem during the year and during
different times 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 qf marginalcosts of the generatingsystem during the year and during 
different times 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 heat andpower (CHP)power to the power system 
computed through differential 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 s:,stem. 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 
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4.2 ECONOMIC ANALYSIS OF THE GENERATION SYSTEM 

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: 

b. 	 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 all 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 ,nly. 

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. 
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Exibil 4-1
 
LOLP Calculation Howchart
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4.4 ECONOMIC ANALYSIS OF THE GENERATION SYSTEM 

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 tariff 
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 morning 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, shown in Exhibit 4as 
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, 
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Exhibit 4.2 
Average Demand by TOD for each Month of 1991 
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Exhibit 4.3 
Average Demand by TOD for Weekdays vs. Weekends in 1991 
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* Demand excludes pumping load and autoproducer self-load. 

Exhibit 4.4
 
Recommended Rating Periods and Their LOLPs
 

Season Morning Peak Evening Peak Combined Peak Off-Peak 

Winter = 7am- Ipm 4pm-9pm Morning + Remainder of 
October- weekdays: weekdays: evening periods: week: 
March 186% 395% 281% 12.7% 

Summer 7am-lpm 7pm-lOpm Morning + Remainder of 
= April- weekdays: weekdays: evening periods: week: 
Septemer 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. 
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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 morning 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: 

b. different load years
 
IN addition and substraction of 500 MW of base load
 
Do load forecast uncertainty included
 
b• lower forced outage rates in generating units
 
0. no pumping loads included
 
•* historical vs. modelled pumped storage generation.
 

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 ;osis 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 simulation was 
updated using the model Gervration 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. 



4.8 ECONOMIC ANALYSIS OF THE GENERATION SYSTEM 

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 die 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 
genev-.ting system. Thus, the first step is to adjust the load duration to meet the loadcurves 

factor forcast 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 
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convolution. The rules of probabilistic convolution determine that the production of any unit i 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 re ources 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. 
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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. 

0. 	 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 results. 
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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 tiL entire, stack of 
generating units as they are dispatched with progressively less capacity factor and higher vaiiable 
costs. A sample of that output is reproduced in ['xhibit 4-5 to illustrate the source of two pieces
of information that will be discussed later in the a, alysis: 

101 	 The Droduction 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 levei. 

4.4 	 ANALYSIS OF SHORT-RUN MARGINAL COSTS 

The sLort-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 marginid cost of generation ad, together with the capacity cost and system

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

The objecfi,e of this analysis was to define the SRMC for the pricing periods that were
 
determioed through the reliability analysis described above in Section 4.2. 
 The year 1997 was 
selected a a basis for determining TRM" because it is the year when any pri- e 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 ea.:h 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 -he challenges of the SRMC analysis was to 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 ir deta.l in Section 4.2.2. 
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EXHIBIT 4.5
 

SAIPLE RESULrs Or THE DETAILED SIMULATION OF THE GENERATION SYSTEM FOR 1997
 

STACK LCAD GENERATOR NET P.MAIN. FORCFD EFFECTIVE ENERGY CAPAC. CAPITAL FIXED VARIABLE 
FUEL TOTAL FIXED VARIABLELEVEL POIMT IYPE & M.AE RAT. DERATEO OJTA& CAPCITY OUTPUT FACTOR ANNUITY 0 & N 0 & N COST"m mI CORT CHARGE CHARGEMWI Z M % SM Ms Ps
% Ms i S/KU cts/lKn 

1 160 2 SL-FA-200 200.0 160.5 10.50 143.5 626.52 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 1.561
3 480 2 SL-PA-20 200.0 
 160.5 10.60 143.5 626.52 71.52 .00 1.50 
 .00 9.78 11.28 7.500 1.561
4 640 2 SL-PA-200 200.0 160.: 
 10.60 143.5 626.52 71.52 .00 1.50 
 .00 9.78 11.28 7.500 1 561
5 800 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
6 960 2 SL-PA-200 200.0 160.5 
 10.60 143.5 626.52 71.52 .00 1.50 .00
7 9.78 11.28 7.500 1.561
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-360 360.0 289.0 16.30 
 241.9 1026.50 65.10 .00 
 2.70 .00 16.14 18.84 7.500 1.572
10 1851 1 SL-BE-360 '560.0 289.0 16.30 
 241.9 1026.50 65.10 
 .00 2.70 .00 16.14 18.84 7.500 1.572
11 21-#* 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
12 1.572
2432 1 SL BE-360 360.0 289.0 1L.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 
 16.14 18.84 7.500 
 1.572
14 3008 1 SL-BE-361 360.0 
289.0 16.2'0 241.9 1026.50 65.10 .00 2.70
15 .00 16.14 18.84 7.500 1.572
3296 1 SL-BE-3bO 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 3584 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
17 3872 1 SL-BE-360 360.0 289.0 1.572
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 IC26.50 65.10 .00 
 2.70 .00 16.14 18.84 7.500 1.572
19 4448 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
20 4736 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
21 4896 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
22 1.706
5056 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
24 5376 3 SL-TU-200 200.0 160.5 10.50 143.7 
627.22 71.60 .00
25 1.50 .00 10.70 12.20 7.500 1.706
5536 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 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 6016 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-KO-100 120.0 96.3 12.10 
 84.7 385.00 73.25 
 .00 1.50 .00 6.61 
 8.11 12.500 1.717
30 6208 4 SL-KO-100 120.0 96 3 12.10 
 84.7 385.00 73.25 
 .00 1.50 .00 
 6.61 8.11 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 
 5.54 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 5.54 
 7.13 15.000 1.782
!3 6404 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
;- 6430 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
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-ADo-100 96.0 
 59.0 15.80 49.7 221.28 52.63 .00 1.44 
 .00 3.98 5.42 15.000
37 6572 5 SL-AD-100 96.0 59.0 1.799
15.80 49.7 221.28 52.63 .00 1.44 
 .00 3.98 5.42 15.000 1.799
38 6630 5 SL-AD-100 96.0 59.0 
 15.80 49.7 221.28 52.63 
 .00 1.44 .00 
 3.98 5.42 1S.000
39 6688 5 SL-AD-100 1.799
96.0 59.0 15.80 49.7 221.26 52.63 .00 1.44 .00 
 3.98 5.42 15.000 1.799
40 6746 5 SL-AD-100 96.0 
 59.0 15.80 49.7 221.28 52.63 .00 1.44 
 .00 3.98 5.t2 15.000 1.799
41 67-8 6 SL-KO-000 
 40.0 32.1 13.00 27.9 152.42 87.00 .00 
 .50 .00 2.93 3.,J 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
 



EXHIBIT 4.5 (Cont.) 
SAMPLE RESULTS OF THE DETAILED SIMULATION OF THE GENERATIOI SYS TEM FOR 1997 

STACK LOD GENERATC2 MET P.KAIN. FORCED EFFECTIVE ENERGY CAPAC. CAPITAL FIXED VARIABLE FUEL TOTAL FIXED VARIABLELEVEL IUINT TYPE & KM RATED DERA.TED OUTAGE CAPACITY OUTPUT FACTOR ANIJITY 0 & M 0 & N COST CLAT CHARGE CHA2GEMM Mw Mp MW % MU GUNl X 5s Ms MS Ms MS SfAN cts/KIH 
44 6874 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
45 6906 6 SL-KO-O00 40.0 
 32.1 13.03 27.9 152.42 87.CG 
 .00 .50 .00 2.93 3.43 12.500 1.919
46 6938 6 SL-KO-O00 40.0 
 32.1 13.00 27.9 152.42 87.00 
 .00 .50 .00 2.93 3.43 12.500 1.919
47 6982 28 SC-P0-000 56.0 45.0 
 12.30 39.4 153.65 62.64 
 .00 .84 .00 2.96 3.80 15.000 1.929
48 7142 15 SC-DO-200 200.0 160.5 9.50 145.3 
 634.22 72.40 .00 1.50 
 .00 12.61 14.11 7.500 1.988
49 7302 15 SC-DO-200 200.0 
160.5 9.50 145.3 634.22 72.40 
 .00 1.50 .00 12.61 14.11 7.500 1.988
50 7462 15 SC-DO-200 200.0 160.5 145.3
9.50 634.22 72.40 .00 1.50 .00 
 12.61 14.11 7.500 1.988
51 7622 15 SC-DO-200 
 200.0 16C.5 9.50 145.3 634.22 72.40 .00 1.50 .00 12.61 14.11 7.500 1.988
52 7782 15 SC-DO-200 200.0 160.5 9.50 145.3 
 634.22 72.40 .00 1.50 
 .00 12.61 14.11 7.500 1.988
53 7942 15 SC-DO-200 200.0 160.5 9.50 145.3 
634.22 72.40 .00 1.50 
 .00 12.61 14.11 7.500 1.988
54 8102 15 SC-DO-200 200.0 
160.5 9.50 145.3 634.22 72.40 .00 1.50 .00 
 12.61 14.11 7.500 1.988
55 8262 15 SC-DO-200 
 200.0 160.5 9.50 145.3 634.22 72.40 .00 
 1.50 .00 12.61 14.11 7.500 1.988
56 8630 7 SC-KO-500 500.0 368.5 30.00 
 257.9 1103.76 50.40 .00 6.23 
 .00 22.02 28.27 12.500 1.995
57 8998 7 SC-KO-0OO 500.0 
368.5 30.00 257.9 1103.76 50.40 .00 .00
6.25 22.02 28.27 12.500 1.995
58 9286 8 SC-OP-360 360.0 289.0 10.80 
 257.8 1093.94 69.38 .00 
 2.70 .00 21.82 24.52 7.500 1.995
59 9574 8 SC-OP-360 
 360.0 289.0 10.80 257.8 1093.75 69.37 .00 2.70 
 .00 21.82 24.52 7.500 1.995
60 9862 8 SC-OP-360 360.0 289.0 10.80 
 257.8 1092.45 69.28 .00 2.70 
 .00 21.79 24.49 7.500 1.995
61 10150 8 SC-GP-360 
 360.0 289.0 10.80 257.8 1088.21 69.01 .00 2.70 
 .00 21.71 24.41 7.500 1.995
62 10438 8 SC-OP-360 360.0 289.0 10.80 
 257.8 1079.40 68.46 .00 2.70 
 .00 21.53 24.23 7.500 1.995
63 10726 8 SC-OP-360 360.0 
289.0 10.80 257.8 1065.85 67.60 .00 2.70 .00 
 21.26 23.96 7.500 1.995
64 10886 11 SC-PO-200 200.0 
160.5 7.10 149.1 626.79 71.55 .00 1.50 .00 
 12.52 14.02 7.500 1.997
65 11046 11 SC-PO-200 200.0 
160.5 7.10 149.1 620.29 70.81 
 .00 1.50 .00 12.39 13.89 7.500 1.997
66 11206 11 SC-PO-200 200.0 160.5 
 7.10 149.1 613.33 70.02 
 .00 1.50 .00 12.25 13.75 7.500 1.997
67 11366 11 SC-PO-200 200.0 
 160.5 7.10 149.1 605.87 69.16 .00 1.50 .00 
 12.10 13.60 7.500 1.997
68 11526 11 SC-PO-200 200.0 160.5 
 7.10 149.1 597.74 68.24 
 .00 1.50 .00 11.94 13.44 7.500 1.997
69 11686 11 SC-PO-200 200.0 160.5 7.10 
 149.1 588.71 67.20 
 .00 1.50 .00 11.76 13.26 7.500 1.997
70 11846 11 SC-PO-200 200.0 160.5 
 7.10 149.1 578.61 66.05 
 .00 1.50 .00 11.56 13.06 7.500 1.997
71 12006 11 SC-PO-200 200.0 160.5 
 7.10 149.1 567.36 64.77 
 .00 1.50 .00 11.33 12.83 7.500 1.997
72 1216o 12 SC-RY-200 200.0 160.5 
 10.80 143.2 533.01 60.85 
 .00 1.50 .00 11.01 12.51 7.500 2.066
73 12326 12 SC-RY-200 200.0 
160.5 10.80 143.2 521.13 59.49 .00 1.50 .00 
 10.76 12.26 7.500 2.066
74 12486 12 SC-RY-200 200.0 160.5 10.80 143.2 
509.17 58.12 .00 1.50 
 .00 10.52 12.02 7.500 2.066
75 12646 12 SC-RY-200 
 200.0 160.5 10.80 143.2 497.65 56.81 .00 1.50 .00 
 10.28 11.78 7.500 2.066
76 12806 12 SC-RY-200 
 200.0 160.5 10.80 143.2 487.09 55.60 .00 1.50 
 .00 10.06 11.56 7.500 2.066
77 12966 12 SC-RY-200 200.0 160.5 10.80 143.2 
477.86 54.55 .00 1.50 
 .00 9.87 11.37 7.500 2.066
78 13126 12 SC-RY-200 200.0 
 160.5 10.80 143.2 470.18 53.67 .00 1.50 .00 
 9.71 11.21 7.500 2.066
79 13286 12 SC-RY-200 
 200.0 160.5 10.80 143.2 464.01 52.97 .00 1.50 
 .03 9.58 11.03 7.500 2.066
80 13430 14 SC-LZ-200 180.0 144.5 13.40 125.1 
 390.27 49.50 .00 2.25 
 .00 8.22 10.47 12.500 2.106
81 13574 14 SC-LZ-200 180.0 
 144.5 13.40 125.1 387.29 49.12 .00 .00
2.25 8.16 10.41 12.500 2.106
82 13718 14 SC-LZ-200 180.0 
144.5 13.40 125.1 384.59 48.78 .00 2.25 .00 
 8.10 10.35 12.500 2.106
83 13862 14 SC-LZ-200 180.0 
 144.5 13.40 125.1 381.89 48.44 .O0 2.25 .00 
 8.04 10.29 12.500 2.106
84 13c42 16 SC-LZ-100 100.0 
 80.3 16.20 67.3 209.96 47.94 .00 1.25 .00 4.42 
 5.67 12.500 2.106
85 14022 16 SC-LZ-100 100.0 80.3 16.20 
 67.3 208.98 47.71 
 .00 1.25 .00 4.40 5.65 12.500 2.106
86 14182 9 SC-OS-200 200.0 160.5 11.60 
 141.9 437.19 49.91 .00 
 2.50 .00 9.23 11.73 12.500 2.111
87 14342 9 SC-OS-200 200.0 160.5 11.60 141.9 
431.31 49.24 .00 2.50 
 .00 9.11 11.61 12.500 2.111
 



EXHIBIT 4.5 (Cant.) 

SAMPLE RESULTS OF THE DETAILED SIMULATION OF THE GENERATION SYSTEM FOR 1997 
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EXHIBIT 4.5 (Cant.)
 

SAMPLE RESULTS OF THE DETAILED SIMULATION OF THE GENERATION SYSTEM FOR 1997
 
STACK LOAD GENERATOR NET P.MAIN. FORCED EFFECTIVE ENERGY CAPAC.LEVEL POINT TYPE & NAME RATED 

CAPITAL FIXED VARIABLE FUEL TOTAL FIXED VARIABLEDERATED OUTAGE CAPACITY OUTPUT FACTOR ANIJITY 0 & N 0 & N COST COST CHARGE CHARGEMw W Mw MW % MW GH % MS MS "s Ms MS SI0 cts/DA
 

132 14420 27 SC-MI-O00 
 50.0 40.1 11.80 35.4 .56 .26 .00 .75 
 .00 .02 .77 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-Jl-000 19.0 15.3 15.70 12.9 .21 .26 .00 .28 
 .00 .01 .29 15.000 2.820
135 14420 26 SC-Jl-000 
 19.0 15.3 15.70 12.9 .20 .24 .00 
 .28 .00 
 .01 .29 15.000 2.820
136 14420 26 SC-J1-000 19.0 15.3 15.70 12.9 
 .19 .23 .00 .28 .00 
 .01 .29 15.000 2.820
137 14420 26 SC-Jl-000 
 19.0 15.3 15.70 12.9 .18 .21 .00 
 .28 .00 
 .00 .29 15.000 2.820
138 14420 26 SC-Jl-000 19.0 15.3 15.70 12.9 .17 .20 .00 .28 .00 .00 
 .29 15.000 2.820
139 14420 26 SC-Jl-000 19.0 15.3 15.70 12.9 .15 .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 3.07 .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 3.07 .90 
 .00 .02 3.99 33.064 4.637
 



4.16 ECONOMIC ANALYSIS OF THE GENERATION SYSTEM 

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 diffecnt 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 unlikdv 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 correspona 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 "diiuted" 
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 inuividual 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 eramines 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. 

T= ager, 'ffailly, inc. 
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Step 2 GPT-L receives as input, for eac:h 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 wiy 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). 

RCGHagler, Bailly, Inc. 
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EXHIBIT 4-7 

24 

1993 WEEKLY PATTERNS 
ADJUSTED AVERAGE LOADS 

20 
18 
16 

/\\ I v// . 

c 14 

FSUMMER 

4 
2 

MONDAY TUESDA~YE ES THURSDAYIFRIDAYEDNESDAF'HURSDAY SRIATUDA .SUNDAY 



EXHIBIT 4-8 

1997 WEEKLY PATTERNS 
ADJUSTED AVERAGE LOADS 
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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 maAy 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 whe'n 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 re.dlt 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.e., 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. 
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Hourly Allocation of Expected Marginal Costs 

The resources in the stack only include those that are treated "economically dispatchable" inas 

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-limitzd" 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 1 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 co, s for 1993. Exhibit 4-1 1 presents the average of those hourly 
marginal costs for 1993 and 1997 for each of the pricing periods recommended in Section 4.2. 
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EXHIBIT 4-9 

EXPECTED MARGINAL COST FUNCTION 
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EXHIBIT 4-10 

HOURLY MARGINAL COST PATTERN 
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Exhibit 4-11
 
Probabilistic Analysis 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, internediate 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
operatior, 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: 
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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) 

_7 WINTER SUMMER AVERAGE 

Morning Peak 2.80 3.97 3.39 

Evening Peak 4.64 4.64 4.64 

Off-Peak 2.07 2.12 2.10 

RCG/Hagler, Badly, Inc. 



ECONOMIC ANALYSIS OF THE GENERATION SYSTEM 4.27 

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 
sinc,. 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 *LongRun 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 eivergy. 

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 io 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 
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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 decreient 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. 
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CHAPTER 5: UNCONSTRAINED FINANCIAL ANALYSIS OF THE GENERATION 
SYSTEM
 

5.1 OBJECTIVES AND APPROACH 

This chapter presents the iesults 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 results 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 unconstrainedtariff 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 attempt
to identify any underlying trends and ratios that might be expected to continue into the 
future. 

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. 
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5.2.1 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.ZI (1 B.ZI = I billion Zlotys = 1,000,000,000 Zlotys), most of which is associated 
with the relatively new Belchatow lignite plant. Ths debt is 7.3 percent of the stated (and

greatly undervalued) equity of 36,567 B.Zi.
 

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 risk,
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, Bailly, Inc. 



UNCONSTRAINED FINANCIAL ANALYSIS OF THE GENERATION SYSTEM 5.3 

For this purpose, the rate of return is defined as "operating income after depreciation
 
expense and before financial expense and income tax," a ratio of "revalued net fixed
as 

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-year 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: 

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

10 	 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. 

P. 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 S870/kW for a coal-fired plant without emission control equipment and before interest 

during 	construction. 
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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). 

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

0• 	 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 analysis 

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. 

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

10 	 Corporate tax was assumed to centinue at the current rate of 40 percent. 
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Balance Sheet 

The sources for the historical data for each plant's balance sheet were the "F-02" annual 
accounting returns 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 frvm 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 I I 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 
ZI/kW-M (Zloty per kW per month) and an average variable charge of 307 Zl/kWh. The 
income statement, balance sheet, and operating and financial ratios for the consolidated 
system are shown in Exhibits 5. la, 5. lb and 5.Ic, 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.ZI in surplus
cash by 1997. This cash balance includes the projected rehabilitation and modernization of 
existing plants, but 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. 
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Exhibit 5-1a 
INCOME STATEMENT - CONSOLIDATED GENERATION SYSTEM 

PRO-FORMA ACTUAL ACTUAL POLISH GENERATING COMPANIES ESTIMATE FORECAST
19 ,9o0 1991 Year End -- December 31 t 1992 1,993 1 191 1996 1907 

97,___ Energy Sales -- Gwh7847 97,011 96,337 99.676 102.424 105,582 107,94820,773 1Capacity -- MW 20,476 20,366 20.180 20,390 20.189 21.316 
______~~~~~~~ _ %Ca___paciy Sold _ _ -1-- - _

73,135 Hours of Production]Year __ 73.626 1 73,626 74.765 75,904 
_ 

66.791 60.630195,312 Capacity Sales - Mw/m 185,803 182.381 184,205 184.127 172,483 173.497Max Capacity Sales @1994 Installation 208.8511 . 207.732 - 201 200 .6 191.242 195.389
115.499 EnergySales Price -- Z]/Kwh 196.754 300.222 306.771 313.057 326.149 338.126 

__ __ 45.459 Capacity Price -- 000 ZI/Mw/m j 53.88 I 13053, 98,580 - 96.867 100,644 103.333 
_ --- __ Adjusted 1994 Capacity Price _I
 

_____ Sales Revenue 
 -

11.301 Energy I 19,087 
-

28.922 30,578 32.064 34.435 36.500
8,879 Capaciy 
 10.012 1e.795 18.159 17,836 17.359 17,928282 
 3.698 20.199 Sub-total Electricity Sales 29,099 47.717 48.737 49.900 51.795 54,428 

18 320 412 Others 1,012 8851 875 875 875 855300 4.018 20.61 Total Sales/Revenuesj 3,111 48.602 49,11 50.775 52.669 55,283 
Variable Cost
 

170 2.087 10,738 Fuel 
 1-.592 25,295 26.245 27.016 28.018 28,757 
88 Transport 1.694
 

__ 49 601 Environmental Penalty 
 - 2.719 2,687 2.742 2,798 2,850 2.871 
3 28 4 Others 

173 2.253 11,343 Total Variable Cost @ 1992 Prices 16,004 27.982 28,987 29.815 30.868 31.628
Plus: Inflation
 

172 2.236 11,343 Total Variable Cost 16,004 
 27.982 23,287 29.815 30.868 31.628 
Fixed/ Capacity Costs 

__elnt-_I- - [. .. [ 
 .. 4,695 4.501__-- 9f95 1 5,865 ExistingPlant 5.778.398 5,342 4.956 ---- 4.695_ 4,501___ _ NewPlant  72 145 289 434.95 951 5,865 Total Fixed Cost ex.De-'n . ... . . I.. 6,3-9857785 1_... 5,415 5,1019 435.
 . . . . . . -. _ .7... - ,41-. .. ,_ _ 4,984 4,935 
Plus: Inflation . [ i I -1
95 5 ..951 .865 Total FixedCostbefore Dep.___ 6.398 5,778 _ 5.415 5.101 4,984 4.935 

7 141 1.947 Depreciation Expense 8.963 8,953 8,801274 3.344 19,155 TotalOperating Expense 9,434 9.719 11,02731,355 42,714 43,203 44,349 45.571 47,59027 691 1.456 OperatingIncome _(1.2441 5.888 6.408 _ 6.426 - 7,099 7.693 
.4 31 65 Financial/Interest Expense (Net) 1 l 76 I _5J7 _ 1 - - _-_-,(7_347612.980.3.6
0 -7- 421 Extraordinary Income (Loss) (2.980 (3.699) 

_g...22 5881 1.799 Income Before Tax . __ 7)- 7.0871 -8,169 8,772 10,079 11392 
5 279_ 980; Corporate Tax - -2Tb 275 2.835 3.268 3.509 4,031 11,552

17 . .309 820 Net Income After Tax (2 4,252 4.901 5,263 6.047 6,835 
Billions Zloty at Base Year Prices 
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Exhibit 5- lb 
BALANCE SHEET - CONSOLIDATED GENERATION SYSTEM 

PRO-FORMA ! ACTUAL ACTUAL POLISHGENERATING COMPANIES ESTIMATE -_----- .FORECAST 

1989 1990 1991 Year End --- December 31 . I9J 1 1995 19947 

ASSETS .. .. . .. ..-. . .
544 723 Cash . 879J 1.288. 1,30A 1.292 1282 1.274 _ - 3741 1.37-8 Accounts Receivable I 3i.61 2.480: 2.602 2,732 . 2.958 3.180 
797 1.614 I Inventories Fuel 1,694- - -- uel 3.4.134 _____1,694_I 3.-7 . ... ! .. 3.334 343.547.. 12 ?201 Others 3.63024J 1 O thers 
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Exhibit 5-1 cOPERATING AND FINANCIAL RATIOS - CONSOLIDATED GENEARATION SYSTEM 

PR--FO--RMA -ACTUAL ACTALPOLISH GENERATING COMPANIES f ESTIMATE _._-FORECAST 
End1989 1991 Ye1o. -- December31 11992 _ 1993, 19941 995 _, _ 199 1997 

SALES .... 
_Ener/gySales(Gwh) -AnnualGrowth _% -09%12 07% 3.5%- - 2.8%-Annu al 3.1% 2I109.5%' 446.2% Sales Revenue(ZIJAnulrwl,- 3r1 ___ 2. 

--- 44.1%1 64.0%: 2Ij- 2.4%! 3.8% 5.1%S_206.4,33 Average Tariff- Zlotys/kwh 299.9571 495.317 488.951 487.1951 490.566 504.206 

1OPERATING RATIOS . ..
 
11 S-2 aral Cost / kwh 164.969r 290.460 290.815' 291.091 _ 292.358 292.992174048 Total Operating Cost/ kwh.1_4.5 TotalCost/kwh excl. ROE) .. 2eg.86.3 398 883 394.636 I 396.005284.118. 386.4391 376.9691 391.496 409.362373.094 363.271 375.094 
30,027 FixedCost/Mw/m 34.434 31.684 29,3951- 27.702 28.898. 28.445 
39..9.94
FixedCoat plus De'n Mw/ 82q21. 77175'1 78.937 85243 92.00040.328 Fixed Cost plusD e l sot/Mw-r 79.622 74.202 67.615 _- 6 1S2 67.966 70.679_.2%. 7- 7-17 -- . . ... ...%. .. - . -4.1%I 12.1% 129_12.7%, 13.51' 13.9%
 

I___J
-- ,Operating Income to Gross Assets j I -. . . 

in Service (Avera.-- 14.9% %:- -historicale 

.9.... -.
4.0% i . ... . .. .0... -revalued . ....- -1.0% 2.7% ? 2.%2.8% . 2.6%5q - 2.7%2.8% / 2.7%
7.4%_ 7.8% Operating lncome/ Net Assets " - % -21%, 63% 6.8%1 6.5%1 6.9% 6.5% 

BAIANCE SHEET RATIOS ....
 
-..- . 1.7 Current Ratio 
 .... . . ..-.- 0. -6-- 0.5--0.-- 0.44 -0.3-0.3 

0.4 Cash at Bank to Sales - months 34 0.3 0.3 . 0.3 _ 0.3 
.. 24 Accts.Receivable to Sales -days . 20 19 _ 19 201 21j 21 . .D ,bt to EqutyRatio % 

-4_ __ -- -historical  -
.0%j -revalued 3.0%- 3.6%j ... 4.50_ 59_ 5.9% 

Billions Zloty at Base Year Prices 
RCGIHAGLER BAILLY Inc.Case: gencobas\system_v\grouptot 
File Name g:\Bo\harryexhibites 

03-Mar-g3 



UNCONSTRAINED FINANCIAL ANALYSIS OF THE GENERATION SYSTEM 5.9 

It is relevant to observe that total expenditure on Opole (in 1992 prices) will amount to

approximately 30,000 13.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 
adaitional 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

results 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 Zl/kWh for Group 2 to 574 
Zl/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, Inc. 



Exhibit 5-2 
SUMMARY OF RESULTS FOR INDIVIDIAL PLANTS 

PLANTS NAME 
IAGE IN 

TYPE 1992 

__ 

CAPACITY 
MW) 

.. . 

SALES J 
__(CGwhYear 

ENERGY 

COST. 
} LZ/K [ -

PRIC;E I 
(ZIIKwt') 

CAPACITY _ 

SALES COSTI PRICE 
Mw-rn K ZIIw-I I K ZI/Mw-m 

REVENUE 

REQUIREMENTS 
(ZIIKwh 

Adamow 
Belchatow 
Blachownia 

Dolma 

Halemba 

Jaworzno 3Koziec 
KozniecJi 
Laisza 

- ig-ite 
Lignite 
Coal] 
Coal 

Coal 

Coal_-oa -
Coal 

Coal 

- _ 

-

L 

I -
-

2 __ 

6,
30130=__ 

61 
29 

131 -
3-18 

480 _-

4,320_ 
164 ,. L 

1,600 
200 . 
89312.-00-
28.000 
7214.541 

2.472 1 
25.9021 

377 153 
5.583 

462 

3.799j-8 .. 

250.711 1 
262.403 
463707!9;8 
291.108 1 
400.718j-
323.830j.21;1 

9-

253.000 
275.000 
469.000, 

327.000 
405.00 
339.000190 
299.000k 

5.35b 
43.217! 

1.0821 1082-

14.971 

1.322 
7,519 

24.237 

__ 

62,605 65,_000 
57.56 j 127000 L 
94.127-106.000 .94.,271 100 
67.445 94,0001 
90.189 _ 04.r -L 

133,967 185.000 

71.238 98.000 
60,518 87,000 

383.277 
486.893 
746.755465 
579.067 

675.701 
441675.44 

595.888 
552.945 

Laziska _Coal 

Opole ---

Ostroleka 

LPatnow 
Polaniec 

Rybnik -.. 

Skawina - -
Stalowa -
Turow- . -

,Coal 

Coal 

Lit 
Coal 
Coal 

Coal 
C211.951 
LA. te 

- 231 

18628 
Col601.967 

- 28 
_ 

13 i 

i 33 

i 23 -

920 

360 

1,200|
1.600 

.6 

11 

_ 

5,473 ' 

2.289 

I 
8,897 
7.888 

10,0581 
1.7121 

4501 

100501 

-337.396 1 
340.5831 

361 .754 
238.456 
2 

299.98 
3749j 

422.210 

280.761 I 
?_-.65 -i 

341.000 

368.000 
243.000 
310.0 

307.000 
38200 

430.000 

282.000 
29500 . 

10,608 

3.7600 
12,240
16.320 
16.320 _ 

1,389 

3,172 
16.16! 

.60718 .85000 _505743 

- 628.000 -4-0 5 
118.999 

30,607 49,000
59354 114.000 
32.242 79.000 
67,925 92.000 

135.464 

97,7591______ 0 
70665 80,000__ 

65.000 
503483 

310.415 
545.4M5 

435.182 
567.080 

807.743 
282.000 
423.531 

TOTAL/AVERAGE .. . 3.45 19.940. 99.4761 -290.896 306.8791" 5 -- . . 489.433 

Notes: 
RCG/Hagier. Bailly. Inc.1/ Basie on 6.0% return on partially revalued net assets employed in 1994 (at Mid- 1992 Prices). File Name: g:\pol\harry\exhibit~e5_2.

2/ Prices are at June, 1992 levels: Exchange Rate is USS1.00 = ZI 13,400. 03-Mar-93 
3/ Energy Cost includes Fuel at 1992 "ECONOMIC' Coal Price; Transport included in Coal Price; 

Environmental Penalty Coal Price is -9.970 ZI/Kj; Lignite price is 22.277 ZI/Kj. 
4/Capacity Cost includes Operation & Maintenance; Depreciation; Plus (Minus) Interest Expense (Income). 



EXHIBIT 5-3 
COMPARATIVE RESULTS FOR GENERATING COMPANIES 

GROUPIii. I GROUP-[ . -U GROUP 4 

_ _-
-- . __ 

N._of Plants ___ 

EnergSale infEneys.~es in 1994(GwhL 

Average Tariff ZE/K. 
Total Revenue Billions ZE 

Opeating ncome 

Gross Fixed Ass-ts 
Accumulaed1Depreciation 

Net Fixed Assets-e . 
Shar-.holders Eq...y 

.. . 

I 

.h 

... ........ + __ 

I 

-

__12.902 

195 
.574 .. 

6 305. ....v. _ _ 

_637 

31.020 -

21.994 

027 

~ 
. 

_ 70.9%1 

-

_ 1680 -i-1~16.495-

498 
8.204a,04', 

_ 592 

_ ~5I34.276 
25.561 -

13.06 

_201501 

66 

-1-31 

5 
7 17 102 

673 

26.372 
. 

14.740 

__ _ ~-11.919 

-

76.9% 

I 

-

10.482 

5 
5,9355",935 

1873 

30.6683 

18.102 
12.5566 

17.143 

. . ... 

59.0% 

RCG/IAGLER, RAMLLY. Inc. 

File Name g:\por[harry\exhibht\e53.% 

08-Mar-93 
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Exhibit 5-4a 
INCOME STATEMENT - GROUP 1 

PRO -FORMAl ACTUAIL ACTUAL POLISH GENERATING COMPANIES ESTIMATE__ FORECAST 
.... 199 .. 1991 December31 19921 19931__ 1904. 1990 1997. YearEnd--

12,564 Energy Sales - Gwh 10.570 10,754 10.985, 10.788 9,9801 9.115 
... 2.563 Capacy -- MW 2,563 2,563 2.563 2.563 2.563.... ...-. . .. . % Capacity Sold . .	 2.563. . .. . . . . ... _!3j.
 2 

l20,815 Hours of Production/Year ........Capaci14Sales -wm- ... 	 20814 20.814 20.81414
24,586 C- [20.24,586 	 2G,14Mw..Iacles- . 20,331 f 20,426 20,963 21,142 19,727 17.876 

. .. .
 Max Capacity Sales @1994 Installation _. 26.141.. 26.141 26.141 26,141 26,141 26,141 
...... ..- 109.203 Energy Sales Price - - ZI/Kwh 346.445 346.700 346.693 346.508 34.3.549 

65.710, Cap city Rc '000 ZlMw/mI65....ac.Rice.. 
 69,366 130.3031 119.112 109.823 110.766 116,764
 
Adusted 1994Capaci Price 

_ -Sales Revenue J I -. 
1,.372 Energy 2.565 3,7261 3,809 3,740 3.458 3.159 

180.162 1,616 Capac ty 1,4101 2.6521 2.4971 2.322 2 18. 2.087180 
 1.537 	 3.007 Sub-total Electricq Sales . - 3.976j .3871 6,3051 6- . 64 5.246'-
.69 3142____ Tta!Saes/evnue76 6.387 - 6305 6,062 5.64331 62 136 Others .	 I ... 5.246, 

. ...... ..... 3--142.- . .- --SaesReen 3976.387 6 .305 6.062 5.643 1 5.246,'-! e 
_" Variable Cost 

131 7 1.453 Fuel .1.5321 3.215 32841 3.222 2,969 2.70 
..-.. ...-	 -Transport .. . ...
. 771- . _ . .__.--

Environmental Penalty- 416.423..433.427... --	 _6 
 3983T 363
S--	 427 398 367

22 (If Others 

116 1.000 1.452 Total VariableCost @ 1992 Prices 2024 . 3.638 3,718 3,649 3,367.070 
____-___Plus: Inflation -- V -	 ___ f_____3070
 

115 983 L -1.452 	 Total Variable Cost 2,024 __ 3,6381 3.718 3.649, 3.367, 3,070 
Fixed/Capaci2 Costs 

.8] 353 1.132 Existing Plant 1.2321 1108j 985 869 793 749 
48 ~~~NewPlant 	 -124 _ _ 8 6 _ 9 448 353 1.132 TotalFixed.C n 

481- 353 -1.132 -
__Ie.N -1 921 

Total Fixed Cost beforo Depn. 
-~123 

1,232 -

1-0 

1.108 
985 

985 
86 
869 

_ _79374 
793 _ 749 

- 7-

16 

76i 252 De;reciation E pense -96613 2.836 Total perating Expense 

286 307 eratin Income 
.......~~~~~~~~~ea~ . ........ . 

222 
(_ 

966 
57125669 

675!6752137 

966_ 

54-,63757
637 

966. 
83 

_ 

966 
5,125 

517 

966 
4,785 

461 
4 _.31. Financial/Interest Exnse t- .... ... 

4.7 

29 317 Extraordinary Icm 
13 
3 

10_ 

283 
-136 1 

1.... 

337 
215 

23 

Income Before Tax 
Corporate Tax 

Net Income After Tax 

_9__ 

. 

(24 
(98) 

(148 

_ 

..... 675 
270. 

405 _ 

-.. 
637 
255 

382 ... 

_ 579 
31 

.347. 

517 
207 

310 

461 
184 

277 

Billions Zloty at Base Year Prices 
RCGIHAGLER, BAILLY.

Case: gencobas\system v\group 
Inc. 

File Name g:\pol~harry\exhibit\e_ 

04-Mar-93
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Exhibit 5-4b
 
BALANCE SHEET GROUP 1
 

PRO-FORMA U AC0TUAL POiLISH GENERATING COMPANIES1 ESTIMATE fFORECASTACTAL 

1989 1990 1991 Year End -- December 31 . .1992 
 __--_19941I 19951, II7 

113 _ 255 Cash 238 345 4 3271 301 274 
62 65.Accounts Receivable 87} 149J 148 143 136 129 

155 _313 Inventories -- Fuel 6 05 - 617 547 492 .. ..._. 1! Others . . . . . . - . . --

100 {10 Others -

431 493 _ _Total Current Assets . 623 . 00 .... 1.106 1.731 984 89ti-5 .- .622Gross Fixed Assetsuo 
.. - .020 8302 

-307 3.421 Less: Acc. Depreciation 20,061 
. . 

. .. . .. . . . . 21.028! 21 l -2_2. . .. . 2006 23,926 _.. -= 
S .1371 2.201 Net Fixed Assets 

-. 21 .28 - -2-1---994_ _22.9-60O _ 23,926 ! 24_.892J 
-810.959' 9993 i027 8061__ 70951 6129 

451 193 Cap.itVork -in-Proress 1 193 193 193 193 193 193 
2.6121 2,886 _..... _" 

TOTAL ASSETS EMPLOYED 1175 1285 10.326 9.327...._.. . ._ 8271 7.216 _ _.... .._T... .. .. _. _. 


-- - LIABILITIES___[ ~~~~~214AconsPyoe___ 

.... 
 191 134 Other Liabilities 

TLTD withi exitingLTD duedue withn1year1year - new k'ca . .
- _..---- LDdewti1yer-nwFCash Deficieny Supu) _(30..~ ...... ~ ~ Te ...-- - " 
" _ 1,235) (3.922) (5.288) (6,60 ~ ~LT due mwihi-er-1n9--new cca (2.576). . . .. .t . .. ... . . .
 . ......... .348307 OtTotal Current Iabi:t 
 (4 0 - 1 1 .235) .5 .... 3. .. 6.62. 

_(.3 __(2,76 -- 3.2) ___52a)(-60 

- -- I Long TemDebt-exrg__1- ~ _ __ -.~___ n-- - - ---- __LogTerm Debt neIca
 

- L~o ~ T n F X
~Te roet o a Debt_ 

. ........ . .
 E qu ity Balan c e: 
215 2329 Assumed OpeningI Position 23291 . 2329 2329 2.329 ...._ 2.329 

Additional Paid in Capi __al_ __ 

Revaluation of Fixed Assets 9.724 9.724 9.724 9,724 9.724 9,724
91... ... Earninas Prior Years20 62 4423o Ii _I_ .--Toa E_ - --- _____0 2_ 4662 18.48 13.5 0.506'_8 91 __ 1- 2.306 2.538__entYear's Net Income Total.Equity 1 382 13.,.2347-310 2771,115, .... ,. ,,.249,.--


|2.612 2.886 TOTAL LIABIUTIES& EQUITY 11.775 11.285 i 1.. . 9,327 8,271 7.216 

Billions Zloty at BaseYear Prices 

Case: gencobas\systemv\group1 File Name g:,ool~harry\exnibit\e' 

04-hMar-93 



Exhibit 5-4c 
OPERATING AND FINANCIAL RATIOS FOR GROUP 1 

PRO-FORMA IACTUAL ACTUAL POL5I GENERATING COMPANIES JESTIMATEFORECAST1989 1990 199 1 Year End -- December 3 r 1992 __1 3 1 99419951 199 1997 

T AEnery SalestGwh) -Annual Growth -% -15.9% 17% 2 -7.5% -87%1...755.1 95.6% .Re., 3nue(ZI)-Annual Growth -% 32.2%- -6.9% -7.0%239.31 .. TTariff - -- Zlo..wh- - 376.122! 
,. 61- -, , -. 7.593.9421 573.998 1 56S.461 575.542 

OPERATING RATIOS 

115.551 Variable Cost/ kwh 191.5021 338.318i 338.441 338.224' 3225.692 1 Total Operating Cos kwh 399.4051 531*187' 516.052 508.288 513.608 524.965 
225 692... . T otaCo tkwh (xcl._ROE) 399.405146.0281 FixedCot/ Mw/m 5 1.1871 516.052 508 28 860.5731 54.2451 513.608 524.96546.989 41.078 40.183 41,89 

56.234 FixedCostplus Fep'n/ Mw/m 108,0901 101,543t --- 93,075 8 89154 95,93456,284 FxedCostplus De n & nt./Mw/m 108.90 10- 90 8677 9. 95,934 
16.8%I 9.8%Operating Income to Sales - % -6.2% 10.6% 1 10.1% 9.5% J 9.2% 8.8% 

- IOperat Incom to Gross Assets -- -
. . . . . . . . . . .in S erv ic e (tAv erage - %: . . 4 

. 14.9% : -historical I . 
1.0%! 5.7%, -revalued _ -1.3% 2.2% 2.1% 1.4 .. 5 

. 2.3%j 11.7% 1Operating Income/ Net Assets - % - J 3.4% 6.0% .. 6.0% 6.0% 6.0% 6.1% 

JBALANCE SHEET RATIOS
Current Ratio -1.8 0.9 04 -0 - -0.1- ,._- _ -•, - . -0.23 -0.1.0 Cash at Bank to Sales - months -0.7 69 0.6 0.60.6 0.6 
Accts. Receivable to Sales -days 0 8 - 0 9.... - -
Debt toE iut Ratio- % 

0.0% - -_-revalued 

Billions Zloty at Base Year Prices 
RCG/HAGLER. BAILLY. Inc.Case: gencobas\system-v\groupl 
File Name g:\pol~harry\exhibit\e! 

04-Mar-93 



Exhibit 5-5a 
INCOME STATEMENT - GROUP 2 

PRO-FORMA, ATA jAC ALfP ISH GENERATING COMPANIES 
18L 190 19911 Year End - -December 31 

16,3931 Energy Sales -- Gwh 

ESTIMATE 

19921 
16.244 

1993j 
161341 

FORECAST 

19941_ _ 1995 
16,4801 . 

_ 1996 
71057. 

1997 
16.907 

3.644- CMW 3.644 3.605 I 3.564 3.56', 3.523 3.441 

. 

.... .. 

-. 

. 

11.917 %~~%CapacitySold1197 

Hours of ProductionYea 
36,584 j Capacity Sales - Mw/m 

Max Capacity Sales @1994 Installation 

124.576 .EnergySalesPrice -- ZIKwh 
42.526 Capacity Price - - '000 ZI/Mw/m 

32.848 

37,169 

235.516 
52.498 

1171.1I 

32.551 

36,771 

320443 
94.804 

.917 
33.481 

36.353 

320.226 
87.401 

1.9 

1.9 
34.06 

36.353 

320.236 
80.441 

*.97197 

.9 
34.446 

35.935 

319.364 
75,318 

1117 
33.938 

35.098 

317.723 
72.952 

.. . Adjusted 199 Capacity Price
Sales Revenue 

. 

... 

- .-----

. 

29 324 

7 7 8J 

361 _402~ 

-Variable 
16 113 

-

-... . 

2.042 Ene, gy 

1.556 Capacity 

3,598 -tltalElectricitySales 

(1049)~Othrs 

2.549 Total Sales(Revenue 

Cost
1.082 Fuel 

Trarort 
97 Environmental Penalty 

3.826 

1.724 
5,550! 

-

550s~s 

2,026! 

564 "-..
413-4131 

5.170 

3,086 
8. 

8.2561 

4.4971 

411 _ 

5.277 

2.9261 
8.204 

I 
8.204 I 

4,583 

4191:4241 

5,347 

2,754 
8.101 

8,1 

4.6401 

432 . 

5.447 

2.594 
8042 

G42 

4.715 

-429 .. .. 

5.372 

2.476 
7,848 

7,848 

4.642 

__ 

16 

16 

1131 

1. 

1.179 

Other 

TotalVariableCost@ 1992 Prices 
Plus: Inflation 

Total Variable Cost 

.3.003] 

3.0031 

4.908 " 5.003 

-

.04m4 

54 " 5,071 

16 

r. 19 
I 

149 

i 

1 Fixcd/Capacity Costs 

94Existing Plant 
i New Plant 

I 

964 Total Fixed Cost (ex.Dep'n)@(_1992 

Plus: Inflation 

j 
I 

76 0Oi84 

7601 684. 

613 °-_ 

6131 

547 

547 

. 

__ 485 

485 

.... . 472 

472 

16 

33 
3 

L2) 
2 

. . 

.. 

-

1491 
7 

269! 
1331 

-

(99J 
341 
18 

94 Tota! Fixed Cost before Dej'n. 
11 Depreciation Expense

2,354 1Total Operating Expense
195 Operatin Income __ __Pe a-

48 Financial/Interest Expense (Net) 

35 Exraordinarylncome(Loss)_ -

182 Income Before Tax_
137 Corporate Tax 

45 Net Income After Tax 

7-01 
1.696 
5.459 

92' 

' (1181! 

2101-
84 (5051 

1261 

684 
1.6961 
7.288 

968i 

(295) 

7581 

613! 
1.6961 
7.311 

892_ 
-...-

(493}! 

554 

547 485 
1.696 1.696 
7,307 7.328 

794 71481. 
(69a) (907) 

4621 
597, 64 

895[ 973 

-

472 
1.696 
7,239 

609 
. 

(1.127) 

1.7 
694 

... 

Billions Zloty at Base Year Prices 

Case: gencobas\system v\group2 
RCGIHAGLER. BAILLY.Inc. 

File Name g:\pol\harry\exhibrt\e5S 

04-Mar-93 
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Exhibit 5-5b
 
BALANCE SHEET - GROUP 2
 

PRO-FORMAl ACTUAL ACTUAL POLISH GENERATING COMPANIES ESTIMATE FORECAST
 
- __98 1911Year End -December 31 -


L 1901 92 1_3 _ 941995t 199 1W~997 

EASSETCSA 
54 514;Cash 

38 216 c cuts Receivab071 
17 143 1431 1381 132 22 6 

2168 . 2021 _22 323 3201 321 310 
.. 9- 2261 Inventories Fuel 2161 364 381/ 393 403501 Others 

- -
501 .35 Others . 851

261--528 Tota Current 526ets852684714,3101 4.389 Gross Fixed Assets 38,626. 38.626, 851 860 82538,626, 38,626 38,626 38.626 
2.633 2.840 Less Acc Depreciation 2.71 2.6122170 23,865 225.561 27.2571 28.953 __...... 95 30.649 

i 1.677 1.549 Net Fixed Assets 16,4571 14.761 13.0651 11.369 9.673 7,977 
70 160CapitalWork -in-rogress I160: 160-- 160 1601 1601_ 160206 2.37 TOA ASET EMPLOYED, 1.12 15,750 14.0721 __12.3801 10.694L 

LIABILITIES 

87: 115 Accounts Payable 


109! 224 Other Liabilities 
SLTD due within 1 year - existing 

LTD due within 1year - new local
 
__ , 
 LTD due within I year - new .... - ..
 

... Cash Deficiency (Surlus _  1841 3.56_8 - (6.077) 8.665 (11.324) (14.2q 
1 639Total Current Liabilities All A18): (3.568) (6,077) (8.665) - 11.324)1 (14.09M)

Other Liabilities
 
..... t Long Term Debt
I 67 - existing--

- . .. 

-ILong- -

.. 

Term Debt new local 
........ 
 i- 325 Long Term Debt- newFX . - --- - " _ 

....... ... Total Long Term Debt _ I . .. 

Equit Balance: 
328 Assumed Opening Position -3281 328 _ 328 328 328 328 

Additional Paid in Capital .. __f_ 

1 77 I Revaluation of Fixed Assets 16.603, 16.603 16.603 16.603 16.603 1,603 
. .384 i 1459 Retained Earnings -- Prior Years 1.5041 1.630 2.387 3.218 4. 14 5.086.. - ...1816 45 Current Year's Net Income- - 1261.... .. 757.1 831 895 973 1,041...... . 75 --,q- --..- -21,.-0 5, 22 01 2,,05TotalEui5 19.318 20,150_ 21. 22.o,8 23.059

1 2.008 -. TOTAL LIABILTIES & EQUITY 17 - 15.7501 14.0721 12,380] I.694J 8,963 

Billions Zloty at Base Year rices 
RCG/HAGLER, BAILLY. Inc.Case: gencobas\systemv\group2 
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Exhibit 5-5c
 
OPERATING AND FINANCIAL RATIOS FOR GROUP 2
 

PRO-FORMA ACTUIAL- ACTUAL rPOLISH GENERATING COMPANIES ESTIMATE' FORECAST1989 9 01 191 Year End -- December 31 1992 1-9931 _ 9 195 _ __% 1997 

__ __ -S_ A L E S 
------_ 
 _ _Energy Sales(Gwh) -Annual Growth -% -0. % -0.7%!

1010.7%1 1001. 
2.1% 1.3%' 2.2%/. 

_ __ __ __ 

Sales Revenue(Zl -Annual Growth -% 4 % -0%_ __0 464.1599341.674 -06% -1 -2.4%- . ~ t07%..+• ._543 4.3793i 7469 1 485.168.
219 481 Average Tariff .j - . - - Zlotys/kwh 1 511.720;4 .7 49 .9. 7 .46.....816 

SOPERATING RATIOS .. 
.~--... -- , -- . . ..... ._

71.897 Variable Cost/-kwh 184.8561 304.230 
. 

303.5531 303.289 - --301.775 299.944143 5841 Total Operating Cost/ kwh 336.0331 451.727 443.6511 437.59 429.608 428.151 
. --- _ ____ __ 4 428..5.
146-536 Total Cost/kwh (ex l. ROE) 328.751 1 433.470' 413.729 395.792 376.427 361.510 . 26 344 I--Fxed Co M w/r.. 32.122 23,134 21.0071 18,308 16.049Fixed Cost plus Dp'n/Mw/m 74,761 73.105 14.067 13.90268,959 65,831 63,299 63,871 

33.445; Fixed Cost plus Dep'n & Int./Mw/m 71,160 64.056 54.231 45,341 36.965 30.67 
3.30% 7"7% 1Operating ncome to Sales - % 1.7% I 11.7% 1 10.9% 9.8% 8.9% 7.8% 

Operatinj Income to Gross Assets - .... 
..... .. , in Service (Average)- . .. . .... 

14.9% -historical .. .I . 

. 62%1 45%' -revalued - 0.4% _ 2.3% 2.1% 1.8%2.5% 1.6%13.7%! 9.7% Operating Incorme/ Net Assets - % . 1.0%, 5.9%: 5.0% 6.1% 6.3% 6.3% 

. IBALANCE SHEET RATIOS 
.. 1.6 Current Ra-to Ss -0.2 -0. -0.1 -0. -0.1 

0.2 Cash at Bank to Sales - months . ..0 2 0.2: . - 0.2_t. .2 0 02" . .. .T 31 Accts.Rceivabe to Sales -days 13i 14: 14 14' 15] 14 
IDebt to Equity Ratio - % I I . 

.. . . - hi s tcn c a l T 
--revalued  1 

Billions Zloty at Base Year Prices 
FICG/HAGLER. BAILLY. Inc.Case: gencobas\system v\group2 
File Name g:\pol\harry\exhibit\e S 
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Exhibit 5-6a 
INCOME STATEMENT - GROUP 3 

PRO-FORMA 
ACTUAL ACTUAL POLISH GENERATING COMPANIES ESTIMATE FORECAST 
19891 -. 19901 1991 Year End - - December31 . 1921313_ 1994_I 1995 __= 1997 

... 

1 11.226 EnergySales -- Gwh 115211.484 1 12.228)11902 
. ... - --3.545 Capacity -- MW 3.545 3.511 3,511 3.5'1 - 3.511 
.... ..T. . . % Capacit Sold 

- . 

Hours of Producton/Year
1 30.300 Capacity S iles - Mw/m 1 29.509 29.628. 31.060 1 31.61.Z 32,091 31.241 

j 
 I ax Capacity Sales @ 1994 Installation- 36.159, 36.159! 35.812 
 35,8121 35,812 35.812 
13 Sae Pie -Z/wh -- M4 Energ-132304 Energy Sales Price ZI/Kwh- - 230.474 306.729 307.6051 307.4901 306.942 306.472 

...... 42,614 Capacity Price199 Ca- - act... .IAduse "000 ZI/Mw/mPri9e9 . 54.596 91,98338 85.0521 8 .2 7 .7 .5 7 .5
80.224 76.021 787 

.. Rvvenuen TotalSala 


1.485 Enery C.61 7.021 3.666 3.721 3.7531 3.648 
pac3i 1.611 2,725 2 5

36 22.642 ,441 3 
. .. 2.7761 Sub-total Electrici 
 Sales 4.2441 
 6.248 6.308" 6.2571 6 9.. ,90
... ....,Oes9121 795, 7951, 7 5 5.795
909. Others 795, 271 2_ _ _1.29 8 Ca2.uel5 2 .6 6 

.-- 9. Enion otaen ty26venues 7.042163 . - - 27 

Variable Cost 

1,17ToaVribl ota Sa192liese 2.1561 3.2 T.45-.0521 3.732, - 6278 
1 7 1 7 I ?4.3 _ _02 __ 

1.9 Fuel_ 1.8 3.39 3.71 3432......3,354 

Nerantort-606 

........ Fixed Capacity Costs
1,17 Total VaialeCt (q') 1.992 21533952 3.64598200 97 3 627 . o Plant ex 'n0399SI 
.... 

1..j xetin 998'98 67j 7..61....
- ..... ..... .... Plus: Inflation . !1Toa Varabl C __ _373_3 __ 2 

-.. .
 .1414J Total Fixed Cost before-Dep'n.1 1_3 __ 998 __-982 96 967Depreiation Expene 1.797 -
1 gI7 : -__96 

1.797 1.797: 1.797 1.797 1,848 
.3,235 Total xeratn xponse 498 697-6,42 . - _. 

- ",25 Operatin0 Exn-' 4 989 6.271 ,42 .496 6.442 .......
- _450 Operatin_Income- _ - 167 745 678 588 I492 246 
147 Financial/Interestd2c3) Expense (Netj - - 1 . (16?)  3 2 7 Ex n- - - i4J. ... 

...
...- .- .. _ o __ 
I _e--a- _ _ -. . -- ----- _ ,_-I_ -_3 0 --, I.. ..348_ Income Before Tax . ~ 248 - 9121 931_ 9151 92S 843 
152 Corporate Tax 499 365 - 372 337 

- . -- 96- -NetIi--me-Aer Tax 5 59149-- -...-
5471  49 " _557. 

Billions Zloty at Base Year Prices 
RCG/HAGLER. BAILLY. Inc.

Case: gencobas\systemv\group3 
File Name g:\pol\harry\exhibit\eE 
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Exhibit 5-6b
 
BALANCE SHEET - GROUP 3
 

PRO-FORMA ACTUAL ACTUAL POLISH GENERATING COMPANIES ESTIMATE-

,1989 ,.990 1 ,Year End -- December 31 I-
.. _L-

S F. . . . . . .. . . 

ASS ETS 
. . 

1_ •

- 50[ 95 Cash . ! 13.. 
97 467 Accounts Receivable 
 49 


172 380 lnventories -- Fuel 
 -1 

3 2 Others 


' 4401 


. .. ... .............
66 48 Others ... .. ... ... .. 

...... a..4 

2.325, 2.409 Gross Fixed Assets 
 3 ,259
1..... 1 L.e 22.778. 


S 920 907 Net Fixed Assets 
 11,481 

31..... _piaIo. rk ..i 
 . 

1,3391 1.996! - -TOTAL ASET2,01.2590

-1 LIABILITIES I 


104 270 Accounts Payable 
 . ..... .
(79)i - 286 Other Liabilities 

LTD due within 1ear existng.
LTD due within 1 year - new local 

LTD-ue within I year - new FX
 
Cash Deficieny tsurplui----------- (1.09)1 


_ _ -25! 556 i ___n Total Current Liabilities --(1 .
 

I Cther Liabilities(
27C 326 Long Term Debt- exstin 

ILong Term Debt - new local 

Long Term Debt- new FX +I-ji_ ..__Total Long Term Debt 
. .. rEquity Balance: I
 

Additional Paid in Capital 

- 171 Revaluation of -Fixed Assets 12.371 
. .. 3 Retained Earnings --- Prior Years 1,1141 

.. - 80 801 Current Years Net Income 149 

145 1.1141 TtlE yj_ 3.4

1.31 196 OA LAIIIS&EUT 12,625 

Billions Zloty at Base Year Prices 
Case: gencobas\system v\group3 

.......
 
19934 


1601
I 

5621.
 
756-78
75 

47 
--50 

1.927 
34.2761 
24.574 

9.701 1 

4621 


_J2.309 1 

'2091' 

.. . 1.... 

-12-,71 

1.263 

547 

1_14,182 
12,0901 

FORECAST
 
, 1995 __
 

__1 163 170 ,
_ _ _ 166
 
557 554 551 
 _____533 

811 788
788 801 81 q
 

1.700 2000
 --6800 1,301 1.. 
0 
. . .. 200
 

2.3621 2.823. 3.230 3.487
 
34,2761 34.276 35.529 36.480
 
2 2 9 29.967 3.814
 
7.904 1 6.106 5.56
 
1.3181 2.2701 1 5871 
 731 1
 

__ 3.157 (4090) (5.46) 7.4693 1 5 7
 . ) . 0 5467 . ' .. 

-

_ 

I. .. . I

.. .. 

1,8171 12.3611.711,7 

1811 2,369 2,918 3.476 
5591 549- 557 506
 

14.740, 15.847 16.353
__15.2~J 

11.5831 - 11. 199i 10.380 8.884 

RCG/HAGLER. BAILLY. Inc. 
File Name g:\pol\harry~exhibitkeE 

04-Mar-93 
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Exhibit 5-6c
 
OPERATING AND FINANCIAL RATIOS FOR GROUP 3
 

PRO FORA AC UA ACU L P LS ENERATING COMPANIES] ESTIMATEt FORECAST1989 1990 1991 Year End --Decemb , 1992Eg31 19941 1995 19,s 1997 

( In eto G 

SALES . 2. 
Enery _SaIeqGwh)- Annual Growh -%Sales evenue(;P) .... . Annual. . Growth -% 1 

1.8%
52.9% ,-...-. 0.5% . . /c.47.2.....0% 1 -0, 8 ..!-.. 1.0 --79 

247.3261 Average Tariff-- Zlotys/kwh 371.4791 544.0451 529.251 517.0471 506.5241 495.140 
........ ~~iOjPf;AT'NG RATIO S- .. ... 

2.88..20 
301.339 

a152.929riable Cost/ kwh 
To.tal .P -.
Total Cost/k e ROE 

188.442! 
436.6541

I -. 

304.9721 
548.340 

305.8225 
538.994 
5 0.. 

1 
534.1471

_(.excl.. 

5778 

531.285 541.259 
"-E 

.. ..7 .. t 0I ,e___3, __/ ... _29.590t .. .. 
. 
..................... . . 

4-.
35.219 i 

533.770133,685 517.805k 507.10931 ... .60--631,.606 30.590 ..495.519..30.1341 491.05630,954 
50.1171 FixedC ~tp8us Dep'n/Mw/m 9 3 .796.106.... ... .. . 90.092 
....54,98.3 Fixed81stps Dep3n4&4Int/Mw/m3 93.371 8.681 P-1.44} 7.097 T .515 0.967 

......;_ 12.2% Operating Income to Sales - %
o rossA. + 10.96%_-- - ....[Op-era,inom s-se t....st 3.2% 8.3% 7.0% - 3.7%...
 
inSrvce A__~a ___ ______ 1 

.... .. . . . .9% 1 n er e- historra.14ical. - -- " " 

19.0% -revalued 0.9% 2.2%, " p ' 28 1%'Operating Income/NetAssets-% 4% 0.7%2.. 6 , 6 

28 % - 423  . . . .I . . ... 2.... 
BALANCE SHEE T RATIOS t-07--

- . 

- 1.8 Current Ratio 
___ 

1.0; 09070.3 -0. -0. - 0.5Cash at Bank to Sales - months 0.3 0.31 0.3 '03 03 0.3 

46 Accts.Recevable toSales -days 35 29 29 29
jtt - historical + 

2 
-


- . -. ~. --. . . . .-- -evalhue d I-
 _  9 

Billions Zloty at Base Year Prices 

Case: gencobas\system_ v\oup3 
RCGIHAGLER, BAILLY. Inc. 

File Name g:\porharry\exhbit\eE 
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Exhibit 5-7a
 
INCOME STATEMENT - GROUP 4
 

PRO-FORMAJ ACTUAL ACTUALIPOLS GENERATING COMPANIES ESTIMATE FORECAST 
.... 19891____ 1.90 i9911 Y End ___ , I I - 19921 19934 1P_4 01997 1.-'-- - - - - - - 1 91 

- - - - - --- -... -- - -- -
E. .era
Sales -1 05
 

1.4_2 Cpac0--w08 
2.e 

12,077 
a r%Capacity Sold 

Hours of Produc-tion/Year 
-. . 

--
.. 

- 112..-7 

10.994 
. .. 
2077 

10,82046 
462. 

12,077 
.... 

1077, 

8/368 
. . 
1.7 

-
7.497 

.1 
27.144 ICapacity Sales - Mw/r. 

-
01 21.966 

1 
2.744 

12.. 
2;.2 1 

. . 
9.52 

52... 
1.3 

.. .. .47.872 

ax C 
117.4841 Energyales Price--Z/Kwh 

Capacity Price."000 ZI/Mw/m 
xAdjustd 1994CpacityPrice 

22-422151 
21i3 

2 

54.040 

9--
0142_.8 

3.14 

112933 i 

2 
- I 

330.291 

110,0461 

_ 1.704 151.5333 
332.351 .577 

105.698 112.433 
328.318 

115.441 

- - 3 20 Sales Revenue - - i -

..... 
_73 699 

_vio_aaitaes 14Is' 
1.350~ Energy- - -

-. 99 Capacity -

2.650 Sub-total Electricity, Sales 

~ 
2.232 
1,201~ 

3,4331} 

~ 3,6301 
2.481~ 

6.1101 

25,11
3.462 
2.3931 

5.855 1 
25.........1 2.11
3.146 - 2.791 
2,294 2,203 

5.,4-40 4,9944.6 

2,7
2,461 
2.0081 

S _ - 3 1 

81 73 

77 

8 

281 

2.885 

others 

Variable Cost 

e 

Total Sales/Revenues. 

001 

3.5331 

901 

52W 

80 

5095 

-

5.52 

.. 80 

5.074 

60 

4,529 
411 379' 1.2461 Fuel 1.206 3.196! . 045 2,764 _ 2.45 1 2.1621 

......89 
...... 

. . - - . .. .. 

Ne-a t 

T-rans p rt 

Environmental Penalty
Others 

~ __ 
. .. 

-

i 

446 

281 
-

300 

I 
.. . I 
_288 

.... 
267 

64 |5 
[-

- -

239 

4q,46 
.0r--

-

206 
41 379 1,335 Total Variable Cost @1992 Prices- 1.932 3.4961 33331 3.030 2.690 

_ 

2.369 

In37l Ate4 Pls: Total Variable C t 1,932 3.496 33-- 3 ,030 - 2.39Fixed/ Capacity Costs 
31 237j lG0 Etn Plant 8921 7881726564 

3 237 
 . . .. . 78.8.1... .. .. . . ... . . . _ 6737. ... 7 21_. 

Plus:Inflation 
-31 nc237 .000 eTotal Fixed CostCbefore DALY 892171 

21 32 _ 349 Depreciation Expense 1,009. 1.009 i'009 1,0091 - 1.00997 
129 2081 Incomrq e nse 3,833 1 5.292 5.062 1 4.71464 

4.346 3,918
--_- -_ Rlal _I--  - I - I -__ -- - -- __ _- ~12 20 eratringIncome 8145 (Lss 908 ~ (43031 61243 

-- Financial/Interest Expense (Ne~_ -(j(1W5) 403 (543) (679) 
7' 126 _ 233 IncomeBefore Tax (?A9I 1.044 _12138111,71.9 

___ -60 _ 174 Corporate Tax- O 418 455 4841o. 5165[1 - 66 601 Net IncomeAfterTax ___ __ i l 626 _ 63 -726 1' 763 774 
Billions Zloty at B ase Year Prices 

R G H G E . B I L .I c 
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Exhibit 5-7b
 
BALANCE SHEET - GROUP 4
 

PRO-FORMA ACTUAL
1 L 1990 

ACTUAL POLISH GENERATING COMPANIES
19911 Year End December 31 

ESTIMATE 
_ 1992 1993 194 

FORECAST 
1995 19 1997 

. .. . . . . . .. AS S ETS 

. . 
48 

i4I 
1 

8 
294 

Cash 
171 Accounts Receivable 

366 Inventories Fuel 
6 -Others ... 
1 Others _____ 

645 Total Current Assets 

-. 

1.. 

- 140 
193 

407 .. 

7_739 

?-
" 340 

--. 789 

---- 207 
32 

.754 

.291 

... 

185 

641 

1179 
__ 

165 

606 

1,575 

149 

541 

.... 

-

7,4221 
3.1431 
4.279 

1 78-___
1 4,651 

7.582 Gross Fixed Assets. . . .. 
3.493 Less: Acc. on 
4.089 Net Fixed Assets e -

137 Capital Wor-in-Progress 
4.871 TOTAL ASSETS EMPLOYEDj 

30,6611 

16,085 
14.583 

1371 
15,48 

30,668 1 

17.094 
13.575 

137 
15.0601 

30,668 1 

18,102 1 
12,5661 

137[ 
13.994 

30,668 

19.111 
11557 

137 
12.8734 

.30.668 

20.120 
10.549 

137 
11.743 

.. 30 .16 8 

21.094 
9575 

137 
.,664 

..... 
50 

116 .. 

LIABILITIES ___ 

238 AccountsPayable 
...136 Other Liabilities. . 

10 

176 

18 

391 

LTD due within 1 year extn-
LTD due within 1 year - new local 
LTD due within I-year- new FX 
Cash Deficiency (Surplu .. 

_ __Total Current Liabilitwz;_ 

Other Liabilities 

.. 
(3741 

l_374 

_ 

__ 

1.40 
1,400j 

(3.49) 

(3.149 

4.995) 

995 (8,742 

... .... 

S1 

"L..~I 
. . . . . .. .--

. ... . .. 

- Lon TermDebt - existing 

-Long Term Debt - new local 

~~_Lon jTarm Debt- new FX T D t... 
T o tal Lo n g Te r m D e bt 

... quityBalance: 

I 

-"

.. 

..... 

i 

I 

I 

4.3751 

99 
_4474 

4.42. Assumed Openinq Position . 

Additional Paid in Capital 

Revaluationof Fixedssets_I-RetainedEarnings-- Prior Years 
59 Current Years NetIncome -150 

_4.480 Total Equity 1 
T.651. OTAL LIABILITIES&EQUITY 

4.421 

11,503 

59 
___ 

__(10
15.834 
15.460 

4.4211 
I 

11503, 

(91
626 
626

-16.460 
15.060 

. 

_ 

4.421 

11,503 

536683 
83_761_7377

17,143 
13.,994 

4.421 [ 

11.503 

.1.2191726 

, 6r 
12.8731 

4.42 1
_0 

11.50 

1,944763 

18.631 
11.743 

4.421 

11.503 

2.7774 

19.405 
10.664 

Billions Zloty at Base Year Prices 
RCG/HAGLER. BAILLY. Inc.Case: gencobas\system v\group4 
File Name g:\pol\harry\exhibitxeS_7 
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Exhibit 5-7c
 
OPERATING AND FINANCIAL RATIOS FOR GROUP 4
 

PRO-FORMA ACTUAL ACTUAL POLISH GENERATING COMPANIES ESTIMATE FORECAST
 
1989 1990 i91 Year End-- December 31 1992 ji9931 1995 1196 

SALES 
, " . .~_ 

V 2 - •, 
-

0-Enery5.....2790% 
-Sales{Gwh-Annual Growth -% -129% 9% -4.7% -9.7J . -11.6% 

85.. Sales RevenZ 
--- -1--(

-Annual Growt..-% 29-5% 
%---42----

780% -4.2% -. 1%1 -. 2-8.2% --10.5% 

1230.53. -Average Tariff  Zlotys/kwh 342.9931 555. 797J 558.560 574.6971 596.820 596.109 
OPERATING RATIOS 

116165 VariableCost/kwh 193.063 317.984 317.971 -- 320.113 321.468 35 
233.508 

-~ - --

233544 


36,840........... .14969;0 
Tota Operatinq Cost/kwh 

Total Cost/ kwh (excl. RO 
Fixed Cost/Mw/m__..... ; =- -_ i _ 

37789 
377.8931 
40.1600.0 

481 3791
46-0 1-
469.0211 

35.862!2 , 

482.948 

457.64 
33.145---.-

97.§39 32382990 522.544519.335455.40 -57.--454. 
455.407 454.501 431.935 
31.0866 __.02 _ 304__.1__31.0 33.027 __.0, 

1 

49.....9.0F.xed Costplus Depnl Mwlm 

49.706 Fixed Cost plus Dep'n & Int./Mw/m7.0% Operating ncome to Sales - % 
I- _ _ _ o__ _ _-c 

85,5641 

83.268 
8.o , 

: .5 

81.7821 

75,596 

6'7 

79.533 

67,335 

14. %J1 

77.558 

59.008 

.6% 

84.510 

56,819 
1 4.4% _ 

89,053 

13.5
13. % 

___ ___ -~~ iOorating Income to Gross Assets - -in Service Avera - %-

I 14.9% -historical 

_ 

. -  2-l 
_ 

3.5%! 2.7% -revalued -1.6%1 30% 2.-.8% 2.6%2. 
4.3%_Operating Income/ Net Assets - %  -- _.457% -30% I 6.0%1 6.1% 6.1% 6.0% 5.5%
 

-j BALACE SHEET RATIOS - ,----. 
1.61 Current Ratio -2.0- -0.4, _ -0.2 - -01 
0.4 Cash at Bank to Sales - months-- - 0.5 0.4 4222 I ccts R. . .. . - 0A.- 0 0.4 02... . e e ivable to Sale s.....-- - 20 1 2 0 2 0 .I. 2- 2 . - %02 .
 

20 

-__ -historical -..... .aXLd '__ 11217.
-- revalued

Billions Zloty . Base Year Prices 
RCGIHAGLER, BAILLY. Inc. 

Case: gencobas\systemv\goup4 File Name g:\pol~harry\exhibt\e5.7 
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5.24 FINANCIAL ANALYSIS OF THE GENERATION SYSTEM 

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 t'.at the revenue requirement for the lignite group
will be 434 Zl/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.ZI by 1997, while long-term debt will increase from 3,772 B.Z1 in 
1992 to 9,945 B.ZI in 1997. Nevertheless, the total debt-to-equity ratio is projected to 
increase to a very reasonable '6.6 percent by 1997. 

RCG,Hagler, Bailly, Inc. 



I-"XnibDI b---a 
INCOME STATEMENT - LIUNITE GROUP 

PRO-FORMA ACTUAL ACTUAL POLISHGENERATING COMPANIES ESTIMATE . ... FORECAST "_
1989 1990 1991 Year End -- December 31 2931 	 1947 I O5j 1996 1997 

-T 46-Ener70 neg SalesI Gwh	 4 6 9 7 2s---Gwh 48.7621 - , - 47.b21 48.792 48.792 48,792 

810Cpcty-w- 0.01 18.12 72 7.570 6,690 7.320I - %Cap~~~iSoldI 	 -11_
28.327 	 Hours of Production/Year -28.818 288897 

76 ,98 a _ySales --- 28,81 -_8 29.957 
1 

_ 

76.698 9 pcitv ae i~ ..-- -:0- ".10 	 [ 3109622 21.98366 73,052F I;w/m 	 -- "- -,626 21,9a380.900Max-Capacity Sales @1994 Installation -	 77.810 j 76.958 75602 _6626 705" 82,824 82,824 78.744 77,214 68.238 74,664 

109.409 Energy Sales Price -- ZI/Kwh 160.585 2 271.246 271.246 271.246 
0,633Capacity Price -- '000 Z/Mw/m 52530007 
 104888 119.120 124.731 

Atd 994 Capaiy Price }- --.- -t 

S ales Reve nu e 	 ,.83. .. .. . . . .5.051 Energ......y 1 7.8301 12:875 1 -2 -- , 	 I 
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Exhibit 5-8b 
BALANCE SHEET - LIGNITE GROUP 

PRO-FORMAT ACTUAL ACTUAL POLISH GENERATING 	COMPANIES ESTIMATE [_ 	 FORECAST
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Exhibit 5-8c 
OPERATING AND FINANCIAL RATIOS FOR LIGNITE GROUP 
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CHAPTER 6: BULK POWER PURCHASE TARIFFS 

The revenue requirements for the generation system were developed in Chapter 5 based on
the pricing principles discussed during the review of the generation system (Chapter 3) and
the forecast of production costs and investments (Chapter 4). The objective of this chapter is 
to provide more detailed recommendations about how the required revenues could be 
collected. 

6.1 CLASSIFICATION OF BULK PURCHASE TARIFFS 

Existing Thermal Plants 

As discussed in Section 3.7 the pricing system recommended for 1994 consists on a cost
based tariff for all existing powerplants and a value based tariff for other resources are not
directly controlled by the grid. These other resources include CHP plants, other 
cogeneration facilities and, eventually, independent power producers (IPP). 

Projects under Construction 

The Opole plant, which is not yet in operation, is considered as an existing conventional grid
plant for the purposes of this analysis. Beyond Opole, any new thermal capacity should be
value based except when such capacity is added through the rehabilitation or repowering of 
an existing unit. In this case, the principles governing the purchases from the existing plant 
will apply. 

Pumped Storage Hydroelectric Plants 

It is assumed that pumped storage plants remain under the ownership of PPGC during 1994,
and probably thereafter, since these plants are intimately linked to the system dispatch and 
control operations. Therefore, pricing for these plants should not be an issue because 
pumping energy will come from the aggregated bulk power purchases of PPGC and there 
wil! be no sale of power from pumped storage plants to PPGC. 

RCG/Hagler, Bailly, Inc. 



6.2 BULK POWER PURCHASE TARIFFS 

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 plants involved in minor 
sales of heat, as described earlier. 

The compensation should be based on a two-part ta.riff. 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 return (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 partial 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 
grouping 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 treatment 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 sy. tem at present and that it is within their managerial responsibility to decide whether to 
retire excess capacity or maintain it for future capacity sales. 
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BULK lOWER PURCHASE TARIFFS 
6.3 

One option is to allow the recovery of standard fixed costs while not providing any return onassets for non-ordered capacity. This option will not provide a significant saving since thecapacity in question generally is installed in the older plants and their return on net revaluedassets is very small. 

A second option is to reduce the standard fixed cost allowance by application of a factor thatis uniform for all non-essential capacity and related to the period of time until such capacitywill become essential. This is being done at present except that the factor is not uniform (itis related to the specific plant). 

revenue requirements analysis. 

A third option is to compute the value of the current capacity by performing a differential(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 thebasis of the border price of coal of a standard quality burned at the efficiency declared by theplant to the central dispatch. The standard cost of lignite should be pegged to the borderprice of coal through a formula that includes the estimated additional cost of burning ligniteat 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 relatesthe actual energy purchases to the fuel cost compensation at standard fuel price. In thissituation, 
 the order of merit dispatch will be strictly based on increasing heat rate 
for eachtype of fuel. Any increment in the declared heat rate above its actual value would simplyresult in lower energy purchases and therefore lower profit. Hence, it could be economicallysound to allow powerplants to compete against each other in the declaration of heat rate tothe central dispatch. 

6.2.4 Allowance for Environmental Tax Recovery 
In principle, we would prefer that no environmental tax be levied against plants that meettarget emission levels set by the Polish Government and that, eventually, only plants meetingthese targets be allowed to sell power. However,control of the power sector, 

since this policy may not be within thea system needs to be established to allow the recovery of thesecosts in a way that would promote fair internal prices for fuels of different qualities andreduce overall emissions. 
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6.4 BULK POWER PURCHASE TARIFFS 

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 system
of internal fuel prices would develop in the coal market to 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 

Accepting 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 attractive. 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 costs. 

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 emitted, and 2) the cost to society of either reducing emissions or 
of living with them. 
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6.5 BULK POWER PURCHASE TARIFFS 

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 minimum cost that would be incurred to secure such power supply from an 
alternative source. This approach to 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. 
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BULK 	POWER PURCHASE TARIFFS 6.6 

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 that are not 
primarily operated 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 between 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 hydro 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 particularly 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. 



6.7 
BULK POWER PURCHASE TARIFFS 

need for capacity is defined by a target of zero effective capacity reserve which results inadequate installed capacity reserve levels. 

The model was run twice under identical conditions for the period 1992-2010 with the onlydifference being that in the second run (evaluation case) all CHP, small hydro andautoproducers are eliminated from the planned system (base case). A summary of thecapacity additions chosen for some spot years follows: 

Capacity Additions in MW 

Year Base Case Evaluation Case 

Gas 
Lignite Coal Turbine Lignite Coal 

Gas 
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 fur the two plans are only meaningful in the context ofan analysis of differential costs and not at all in absolute terms. For instance, the addition of720 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 loadcapacity (lignite and coal) is not really feasible. On the other hand, the reliability of theseideal sequences is much closer than can normally be expected of truly feasible sequences andthus 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 ofall 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 theevaluation case corresponds to resources not being evaluated such as pumped storage
hydroelectric. 
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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+AP CHP+H+AP FIXED VARIABLE CHP+H+AP CHP+H+AP FIXED VARIABLE CAPACITY CAPACITY ENERGY TOTAL

CAPACITY PRODUCTION COSTS COSTS CAPACITY PRODUCTION COSTS COSTS $/kW-Y CTS/kWh CTSlkWh CTS/kWh
MW GWH MS MS MW GWH MS MS _ 

1992 7041 14630.2 473.4 2044.8 1330 326.7 729.3 2465.8 44.81 1.79 2.94 4.73
1993 7091 16477.8 499.8 2085.3 1330 1844.4 771.6 2539.6 47.18 1.86 3.10 4.96
1994 7191 15658.3 514.0 2168.3 1330 358.9 801.6 2665.2 49.07 1.88 3.25 5.131995 7341 16494.7 514.8 2218.3 1330 208.4 810.4 2747.6 49.18 1.82 3.25 5.061996 7531 17786.9 484.0 2206.4 1330 204.8 787.6 2777.6 48.96 1.73 3.25 4.981997 7871 20024.4 480.7 2223.7 1330 173.9 808.1 2864.5 50.05 1.65 3.23 4.881998 9061 23892.4 614.2 2218.4 2080 1124 941.5 2987.7 46.88 1.44 3.38 4.82
1999 9161 24516.8 627.1 2296.9 2080 1088.3 986.2 3136.7 50.71 1.53 3.58 5.12
2000 9681 27952.1 618.2 2300.2 2080 1050.4 1017.0 3293.1 52.47 1.48 3.69 5.17
2001 9981 29954.9 611.9 2217.9 2080 1023.9 1034.5 3276.2 53.49 1.46 3.66 5.122002 10281 31906.4 638.0 2307.8 2080 986.1 1092.3 3493.2 55.40 1.47 3.83 5.30
2003 10581 33884.4 660.0 2391.6 2080 960.3 1258.7 3603.5 70.43 1.82 3.68 5.502004 10881 35785.4 695.5 2509.4 2080 914.5 1559.9 3594.7 98.22 2.48 3.11 5.59
2005 11181 37808.7 713.1 2592.1 2080 879.3 1807.5 3605.0 120.25 2.96 2.74 5.712006 11481 39720.3 744.8 2717.9 2080 823.8 1997.4 3680.5 133.24 3.22 2.47 5.70
2007 11781 41688.6 800.1 2695.5 2080 777.8 2028.1 3821.4 126.58 3.00 2.75 5.752008 12081 43608.6 754.2 2828.4 2080 710.7 2148.2 3910.7 139.39 3.25 2.52 5.772009 12381 45539.2 863.9 2875.2 2080 681.2 2402.3 3933.4 149.34 3.43 2.36 5.79
2010 12851 48822 1071.2 2816.2 2080 629.6 2600.0 4018.7 141.94 3.17 2.50 5.67 



BULK POWER PURCHASE TARIFFS 

6.9 

The difference in fixed costs divided by the difference in capacity is the fixed avoided costper unit of capacity of each year and the differencein production is the variable avoided cost per unit of energy of each year. 

in variable costs divided by the difference 
The total avoidedcost per unit of energy is the difference between all costs divided by the difference inproduction. 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 systemcircumstances. It is normally preferable to use levelized valuesgenerally corresponding over a period of time,to contract term, as a basis for a power purchase agreement.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 discountedvalues for each year and the computation of unit levelized values of avoided costs is doneusing these accumulated discounted values exactly in the same way that the unit annualvalues were used in Exhibit 6-1. This is the correct method of obtaining levelized unitavoided costs (or any levelized unit cost for that matter) and is not the same as levelizing theannual unit avoided costs. 
The tendency for avoided costs to increase is due to several factors. The avoided fixed costsper 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 mixedbetween base load and peaking plants. The variable costs vary very little and only as a resultof different generation mix through the years and the small but constant increase in the priceof gas. 

6.4.4 Proxy Plant Methods 

It is often considered advantageous to def,ne 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 coalfired steam plari. A reasonable agreement would involve energy payments basedequivalent cost of energy produced by a coal fired steam turbine and capacity payments based 

on the 
on the unit capacity cost of a coal fired steam turbine plant applied to the alternative capacitythat the CHP system is actually avoiding. The amount of "avoided capacity" can again be 
RCG/Hagler, Baly, Inc. 



EXHIBIT 6-2 

YEAR 

1992 

1993 
1994 

1995 
1996 
1997 
1998 

1999 
2000 
2001 

2002 

2003 

2004 
2005 

2006 
2007 
2008 

2009 
2010 

COMBINED AVOIDED COST OF CHP, SMALL HYDRO AND AUTOPRODUCERS 
BASE CASE EXPANSION EVALUATION CASE EXPANSION GENERATION AVOIDED COSTSACCUMULATED PRESENT VALUES ACCUMULATED PRESENT VALUES LEVELIZED UNIT VALUES o= -w
CHP+H+AP CHP+H+AP FIXED VARIABLE CHP+H+AP CHP+H+AP FIXED VARIABLE CAPACITY CAPACrfY ENERGY TOTALCAPACITY PRODUCTION COSTS COSTS CAPACITY PRCDUCTION COSTS COSTS $/kW-Y CTS/IkWh CTS/kWh CTS/kWh

MW GWH MS MS mw GWH MS MS 

7041.0 14630.2 473.4 2044.8 1330.0 326.7 729.3 2465.8 44.81 1.79 2.94 4.7313372.3 29342.5 919.7 3906.7 2517.5 1973.5 1418.2 4733.3 45.93 1.82 3.02 4.8419104.9 41825.2 1329.4 5635.2 3577.8 2259.6 2057.3 6858.0 46.88 1.84 3.09 4.9324330.0 53565.8 1695.8 7214.2 4524.4 2407.9 2634.1 8813.7 47.37 1.83 3.13 4.9629116.1 64869.7 2003.4 8616.4 5369.7 2538.1 3134.6 10578.9 47.64 1.81 3.15 4.9633582.4 76232.1 2276.2 9878.2 6124.4 2636.8 3593.2 12204.3 47.96 1.79 3.16 4.9538172.9 88336.7 2587.4 11002.1 7178.1 3206.2 4070.2 13717.9 47.84 1.74 3.19 4.9342316.9 99426.9 2871.0 12041.1 8119.0 3698.5 4516.3 15136.8 48.11 1.72 3.23 4.9546226.9 110716.3 3120.7 12970.1 8959.1 4122.7 4927.0 16466.9 48.47 1.69 3.28 4.9849826.2 121518.3 3341.4 13769.9 9709.2 4492.0 5300.1 17648.3 48.82 1.67 3.31 4.9953136.4 131791.3 3546.8 14512.9 10378.9 4809.5 5651.7 18773.0 49.23 1.66 3.35 5.0156178.1 141532.3 3736.5 15200.5 10976.8 5085.5 6013.6 19808.9 50.38 1.67 3.38 5.055897i.0 150717.5 3915.0 15844.6 11510.7 5320.3 6414.0 20731.6 52.65 1.72 3.36 5.0861533.4 159382.3 4078.5 16438.6 11987.4 5521.8 6828.2 21557.8 55.50 1.79 3.33 5.1163882.7 167509.8 4230.9 16994.7 12413.0 5690.3 7236.9 22310.9 58.40 1.86 3.29 5.1466035.0 175126.2 4377.0 17487.2 12793.0 5832.4 7607.4 23009.0 60.67 1.91 3.26 5.1768005.7 182239.7 4500.1 17948.6 13132.3 5948.4 7957.9 23646.9 63.01 1.96 3.23 5.1969808.9 188872.2 4625.9 18367.3 13435.2 6047.6 8307.7 24219.8 65.31 2.01 3.20 5.2271480.0 195221.0 4765.2 18733.5 13705.7 6129.5 8645.9 24742.4 67.17 2.05 3.18 5.23
BASE YEAR 1992 DISCOUNT HATE: 12.00% 

- ,., 
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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 rc:.ail 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 ic 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 
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6.12 BULK POWER PURCHASE TARIFFS 

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. 
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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 eiectricity 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 
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relatively stable over time. While short-run marginal costs (SRMC)' might provide even 
greater allocative efficiency at any given time, tariff 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 electricit. 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. Illustrative 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. 2 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 siTeams. 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 wa ._. 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, 

1 Short-run marginal cost can be defined as the variable fuel and O&M cost ("system lambda") of the 
generating 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 current 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). 
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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
 
01 marginal generation capacity cost
 
b. marginal network capacity cost 
b. results. 

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 
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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-I" includes the majority of coal-fired capacity; the variable cost of
 
energy of these more efficient units is estimated to be 272.5 ZI/kWh. 
 "Coal-2" generally

includes the oldest, smallest, and least-efficient coal-fired urits, with an estimated variable
 
cost of 302.9 ZI/kWh. 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 a 
probabilisticbasis, 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 

01 	 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. 
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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 591.5 

Coal -2 302.9 

Coal -1 272.5 

Lignite 218.7 

CHP --

Base Hydro 

0 12 24 
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0, 	 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: 

No. 	 distinct seasonal difierence 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 pericpd 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 7:90 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 TysZI/GJ 

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 
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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/ 
Time of Day 

Marginal Energy Cost 
($/kWh) 

Proxy Unit (MW) 

Summer 
Peak 4.64 Gas Turbine 
Mid-Peak 3.97 -5 
Off-Peak 2.12 Jaworzno 3 (200) 

Winter 
Peak 4.64 Gas Turbine 
Mid-Peak 
Off-Peak 

2.80 
2.07 

Jaworzno 1 (19) 
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 (.vinter) are given as: 

Summer Peak Energy 12000Btu x $3.65 + $1.056GJ Z113400 620 
Se MMBtu 6 ZlkWh 

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 in 1997. 

RCG[Hagler, Bailly, Inc. 
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EXHIBIT 7-2 
MARGINAL ENERGY COSTS 

Assumptions for Marginal SUMMER SEASON 8/ I WINTER SEASON 8/
Energy Cost Calculations: PEAK-1 PEAK-2 MID-PK OFF-PK PEAK- 1 PEAK-2 MID-PK OFF-PK 

Marginal Plant C-TURB COAL COAL C-TURB COAL 9/ COAL 
Heat Rate (BTU/kWh) 12000 13289 9984 12000 18700 9734 
Fuel Used Gas Coal Coal Gas Coal Coal 
Fuel Cost (US$/unit) 7/ 3.86 2.12 2.12 3.86 2.12 2.12 
Heat Content (MMBtu/unit) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Variable O&M ($/MMBtu) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Utilization of Plant on Peak (%) 1000/0 0% 100% 0% 

MARGINAL ENERGY COST (lysZI/KVW: 1/
SUMMER SEASON 2/ WINTER SEASON 2/ ANNUAL AVERAGE 2/ 

PEAK MID-PK OFF-PK PEAK MID-PK OFF-PK PEAK MID-PK OFF-PKGEN 0.670 0.407 0.306 0.670 0.573 0.298 0.670 0.490 0.302 
(adjusted to local prices and for station losses)

VHV 0.682 0.415 0.310 0.682 0.584 0.303 0.682 0.499 0.306 
HV 0.713 0.433 0.321 0713 0.610 0.313 0.713 0.522 0.317
MV 0.736 0.448 0.329 0.736 0.630 0.321 0.736 0.539 0.325
LV 0.832 0.506 0.361 0.832 0.712 0.352 0.832 0.609 0.356 

1/ Energy Costs derived directly from basic assumptions regarding marginal plant, heat rate,
 
fuel cost, fue! heat content, and variable O&M.
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Winter Off-Peak Energy (9,734Btu $2.01 + $1.056GJ Zi 13400 = 276.5 Zl/kf
kWh GJ MMB ) $ 

Subsequently, these estimates are further adjusted to local prices for our estimate of the 
LRMC of energy at generation by season and ime of day,as shown in the lower panel of 
Exhibit 7-2.6 

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 estimation, a consensus is lacking. Several methods have 
been proposed. Three methods frequently mentioned are: 

P. peaker method 
10. next-plant method
 
Bo. 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 uniL -- 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 (Zl/coincidentKW/year) = K x (I +RM 
6-SL
 

6 These marginal energy costs must also be adjusted for losses if the energy is not sold at the busbar. 
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where,
 
K = annualized cost of peaking unit (Zl/kW/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 (decrenent) 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 estimate 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 is depicted as reducing 1 kW of "Coal-I" generation for 5,948 hours, 1 kW of "Coal-2" 
for 284 hours, and 1 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 
ZlI/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 lignite plant is the "next plant" in the least-cost development plan. 
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Exhibit 7-3
Marginal Generation Capacity Costs 

Using "Next Plant" Method 

Z I/kWh 

Gas Turbines 591.5 

Coal - 2 302.9 

II Coal - 1 27 .272.5 

Lignite I218.7
 

IC H P
 

Base Hydro 

6 284 5,948 7,579 8,760 

Utilization ( /yr) 

Marginal capacity cost = Annualized cost of lignite plant minus fuel savings 

Fuel savings = [5948 x (272.5 - 218.7)] + [284 x (302.9 - 272.5)] + [6 x (59.5 - 302.9)] 
(ZlI/kWh) 
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use of sophisticated optimization system expansion planning models.8 We have employed a
 
variation of this methodology to calculate 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 in Chapter 4. Specifically, three model runs are required as follows. 
Run 1 corresponds to optimizing the system generation expansion plan to the baseload forecast. Model Run 
reoptimizes the system expansion plan with the peak load forecast used in Run I incremented by the equivalent
of one year's load growth. Finally, Run 3 is a production simulation (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 determined in 
Run 2. Thus, LRMC for generation capacity can be estimated by calculating the following quantity and 
levelizing it: 

[(CR I - CR2) + (FC 3 - FC,)]/DMW 

where CR, is the capital investment associated with model run i (i = 1, 2, 3), FC i is the fuel (production) cost 
associated with the expansion plan model run i, and DMW is the megawatt incremental difference in peak load 
between Runs I and 2. 

RCG/Hagler, Bailly, Inc. 
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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, for 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 ZI 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 TysZl/kW for a peaker plant9 and 8,551 TysZl/kW'0 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 ZI per incremental kW, is then annuitized over the life of the facilities, 
resulting in the annuitized capacity cost, expressed in Z1/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 voltage (LV) -- as 
depicted schematically in Exhibit 7-5. 

9 i.e., (4033 + 1083 x 1.0) x (1/(1.12)'). 

10 i.e., (3557 + 20155 x 1.0) x (1/(1.12)9). 

RCG/Hagler, Bailly, Inc. 



EXHIBIT 7-4
 
GENERATION CAPACITY COST - PEAKER AND "NEXT PLANT" METHODS (tysZI/KW)
 

ASSUMPTIONS PEAKER METHOD "NEXT PLANT" 

Marginal Plant 
Life (years) 
O&M and A&G (%of capital cost) 
Year Generation Required 
Capital Cost: 

Foreign (tysZI/KW) 
Local Materials 
Local Labor 4/ 

C-TURB 
20 

4.50% 
1997 

4332.7 
1083.2 

0.0 

LIGNITE 
30 

1.87% 
2001 

3556.8 
20155.4 

0.0 

CAPACITY COST (discounted to study year) 
Market Price 
Border Price 

3073.09 
3073.09 

8550.86 
8550.86 

PSE/POLISH POWER GRID 
RANKING OF GENERATING PLANTS BY VARIABLE COST - 1997 

GENERATING PLANT GROUPS TYPE 

MEGA-
WATTS 
(MW) 1/ 

ANNUAL 
USE 
Hrs/Yr 

VARIABLE COST 
S/KWh tysZI/KWh 

HEAT 
RATE 

Btu/KWh 

FUEL 
COST 
$/MMBtu 

VAR. O&M 
(%FUEL 
COST) 

BASE HYDRO 
COMB. HEAT AND POWER 2/ 
LIGNITE-FIRED 
COAL-FIRED STEAM 1 
COAL-FIRED STEAM 2 
COMBUSTION TURBINES 
PUMPED STORAGE 

HYDRO 
CHP 
LIGNITE 
COAL-1 
COAL-2 
C-TURB 
P-STOR 

80 
5901 
8791 

11652 
2292 
240 

1890 

8760 
2597 
7579 
5948 
284 

6 
1420 

.... 

0.0163 
0.0203 
0.0226 
0.0441 

-

-

0.2187 
0.2725 
0.3029 
0.5915 

-

-

10118 
9582 

10652 
12000 

-

-

1.61 
2.12 
2.12 
3.68 

-

-
0.0% 
0.0% 
0.0% 
0.0% 

-

1/ Installed capacity. 
2/ Megawatt capacity includes 1290 MW autogeneration. 
3/ Based on PSE practice, all O&M is treated as a fixed cost. 

ASSOCIATED FUEL SAVINGS - "NEXT PLANT" METHOD 

- - -UNIT 
NEW 

TYPE- - -
DISPL 

COST (tysZI/KWh) 
NEW DISPL 

HRS/YR SAVINGS 
(tysZI/KW) 

LIGNITE 
COAL-1 
COAL-2 

COAL-1 
COAL-2 
C-TURB 

0.2187 
0.2725 
0.3029 

0.2725 
0.3029 
0.5915 

5948 
284 

6 

320.01 
8.64 
1.73 

TOTAL FUEL SAVINGS (tysZI/KW/Yr) 330.38 



Exhibit 7-5 
Schematic Representation of the Polish Power Grid 

Station 
Use 

VHV 
Losses 

HV 
Losses 

MV 
Losses 

LV 
Losses 

Gr4s C4- LV Load 
Generation 220 kV J 60-220 kV j 1-60 kV Jbelow 1 kV 

and above 

Load at VHV Load HV Load MV Load 
Generation 
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The schematic representation is a simplification adopted to facutate '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 F"'GC'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 
VHV, 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: 

Peak Losses = Average Losses 
.3 + (.7 x Load Factor) 

Estimates of average and peak loss factors by voltage level are shown in Exhibit 7-8. 

Estimates 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 

11 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 "requirements" plan, there is 
some concern that it may overstate a realistic investment program. The impact of a lower investment program 
on estimated LRMCs is considered in the sensitivity analysis of Section 7.3. 

RCG/Hagler. Bailly, Inc. 



EXHIBIT 7-6
 
NETWORK CAPACITY COSTS (tysZl MILLION)
 

YEAR -------- VHV COSTS HV COSTS---------
ENDING TOTAL FOREIGN LOC Mat. LOC Labor TOTAL FOREIGN LOC Mat. LOC Labor 

1992 331.00 264.80 66.20 0.00 430.15 141.96 288.19 0.00 
1993 158.00 126.40 31.60 0.00 696.64 243.18 453.46 0.00 
1994 1079.00 750.70 328.30 0.00 752.02 259.45 492.57 0.00 
1995 1694.00 1241.05 452.95 0.00 844.50 282.20 562.30 0.00 
1996 1610.00 1183.00 427.00 0.00 790.79 254.66 536.12 0.00 
1997 206.00 164.80 41.20 0.00 633.89 150.01 483.88 0.00 
1998 200.00 160.00 40.00 0.00 586.38 114.24 472.14 0.00 
1999 1161.00 823.80 337.20 0.00 684.75 175.96 508.80 0.00 
2000 1243.00 888.20 354.80 0.00 794.75 247.46 547.30 0.00 
2001 1160.00 823.00 337.00 0.00 482.01 164.26 317.75 0.00 

YEAR -------- MV COSTS LV COSTS--------
ENDING TOTAL FOREIGN LOC Mat. LOC Labor TOTAL FOREIGN LOC Mat. LOC Labor 

1992 1354.40 181.72 1172.68 0.00 1497.32 200.90 1296.42 0.00 
1993 1385.93 185.95 1199.98 0.00 1519.00 203.81 1315.19 0.00 
1994 1374.08 184.36 1189.72 0.00 1529.70 205.24 1324.46 0.00 
1995 1452.66 194.91 1257.75 0.00 1575.09 211.33 1363.75 0.00 
1996 1738.85 233.31 1505.55 0.00 1541.22 206.79 1334.43 0.00 
1997 1835.04 246.21 1588.83 0.00 1565.58 210.06 1355.52 0.00 
1998 1835.04 246.21 1588.83 0.00 1585.09 212.68 1372.41 0.00 
1999 1868.57 250.71 1617.86 0.00 1604.59 215.29 1389.30 0.00 
2000 1897.70 254.62 1643.08 0.00 1628.95 218.56 1410.39 0.00 
2001 1897.70 254.62 1643.08 0.00 1628.95 218.56 1410.39 0.00 



EXHIBIT 7 - 7 

GRID SALES AND LOSS FORECAST 

YEAR 

ENDING 

PEAK 

(MW) 

GROSS 
GEN 

(GWh) 

LOAD 

FACTOR 

......-

TOTAL 

CONSUMPTION BY VOLTAGE LEVEL 
GEN VHV HV 

(GWh) 

MV 

1.2 ----

LV 

-- AVERAGE 

STN USE 

LOSSES 

VHV 

BY VOLTAGE 

HV 

LEVEL 

MV 

(GWh) 3/ - -

LV TOTAL 

1992 22024 125100 64 8 102625 4352 3200 28229 24943 41901 1986 1840 4179 2241 5229 
 22475
1993 22224 127100 65 3 105175 4400 :1200 
 28156 25471 43945 
 9129 1745 3965 2126 
 4960 21925 
1994 22528 129700 65 7 108191 4450 
 J!300 28146 26102 46193 9315 
 1663 3778 2026 4727 
 21509
1995 22978 133200 86 2 112300 4500 3300 
 28410 27051 49040 9565 1546 
 3512 1883 
 4394 20900
1996 22989 135300 67 2 113658 4539 
 1900 29049 27665 50506 
 9736 1624 3689 1978 4615 
 21642

1997 23570 138900 67 3 116633 4578 
 1900 29742 28329 52084 
 10016 1671 3796 
 2035 4749 22267
1998 24077 142600 67 6 119689 4618 
 1900 30451 29010 53711 10304 
 1720 3906 
 2094 4887 22911
1999 24660 148500 67 7 122742 
 4659 1900 31 153 29684 55347 10593 
 1768 4017 2154 5025 
 23557
2000 25173 148600 87 4 125000 4700 1900 
 31637 30151 56613 
 10781 1749 
 3972 2129 
 4969 23600
2001 252712 150400 
 67 9 126187 4719 0 32373 30906 58188 10900 1816 4125 2212 5160 24213 

I/ Consumption at generation includes pumping In hydro plants plus heal generation auxlary use minus self- producer supply to grid. corsumpion at VHV includes net exports
2/ Flows are subsequently convened in the model as consumption demand by applying the systern load factor 
3/Average network losses by vollage level have been estemaled based on he following allocation of total losses at a percent of net generation 



EXHIBIT 7-8
 
AVERAGE AND PEAK LOSS FACTORS (FRACTION OF INCOMING)
 

YEAR 
ENDING 

1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 

Average 

-- STATIONUSE--
AVERAGE PEAK 

0072 0072 
0.072 0.072 
0.072 0.072 
0.072 0.072 
0.072 0.072 
0.072 0.072 
0.072 0.072 
0.072 0.072 
0.073 0.073 
0.072 0.072 
0.072 0.072 

---- VHV 
AVERAGE 

0.016 
0.015 
0.014 
0.013 
0.013 
0.013 
0.013 
0.013 
0.013 
0.013 
0.014 

.------------- HV-- --- ----- MV---------
PEAK AVERAGE PEAK AVERAGE PEAK 

0.022 0.039 0.052 0,030 0.040 
0.020 0.037 0.048 0.028 0.037 
0.019 0.034 0.045 0.026 0.034 
0.017 0.031 0.040 0.023 0.030 
0.017 0.031 0.041 0.023 0.030 
0.017 0031 0.041 0.023 0.030 
0.017 0.031 0.041 0.023 0.030 
0.017 0.032 0.041 0.023 0.030 
0.017 0.031 0.040 0.023 0.029 
0.017 0.031 0.040 0.023 0.030 
0.018 0.033 0.043 0.025 0.032 

LV---
AVERAGE 

0.111 
0.101 
0.093 
0.082 
0.084 
0.084 
0.083 
0.083 
0.081 
0.081 
0.088 

PEAK 

0.147 
0.134 
0.122 
0.108 
0.109 
0.108 
0.108 
0.108 
0.105 
0.105 
0.115 

EXHIBIT 7-9 
DEMAND AND LOSS FORECAST AT TIME OF SYSTEM PEAK (MW) 

YEAR PEAK STATION GEN ------- VHV-------
ENDING USE CONSUM LOSS PEAK CONSUM 

1992 22024 1582.0 766.2 429.7 19246.1 563.4 
1993 22224 1596.2 769.4 403.2 19454.9 559.5
1994 22528 1617.9 772.9 380.1 19757.2 573.2 
1995 22978 1650.0 776.3 349.5 20201.9 569.3
1996 22989 1654.2 771.2 358.2 20205.1 322.8
1997 23570 1699.6 776.9 367.9 20726.2 322.4
1998 24077 1739.7 779.7 375.5 21182.4 320.8
1999 24660 1785.5 785.2 385.1 21703.9 320.3 
2000 25173 1826.4 796.2 383.8 22166.5 321.9 
2001 25279 1832.1 793.2 393.6 22259.7 0.0 

--------
LOSS 

970.5 
911.1 
859.4 
790.5 
810.4 
832.2 
849.5 
871.2 
868.4 
890.6 

HV-------
PEAK CONSUM 

17712.3 4969.8 
179843 4923.6 
18324.6 4388.8 
18842.2 4900.8 
19071.9 4935.7 
19571.6 5047.0 
20012.1 5141.5 
20512.5 5251.0 
20976.3 5359.2 
21369.1 5441.2 

--------
LOSS 

509.7 
479.4 
453.0 
417.6 
428.2 
439.8 
449.0 
460.5 
459.1 
470.9 

MV-------- -
PEAK CONSUM 

12232.8 4391.2 
12581.3 4453.7 
12982.8 4533.8 
13523.8 4666.4 
13708.0 4700.5 
14084.8 4807.3 
14421.6 4898.1 
14801.0 5003.4 
15157.9 5107.5 
15457.0 5194.5 

---
LOSS 

1153.9 
1089.0 
1031.9 
954.3 
9791 

1005.F 
1027.1 
1053.6 
1050.8 
1078.1 

LV- ---
PEAK 

6687.7 
7038.7 
7417.1 
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 hydro 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 arc 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 !ong-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 estimates 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 TysZl/kW/month at HV to 
74.65 TysZl/kW/month at LV. 

Exhibit 7-12 presents estimates of strict long-run marginal costs by voltage level. To 
illustrate, marginal capacity costs (generation plus network) 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 
ZI/kWh during the peak hours and 356 Zl/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, Baiily, Inc. 



EXHIBIT 7 -10
 
AVERAGE INCREMENTAL NETWORK CAPACITY COSTS BY VOLTAGE LEVEL (tysZI MILLION)
 

-------------- VHV NETWORK ............. 
 HV NETNORK----------------YEAR - - -PEAKMW--- - ---- INVESTMENT COST---- - -- PEAK MW--- ---- INVESTMENT COST ----
ENDING TOTAL DISCOUNTED MARKET BORDER DISCOUNTED TOTAL DISCOUNTED MARKET BORDER DISCOUNTED 

1992 000 0.00 33100 331.00 331.00 000 0.00 430.15 430.15 430.15
1993 208.79 186.42 158.00 158.00 141.07 
 272.02 242.88 696.64 696.64 622.00

1994 302.26 240.96 1079.00 1079.00 860.17 340.32 271.30 
 752.02 752.02 599.511995 444.75 316.57 1694.00 169400 1205.76 517.58 368.40 844.50 844.50 601.10
 
1996 3.18 2.02 1610.00 1610.00 1023.18 229.73 146.00 790.79 790.79 
 502.56
1997 521.05 295.66 206.00 206.00 116.89 499.64 283.51 633.89 633.89 359.691998 456.24 231.15 200.00 200.00 101.33 440.53 223.19 586.38 586.38 297.08

1999 521.50 235.90 1161.00 1161.00 525.18 500.38 226.35 684.75 684.75 309.75
2000 462.58 186.83 1243.00 1243.00 502.03 463.79 18732 794.75 794.75 320.99

2001 9322 33.62 1160.00 1160.00 418.31 392.89 141 68 482.01 482.01 173.82Lagged Total 1542.70 (1994-2001) 4304.58 (1992-99) 1847.73 (1994 -2001) 3721.82 (1992-99)

AVERAGE INCREMENTAL VHV CAPACITY COST/KW . 2790.29 AVERAGE INCREMENTAL HV CAPACITY COST/KW 2014.26 

-------------- MV NETWORK- ---------------- LV NETWORK- -------------YEAR - - -PEAK MW--- ---- INVESTMENT COST---- .. PEAK MW--- ---- INVESTMENT COST- - -ENDING TOTAL DISCOUNTED MARKET BORDER DISCOUNTED TOTAL DISCOUNTED MARKET BORDER DISCOUNTED 

1992 000 0.00 1354 40 135440 1354.40 0.,0 000 1497.32 149732 1497.32
1993 348.51 311.17 1385 9. 1385.93 1237.44 351,02 31341 1519.00 1519.00 1356.25

1994 401.45 320.03 1374.08 1374.08 1095.41 378.38 301.64 
 1529.70 1529.70 1219.47

1995 541.05 385.11 1452.66 1452.66 1033.97 486.05 34596 
 1575.09 1575.09 1121.12
 
1996 184.19 117.05 1738.85 173885 1105.07 125.35 7966 1541.22 
 1541.22 979.47

1997 376.79 213.80 1835.04 1835.04 1041.25 243.39 138.10 
 1565.58 1565.58 868.35

1998 336.83 17065 1835.04 1835.04 929.69 224.48 113.73 
 1585.09 1585.09 803.05
 
1999 379.35 171.60 1868.57 186857 845.25 
 247.59 112.00 1604.59 1604.59 72584

2000 356.93 144.16 1897.70 1897.70 766.45 
 255.59 103.23 1628.95 1628.95 657.91

2001 299.13 107.87 1897.70 1897.70 
 684.33 184.88 6667 1628.95 1628.95 587.42
Lagged Total 1941.44 (1993-2001) 9408.93 (1992-00) 1574.41 (1993-2001) 9248.77 (1992-00)

AVERAGE INCREMENTAL MV CAPACITY COST/KW 4846.36 AVERAGE INCREMENTAL LV CAPACITY COST/KW 5874 43 



EXHIBIT 7-11 
SUMMARY OF CAPACITY COSTS 

GENERATION: 
CAPITAL COST (tysZI/KW) 


(adjusted to local prices and for reserve
 
margin and station losses at peak)


CAPITAL COST PER YEAR (tysZI/KW/Yr) 

ASSOCIATED FUEL SAVINGS (tysZI/KW/Yr) 


(adjusted to local prices and for station losses)
CAPITAL COST NET OF FUEL SAVINGS (tysZI/KW/Yr)
O&M COST PER YEAR (tysZI/KW/Yr) 
TOTAL CAPITAL COST PER YEAR (tysZI/KW/Yr)
CAPACITY COST PER MONTH 

TRANSMISSION & DISTRIBUTION: 

CAPITAL COST (tysZI/KW) 


(adjusted to local prices)

CAPITAL COST PER YEAR (tysZI/KW/Yr) 

O&M COST PER YEAR (tysZI/KW/Yr) 

TOTAL CAPITAL COST PER YEAR (tysZI/KW/Yr)

CAPACITY COST PER MONTH 

PEAKER METHOD 
3974.27 

532.07 
-

532.07 
179.04 
711.11 
59.26 

VHV 
2790.29 

338.47 
55.81 

394.28 
32.86 

"NEXT PLANT" 
11058.38 

1372.83 
356.06 

1016.77 
206.36 

1223.13 
101.93 

HV MV 
2014.26 4846.36 

244.34 617.91 
40.29 121.16 

284.62 739.07 
23.72 61.59 

LV 
5874.43 

748.99 
146.86 
895.85 

74.65 

http:11058.38


EXHIBIT 7- 12 
STRICT LONG RUN MARGINAL COST BASED TARIFF BY VOLTAGE LEVEL 

MARGINAL CAPACITY COST (tysZI/COINCIDENT KW/MONTH): 

VHV 
HV 
MV 
LV 

GENERATIONPEAKER METHOD -NEXT PLANT" 

60.36 103.82 
63.06 108.46 
65.14 112.05 
73.63 126.65 

TRANSMISSION & DISTRIBUTION ... ....VHV HV MV LV 
32.86.86 
34.33 23.72 
35.46 24.50 61.59 
40.08 27.70 69.62 74.65 

TOTAL 
86 

58.04 
121.55 
212.05 

TOTAL MARGINAL CAPACITY COST_PEAKER MET'HOD "NEXT PLANT" 
93.21 136.68 

121.10 166.50 
186.70 233.60 
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.' 2 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.'S The final line of each exhibit derives average system-wide strict LRMC 
•stimates 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 4 LRMC is 708.5 Zl/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 Zl/kWh in comparison with an average
 
tariff yield of 542.1 Zl/kWh.
 

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 sensitivity 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 variables: 

22 In arriving at these assumptions, the study team members first reviewed and analyzed the load research 
data derived from surveys conducted by the InstituLe of Power Engineering (JEN/Katovica) and consolidated 
tariff class billing data compiled by PPGC for the past two years. We identified class load factors and 
coincidence factors from seasonz, hourly load shapes estimated for each tariff class. Further, the billing records 
provided an independent estimate of class load factors. Where available data were insufficient, the assumptions
made are also conditioned upon the team members' experience and judgment. In the absence of comprehensive 
national load research data, our estimates of coincidence factors are intentionally conservative; underest'mation 
of coincidence factors would transiate directly into undercollection of revenues for customers not metered on a 
coincident demand 'asis. 

"3 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 contair-d 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 
TARIFF CLASS VOLTAGE 

DISTRIBUTION COS. HV 

BULK SYSTEM AVERAGE 
Equivalent tysZI/KWh 
% of System Average 

COINCI-
DENCE 

1.00 

LOAD 
FACTOR 

0.65 

ENERGY SHARES 
PEAK MID-PEAK 

0.20 0.28 

0.20 0.28 

TOTAL MARGINAL COST/MONTH
CAPACITY ENERGY TOTAL 
tysZI/KW tysZI/KWh tysZI/KWh 

121.10 0.4533 0.7085 

121.10 0.4533 0.7085 
0.2552 0.4533 0.7085 

36% 64% 100% 

DEMAND 
CHARGE 

SHARE 

36% 

H1/1992
SALES 

GWh 

50434 

50434 

CURRENT 
YIELD 

tysZI/KWh 

0.3398 

0.3398 

Exhibit 7-14 
STRICT LONG RUN MARGINAL COST BASED TARIFF BY TARIFF CLASS - RETAIL 

SERVICE COINCI- LOAD ENERGY SHARES 
TARIFF CLASS VOLTAGE DENCE FACTOR PEAK MID- PEAK 

INDUSTRIAL HV 0.81 0.60 0.16 0.27 
MV 0.63 0.42 0.18 0.31 
LV 0.54 0.31 0.18 0.31

TRACTION HV 0.93 0.48 0.19 0.30 
MV 0.93 0.48 0.19 0.30

COMMERCIAL MV 0.63 0.49 0.20 0.32 
LV 0.55 0.30 0.20 0.32

AGRICULTURAL MV 0.54 0.38 0.20 0.32 
RETAIL LV 0.49 0.25 0.27 0.25 
ST. LIGHTING LV 1.00 0.50 0.21 0.04 

DISTRIBUTION COMPANY AVERAGE 0.20 0.28 
Equivalent tysZI/KWh 
% of System Average 

TOTAL MARGINALCOST/MONTH
CAPACITY ENERGY TOTAL 
tysZI/KW tysZ/KWh tysZI/KWh 

98.09 0.4354 0.6594 
117.62 0.4652 0.8488 
154.27 0.5203 1.2020 
112.62 0.4534 0.7748 
173.63 0.4671 0.9627 
117.62 0.4755 0.8044 
157.13 0.5323 1.2498 
100.82 0.4755 0.8390 
139.99 0.5479 1.3150 
285.69 0.4659 1.2486 

128.31 0.4888 0.9879 
0.4991 0.4888 0.9879 

51% 49% 100% 

DEMAND 
CHARGE 

SHARE 

34% 
45% 
57% 
41% 
51% 
41% 
57% 
43% 
58% 
63% 

1-11/1992
SALES 

GWh 

14090 
8884 
1334 

67 
2178 

641 
4464 

320 
13616 

742 

46336 

CURRENT 
YIELD 

tysZI/KWh 

0.3874 
0.4995 
0.7828 
0.4606 
0.4715 
0.4934 
0.7745 
0.5287 
0.6310 
0.7884 

0.5421 
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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 ZI/$ (mid-1992) to 19,000 Zl/kWh, the retail (distribution
company) LRMC increases from 988 to 1,302 Z1/kWh. Alternatively, a reduction in the 
total T&D investment progrfh:' by 20 percent would reduce the retail LRMC from 988 to 919 
Zl/kWh. 

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 uszd 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 
Zl/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 ihe 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 not to 
do so. First, no reliable Poland-specific price elasticity data are available frog. 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 
LRMC SENSITIVITY ANALYSIS (tysZI/KWh) 

DISCOUNT 
RATE 

12% 
8% 

10% 
12% 
14% 

Bulk 
LRMC 

0.7085 
0.6538 
0.6807 
0.7085 
0.7370 

Retail 
LRMC 

0.9879 
0.8768 
0.9311 
0.9879 
1.0468 

SCF 

1.00 
0.85 
0.90 
0.95 
1.00 

Bulk 
LRMC 

0.7085 
0.8193 
0.7783 
0.7416 
0.7085 

Retail 
LRMC 

0.9879 
1.1152 
1.0680 
1.0259 
0.9879 

1300 
1.200
1.100 | 

1.ooo 
0.900
0.800

42E 0.700 

.A 

EXCHANGE 
RATE 

13.400 
13.000 
15.000 

Bulk 

LRMC 
0.7085 
0.6890 
0.7867 

Retail 
LRMC 

0.9879 
0.9655 
1.0778 

YEAR GEN 
NEEDED 

1997 
1996 
1997 

Bulk 
LRMC 

0.7085 
0.7244 
0.7085 

Retail 
LRMC 

0.9879 
1.0067 
0.9879 

0 
, 

0.5000 
0.500 
.40 

0.300-
0.200 
0.100L 

:c 

j 

. 

17.000 
19.000 

0.8844 
0.9821 

1.1900 
1.3023 

1998 
1999 

0.6943 
0.6816 

0.9712 
0.9563 

0.000 
13.000 

15. 
150 

. 
17000 

.. 
19000 

. 

COAL 
PRICE 

2.12 
1.50 
1.75 
2.00 
2.25 
2.50 

Bulk 
LRMC 

0.7085 
0.6174 
0.6540 
0.6906 
0.7272 
0.7639 

Retail 
LRMC 

0.9879 
0.8913 
0.9301 
0.9690 
1.0078 
1.0467 

RESERVE 
MARGIN 

20.0% 
15.0% 
17.5% 
20.0% 
22.5% 
25.0% 

Bulk 
LRMC 

0.7085 
0.7030 
0.7057 
0.7085 
0.7113 
0.7140 

Retail 
LRMC 

0.9879 
0.9814 
0.9847 
0.9879 
0.9912 
0.9944 z 

1.200 
1.100
1.000 
0.900 
0.800 
0.700 

Exchange Rate (tysZl/$) 

1e<i 

. 

I.u 

T&D 
INVSTMNT 

1.00 
0.90 

Bulk 
LRMC 

0.7085 
0.6963 

Retail T&D % of 
LRMC Capac Csts 

0.9879 74% 
0.9536 72% 

0 
a: 

S 0.600 
0.50 
0.400 
0.300 
0.200 

-

. -

0.80 
0.70 
0.60 

0.6840 
0.6718 
0.6596 

0.9193 
0.8850 
0.8507 

70% 
67% 
63% 

0.100 
0.00 

13.000 15.000 17.000 19.000 

Note: Program must be "RUN" to update sensitivity analysis. 
Coal Price (/$/mmBtu) 

1.300 
1.200 
1.100 
1.000 
0.900o 
0.800-

N 0.700" 
F4 0.600

0.500
0.400 

, 0.300
0.2001,11 

-. A 
0.100:" 
0.000 ... 

1.00 0.90 0.80 0.70 0.60 

Scaler forT&D Investment Program 
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CHAPTER 8: UNCONSTRAINED FINANCIAL ANALYSIS OF THE POLISH 
POWER GRID COMPANY 

8.1 OBJECTIVES AND APPROACH 

The analysis of transmission costs and the required financial revenues is essentially afinancial analysis of the Polish Power Grid Company. Following up on the financial analysisof the generating system's revenue requirements presented in Chapter 5, the objective of thefinancial analysis of PPGC is to determine the revenue requirements the company needs tooperate as a viable commercial entity. 

As in Chapter 5, the financial forecast of Chapter 8 corresponds to a scenario ofunconstraitedtariff increase and instant asset revaluation. In Chapter 11, these results aresubjected to different assumptions in order to arrive at a financial forecast that is constrainedby the need to limit the impacts of tariff increases and by the feasible extend of and schedule
for the revaluation of assets. 

PPGC Therefore, only one full year of historical data are 
was formed in October 1990. 


available for the 12 months ending December 31, 
 1991. Furthermore, financial performanceratios have been distorted because the bulk of the transmission assets plus the pumpedstorage plant and associated operation and maintenance costs were not transferred to PPGC
until January 1993. 

PPGC is the balancing point between bulk power purchases and sales. It was thus necessaryto derive the overall electric energy balance and relate it to the energy purchases and sales,as well as the transmission losses, of PPGC. 

8.2 HISTORICAL REVIEW 

The historical information for 1991 was obtained from PPGC's "F-02" annual acrountingreport and from statistical information provided by PPGC. 

Because the bulk of the transmission assets and related costs had not been transferred toPPGC as of 1992, yet PPGC was allowe, a margin related to those assets, its publishedresults for 1991 indicate a return of 145.7 percent operating income to net assets,operating income to sales of 1.1 percent. 
with 

However, after the transfer of assets and costsfrom the distribution companies to PPGC, these ratios would deteriorate significantly to 7.2percent and 0. 1 percent, respectively. 

RCG/Hagler, Bailly, Inc. 



UNCONSTRAINED FINANCIAL ANALYSIS OF THE POLISH POWER GRID 
COMPANY 8.2 

8.3 FINANCIAL REVENUE 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 companies 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 equity contribution to PPGC. 

8.3.2 Financial Criteria to be Met 

The key financial target to be achieved by PP13C 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 ZI to the US dollar. 

RCG/Hagler, Bailly, 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 ZI to the US dollar. 

No 	 The purchase price of electricity is the weighted average of the selling price by
the system power plants -- i.e., 489 Zl/kWh 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 is the program provided by the PPGC 
Investment Planning Department. 

PPGC's 1992 cost estimate is based on the revised budget prepared by the 
PPGC Finance Department in November 1992. 

00 The costs for 1993 and future years are based on the 1992 budget plus costs 
associated with the transferred assets, as developed by Energoprojekt. 

b. 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 Zl/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 Zi/kWh, this represents a 
real increase of 67 percent. 

RCG/Hagler, Bailly. Inc. 



Exhibit 8-1 
ENERGY BALANCE OF PPGC 

ACTUAL1R-OM ACTUAL PSKESECI ELEKTBOENEIRGETYCZNJ199 1990 1991 Year End-- December 31 ESTIMATE I _,_-FORECAST19921 1_2993 _ 995-___O_9981 -

Total Energy Sales by Distrbn Cos 

65.405 57.312 Ra51.052
industly
5.8751 5.346 4.915 , Railways 48.988 48.864 45.60 5.3 6.5 ,0 . ..........5 ... ...
 

9. 8.218 9.821 Commercial 9.192, 9.6761 10.206 10.871 11 .201 11.556
8,6331 8.124 8.394 Agiculture 8.422 8.865 9.351' 9.9601 10.262 10.587 

20.267 22.183 20,829 Residential
28.900 30,307 21.937 23.091 24.3561 25,94329.223 Sub-to',.al - Agricult & Resid'I 26.731 27,57830.359 31.956 33.707 35,903! 36.993 38.165
 
1.506 
 1.325 1.372 Street Lighting 
 1.375 81
1,32 1. 2 52711,448 '271.627,
111.072 102.508! 1.676' 1.729196,3831 TOTAL FINAL CONSUMPTION' 95.074 97.575 100.441 104.501 107.220 110.154 

Distribution System Losses - - % 
13.345 9.235 14.597 Distributio.n System Losses 11,237' 10.659 10.156 9.579 9.919 10.207 

1.891 Distribution Co's Own Generation 
 I 
Total Distribution Co. Purchases: 

124.013' 111.235 108.733 From Grid (PSE) 105.911 107.834' 1101971 113.680 116.739 119.961 

396 495, 339 From Self Producers 
 400 400! 400 400 
 400 400
 
8. 13' 17 From Small Hycko 
 -I 

124.417: 
 111.743 109.089! Total Purchases 
 106.311 108.234 110.5971 114.01 117.1391 120.361 
- Total Energy Sales by Grid: 

124.0131 111.235 I 108,733: DistributionCompanies 
 105.911 107.834 110.197 
 11 3.580 116.739 119.961
10.268 11.477 9.326 Exports 
 - , _- 3_ 
134.281 122.7121 118,059 TOTALPSE SALES 10S.911 107.834? 
 110.197 13A4 119.961 

777 717 785 Pumped Storage Usage (Net) 
 750 
 750 7501 750!:- 750
0, 0 0 Transmission Losses-- %0 
 0 01 0 00
 

2.145 4.025 3.642I Transmission Losses 2.253 2.137 2.036 1,921 1-.
137,20 .44 27_4_...
13 o0 122486 . .
TOTAL PSE PU.RCHASES 108.9141 110.7211 12.9831 1iM - -i10477 ..... 2 __ 

1 

12.059 10.437 6.708, Imports
 
125.144 117.017 115.778 Domestic Purchases: 108.914 110,721 112.983 116.351, 119.477 122.7571 
123.540 115.614 114.347 System Thermal Plants 96.387 97.983, 100352 102.208 103.219CHP & Collector Plants 12.570, 12.9031 13,569 , 14.568, 15.838 18.1071

1,604 1.4031 1.431 Hyro --generation 1.431 1.431 1.431 1.431 ' 1.431 1,431 
I_ jUnexplained Difference . ' t 

GWH 
RCG/HAGLER. BAILLY. Inc. 

Case: psebas'pse00l File Name g:\pol\harry\exh~bit\eS-. 

05-Mar-93 
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Exhibit 8-2 
REVENUE AND COST OF SALES OF PPGC 

PRO 	 .FORAACTUALIACTUALI POLSKIE SIECI ELEKTROENERGETYCZN I ESTIMATE' FORECAST 
19891 19901 1991 Year End -- December 31 1992 L 1 19941 1995{19 1997 

F 	 'REVENUE AND COST OF SALES 
, Domestic Demand-- MW 	 i 

124.013 111,235 108.733 Domestic Energy Sales -- GWH 	 105.9111 107.834 110.197 113.680 116.739 119 .961 
(1.791) 1040; 2.618 Net Export Energy Sales - - GWH
 
233% 4.05%1 382% 1 System Losses - - % 
 2.76% 2.61% 2.47%1 2.30% _ 2.29% 228%1 

125.144 117.017 115,778I Domestic Energy Purchases -- GWh 108.914 	 112.983 11. 119.477 12'.757 

1 235,072 8 Capacity Purchases -- MW 231.8284 231.828.4 1 _ 

769 No. of Employees 

Domestic Tariff - - 000 Zi / MW 
218230 000 ZI/kwh 336.716 3370001 563,000 557.000 559.000 571.000
 

333290 	 Export Taritff(Av Net) - -000 Z1/kwh 7V.. -
Revenues from Sales: 

.. . ,23.729 Domestic 	
' 

1 35,662 36,340 i 62,041 63306.27 .9 
. . 23....72 9 . DemandEne, 	 ,I 3 5 .66 2 1. 3 6 .3 4 0 , 6 2 -	 .
23,729 	 Er .04 2 ! i : . " ,,23873 1Net Export Revenue .	 i 041 63.320 65.257 684.97'__.. . .. -. 

7 	
Demand 

. 229Domestic3. .... - ... Other5 Domestlc-.l 3636(s0rv4ces. ... 571. 6..497
24.653 Total Sales 	 35.662i 36.34 665.257 6,497 

Purchase Tarilts from Generators: 	 _R. ...	 46.848 Capacity Payment -- M- 000 ZI / MW 57.590,5759 57.5901 
.. .	 

.....57.59. 

110.211 Energy Payment - - system ZI / kwh 186,000 1860001 488.951 487.195 490.566 504.2061I 	 Energy Payment - - CHP ZI / kwh 186000 186 000 _603 000 603000 603000 603000 

-..... I , Ener Payment--h~o~,/kwh 336.716 337000 653.0001 44700 559-000 571000 
Cost of Sales: 

11,0131Capacity payments 13,351 13.3510 0 

..... 12.760 	 Energy Purchases - system plants 17.654: 17.928 i 47.909 48.891 50.140 52.043! 
IEnergy Purchases - CHPplants 2.338 2.400 8,182 8.785 9.550 10.919 

Energy Purchases - hydro plants 482 482 806 7971 800t 817
98 Penalty to GenCos for Shortfall I 

:341 System Conrol Costs 

24-015 Total Cost of Sales 1 	 432 34.161 56.897 _5.43 60490 63.7791 

Billions Zloty 
RCG/HAGLER. BAILLY. Inc.

Case: psebas\pse00l 
File Name g:\po \harry\exhibit\e8_1 

08-Mar-93 

http:63306.27
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Exhibit 8-3a 
INCOME STATEMENT - PPGC 

PRO_-FORM ACTUAL jACTUAL EIMTPOLSKJE 4_,IECI ELEKTROENERGETYCZN~ IOCS1989, 1990 19P91 Year End.-- December-31 I 19921 19931 19941 199511961 19 

INCOME STATEMENT 

24.653 Total Sales 35,662 36.340 62.041 63.3201 65.257 68.497
24.015 TotalCost of Sales 34.329 34.161 56.897 I 58.473: 60.490 63.797 

638 Net Revenue from Energy Sales 1.333. 2.179 5.144; 4.847 4.767 4. t 
141 Materials & Energ 166; -

- -147 Outside Services 94 -

35 Salaries / Payroll 62 -

.22 
 Payroll Taxes, etc 30-I
 
.- 2 B us ines s Trav el 2- - ... . 

147 Other 1 ... .......
1 354 Total Overhead Costs @1992 Prices 354 

SInflation
 

! " t Total (d)Current Prices 354Cos
Transfer~ ~Plus. from Distribution Cos:s .. . .
 

9 Material & Energy 1 2! 7 78.178... .. .. 
- 54 Outside Services 7516 

39 Salaries /Payroll 54l
 

- - - Payroll Taxes. etc1 

2_Business Travel 
[4 56 Pumped Storage Costs 69 6 6 6 69 

- 143 Other 1981 19899 

-, 301 Total O'head Costs Transf'd @ 1992Pr6ces10 7..' - 71 7 1- - - 761 _ 

Total O'head Costs Tir 7ns6rred1 767
 

S . 
Adjusted Total Overhead Costs: ' I_150 ,Materials & Energy/ 1781 i78 1 1781 178 , 178 178i
 

S1 
 916 9!9 69 
 169 T 169 169 , 74 Salaries /Payroll 116, 116 116' 1 ' 1 
22 Payroll Taxes. etc. 30!3 30 30 30 

2Business Travel 
+-_ 

30. - _ __ 

22 2:2 

S 64 Pumped Storagje Costs 69 69 691 699, 69
 .. .... .. . 151 Other __198 
 t 8 198' 198 ' 19 
64 2 To tal A djus te d O'h ea d C o s ts @ i9 2 7, 761DI6 
 77 6 
 7 l7 1
 

Inflation 

Total 9 Current Prices 761 761 .. 
 761 "761 . .. ...76 - . . 761
13 OtherCosts .T 2 ; - -
271 Net Revenue from Production 979 



Exhibit 8-3a 

INCOME STATEMENT - PPGC 

PRO-FORMAI ACTUAL ACTUALJ POLSKIE SIECI ELEKTROENERGETYCZNJ ESTIMATEI FORECAST 

190 1991 Year End-- ecember31 1992 19931 1994 995 .19- 1997 

(BEFORE TRANSFERRED COSTS) 
Net Revenue from Production 1.418 4.383 4.086 . . 4.006 3.957 

(AFTER TRANSFERRED COSTS) 

10 Interest from loans to Others 
130 Interest on Deposits at Bank 2 51 258 569 857 1.139 

2 Gain on Currency Exchange 
142 Financial Income/ Interest Income 2 51 258 569 857 1.139 

1 Other Revenues 17 
4141 Operating Income 

I (BEFORE TRANSFERRED COSTS) 
998 

Operating Income 1.469 4.641 4,655 4.863 5.096 
(AFTER TRANSFERRED COSTS) 

11 Depreciation - per Statement 15 22 591 147 309 509 
Plus Dep'n on Revaluation 

Total Dep'n @ Current Prices 15 22 59 147 309 509 
469 Depreciation - - Transferred from DCs 525 525 525 525 525 

Plus: Dep'n on RevaJuation 2.329 2.337 2.337 2,337 2.337 
Total Dep'n @ Current Prices 2.854 _ 2.863 2.863 2.863 2.863 

t 
480 Total Adjusted Depreciation @1992 

Plus Dep'n on Revauabon 
15 547 

2.3291 
584 

2.337 
672 

2.337 
834 

2.337 
1.034 
2.337 

Total Dep'n @ Current Prices 15 2.875 2.922 3.009 3.172 3.372 
Operating Income after Depxec'n 983! (1.406)1 1.7191 1.646 1.692 1.724 
Financial Charges: 

61 Lease Payments 
27 Long Term Loan Interest 59 107 286 619 949 1.128 

Less: Interest during Construction 77 148 330 520 538 
" Interest 

t371 Income before Tax 
591 

9251 
30 

(1.437)1 
138 

1.581 
289 

1.357 
429 
__ 

1.262 
589 

1.135 
148i Income Tax 370 (575) 632 543 505 454 

Capital Tax 

221 
Other Taxes 
NET INCOME (BEFORE TRANSFERS) 1 5551 (862)i 949 814 7571 681 

Billions Zloty 
RCG/HAGLER, BAILLY. Inc.

Case psebas\pseO0t 
File Name g \pol\harry\exhibie&_1. 

08-Mar -93 



Exhibit 8-3b 
BALANCE SHEET - PPGC 

PRO-FORMA 

1989 

ACTUAL 

1990 

ACTUAL 

19 9 1 

PO-SKIE SE 
Year End - -

ELEKTROENERGETYCZN. 

December 31 

ESTIMATE 

1992 1993 1994 
FORFCAST 

19951 1996J 

. 

99 

jASSETS 

Fixed Assets: 

17 

91 

27 

881 
31 

1 

I 

Capital Assets 
801 Gross Fixed Assets 

Plus Transfers of Grid from DCs 

Plus. Transfers of Pumped Stora e 

Total Adjusted Gross Fixed Assets 
Plus. Revajuation to 1992 

Plus Revaluation after 1992 
Revalued Gross Fixed Assets 

95; Less Accumulated Depreciatn 

Depreciation on Transfers 

Revalued Depreciation 

inDeeciaon RevaluabonTotal Accumulated Depreciationn 

85 1 Net Fixed Assets 
1301, Capital Work -in - Progress 

185 { eAdvance Payments 

IPtns&Lcenses 

Financial Investm ents: 

1 8 
7.165 

3.339 

10.--
46.397 

57.082 

110 

5,483 

24.217 

29.6 10 

27.272 
6991 

197 

I 

680 
7.165 

3.339 

11.185 
46.746 

57.931 

132 

6.0081 

26.545 

32.685 

25.2461 
1.3441 

197 

I 

1.680 
7.165 

3.339 

12.1R5 
46.746 

58.931 

191 

6.533 

28.883 

35.607 

23,324 
3.000 

197 

I 

4,180 
7.165 

3.339 

14.685 
46.746 

61.431 

337 

7.059 

31.220, 

38,616 

22.'8151 
4,723 

197 

1 

... 

8.180 
7.165 

3.339 

18.685 
46.746 

65.431 

646 

7,584 

33.557 

41..787, 

23.644 
4.895, 

197 

I1 

12.180 
7.165 

3,339 

22,6851 
46.746 

69.431 

1.155 

8.109 

35.894 

45. 159 

24.272 
2,627, 

_197 

1 

. 

193 Long Term Accounts Receivable 193 193 193 193 31 193 

Current Assets: 

0 
247 

24 
5 

0 
1.905 

0 
5 

Inventoriei i 
Accounts Receivable 

Income Tax Receivable
Other Accounts Receivable 

2.7361 2.788 4.7591 4.857 5.006 5.255 

590 
86 

1.180 

25 
1.936 
2.530 

Cash at Bank and on Deposit 
Total Current ASsels 

TOTAL ASSETS 

15 
2.751 

31.114 

917 
3.704 

30.686J 
. 

3,769 

8.529 

35.2451 

6.578 
11.435 . 

39.365 

9.007 

14.013 

42,944 

11.697 
16.952 

44.2431 



Exhibit 8-3b 
BALANCE SHEET - PPGC 

PRO-FORMA] 
19891 

ACTUAL 

1990 
,ACTUAL]POSKIE SIECI ELEKTo.ENERGETYcZN. 

1991 jYear End- December 31 f 
ESTIMATEF 

19921 19G31 _199-41 1 59 198 

LIABILITIES 

515 515 
Equity Capital: 
Equity 515 515 515 515 515 515 

.1Asset 

71 

321 

3891 

221 

ReserveCap:tal 
Transfers of Grid from DCs 
Transfer of Pumped Storage 

Less Accum dep'n on Transfers 
RevaluationCurrent Year's Net Income 

610 
7.1651 
3.3391 

5.483 
22.1801[

5551 

1.165 
7.165 1 
3 339' 

5483 
22.1801:

(862) 

303 
7.165, 
3.339 

5483 
22,180 i

949 

1.252 
7.165 
3.3 

5.483 
22.180 

814 

2.066 .. 
7.165 
3.339 

5.483 
22.180

757 

2.823 
7.165 
3.339 

5.483 
22.180

681 

908 

231 

35 

271 

1.180 

1.125 Total Equity 

315 Long Term Debt 

Currfnt ibabilities: 
841 Accounts Payable 

!112 Other Accounts Payable 

Short Term Loans 
138 Other Liabilities 

Owing to Bank 
1.091 Totl Cirrent Liabilities 

2.531 TOTAL LIABIUTIES 

... 

28,882t 

750. 

1.232 

1010110 

140 

1,482 

31.114 

28.020 

1.200 

1.217 

110 

140 

1.467 

30.686 

28.968 

4.000 

2.026 

140 

2.276 

35.245 

29.783 

7,250. 

2.083 

110 

140 

2.333 

39.365 

30.540 

10.000 

2.154 

110 

140 

2.404 

42.944 

31.221 

10.500 

2.272 

110 

140 

2.522 

44,243 

179 

6.903 

7.082 

F 
1 0 G osFxdA st6.903 Plus Transfers ofGrid from DCs 

3.252 1 Plus Transfers of Pumped Storage 

7.084 1 Total Adjusted Gross Fixed Assets 1 
7.165 

3.339 

10.685 

w68017.165 

3.339 

11.185 

1. 

3.339 

12.185 

4.180 

7.165 

3.339 

14.885 

8.180 

5_,67.165 

3.339 

18.685 _ 

12.180 

7.165 

3.339 

22.685 

Billions Zloty 

Case. psebas~pse01 
RCG/HAGLER. BAILLY. :nc. 

File Name g:po \harryxexhibit\e8_A 

08-Mar -93 



Exhibit 8 -3cFINANCIAL PERFORMANCE RATIOS - PPGCACTUAL fACTUAL POLSKIESIECI ELEKTROENERGETCZN ESTIMATE 
FORECASTS1D be r 3 1 1 2 1 993 ! 9 . .. 1995 _1 9 9 7 

DOMESTIC SALES:-2 2% Energy Sales(Gwh) _-Annual Growth% 
Sales Revenue(ZI)-Annual Growth-% 

21.---.. ~f Zlflcwh 
218.2 Average Energy Tariff - - ZI/kwntn -7-0 

Av Capac. Tariff - 000 ZI/MW/mo 

-2Z% 

3% 

505%0,33,7218.2 

i ... 

1 8/°2 

3373Averaen 

-

... 

22% 

0.7% 

563.0 

3.2% 

21 

557.057.. 0 

-2. 

3.1% 

559.0559.0 _ 

-

-__-.% 

571.0571.0 

5 
INCOME RATIOS: . Op. Income/Ne 

t Assets 

- -! 

-I 

. .145.7%BEFORE Transfer of Assets/Costs
-7.2%1 AFTER Transfer of s e CER/Cst 'ns.% 

- -' '~~Op. Inco me afte r De ' n/ S a les :j% . AFTER Transfer of Assets/Costs 

-Net Income/ Total Eqluit,2625 

21.7% BEFORE Trarsfer of Assets/Costs 
-23.6%. AFTER TransferofAssets/Costs 

; -
200-0% 

6.1%-
7% 

1.8%1 

4... 

-3-

6.1 
6.%

.____1 5.9% 
2

_ 
-

.. 5.9% 

-. 
2.1% 1 3.3% . 2.8% 

2.5 
2.5% 

-
2.2% 

-8.10 BEFORE Transfer of Assts/Costs 
1. 

- 2- - 464.4% BEFORE . .Transfer of Assts/Costs. ... ...... 98.0%1, _ Seff- Fna nming] -78.7% 40.2%Rao 2%1. .BALANCE 5%.107 %2 69i_82 3SHEETRATIOS:- 4 . . . 348.2 

-"8 
-. _ _ - 0 .0 31-

_. 1.78 C urrent Ratio .....
Debtto Eiac Ratio%. . . .. -- 0:01 Cash at Bank to Sales 

2 , 33 7540.93 Accts.Receivable - months001.3 9to Sales280% -months 9 0.92 !.71253BEFRE Transfer of Assets/Cost- 0.92 0 22AFTER Transfer of Assets/Costs 2.6%Ji 
- 30 . .74.3% 

13.8%J 24.% 

Projected 

Case: psebasC 
aneses0 RCG/HAGLER, BAILLY. Inc. 

File Name g:0o03.h3ry5exhibt.e6_ 

08-Mar-93 
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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 resultingaverage system-wide tariff at the distribution level are developed with an emphasis onAs 1994.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 system sothis system can become a viable commercial activity. 
that 

As in Chapter 5, the financial forecast of Chapter 9 correspondsunconstrainedtariff increase and instant asset revaluation. 
to a scenario of 

In Chapter 11, these results aresubjected to different assumptions in order to arrive at a financial forecast that is constrainedby 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 distributioncompanies and allow each company to set its retail tariffs based on a regulated profit butaccording to the specific cost structure of each company. It is relevant to the objectives ofthis study to determine the variability that can be expected among the average retail tariffs ofdifferent distribution companies. Therefore, in addition to the consolidated case, threeindividua.l 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 thelevel of tie distribution company customers was based on a consolidation or aggregation ofkey 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 onthe books of the uistribution companiet, before being transferred to PPGC in January 1993. 

R~7=/Hagler, Bailly, Inc. 



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 Tariff 19.9 213.4 354.0 542.1 
(ZI/kWh) 

Average Purchase Cost n.a. 135.3 221.7 339.1 
(ZlikWh) 

Ratio (per,;ent) 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 wcrth noting that consistency has been maintained in these ratios despite the massive 
inflation that has occurred between i989 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 'L- 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 years. This criterion means that all capital
 
expenditures plus all working capital increases must be paid for from cash flow, taking the 
four years in total. The distribution system must thus be capable of financing its equipment 
replacement and extending its service coverage from its revenues. 

This is 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 tariff than the other two criteria. 

Criterion B - 6 Percent Return on Net Assets 

A 6 percent return 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 capitalexpenditure is paid for from 
internal cash flow. Increases in working capital could still be financed by increased bank 
borrowing. 

R Hag er, Bailly, Inc. 



UNCONSTRAINED FINANCIAL ANALYSIS OF THE DISTRIBUTION SYSTEM 9.5 

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:
 

b. 	 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). 

0• 	 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. 

•1 	 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. 

P• 	 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 Zl/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 -.verage 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 Zl/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 presewaed in Exhibit 9-2e. Using this criterion, the 
forecast revenue requirements at the retail level would be 739 Zl/kWh in 1994 or a 36 
percent increase from mid-1992 levels. 

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. 

RCG/Hagler, Bailly, Inc. 
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Exhibit 9-1
 
BALANCE OF ENERGY PURCHASES AND SALES
 

CONSOLIDATED DISTRIBUTION SYSTEM
 

PRO-FORMA ACTUAL ACTUAL POLSKIE SIECI ELEKTROENERGETYCZNE ESTIMATE 	 FORECAST 
_19699 1990 1991 Year End -- December 31 	 1£92 195 1994 1995 19 197 

SALES SUMMARY GWh 
65.405 57.312 51.052 Industry 	 . .... .48,988 48,864 48,843 49,300 50.410 51.612
5.875 5.346 4.915 Railways 	 5.160 5.631 6.158 6.800 6,9.i, 7.092 
9,386 8.218 9.821 Commercial 9.192 9.676f 10.206 10,871 11.201 11.556 
8.633 8.124 8.394 Agiculture 	 8.422 8.865 9.351 9.960 10.262 10.587 

20,267 22.183 20,829 Residential 21,937 23.091 24.356 25,943 26.731 27,578
28.900 30,307 29,223 Sub-total - Agicult & Resid'l 	 30,359 31,956 33.707 35,903 3G,3a3- 38,165

1.506 1.325 1.372 Street ighting 	 1.375 1.448 1.527 1.627 1.676 1- 1.729 
111.072 102.508 96.383 TOTAL ENERGY SALES 95.074 97,575 100.441 104.501 10. 110154 

AVERAGE TARIFF 

0.0 241.1 341.7 industry 
0.0 264.7 352.6 Railways 
0.0 340.6 502.1 Commercial 
0.0 119.2 317.4 Agricuflwe 
0.0 99.6 304.0 Residential 
0.0 104.9 307.8 Sub-total - Agricult & Resid'l 
0.0 F06.5 741.3 Street Lighting 

19.9 213.41 354.0 OVERALL AVERAGE TARIFF 542.1 542.1 785.0 785.0 795.0 8M.0TOTAL SALES REVENUE 

13.815 17,443 Industry _ 

1,415 1,733 Railways 
2.799 	 4.931 Commercial
 

969 2,6641 giculture
 

2,210 6.331 Residential 

3.179. 	 8,995 Sub-total - Agricult & Resid'l
 
671 1.017 StreetLighting i
 

2.2151 21.88z 34.119 GRAND TOTAL SALES --- ELECTRICITY 51.540 52,895 78.846 82.033 85.240 88.874 

RCGIHAGLER, BAILLY. Inc. 
File Name g:\polepor1\exhibit.e9. .wkl 

30-Jun-93 
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Exhibit 9-2a 
INCOME STATEMENT - CONSOLIDATED DISTRIBUTION SYSTEM 

PRO-FORMA ACTUAL IACTUAL POLISH DISTRIBUTION COMPANIES ESTIMATE FORECAST 
119 1990 1g01 YeOr End -- December 31 990g41M1 1g2 1 2M_ 1 1997 

111.072 102.508 96.383 Energy Sales -- GWh 95.074 97.575 __100.,441 104.501 107.220 110.154 
19.9 213.4 354.0 Average Tariff -- ZI/Wh 542.1 542.1 785.01 785.0 795.0 805.0 

2.2151 - 21.880 34.119 Total Energy Sales Revenue 51.540 52,895 78.8461 82,033 85.240 88.674 
161 332 676 Other Revenues (Net) 773 793 1.183 1.230 1,279 1,330 

2.231 22.21.2 34.795 Total Revenue 52.313 53.689 80.0291 83.264 _ 6_51_ _ 0____ 

130 
Energy Costs 
Own Thermal 1 

- --- 248 Own Hydro 
50 Auto producer _58 58 58 58 58 5a 

7 Small Hydro 
!.330 15.122 23.715 PSE 35,989 36.341 62.039 63.322 65.259 68.497 

1.530 15.114 24.149 Total Energy Costs _ 30.047 - 36,39 62,097 83.380 65.3171 8,556 
Transmission and Customer Service 

25 2161 317 Matea 
____ 

137 i .4221 1,593 Repais 
243 1.275 2,090 Salaries and Payroll Taxes 

61 1.192 3.418 Amortization 
115 6 8 299 Administation Overhhead 

I_ 

5811 4.793 7.717 
Other Costs 

TOTAL FIXED OPERATING COSTS 0 0 0 01 0 
Less: High Voltage Network Costs 

41 9 Materials 
4 4 i 54 Repars

__26 - 39 Salaries and Taxes 
146 469 Amortization 

_3_ 87 Administration Overhhead 

30 56 Other Costs 

303f 714 Total High Voltage Network Costs 0 0 0 0 



Exhibit 9-2a 
INCOME STATEMENT - CONSOLIDATED DISTRIBUTION SYSTEM 

PRO-FORMA ACTUAL ACTUAL POLISH DISTRIBUTION COMPANIES ESTIMATE FORECAST 
1969 I 1990 1991 YearEnd - - December 31 192 193 tM41 I51 1996 lo 

Net Oitribution Network Costs 

Case: DISCOBAS\disor0l I 

212 
1.378 

308 
1,539 

Materiab 
Repairs -. - 2.123 

425 

2,123 
425 

2,123 2.123 
425 

2.123 
425 

2.123 
1,249 2.051 Salaries and Taxes 1,732 1,732 1,732 1 , 1.732 1.732 
1.047 2,949 Amortizaon 12.239 122239 12.384 12.703 13.237 14.017 

635 212 Administ'atjon Overhhead 1.391 1.391 1.39! 1.391 1.391 

2.111 

(30) 
4.400 

A 
19.907 

(56) 
7,002 

31.868 

Other Costs 
Total Distribution Costs @1992 

Plus: Inflaton _0 
Total Disbibution Costs 

TOTAL COSTS 

78) 
17.832 

0_ 
17.832 

53.879 

(78) 
17.632 

17.832 

54.232 

(78) ____ 
17.977 

0 
17.977 

80.075 

(78)_(78) 
18.297 

0 
18,297 

81.677 

18,830 

0 
18.830 

84.148 

8 
19610 

0 
19,610 

88.166 
I1C 

21 

2 

2,305 

47 

5 

2.929 

1.375 
260 Interest Expense 

OPERATING INCOME 

OTHER INCOME 
..... 

..... 

(1.587) 

1.581 
1 

..... 

. 

5_ 

1.597 
55 

2.724 
(.71.1 

1587 

2.780 
2,371 

2.85 

1,8X8 

3.007 

139 2.647 4.044 INCOME BEFORE TAX 207 1.608 3.389 5.430 6,27, 5.____ 
39 

100 
1.716 
931 

2.874 
1.170 

Less: Income & Corporate Tax 
NET 1O 

142 

05 

643 

965 

1,355 

2.033 -

2.172 

3.25a 

2,511 

3.766 .54 

Billions Zloty at Base Year Prices RCG/HAGLER. BAILLY. Inc. 
File Name g:\povepor1\exhibit\eg_2.wkl 

30-Jun-93 



Exhibit 9-2b 
BALANCE SHEET - CONSOLIDATED DISTRIBUTION SYSTEM 

PRO-FORMA 

1969 

ACTIUAL 

190 

ACTUAL 

-1991 

PLISH DISTRIBUTION COMPAAtES 

Year End -- Da.cemb' 

ESTIMATEt_ 

-31- 1992.- 1994 

FORECAST 

..... 1619 197 

. 
__ 

89.122895 3.716, 

318 532 

wg32 5.474 

l-_6.903
44.206 

C.11 
Cah_ - -

n sR c ia le87Accoun Rcivab,.. . . 

Inventories 

_ ___ Total Current Assets-

Gross Fixed Assets: 
Trarmmission {>110v& S/stabons
Distibulion Lines 

1.6,92
916 

8.719 

___735 | 

1114 

L 

1.621co
8.9481 

735 1 

1,375 
66.711 

1.6921.91.2162 
__ 

13.338 13.877 

735 735 

1575 16.3041 

216921_ 

14.420 

_-_735 

1684 

-

15.001 

735 

172 

4.930 Other Fixed nbe Assets 

0j 

658. 

859 
3159 

.... 

61 
34.9271 

7821 G.. Fied & Tan...le Assets 
36.976 Less: Acc. Depreciation 
33866 Net Fixed& Ta Assets 

3Captal Wc.k- in-Pro ..ss 

30 Goodwill . 

4 2 .272 1 TOTAL ASSETS EMPLOYJED 

.. 

244.775 

140.000 
104.775 

2.903 

118.823" 

247.6781 

152,239: 
95.439, 

6.385 
I 

---.....1 

254,063 

164.623 
89,440 

10.874 

. ..115.880 

264.737 

177.326 
87.412 

15.600 

119.315 

_ 280337 

190,583 .. 
89.774 

16,227 
_ 

122.848 

2965,4 

204,579 
91.985 

16,389 

125.801 

........_ 

LIABILITIES. 
891 2.671 Accounts Payable 

633 3.799' Othe: Liabilities 
I

V~ 0 Cash Difiency (Surplus)(3..__92_ 

1.7841 6.470 Total Curre nt Liabilti'.. 

t 
(3.492 

(3(4-)-(.91 
(10.81) 

(10.08 1) 

J 

(O. 43 4((9.43(.4 

Ij 
! 

-

-

l.o 
5575 

31.645 

923 
32.568 
34,927 

1.309 Long Term Debt 
IEtuity Balance: 

32,578 Assumed Opening Position 
R..oerve forAsset Revaluaton 

923- RetainedFErninn. Pro Years923 g--Prior Yeas1915 
_9911 Current- Year's Net Income 

34.492 I Total Equity 
42.2721 TOTALLIABILITIES & EQUITYj 

1.3 091 

32.578 
86,448 

65 
121.005 
116,823 

1,309 

32,578 
86.448! 

1.979 
t 

965 
121.970 
113,19 

1.309 

32,5781 
86.448 

2.944 

2.033 
124.004L 
115.880 j 

1.309 

32.578 
86.448,1 

4.978 
3.258,

12 7 .262 
119_3151 

1.309 

32.578 
86,448 

8.236 
- --

3.766 
131.028 
122.848 

_ 1.309 

32.578 
86.448 

12.002 
__ _2.0 

3,545 
134.573 
125.801 

Billions Zloty at Base Year Prices RCG/HAGLER. BAILLY. Inc. 
Case: DISCOBAS\disorol 1 File Name g:\poVeportexhibixe9_2.wkt 

30-Jun-93 



Exhibit 9-2c 
OPERATING AND FINANCIAL RATIOS - CONSOLIDATED DISTRIBUTION SYSTEM 

Criterion = Zero Debt Increase 

PRO-FORMA ACTUAL ACTUAL POLISH DISTRIBUTION COMPANIES ESTIMATE .. . .FORECAST
 
1989 1990 1901 Year End -- December 31 1992 195 
 1904 _ 1995 9 

SALES RATIOS 
19.942 213.444_ 353.994 Average Sales Tarff  - a/ kWh __542.1001 _____ 795.000__ 

_ _ 54 A__.00 785.000 785.0 0 0 7 . 0080 5 .0 0 019.942~~~~~~_ _ _ _2 _ _ _ _ 41.4135.258 221.677 -Average PurchaseCst -- Z/w 339.071kh 33295 51.4 555.559 557.590 59.588O6.0%Annual Sales GrowthnkV~h)-- % -1.4% 2.6% 2.9% 4.0% 2.6% 2.7%.8... -55.9Y.jAnuas Gr°wt1-- 51.1% 2.6% 49.1% 4.0% 3.9% 4.0% 

OPERATING RATIOS
 

__8.3%!- 11.6% Distribution Losses  % 10.6% __ .%9.2%_ 8.4% _8.5% ____8.5%
63.4%i 62.6% Energy Purchase/Sales -- % 62.5% 62.0% 71.5% 70.8% 70.1% 70.8% 

5.4% 104% _8.4% Opating Income/Sales - - % -3.0% -1.0%. -0.1% 1.9% 2.7%, 2.0% 
.4% -- 3.9% Operating Income/ Net Assets-- % -2.1% -0.5% -0.0% 1.5% 2.3% 1.7% 
2. _ 4% Net Income after TaX/Equity - - % 0.1% 0.8% 1.6% 2.6% 2.9% 2.6% 

_______FINANCIAL R1ATIOSK-13- 0.8 Current Ratio -3.2 -11-1.7 -1.8 - 1.8 ___-1.7 
Totl eb/ c~~ty- -7.2% -6.6%%-1.8% -6.2% -2% -6.5%j Self- Financing Ratio -- % ______ 232.2% 132.4% 112.7%f 1058% 107.9% 

RCG/HAGLER. BAILLY. Inc. 
Case: DISCOBAS\dasor0l 1 File Name g:\porVepoct~exhibI\e9_2.wkl 

30-Jun-93 



Exhibit 9-2d 
OPERATING AND FINANCIAL RATIOS - CONSOLIDATED DISTRIBUTION SYSTEM 

Criterion = 6% Return on Assets 

PRO-FORMA IAC UAL AC7TUALPOLISH DISTRIBUTION COMPANIES ESTIMATE -- FORECAST 
_ 96 L 190 1901 Year End -- December 31 1992 i9 199 4 1906 1906 197 

SALES IRATIOS ............. 


-19.94C21[j 213.444 [ 353 .9--4 Ay2!e Sales Tariff - - ZIf kWh--- _542.100j 542.1001 847.000 829.000_ 810001 846.000135.2581 221.677 Average PurchaseCost - - Z/ kh 339.071 1 336.295 

_ 

. 555.559 57 569.588 
-7.7% - 6.0% Annual Saes Gowth----- -1.4% 26%1- 2-% 4.0% 2.8% 2.7%887.8%v 5 .__Anu,_,,sGrwo(z]j -_- % -V.%1 26% _0.%I 1%fr 2.8% 4.6% 

___ - OPERAING RATIOS 
.8.3%l 11., Disbt'buton Losses % 10.,- 9.9% ,.2% 8.4% 8.5% 8.5%

I 63.4% 1 62.6% Ener y_Purchase/ Sales - - % 62.5% 62.0% -66.3% - 67.0% __ 67.1% 67.3% 
5.%0.%-8..4% I9na#ng Incomne/ Sales - 

5 -
% -- 3.0% - 1.0% - -7.3% - 7.1% -7.0% 6.8% o Ne - % -2.1% -0.5% 6.0% 6.0% _ 6.0% 6.0%2.9% 1 3.4% Net Income after Tax/ Eq.,_-- % j 0 .I%1 0.8% , . 4. 4.7% 

. ..-- RATIOS- ... . -FINANC -AL -7.2%- 1-. .. 
-I 22. ,0:- -.. .7......- : ....%- --- i -- (0.8 . . -3.2 

.- 10.5% _-2t ___:_42Current Ra 
-1.1 -1.41 -1.1 [ -0.9Setf -Financingj Ratio -0.81 9.... .... 2322% 18...1% -" 33I....1 122.8%.[ 12.5 

RCG/HAGI I:R, BAILLY, Inc. 
Case: DISCOBAS\dsorO12 

File Name g:\olVeportexhiblt\e92.wk1 

30-Jun-93 



___ 

Exhibit 9-2e 
OPERATING AND FINANCIAL RATIOS - CONSOLIDATED DISTRIBUTION SYSTEM 

Criterion = 100% Self Financing 

[PRO-FORMAJ ACTUAL jACTUAL POLISH DISTRIBUTION COMPANIES ETIMATE FORECAST
1969 190 1901 Year End -- December 31 1993 __ 1944 1996 I 19097 

SALES RATIOS 3
19.942 213.4441[ 353.994 Average Sales Tariff - - -/kWh.... f- _____42.100 .T 739.000 788.000}760.0,0

135.258 -t e Prchase .. . ..221.677 Aver Purchase Ct - - ZI/ kWh I 339.071 s.5 5 .5 o 5.6-9.588)5336.295 561.492 555.559 557.59000 
-7.7%.. -6.0% LAnual Sales Growth (kWh--% - -1.4% - 2.s% 242.7%559%.. .Annua6 2 4.0% 2.6 2.7%

887.8%! 55.9% Annual Sales Growth - -% 51.1% 2.6%,_ 40.3%- 7.0% 6.1% 3.5% 

OPERATING RATIOS 

3% 11.6% Distribution Losses - % 10.6%, 99% j.2% 8.4% 8.5% 8.5% 
63.4%,I 62.6% Energy P~rchase/ Sales - - % _-62.5% j 62.0% 76.0% 73.1% 70.9% 71.9% 

. . 10.4% 1 Operating Income/Sales - - % _-30% . -1.0% -6.3%4% 8.4% -1.3% 1.6% 0.4%3.4% 3.9% Operating Income/Net Asst -- - -2 1% -0.5% -4.6% -1.0% 1.3% 0.4% 
2.9% 3 Net Income after Tax Equity - - % 01% 0.8% -1.2% 1.2% 2.3% 1.8% 

~FINANCIAL RATIOS 4________ 
- 1.34 - 0.8 Curr-intRatio __-3.2 -1.1 -2.2 -3.6 -4.77.2%. 22.6%. -...... TotaDebEquy--% . . -1.8% -7.2% -4.5% -2 

-5.8 
-1.8% -1.3%- 1.8%_- 1.3% 

Self-.Financing Ratio-- % -. 22. 1.4 _ 100.3% 100.4% 100.1% 

RCGIHAGLER. BAILLY. Inc.
Case: DISCOBAS\cisornl3 

File Name g:\polVeportexhibite9_2.wkl 

30-Jun-93 



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 analysesfor the consolidated generation, transmission and distribution system. For the distributionsystem, the most strongly recommended financial criterion was used: that is, no increase in 
overall debt. 

9.6 CASE 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. Fhe financial and operating ratios
for the distribution company Bialystok 
are shown in Exhibit 9-3a,b, and c corresponding to
the three financial criteria discussed above for the consolidated system. 
 The same
information is shown for the Gliwice Distribution Company in Exhibit 9-4 and for the

Warsaw Distribution Company in Exhibit 9-5. 

The resulting 1994 revenue requirements for each company and according to the differentcriteria are shown in Exhibit 9-6. Because the capital investment forecasts for each of thesecompanies were not available, they were estimated on a basis that is not directly comparableto the forecast available for the consolidated distribution system. Thus, the results for thesecompanies are only valid to cetablish relative differences among them and not in relation tothe entire system. Nevertheless, the following conclusions are possible: 

The spreads among the average retail tariffs of these companies are 60.0percent, 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 thehighest while tariffs for the heaviest industrial area Gliwice are consistently the 
lowest. 

RCG/Hlagler, Bailly, Inc. 



EXHIBIT 9-2F 

SUMMARY OF REVENUE 
REQUIREMENTS THROUGH THE SYSTEM 

GENERATING 
COMPANIES 

PPGC 

DISTRIBUTION 
COMPANIES 
Criterion A 

DISTRIBUTION 
COMPANIES 
Criterion C 

I 

1992 

300.296 

336.716 

542.100 

542.100 

1994 

488.951 

563.000 

785.000 

739.0(Yu 

1995 

487.195 

557.000 

785.000 

I1 
760.000 

1996 

490.566 

559.000 

795.000 

I-

786.000 

1997 

504.206 

571.000 

805.G00 

_1993-1997 

792.000 

FINANCIAL 
CRITERION 

6% Return on 
Net Assets 

6% Return on 
Net Assets 

No increase 
in Overall 

Borrowing 

100% 
Self Financing 

Ratio 



Exhibit 9-3a
 
OPERATING AND FINANCIAL RATIOS - BIALYSTOK
 

DISTRIBUTION COMPANY
 
Criterionr = Zero Debt Increase 

PRO-FORMA 

1989 
ACTUAL 

1990 
ACTUAL 

1991 
POLISH DISTRIBUTION COMPANIES 
Year End -- December 31I 

ESTIMATE 

1992 .1993 
FORECAST 

10941 19051 1996f 1997 
SAL"dES RATIOS 

0.000 211.112 393.081 Average Sales Tariff -- Zl/kWh ___ 542.100 542.100' 1245.000 12,15.000 1245.000 1245.000 
104.389 181.800 Avers,e Purchase Cost -- Z1/ kWh 339.071 336.295 563.000 557.000 559.000 571.000 

931.7% 
-3.7% 
79.3% 

Annual Sales Growth (kWh) 
Annual Sales Growth (ZI) --

-- % 
% 

15.8% 
59.7% 

3.5% 
3.5%-_ 

3.5%] 
137.5%t_ 

5.2% 
5.2% _ 

2.8% 
2.8% 

2.9% 
2.9% 

_OPERATING RATIOS 
_______ 1.2% 19.6% IDistribution Losses - % 9.8% 9.0% I 8.3% 7.5 7.5 7.5%~ 
______ 49.3% 46.2% Energy Purchase/ Sales - - %62.5% ___62.0% 45.2% 44.7% 44.9%] 45.9%18.7% 	 10.7% 11.0% Operating Income/Sales -- % 6.1% -20.9% 28.4% 29.4% 28.9% 27.2%

10.2% 8.8%tOperatingIncome/Net Assets - - % 1.6% -3.3% 10.9% 11.7% 11.4% 10.8%1.6% 5.7% tIncome -AferTax/ Equity - - % 1.4% -2.9% 6.8% 7.2% 7.0% 6.7% 

_ FINANCIAL RATIOS _ 8.2%_ _ _8o-8% 	 OlOloo ,
.01~o 0.8 [Current Ratio 	 -0.41 0.11 0.117.3% TotaDebt/Equit -15 	
0. 0.1 .

8.2% 9.7% 8.2% 7.3% 
Self Financing Ratio -- % 100.6% 56.9%1 142.1%1 152.2% 151.7% 252.3% 

Case: DISCOBAS\bialrOOl 
RCG/HAGLER, BAILLY. Inc. 

File Name g:\polveportexhibit\e9.3.wkl 

29-Jun-93 



Exhibit 9-3b 
OPERATING AND FINANCIAL RATIOS - B!ALYSTOK 

DISTRIBUTION COMPANY 
Criterion = 6% Return an Assets 

PRO-FORMA IACTUAL ACTUAL POLISH DISTRIBUTION COMPANIES ESTIMA-tE'_ FORECAST1969 i 1990 1901 Yea-End -- Decembor31 1902 193 1 19941 1995 1 1906 

_SALES RATIOS 
0.000 211.112 

104.089 

931.7% 

393.n81 

181.800 
-3.7% 

79.3% 

Average Sales Tariff - - Zl.!Wh 
Average Purchase Cctut -- I/ kWh 
Annual Sales Growth (kWh) -- % 

Annual Sales Growth (21)-- % 

542.100 1 

339.071 
15.8% 

59.7% 

542.100 

3,; 6.295 
3.5% 

3.3% j 

1.086.000 
563.000 

3.5% 

107.3% 

1,068.000 
557.000 

5.2% 

3.5% _ 

1,073.000 
559.0001 

- 2.8% 

3.3% 

1.093.000 
571.000 

2.9% 

4.8% 

1.2% 19.6% 

OPERATING RATIOS 

Distibution Losses - % 
I___ 

i9.0% 8.3%1 7*5% 7.5% 7.5% 

8.7% 

49.3% 

1C.7% 
10.2% 

1.6% 

46.2% 

11.0% 
8.8% 

5.7% 

Energy Purchase/Sales - - % 

Operating Income/Sales -- % 
Operating Income/ Net Assets - - % 

Net ncome after Tax/Equity -- % J 

62.5% 

6.1% 
1.6% 

1.4%] 

62.0% 

-20.9% 
-3.3% 

-2.9% 

51.8% 

17.9% 
6.0% 

4.0% 

52.2% 

17.7% 
6.0% 

4.1%, 

52.1% 

17.5% 
6.0% 

4.2% 

52.2% 

17.1% 
6.0% 

4.3% 

FINANCIAL RAlIOS 

1.0_________ 
8.8%. 

L--

0.8 Current Ratio
17.3% Total Debt/ Equity 

GelfFinarcingfatio --

__-0.4 

% __L_ 

-1.5% 
100.6% 

0.1-
_.2% 

56.9% 

0.1 
11.4% 

109.5% 

0. 1 
168% 

114.3% 

- 0.0 
19.1% 

115.1% 

0.0 
21.6% 

198.2% 

Case: DISCOBAS\biaOO2 
RCGIHAGLER. BAILLY. Inc. 
File Name g:\porVeport\eyhibite9.3.wkl 

29-Jun-93 
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Exhibit 9-3c
 
OPERATING AND FINANCIAL RATIOS - BIALYSTOK
 

DISTRIBUTION COMPANY
 
Criterion = 100% Self Financing Ratio 

PRO-FORMA 

1969 
ACTUhAL 

1900 
ACTUAL 

1991 
POLISH DISTRIBUTION COMPANIES 
Year End -- December 31 

ESTIMATEE 
1992 129 1994 

FORECAST 

199 1906I 1997 

SALES RATIOS 
0.000 211.112 

104.089 

94,1.7% 

393.081 
181.800 
-3.7% 

79.3% 

Average Sales Tarif -- ZI/kWh 
AveragsPurchase Cost -- Zl/kWh 
Annual Sales Growth (kWh) -- % 
Annual Sales Growth (ZI) -- % 

542.100 

339.n71___ 
15.8% 
59.7%1 

542.100 

336.295_ 
3.5% 
3.5% 

1.042.000 

563.000 
3.5% 

98.9% 

1.005.000 

557.000 
52% 

-1.5% 

ioos.0oo 
559.000 

2.8% 
2.8% 

825.000 
571.000 

2.9% 

-15.5% 

OPERATING RATIOS 
1.2% 19.6% Distibution Losses - % 9.8% 9.0%-.3i% 7.5% 7.5%1 7.5%49.3% 46.2% Energy Purchase/ Sales  - % 62.5% -- 62.0% 54.0% 55.4% 5L.6%j 69.2%

8.7% 10.7% 11.0% Operating Income/ Sales -- % 6.1% -20.9% 14.5% 12.6% 11.9%1 -9.8%10.2% 8.8% Operating Income/ Net Assets -- % 1.6% -3.3% 4.6% 4.0% 3.8% -2.6%-I-16% 5.7% Net Income after TaxEquit-- % 1.4% -2.9% 3.2% 2.9% 2.9% -1.5% 

FINANCIAL RATIOS 
1.01 0.8 Current Ratio -0.4 0.1 0.1 0.0 0.0 0.0 

j 8% 17.3% TotalDebt/Equity -1.5% 8.2% 12.4% 19.3% .4%3 ___ l Self Financing Ratio -- % 100.6% _ 56.9% 100.5% 100.7% 100.7% 102.8% 

Case: DISCOBAS\biarOO3 
RCG/HAGLER, BAILLY, Inc. 

File Name g:\poeport\exhibrt\eg_3.wkl 

29-Jun-93 
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Exhibit 9-4a
 
OPERATING AND FINANCIAL RATIOS - GLIWICE
 

DISTRIBUTION COMPANY
 
Criterion = Zero Debt Increase
 

PRO-FORMA I ACTUAL- ACTUAL IPOLISH DISTRIBUTION COMPANIES ESTIMATE FORECAST
 
1989 1900 1901 Year End -- December 31 1992 i414 I 1 i 107 

SALES RATIOS I 
0.000 204.291 322.284 Average Sales Tarif -- ZI/kWh 542.100 542.100 776.940 768.66 771.420 787.980164.983 247.583 Average Pwchase Cost -- ZI/ 339.071 336295 563000 557.000 559.000 571.000-8.0% Annual Sales Growth (kWh) -- % -0.1% 1.3% _ 1.6% 2.7% 2.5% 2.6%

855.1% 45.1% Annul Sales Growth (Z) -- % . ---- 1j - 1.3% 45.6% 1.6% 2.8% 4.8% 

IOPERATING RATIOS 6_._%| 9 0%
 
___3.8% 7 9% 1Dsbibution Losses - % 9 "% 9.0% 8.3% 7.5% 7.5% 7.5%80.8% 76.8% Energy Purchase/ Sales-- % - 2.5% . 20. 72.5% 72.5% 72.5% 72.5%2.5% 7.8% 6.1 % Operating Income/Sales-- % 21.4% 10.1%o16.1% 10.6% 10.6% 10.7% 

2.5% 5.5% Oporating Income/ Net Assets - - % _ .2 _ 30.4% 13.1% 13.6% 12.7% 12.7%4.5% 2.6% Net Income aftar Tax/Eq~uity/-- % ..... _6.6%1_j 4.8%___ 7.9% _ 7.8%, 7.4% 7.3% 

1 FINANCIAL RATIOS 
09 0.7 1Current Ratio 1.51 14 1.4116%1 33.0% Total De 4 1.5 1.6- 3 .li 13.6%1716.1% 14.4% 13.1% 

Ratio__ % 319.6S.lf Financing -% .- 235.2% 18.8%- _ 172.7_172.7% 61.5% 252.4% 

Case: DISCOBAS\gIwr001 
RCGIHAGLER. BAILLY. Inc. 
File Name g:\polVeportexhibit\e9_3.wkl 

29-Jun-93 



Exhibit 9-4b 
OPERATING AND FINANCIAL RATIOS - GLIWICE 

DISTRIBUTION COMPANY 
Criterion = 6% Return on Assets 

PRO-FORMA ACTUJAL ACTUJAL IPOLISH DISTRIBUTION COMPANIES ESTIMATE1989 __FORECAST1900 1901 Year End -- December31 1992-- 2 IM41 l151 I0 

.SALESRATIOS 
0.000 j04.291 322.284 Average Sales Tariff -- Z1/kWh 542.100 542.100_ 735.000 723.000 728.000 743.000164.983 247.583 Average Purchase Cost - - Z1/kWh 339.071 336.295 563.000 557.000 559.000 571.000-F -8.0% Annual Sales Growth (kWh) -- % -0.1% 1.3% 1.6% 2.7% 2.5% 2.6%855.1% 45.1% Annual Sales Growth)-% 68.1% J 1.3%1__ 37.8% 1.1% 3.2% 4.7% 

OPERATING RATIOS
 
3.8% 7.9% Distribution Losses - % 
 9.8% 9.0% _ 8.3% 7.5% 7.5% 7.5%

80.8%. 8 76.8% Energy Purchase/Sales - - % 62.5%2.5% 7.8% 6.1% op 62.0% 76.6% 77.0% 76.8% 76.9%Income/ Sales -- % 21.4% 16.1% 5.0% 5.0% 5.3% 5.3% 
_ 5.5% 5.5/, Operating Income/ Net Assehb - - % 30.2% 30.4% 6.1% 6.0% 6.1% 6.0%

4.5% 2.6% Net Income after TA /Euity - - % 6-% 4.8% 3.9% 3.8% 3.9% 4.0% 

_ FINANCIAL RATIOS 

0.9 3.7 Current Rato %.... 1 1.1 0 0.811.6% 33.0% Total Debt/ Equity 13. 3.6 21.8%____ __Self Financing Ratio -- % 25.1% 28.0% 31.0%3-_19.6% 235.2% 1355% I 126.2% 120.6% 188.3% 

Case: DISCOBAS\gliwr002 
RCG/HAGLER, BAiLLY. Inc. 

File Name g:\porreportexhib99o 3.wkl 

29-Jun-93 



-- 

___ 

Exhibit 9-4c 
OPERATING AND FINANCIAL RATIOS - GLIWICE 

DISTRIBUTION COMPANY 
Criterion = 100% Self Financing Ratio 

PRO-FORMA ACTUAL ACTUAL POLISH DISTRIBUTION COMPANIES ESTIMATE FRCS
1969 190 1991 Year End -- Dmcember 31 19921 19051 197 

_SALESRATIOS - - ..... .. .........
 
__ 0.0001 204.291 322.284 Average Sales Tariff  - ZI/kVh 542.100o 542.1001 703.000 898.000164.983 707.000 881.000247.5.3 Average Purchase Cost -- Z]/kWh - 339.071 336.295 563.000 557.000 559.000 571.000 

-8.0% Annual Sa1M Growth (kWh) % -0.1% 1 3 2 2.06 
. 855.1% 45.1% Annual SalesGrowth - -ZI%, -z ,X..3% _ 31 % 1.-- 3.8% -1.%% 

_____ _____OPERATING RATIOS-
-3.8% 7.9% Distribution Losses - % _ J 9.8% 9.0% 83% 7.5% 

80.8% 76.6% EnergyPurchase/Sales -- % } - +J620% 8r.,% ____79.8%]_ 79.1% 83.8%2.5% 7.8% 6.1% Oprating Income/,Sales - _% 2 1.4%j 16.1% _ 0.7% 11.6% 2.5% -3.3%5.5% +r'.me/ang I m -t_-Net Assetsn_,I 30.2%1 30.4% ___ 0.8%5.5%O 

19% 2.8% -3.4%-4.5% 2.6% n-Net Income after Tax Equ<NyE F 6.6%J 4.8%1 0.5% 12% 1.9%1 -2.6% 

____ FINANCIAL RATIOS 
0.9 0.7 Current Rato 1.54 1.0 0.8 0.7 0.511.6% 33.0% Total Debt/ Equity ___ __13.1% 13.6% 24.9% 32.0% 38.0% 49.6% 

Self FinancingRatio- - %319.6%1 235.2%1-J 100.2% 1_00.7%____100.9%_ 99.9% 

Case: DISCOBAS\giwrO03 
RCG/HAGLER. BAILLY, Inc. 

Fide Name g:\poVeport\exhibite9_3.wkl 

29-Jun-93 



Exhibit 9-5a
 
OPERATING AND FINANCIAL RATIOS - WARSAWA
 

DISTRIBUTION COMPANY
 
Criterion = Zero Debt Increase
 

378.8W7 SALES RATIOS228113 Averam Sales Tariff - - Zl/ kWh 542.100 542.100r 9.3 9.7 899.090 919.310I 
145.019 238.353 Avervge Purchase Cost - - 211 kWh 339.071 336.2951 583.000 557.000 i 559.000 571.000-9.6% Annual Sales Growth (kWh) - - %.-I 9.3% 3.3% 3.6% 4.7% - 2.7%

50.2%, Annual Sales Growth (23) --
2.8% 

% 56.3% 3.3% 73.3% 3.6% 3.0% 5.0% 

OPERATING RATIOS 

9.9% 13.2% Distrbution Losses - % 9.8% 9.0% 8.3% 7.5% 7.5% 7.5%636% 62.9% En y Purcha/Sales -- % 62.5% 62.0% 62.1% 621% 62.1% 62.1%4.9% 8.5% 3.6% Opratng Income/Sales -- % 9.2% I 1.9% / 14.9% 15.6% 15.6% 15.8%3- .7% OpratingIncome/ Not Assets -- % 9.6% 1.5% 17.8% 16.9% 15.8% 15.5%3.0% J 0.5% Not Income after TaxEquity -.- % 2.4% 0.5% 11.3%[ 10.9% 10.1% 9.7% 

_FINANCIAL RATIOS 
__1.1 0.7 Current Ratio _ __1.2 0.7 0.8 0.8 0.9 1.089% 34.5% Total Debt/ Equity 13.6% 24.5% 30.3% L 28.6%( 23.4% 19.1%1Sef Financing Ratio - - % 124.3% 114.4% 143.7% 152.4% 155.6% 174.7% 

Case: DISCOBAS\warsr00l 
RCG/HAGLER, BAILLY. Inc. 
File Name g:\poreportexhibit\ 9_3.wkl 

29-Jun-93 



Exhibit 9-5b
 
OPERATING AND FINANCIAL RATIOS - WARSAWA
 

DISTRIBUTION COMPANY
 
Criterion = 6% Return on Assets
 

PRO-FORMA ATA AC ALPLIHDISTRIBUTION COMPANIES ESTIMATE111111,11 FOREAS 
199 W 1900 91 Yews End - - December31 1_90lll2 199319 1997 'I~~ 

J8AEI RATIOS228.113 378.8W1 Averago Sales Tariff -- Zl/kWh I 542.100 542.100 817.000 807.000 813.000 830.000145.019 238.353 Av.era0gPLechazeCost-- Zl/kWh 339.071 33Z.295 563.000 557.000 559.000 571.000-9.6% Annual SaWs Growth (kWh) 
50.2% Annual Sales Growth Zfl 

--

-- % 
9.3% 

56.3% 
3.3% 

3.?% 

36% 

56.2%1 
4.7% 

3.4% 
2.7% 
3.4% 

2.8% 

5.0% 

OPERATING 
RATIOS 

9.9%] 13.2% Distribution Losses - % 9.8% 9.0% 8.3% 7.5% 7. 7.5% 

4.9% 

43.1% 

6_____3.6%1 
8.5% 

8.5% 
3.0% 

62.9% 
3.7% 

4.7% 

0.5% 

-Energy Purchase/ Sales - - % 
Operating ncome/lSales -- % 

Op ating Income/Not Al ets -- % 
Net lncome aftt Tax/Equity -- % 

_62.5% 

9.2% 

9.6% 

2.4% 

__ 

62.0%j 
_5.6% 

1.5% 

0.5% 

68.9% 

6.1% 

4.1% 

69.0% 
6.2% 

6.2% 

4.5% 

68.8% 
6.5% 

6.1% 

4.7% 

68.8% 
6.7% 

6.1% 

4.8% 

- [ 
_ 

1.11 
8.9%1 

FINANCIAL RATIOS 
0.7 Cirent Ratio 

J4.5% Total UebV Equity 
___1.2 

13.6% 
0.7 

24.5% 
0.6 

38.6% 
0.5 

46.7%1 
0.5 

49.2% 
0.4 

51.9% 
Sef Financing Ratio  - % 124.3% 114.4% 93.6% 100.4%1 105.1% 118.8% 

Case: DISCOBAS\warsO002 
RCG-HAGLER, BAILLY. Inc. 
File Name g:\poVeport\exhibW9_3.wkl 

29-Jun-93 



Exhibit 9-5c 
OPERATING AND FINANCIAL RATIOS - WARSAWA 

DISTRIBUTION COMPANY 
Critenon 100% Self Financing Ratio 

PRO-FORMAI ACTUAL ACTUAL POLISH DISTRIBUTION COMPANIES ESTIMATEI FORECAST
 
19691 190 1991 Year End-
M - December1 19219m94 19 9619 

SALES RATIOS 1 
228.113_ 378.W07 Average Sales Tariff - - ZIkWh 542.100 542.100 829.000 807.000145.019 238.353 Average PurchaeCost - - / kWh 805.000 8W0.000339.071 336.295 5 13.000 557.000 559.000 571.000

-9.6% Annual Gales Growth (kWh) -- % 9.3% 3.3% 3.6% 4.7% 2.7% 2.8%50.2% Annual Sales Growth (Z]) -- % 56.3% 3.3% 58.5% 1.9% 2.4% 2.2% 

OPERATING RATIOS 
4._ 9.9% 13.2% Di ,tl Losses - % 9.8%1 9.0%1 8.3% 7.5% 7.5% 7.5% 

63.6% 62.9% Enwgy Purchase/Sales -%-. 5% 62.0% 87.9% 9.0%4.9% 8.5% 3.6% Operating Income/ Sales - - 69.4% 71.4%% 9.2% 1.9% 7.0% 6.2% 5.6% 3.2%43.1% 16.7% 4.7% Operating Income/ NetAssets - - % 9.6% 1.5% 7.7% 6.1% 5.2% 2.8%3.0% 0.5% Net Income after rax Equity--% 2.4%[ 0.;%I 23%5.1% 4.4% 40%I 

FINANCIAL RATIOS
1.1 0.7 Current Ratio 1.2i 0.7 0.6 0.5 0.5 0.4 

_ - 8.9% 34.5% Total Debt/ Equity 13.6% 24.5% 37.4% 45.2% 48.% 54.8%Sei4'Financing Ratio -- % =_124.3%. 114.4% 100.3% 100.4% 100.5% 100.0% 
Case: DISCOBAS\warsr003 

RCG/HAGLER. BAILLY, Inc. 

File Name g:\porNeport\exNbi!\e9 3.wkl 
29-Jun-93 



EXHIBIT 9-6
 

REVENUE REQUIREMENTS OF THREE
 
DISTRIBUTION COMPANIES (ZI/kWh)
 

FINANCIAL CRITERION 
DISTRIBUTION 
COMPANY 

BIALYSTOK 

A 
ZERO DEBT INCREASE 

1245.0 

B 
6% RETURN 

1086.0 

C 
100% SELF FINANCING 

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 
be 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 

1 For an elaboration on he incentives embedded in socialized industry in Poland, see Kharas (1991). 
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10.2 IMPACT OF TARIFF INCREASES 

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 circums'ances similar to those of other firms in the same
 
industry. 2 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. 

International trade has been liberalized, and many firms are responding to 
international prices for the first time. 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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10.3 IMPACT OF TARIFF INCREASES 

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 b- 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 aciivities 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 pr~d'.ction, 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 
employmenL 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 zlotys of valve added 
VA/Empl. = Valve-added per employee, inmillion ZI. 
All figures are in zlotys of 1990 

JE1987 
LNDUSTRY OVERALL
 

kWh/VA 302 

VA/Empl. na 

COAL
 

kWh/VA 605 

VA/Empl. 39.6 

FUEL 

kWh/VA 84 

VA/Empl. 589.2 

ELECTRIC ENERGY
 

kWh/VA 581 


VA/Empl. 238.3 
[RON &STEEL 

k\h/VA 
 366 


VA/Empl. 172.6 

NON FERROUS METALS
 

kWh/VA 
 288 

VA/Empl. 305.2 


METALS 

KwH/VA 232 

VA/Empl. 37.3 

MACHINERY
 

kWh/VA 197 

VA/Empl. 34.2 

PRECISION INSTRUMENTS
 

k'h"n/VA 104 

VA/Empi. 26.1 

TRANSPORTATION 
EQUIPMENT
 

kWH/VA 137 

VA/Empl. 53.4 

1988_ 

293 

na 


667 

36.5 

89 

566.4 

598 

228.2 

393 

165.0 

283 

320.0 

226 

41.3 

183 

38.3 

91 

30.7 

128 

58.7 

1989 

296 344 385 

na na na 

744 1070 1064 

32.1 21.7 22.2 

98 155 181 

543.0 315.1 228.8 

783 1076 1635 

178.6 122.1 75.0 

438 454 566 

146.9 140.7 95.4 

305 425 817 

297.5 199.3 107.3 

201 198 188 

47.7 42.9 34.6 

146 130 137 

47.8 49.4 39.6 

78 74 76 

36.6 37.8 31.2 

144 138 301 

51.8 41.9 21.4 



EXHIBIT 10-1, page 2
 
ELECTRICITY AND EMPLOYMENT IN POLISH INDUSTRY (cont.)
 

S97 

ELECTRICAL & ELECTRICAL 
MACHINERY 

kWH/VA 

VA/Empl. 


CHEMICALS
 

kWh/VA 


VA!Empl. 

CONSTRUCTION MATERIALS 

kWh/VA 

VA/Empl. 

GLASS
 

kWh/VA 


VA/Empl 


CERAMICS 

kWh/VA 


VA/Empl. 


WOOD 

kWh/VA 

VA/Empl. 

PAPER 

kWh/VA 

VA/Empl. 

TEXTILES 

kWh/VA 

VA/Empl. 

CLOTHING 

kWh/VA 

VA/Empl. 

LEATHER GOODS 

kWh/VA 

VA/Empl. 

154 J 

34.6 

446 


106.5 

624 

38.9 

215 

52.4 

144 

43.7 

265 

31.7 

438 

115.1 

176 

44.3 

53 
16.2 

54 

31.4 

T41=88 

138T 

40.5 

425J 

115.91 

610 

41.0 

200 

57.1 

149 

49.2 

248 

35.6 

429 

124.0 

162 


50.7 

47 
18.71 

50 

34.8 

19)f 19 

131T 124 ! 119 

41.9 42.7[ 39.8 

495 571 590 

103.0 82.0 62.6 

549 486 541 

49.7 45.9 38.8 

245 329 350 

50.31 37.5 34.9 

156 189 228 

49.4 38.5 31.5 

207 296 251 

46.5 33.4 25.4 

417 695 720 

128.9 73.5 71.0 

154 222 203 

52.7 31.4 30.3 

32 39 47 
24.4 21.4 i7.0 

55 68 61 

30.1 24.3 23.5 

17\



EXHIBIT 10-1, page 3 
ELECTRICITY AND EMPLOYMENT IN POLISH INDUSTRY (cont.) 

1987 1988 1989 190 1 

FOOD 

kWh/VA 

VA/Empl. J 
54 

165.8 

57 

160.0 

72 

127.2 

85 

101.0 

79 

90.5 

PRINTING 

kWh/VA 

VA/Empl. 

96 

23.6 

91 

26.7 

71 

31.3 

77 

30.9 

116 

20.1 

OTHER 

kWh/VA 207 197 143 207 210 

VAlEmpl. 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) 
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10.7 IMPACT OF TARIFF INCREASES 

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 b: so. 

The data in Exhibit 10-2 can be used to indicate the importance of electricity in total industry 
costs. Column I 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 toe industrial sector in 1991 (342 Zl/kWh) was used. If 
all industries paid the average price, then electricity cost as a percenitage of sales is the figure 
shown in column 2. If all indtstries had exactly zero profit in 199i, 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, vhere the proportion 
is higher. The non-ferrous metal industry includes aluminum which is highly electricity 
intensive.4 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 "lgures 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 frGm 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. 

4 The only aluminum firm has a relatively constant demand of 120 MIW. Electricity costs account for 
about 26 percent of total costs according to a representative of the firm. 
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INDUSTRY OVERALL 

Coal 

Fuel 

Electric Energy 

Iron & Steel 

Non-Ferrous Metals 

Metal 

Machinery 

Precision Instruments 

Transportation Equipment 

Electrical Machinery 

Cherucals 

Construction Materials 

U!ass 

Cerrmcs 

Wood 

Paper 

Textiles 

Clothing 


Leather Goods 

Food 

Feed 

Printing 

Other 

EXHIBIT 10-2 
ELECTRICITY COST IN TOTAL COST 

kWh/Product Electricity Electricity as 
Sold in Cost as % of % of Total Cost 

million ZI. Product sold (A) 
1991 1991
 

100 3.4 

189 6.5 

42 1.4 

269 9.2 

162 5.5 4.9 

226 7.7 7.3 

58 2.0 4.4 

49 1.7 4.6 

29 1.0 3.6 

48 1.6 4.4 

7 1.3 3.3 

15! 5.2 6.7 

158 5.4 

97 2.8 

78 2.7 

53 1.8 4.3 

237 8.1 

65 2.2 

15 0.5
 

17 0.6 

23 0.8 2.1 

28 1.0 

21 0.7 

67 2.2 3.6 

Source: Some as Table 12.1 except A, Which is the results of a questionaire administered by GUS for the 
Ministry of Industry and Trade, 1990 



10.9 IMPACT OF TARIFF INCREASES 

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 
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10.10 IMPACT OF TARIFF INCREASES 

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 II. 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. 

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. 
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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). 6 

Because data are available for all of 1991 and for the first three, quarters of 1992, 7 the 

6 Three sources were used here. GUS (1992a) is a statistical yearbook for general data through 1991. 
GUS (1992b) provides detailed household information, including data on income and expenditures, through
1991. GUS (1993) provides abbreviated data, similar in coverage to GUS (1992b), but reported quaiterly, 
through the third quarter of 1992. Data from GUS documents are consistent across documents. 

7 To abbreviate, the notation "year:quarter" will be used (e.g., the first quarter of 1992 is 1992: 1). 
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analysis focuses first on 1991, and then qualified estimates 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:
 

0. 	 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. 

01 	 Employees/fanners. 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. 

b, 	 Farmers. Where the household's primary income is from farming. Eleven 
percent of households are farmers. 

10 	 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 aveiaged 2,929 
kZ,9 but ranged from 1,816 kZ for retirees to 4,391 kZ for employee/farmers. 

a For a description of the survey and sampling technique, see GUS (1992b), pages xxiii - xxx. 

9 About $266, given average exchange rates for the period. Average per capita net income was about 
$1,130 per year. 
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EXHIBIT 10-3 

HOUSEHOLD CHARACTERISTICS, 1991 
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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. Aveiage 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 proportion 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 if utility 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 is most commonly occupied by "employee households" (G1) applies to 

10 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 represent 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). 
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EXHIBIT 10-4 

HOUSEHOLD EXPENDITURE PATTERNS, 1991 
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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 (FI) indicate that farm 
customers spent about 100 kZ per month. GUS data indicate that farm household incomes
 
were around ZI 4 million per month. Electricity would have occupied about 2.5 percent of
 
farm household income.' 2 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 GI and farmers with Fl), average electric energy consumption for the rdte 
class declined between 1991 and 1992. In the residential rate class (GI), average energy 
consumption declined by about 3.6 percent, while among farm customers (in rate class Fl), 
average energy consumption 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 elasticities. 

'1 The GUS data do not cover 1992:4. The income referred to here i. for the period 1991:4 through
1992:3. Thus, the utility data and the GUS data almost match up, but not quite. 

12 It is not very clear where "employee/farmer" or "retired/pensioner" households fal within electric rate 
classes. 
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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 VIP2, but only through 1992:3. The GUS data are
 
expressed in current zlotys of the quar 
 r 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 1992:3.13
 

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 elhctricity 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. 
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Exhibit 10-5 
Monthly Average Household Budgets, 1992:3 
('000 ZI of 1992:3) 
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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' 4 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 
increase more rapidly than inflation through 1993. Electricity is expected to consume a 
rising share of the total budget, in the range of 2.:-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 
electkricity, 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 hot water. Both 
"employee" and "pensioner" households are likely to be in cities and therefore likely to be district heating 
customers. 

RCG/Hagler, Bailly, Inc. 



Exhibit 10-6 
Energy Price Iticreases. 1991 -93 
(all values in percent) 

A. Empioyees' Households 
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1/ Based on 1991 annual average energy budget.
 
2/ Source: GUS (1993).

3/ From Department Polityki Finansowei i Analiz for 1993 forecast; 1992:4 assumed price increases - electricity (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 15 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 pLssed 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 
intersive (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 weli, 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 housnold 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 
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percent increase in expenses in the household budget is dramatic if resources are 
strained.15,16 

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. Bock3 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. 7 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. 

1 In 1992:3, GUS data indicate that the household budget of retired persons and pensioners 
(representing 36 percent of all households) exceeded monthly income by almost 1 percent. 

16 In light of the political nature of electric tariff increases and the difficult economic position of many 

low-income families in Poland, one option to consider is a residential tariff with two or three rate blocks. 
Given the pattern of residential electric consumption in 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 in higher 
blocks. This option is discussed in more detail in Chapter 10. 

17 This creates a financial problem for the entire utility system. Currently, 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 revenue 
increases trickle into the distribution companies over the course of a year. Yet the distribution companies must 
settle accounts with PPGC monthly. 
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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.19 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 represert 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. 

IS It is not unccrnmon 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 
individuals in focus group settings. People were asked about how much they were spending on electricity.
Responses were over twice what one would have expected from other information. This exercise revealed that 
people could only guess what they spent on electricity. 

RCG/Hagler, Bailly, Inc. 
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11.1 

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. 

CONSTRAUNED 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 
* 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. 
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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 aliowance 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 
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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 I - 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 Zl/kWh to 351.0 Zl/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 is 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. 
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Exhibit 1 1-1 
NON -CONSTRAINED CASE 

Assumpions:
 
Retail tariff Increase: No constraint
 
Asset Revaluation: 100% of replacement cost by January 1994
 
Tax allowanco from Deprecklton: 100% o! replacement cost by January 1994
 
Investments in generation 1993  1997: US$ 5.8 billion
 
Fixed Operation Costs: decreasing
 
Financial criteria for DCs: no borrowing
 

ESTIMATE FORECAST 
1992 19941 19951 1996 
 1997
 

AVERAGE TARIFFS - ZI/kWh (at mid 1992 price levels) -
!__Distribution Companies 542.1 785.0 785.0 795.0 805.0 

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 cento/kWh (at mid 1992 price levels)_
 
I Distribution Companies 
 ,_ 3.99 , 77 5.77 i 585 5.92 

PSE _ -2.48 I 4.14 4.10 4.11 4.20y_2.21 3.59 3.58: 3.61 3.71 

NET BORROWING / CASH DEFICIENCY (SURPLUS) (billionszloty _ ............
 
Distribution Companies - _ 9,434 __ (9256) (9 4 8 9) (10081 

PSE -- Programmed LTD i 4,000! 7,250 10,000 10,500 
Cash (657 1,6979J1Generation System L 782 (2_ . (4.604 _ 

!SELF- FINANCING RATIO - %
Distribution Companies 132.4 112.7 105.8 107.9 
PSE _40.2I___ 24.7 29.2 99.0 

DEBT-TO-EQUrFY (revalued) RATIO - % 
Distribution Companies 10.0 0.0 1 0.0 0.0 
PSE , 13.8 24.3 32.7 33.6 
Generation System ___ 4.7[1 2 .8 j 3.0 1.2. 

RETURN ON NET ASSETS (revalued)_- % 
i Distribution Companies 



- 0.01 1.5 231 1.7 
PSE 6.1 5.9 6.0 5.9 
Generation System i 7.2 6.8- 7.01 7.1 

INCOME TAX FOR YEAR - billions ZI.
 
Distribution Companies 
 1355 2,172 2.511 2,363
PSE 632. 5431 505 454 
Generation System 2895 2,945 3,255 3,803 

-Total I 4,882 5,660 6,271 6,620 

NOTE: Income tax and cash position differ from the Base case in chapters 1 - 11. 
This is because chapters 1 - 11 had assumed asset revaluation at December, 1992. 
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Exhibit 11 -2
 
CONSTRAINED CASE 1
 

Tariff Increase Restriction only
 

Assumptions:
 
Retail tariff Increase: from mid- 1992 to mid- 1994, 15%; then 15% per year in real terms
 
Asset Revaluation: 100% of r6placement cost by January 1994
 
Tax allowance from Depreciation: 100% of replacement cost by January 1994
 
Investments in generation 1993 - 1997: US$ 5.8 oillion
 
Fixed Operation Cocts: decreasing
 
Financial criteia for DCs: no borrowing
 

9ESTMATE FORECAST
 

1002 10941 19951 19961 1997
 

AVERAGE TARIFFS - ZI/kWh (at mid 1992 price levels) 
Distribution Companies 1 5421 623.4 716.9 795.0 795.0 
PSE 5 4 5 0 

p 336.7 438.0 465.0 571.0 
Generation System 300.0 351.0 385.0 475.0 504.2 

AVERAGE TARIFFS - US cents/kWh (atmid 1992 price levels) 
Distribution Companies 3.99 4.58 5.27 5.85 5.85 
PSE 2.48 3.22 3.42 4.014.20 
Generation System 2.21 2.58 2.83J 3.49 ! 3.71 
NETBORROWING/ CASH DEFICIENCY URPLUS (bilIons zoJ _ __ 

Distribution Companies PSF -- Prgramm d LT __1 .223_ 1(1(10,22)i((1o,, - (10."6,3658220 
roame 4.000 _ 7,250 10000 10,250 

Cash 
Generation System _ _ 

___ 

_ _14.750 

_ .0), 98) 
18,582 _ 

~ 03311~ 
18,78u 

(11,654) 

16,041 

SELF-FINANCING RATIO - % 1 
Distribution Companies 114.5_ 124.7" 111.9 104.0'FPSE _ 39.0 1 24.4 29.2 99.7! 

DEBT-TO-EQUIrY (revalued) RATIO - % 
Distribution Companies _ ___(7.3)1 (70_1 () 86.7 
PSE 13.8 24.4 32.8Geneation System 33.7 

4.7 5.3 1 7.1 7.31 

RETURN ON NET ASSETS (revalued)- % 
DistribiAon Companies 

-

I 4.8 3.9 0.7 
[PS E 

_ 6.11 6.0' 6.1' 5.91 
Generation System _.... (_.__ ( 35 _ 4.6 5.8r 

INCOME TAX FOR YEAR - billions Z. 
Distribution Companies 

_ 

52 ! 3,305 1,169 1,943 
PSE 
 613! 535i 505 4531 
Generation System 3,655 ( 1,0371 1,922 

Ttal (3.55 (2,6 1,3I ,2 
-I p 2.990 . 1.233 4.711 4,318 1 

NOTE: Income tax and cash position differ from the Base case in chapters I - 11. 
This is because chapters 1 - 11 had assumed asset revaluation at December, 1992. 
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Exhibit 11 -3
 
CONSTRAINED CASE 2
 

Tariff Increase Restriction and no Asset Revaluation
 

Assumptions:
 
Retail tariff increase: from mid-1992 to mid-1994, 15%; then 15% per year In real terms
 
Asset Revaluation: 0% of replacement coat by January 1997
 
Tax allowance from Depreciation: 0% of replacement cost by January 1997
 
Invostments in generation 1993 
- 1997: US$ 5.8 billion
 
Fixd Operation Costs: decreasing
 
FtciaJ criteria for DCs: no borrowing
 

iESTIMATE FORECAST 
__ -2__ 1992 1994 1995 1996 1997 

AVERAGE TARIFFS - ZI/kWh (at mid 1992 price levels) 
Distribution Compynies 1 542.1 623.4 716.9 7350 743.0 
PSE 336.7 375.0 398.0 439.0 458.0 
Generation System 300.0 314.0] 338.0 379.0 393.0 

.VERAGE TARIFFS - US cents/kWh (at mid 1992price levels_ 
* Distribution Companies 3.99 4.58 5.27 5.40 5.46 

PSE 2.48 2.76 2.93 3.23 3.37 
Generation System 2.21 2.31 2.49 2.79 2.89 

NET BORROWING / CASH DEFICIENCY (SURPLUS)(bilions zioy _ 

LDistribution Companies 
_ _ 

231 180 __1991 1891 
1 PSE --- Programmed LTD 4,000 1 7,250 10.000! 10,250 

Cash 
Generation System 19.542 29,431 - 39.026L .. 48,018 

*SELF-FINAk4CING RATIO - % 
Distribution Companis 7 -112.7 125.2 1'J491 103.9, 

10 9.2 14.4 64.3 i 

DEBT-TO-EQUITY (revalued) RATIO -

Distribution Companies 2.9 2.2 1.9 J 1.6 
PSE 53.9 95.0 127.4 129.5 
Generation System 61.0 86.3 _ 111.0 128.3 

RETURN ON NET ASSETS (ravalued -% 

Distribution Companies _ 33.9 46.7 33.4 25.6 
PSE 5.8 6.6 6.3 1 6.4 
Genoration System (13.9)l (3.4)1 -5.8 5.4 

INCOME TAX FOR YEAR - billions ZI. 
Distribution Companies 

_ 

5,955I 9.300 8,448 7,9581
PSE 135 141 145; 172, 

i Generation System (2,200) (1,843)1 (669)1 (731) 
ITot 3,890 1 7,592 1 7,9201 7,372, 

NOTE: Income tax and cash position differ from the Base case in chapters I - 11. 
This is because chapters 1 - 11 had assumed asset revaluation at December, 1992. 
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Exhibit 11-4 
CONSTRAINED CASE 3
 

Tariff Increase RestrP:tion and Gradual Asset Revaluation
 
('most likely case') 

Assumptions:
 
Retail tariff Increase: from mid-1992 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
 

ESTMTE FORECAST 
1992 19941 1995T 19961 1997 

AVERAGE TARIFFS - ZI/kWh (at mid 1992 price levels) __ 

Distribution Companies _ 542.1 i 623.4 716.9 814.01 814.0 
PSE 336.7 378.0 411.0 517.01 567.0Generation System I 300.0 __307.0 1 337.0 446.0 494.0 i 

AVERAGE TARIFFS - US cents/kWh at mid 1992 price levels) 
Distribution Companies 3.99 4.581 5.27 i 5.99I 5.99
PSE 2.,8 2.78 1 3.02 3.80 4.17,
Generation System 2 48  2.21 2.261 . 3.28 I 3.63 

NET BORROWING I CASH DEFICIENCY (SURPLUS)billions zloty) 
Distribution Companies1 165 _ 203 _ 199 _ 219 
PSE -- Programmed LTD _ _4,000 I 7,250 10.000 10,250

Cash (1,738) (2 .597)1 (3,429)_1 ___ 520 
Genaration System 1 

( 

19,942 29,399 I 34,0321 34,356 

ISELF-FINANCING RATIO - % 114.0 
Distribubon Companies 113.3 124.5; 114.0' 1030' 
PSE , 11.8 9.5 18.8 .87.0 

DEBT- TO-EQUITY revaue) RATIO - % 
Distribution Companies 1.8 1.4 1.1 , 1.0 
PSE 24.8 34.8 38.9 34.2 1Generation System 28.6 34.3 34.7 34.2 

RETURN ON NET ASSETS(revalued) -% 

Distribution Companies 15.1 18.0 10.81 2.8 
PSE 
 6.4 6.0 61 1 5.9 
Generation System (9.9) (5.4) 4.3 6.0 

INCOME TAX FOR YEAH - billions ZI. 
Distribution Companies F 5,576 8.055 i 6,886 3,646 
PSE 543' 656' 771 773 
Generation System r(2,64_) (2.409) 1,245 2,338 

[Total 3.455I 6,3021 8,902 6,7571 

NOTE: Income tax and cash position differ from the Base case in chapters 1 - 11. 
This is because chapters 1 - 11 had assumed asset revaluation at December, 1992. 
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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 approximately zI 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 zl 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 ,or the generating system. 

RCGIHagler, Bailly, Inc. 
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Exhibit 11-5
 
CONSTRAINED CASE 3a


Sensitivity Analysis to High Generation Investment
 

Assumptions:
 
Retail tariff Increase: from mid-1992 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 
Irvestments in generation 1993 - 1997: US$ 9.0 billion 
Fixed Operation Costs: decreasing 
Financial criteria for DCs: no borrowing 

----ESTIMATE I FORECAST 

1 19921 19941 19951 19031 1997 

AVERAGE TARIFFS - Z/kWh ( t mid 1992 price levels)
 
Distribution Companies
PSE 542.1 1 623.4 716.9 824.5 846.0I 336.71 378.0 411.0 524.0 1 591.0, 

Generation System 300.0_1 307.0 337.0 454.01 520.0 

AVERAGE TARIFFS - US cents/kWh (at mid 1992 price levels _ 
Distribution Companies I 3.99 4.581 5.271 6.06 6.22
PS E 2.48 _ 4.35?4 2.78 3.02' 3.851 

Generation System 
 2.21 1 2.26; 2.48k 3.34 3.82 

NET BORROWING I CASH DEFICIENCY (SURPLUS) (billions zlot)
Distribution Companies _ 1651 203 173 173 
PSE -- Programmed LTD I4000 7250 10.000 10,250 

Cash (1,738 (2.597)1___(3,389) (5,483) 
Generation System F 33,790 I 50,709 64,911 73.223 I 

SELF-FINANCING RATIO - %
 
Distribution Companies 
 113.311 124.5 ' 115.3 105.6 
PSE 12.0 10.0 20.2j 95.0 

DEBT-TO-EOUITY (revalued) RATIO - 1A
 
Distribution Companies 
 1.8 1.4 I 1.1 ' 1.01PSE 2,..8 34.8 3.9 

Generation System 44.3 55.8 1 61.2 1 66.81 

RETURN ON NET ASSETS (revalued) % 
Distribution Companies 1 15.1 18.0 11.1 63.2 
PSE 6.4 6.01 6.1 6.3 
Generation SystemJ (9.2) (5.1)i 3.91 6.0 1 

- 1 
INCOME TAX FOR YEAR - billions Z. _ 

DistributionCompanies __ _ 5,576I 8,055 7,030 - 3.931PSE __ _ 5431 656; 7661 836iFGeneration System 1 (3,09 I (3,323)' 229 1,579
Total 3,021 5.388 8.025 6.3461 

NOTE: Income tax and cash position differ from the Base case in chapters 1 - 11. 
This is because chapters 1 - 11 had assumed asset revaluation at December, 1992. 
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Exhibit 11-6 
CONSTRAINED CASE 3b 

Sensitivity Analysis to Constant Operating Costs 

Assumptions:
 
Retail tariff increase: from mid-1992 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: constant
 
Financial criteria for DCs: no borrowing
 

SESTIMATE I FORECAST197 

AVERAGE TARIFFS - ZI/kWh (at mid 1992 price levels)
 
Distribution Companies 
 I 542.1 6523.4 716.9 824.5 835.01 
PSE 336.7 378.0 411.0 524.0 583.0 iGeneration System 300.0 307.0 337.0 454.0 511.0 i 

AVERAGE TARIFFS - US cents/kWh (at mid 1992 price levels) _
 

KDistribution Companies 
 3.99' 4.58. 5.27 6.061 6.14i 
PSE 

, 2.48 2.78 i 3.02 i 3.85 4.29 
Generation System 2.21 2.26 i 2.48 i 3.34 3.76 

NET BORROWING / CASH DEFICIENCY (SURPLUS) (billions zloty) _ 

Distribution Companies 165 203 173 1 154 i 
PSE -- Programmed LTD 4.000 7,250 10,000 1 10,250 

Cash 1,738 2.59TL (3.389)1 (5,512)Generation System 21.007 31,422 36.770 37,370 

SELF-FINANCING RATIO - % 

113.3 124.5 115.3 104.5 
PSE 11.81 9.5 18.61 94.0 

DEBT-TO-EQUITY (revalued) RATIO - % 
Distribution Companies 1.8 1.41, 1.1 1.0PSE 24.8 34.8 38.9 341 
Generation System . .
 30.2 37.0 - 37.7 j 37.4 

RETURN ON NET ASSETS (revalued) - %
 
Distribution Companies 
 _ _15.1 18.0 11.1 3.0 
PSE 6.41 6.01 6.1 6.3 
Generation System (11.5) 6.9)1 3.5 6.0 

INCOME TAX FOR YEAR - billions ZI. 
Distribution Companies 5,576 8,055 1 7,030 143,806
 
PSE 
 5431 65 7661 8291Generation System 3,118) (3,054)1 798 2,188 ! 

Total 3,001 5,657 8594 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 revaluation at December, 1992. 
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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 835 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 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 

3A, 623.4 716.9 814.0 814.0 

3A 
+

,,623.4 716.9 824.5 846.0 

3B ' 623.4 716.9 824.5 835.0 

RCG/Hagler, Bailly, Inc. 



11.12 CHAPTER 11: CONSTRAINED FINANCIAL ANALYSIS 

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 (bl.ZI. at mid 1992 price levels). 

1994 1995 1996 1997 TOTAL 

Non-constrained 4,882 5,660 6,271 6,620 23,433 

Case 1 (2,990) 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 I 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. !t 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). 

rC iHagler, B ly, Inc. 



11.13 CHAPTER 11: CONSTRAINED FINANCIAL ANALYSIS 

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 materially 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 shovn in Exhibits 11-9 to 11
17. These can be compared to the consolidated financial statements corresponding to the 
unconstrained case for generation companies, PSE and distribution companies included in 
Chapters 5, 8 and 9 respectively. 

RC/Hiagler, Bailly, Inc. 



Exhibit 11 -9
 
Case 3
 

CONSOLIDATED BALANCE SHEET - GENERATING COMPANIES 
PRO-FORMA ACTUAL ACTUAL POLISH GENERATING COMPANIES ESTMATE_ _ FORECAST
1969 1990 1991 Yor End -- December 31 1902 1993 1995 1996 1997 

_ASS ETS 
 ... .
 . . .
 ... ....... 
 .. ...
 
_ 538 929 JCash 17583 745 787 _ 885 1.199 1,355374 1,378 Accounts Receivable 	 1.594 1,584 . 1,677 . 1,891 2,580 2,922 

797 1.614 Inventories -- Fuel 1.694 3171112 20 Others 	 3,334 _ 3.414 3.547 3.830488 224 Others 	 ....... 450..... 
.....	 50
4.501 ________3031850_____7_00 2.000 
2.190 4,165 Total Current Assets 4.871 . 50 6,647 7.490 9,027 9.90735.125 36,835 Gross Fixed Az;sets 73,272 109.924 165.632 211.220 267.422 297.72816.435 18.295 Less: Acc. Depreciation 38.553J 60,025 ... 82.719 _107.270 133.340 142.25418.690 18.539 Net Fixed Assets 34.7191 49,899 82.914 103.950 134.082 155.4741.413 18.735 Capital Work-in-Progress 23,133 -33.446 27.611 30.368 26.257 9.73822,295 41.439 TOTAL ASSETS EMPLOYED 82724 89.295 117.171 141,809 169,366 175.118 

UABILITIES 
602 1,329 Accounts Payable 

556 

_
 

920 	 Other Liabilities
 
LTD due within 1 year - extng 
 170 170 170 170 170 170 

. -.10 18 LTD due within 1 yea: - new local . 
LTD due within 1 year - new FX
 

___ _CashDeficiency (Surplus) 
 _2,13) 
 7.782 19.942 29.399 34,032 34.3561.168 2.268 Total Current Liabilities _ (1,5 7.952 20.236 30,022 35,050 35,774 
(50)Other Liabilities
 

... ... 4 1.447 2.492 Long Term Debt - existing .
 .. _--- 3,068 - 2,899 2.729 2,559 2.390 2,220
162 Long Term Debt - new local 704 1,970 3,342 4.112 6.9341.447 2.654 	 7.725Total Long Term Debt 3.772 4.869 6.071 6.071 9,323 9,945 

Equity Balance: 
14.657 15.642 Assumed Openn P ositic. 	 32.7701 32770 32,770- 32.7-70 32.770 32.770 .. 1.199 16.751 Additional Paid in Capital 2,718 _ 5.436 _ 8.230 10,870 13,589 16.306482 3781 Revaluation of Fixed Assets 4 17,408 - _ 35,014 52.620 70.226 87,832 87.832L. . . 2,833 3.103 Retained Earnings - Prior Years .. 7.97 . 8.021 3,255 _L2,756 (8.751. (9,204)-_ 507 694 Current Year's Net Income 	 1 4.223 . (4,766) (6,1 . (5.995 (453) 1.675 
19,678 
 TotalEquit,6 . 0.916 76475 90884 105115 124.987 129.37922.293 41.4391 TOTAL LIABILITIES & EQUITY 62,724 89,295 117.171 141,809 169.368 175.118 

Billions Zloty at Base Year Prices 
RCG/HAGLER. BAILLY. Inc.
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Exhibit 11 - 10 

CONSOLIDATED BALANCE SHEET 
Case 3 

- POLSKIE SIECI ELEKTROENERGETYCZNE 

PRO-FORMA 
1969 

ACTUAL 
1990 

ACTUAL 
1991 

POLSKIE SIECI ELEKTROENERGETYCZNE 
Yew, End -- December 31 

ESTIMATE 
1992 1993 

FORECAST 
19941 15 16" 1 1997 

ASSETS 
Fixed Assets: 

.... _ Capital Assets 
179 180 Gross Fixed Assets 

Plus: Transfers of Grid from DCs 
Plus: Transfers of Pumped Storage -
Total Adjusted Grosa Fixed Assets 

_Pius: Revaluation to 1992 

Plus: Revaluation after 1992 
Revalued Gross Fixed Assets 

91 95 Less: Accumulated Depreciat'n 
Depreciation on Transfers .ReaudDepreciation 

Depruciation on Revaluation 

Total Accumulated Depreciation 
88 85 Net Fixed Assets 

3 130 Capital Work - in- Progress 
1 185 Advance Payments 

1 Patents & Licenses 

Financial Investments: 
0 Shares in other Companies

221 193 Long Term Accounts Receivable 
Current Assets: 

0 0 Inventories 
247 1.905 Accounts Receivable 
24 0 Income Tax Receivable 

_______5 5 Other Accounts Receivable. 
590 25 Cash at Bank and onDeposit 

1. Total Current Assat3 
1.180 2.530 TOTAL ASSETS 

.5.483 

180 
7.165 " 

3.39 
10.685 

.... 

10.685 i 
110 

29.810. 
5,092 

699 
197 

1 

193 

2.736 

. 
151. 

2,752.751[ 
8.9341 

680 
7.165 

3.339 
11.185 

9.349 

20.534 

132 

6,008
4,88014...Ro4.880 

23,740-234 

32.685 
9,281 
1.344 

197__ 
1 

-193 

2.788 

-

. .. 
315 

3._103 
14.119 

1,680 
7,165 
3.339 

12.185 
18,698 

30,883 
191 

6.533 
9,7 

_ 935 

35.607 
13.465 
3,000 

197 
1 

193 

3.195 

... 
1.738 
4.933 

21.790 

4,180 
7.165 
3.339 

14.685 
28,048 

42.733 
337 

7.059 
14.639 
2,104 

38.616 
18.594 
4.723 

197 
1 

193 

3.584 

2.597 
6.181 

29.889 

8,180 
7,165 
3,339 

18.685 
37.397 

56.082 
646 

7,584 
19.519 
370584 

41.787 
24,593 

4.895 
197 

1 

193 

4,630 

3.429 
8.059 

37.939 

12,180 
7,165 
3,339 

22,685 
46.746 

69.431 
1.155 

8,109 
24,399 

5,8W3 
45.159 
29,924 
2.627 

197 
1 

193 

5.218 

5.520 
10.738 
43,681 



Exhibit 11-10
 
Case 3
CONSOLIDATED BALANCE SHEET - POLSKIE SIECI ELEKTROENERGETYCZNE 

PRO-FORMA 
199 

ACTUAL 
1990 

ACTUAL 
1991 

POLSKIE S1ECI ELEKTROEPJERGETYCZNE
YearEnd -- December31 ESTIMATE 

1992 199 
FORECAST 

19041 1995 1996 1997 

LIABILITIES 

515 
71 

321 

515 
389 

1Asset221 

Equ~ity Capital: 
E1t 
Reserve Capital 
Transfers of Grid from DCs 

Transfer of Pumped Stoage 
Less: Accum. dep'n on Transfers 

RevaluationCurrent Year'p Net Income 

_-1 

5 - . 
610 

7 ,165 ... 

--3,.339 

5.43 
04,469555 

.515.5151 
1.165 

. 7.165 

3.339 
5,483 

281 

1.447 
7.165 

33,339 
5.43 
8,939236 

515 
1.682 
7,165 

5.483 
13,408224 

515 
1,906 

7.155 

5.483 
17.878 i379 

515 
2.285 
7,165 

5,483 
22.347529 

908 

231 
6 

1,125 Total Equity 
315 Long Term Debt 

Current Uabilities: 
841 Accounts Payable 
112 OtherAccoutsPayable 

Short Term Loans 

6.702 
750 

1.232 F 
110 

11,453 
1.200 

1,217 
110 

_ 

16.158 
4.000 

-1.382 

110 

20,851 
7,250 

153 

110 

25699 
10.000 

1.990 

110 

30.697 
10.500 

2,234 
110 

35 138 Other Uabilities 140 _4_4___14_4 

Ow~ng to Bank 
271 

1.180 
1,091 
2.531 

Total CurrentUabilities 
TOTAL LIABILITIES 

1.482 
8.934 

1,487 

14.119 
1,632 

21,790 
1,738 

29.t689 
2.240 

37,939 
2,484 

43,681 

179 
6,903 

7.082 

180 
6,903 

3.252 
7.084 

Gross Fixed Asset, 
Plus: Transfers of Grid from Dcs 

Plus: Transfers of Pumped Stora~o 
Total Adjusted Gross Fixed Assets 

180 

7.165 

3.339 
10.85 

680 
7.165 

3,339 
11,185 

1.680 
7.165 

3.339 
12.185 

4.180 
7.165 

3.339 
14.885 

8,180 
7,165 

3.339 
18.6851 

12,180 
7,165 

3.339 
22.685 

Billions Zloty at Base Year Prices 
RCG/HAGLER, BAILLY, Inc.
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Exhibit 11-11 
Case 3
 

CONSOLIDATED BALANCE SHEET - DISTRIBUTION COMPANIES
 
PRO-FORMA I 

1969 
ACTUAL 

1990 
ACTUA 

191 
POLISH DISTRIBUTION COMPANIES 
Year End -- December 31 

ESTIMATE 
1992 1993 1994 

FORECAST 
19G5 199w 

t 
1997 

ASSETS 
1.116 

895 
318 

1.226 
3.716 

532 

5F474 

Cash 

Accounts Receivable 
Inventories -- Fuel 

Gross2.329 
Gross Fixed Assets: 

Tntn-,.ent Assets 

1.622 

8,719 
735 

11.145 
73.272 

1692 

8.948 
735 

11.375 
109.924 

1.692 

10.593 
735 

13.019 
165.632 

1.6921 

12.674 

735 

15.101 
211.220 

1.892 

14.764 
735 

17.191 
267.422 

1.692 

15.168 
735 

17.595 
297.728 

6.903 Transmission (> 110kv)& S/stations 
44.206 Distribution Lines 

I 65.818 
3.859 

31.959 

1.190 
6 

34.927 

14.803 
4.930 

70.842 
36,976 

33.866 

2.903 
- 30 

42,272 

Substations -_-
Other Fixed & Tangible Assets
Gross Fixed & Tangible Assets 
Less: Acc. Depreciation 

Net Fixed & Tangible Assets 

Capital Work -in--Progress 
Goodwill ___I 

TOTAL ASSETS EMPLOYED 

63_9 

38.553 
27.369 

2,903 

14-I17-

1145.5601 
60.025 
42,556 

6.385 

60316 

ee2.719 

59,272 

10.6741 

829651 

192.403 
107.270 

78.149 

15.600 
_1 

108,049 

244.170 
133.340 

99.610 

16,227 
. 85 

133,028 

296,564 
142.254 

119.110 

16.389 
0 

153.094 

891 2,671 
LIABILITIES 
Accounts Payable 

-------

. l 
______ 633 3.799 OtherLabilities 

Cash Deficiency (Surplus) 2.820 186 165 203 199 

_____ 

219 
__ 1.7841 

5751 
5751 

6,470 
1.309 
1.309 

Lon Term Debt 

E qu ity Balance : 

Total Current Li-abi-lities j 

Total Long Term Debt _ 

2.820 
1.309 
.309 

-184 
1,309 

1.309 

3322 

-185 
1.309 

1.309 

_ 203 
1.309 
1.309 

199 
1.309 

1.309 

219 
1.309 

1,309 

_ _ 31.645 32.578 Assumed Opening Position 32.5781 32.578 32.578 32.578 32.578 32.578 

-_923 

_ 

923 
32.568 

34,927 

991 
34.492 

42.2721 

Reserve for Asset Revaluation 
Retained Earnings -- Prior Years 
Current Year's Net Income 

Total Equity 
TOTAL LIABIUTIES & EQUITY 

01 
1.915 
2.795 

37.288 
41.417 

17.290 
4.710 
4.243 

58.820 

60.316 

34,579 
8,953 
5.381 

81.491 

82.965 --

51,869 
14.334 
8.556 

107.337 
108,849 

69.159 
22,890 
6.894 

131.520 
133.028 -

86.448 
29.784 
2.756 

151.585 
153.094 

Billions Zloty at Base Year Prices 
RCG/HAGLER. BAILLY. Inc. 
File Name g:\poVeportexhibitel 1 -9.wk1 
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Exhibit 11 - 12
 
Case 3
 

INCOME STATEMENT - GENERATING COMPANIES 
PRO-FORMA A.'JAL ACTUAL POLISH GENERATING COMPANIES ESTIMATE _ FORECAST1989 19M90) 1991 Year End -- December 31 1992 1993 194. 1957 19 1997 

-__ __- 97.847 Energy Sales - - GWh __ 97.011 96,337 __9.76 -! _ 20.773 Capacity -- MW 10.44 -105,58-2 107.94820.476 20.386 20.180 20,390 20,189 21,316 
- - % Capacity Sold 
__ 73.135 Hours of ProductionYear 73,626 73,626 74,765 75.904 86,791 60,630

195.312 Capacity Sales - MW/m 185,803 182.381 184,205Max Capacity Sales @1994 Installation 184,127 172.403 173,497208,851 207,732 202,166 200.636 191.242 195,389115.499 Energ Sales Price-- ZI/kWh ___ 196.754 300.222 306.771 313.057 326.149 338.126 
...... 45.459 Capacity Price -- '000 Z/MW/m------

.. ......-53,884 103,053 98.580 I 96.867...... __~Adijusted 1994CapcyPrice 100.644 103,333 .. .....
 
Sales Revenue - 

22 11,301 Ener-y 
 19,087 28,922 30,578 32.064 34.435 36.5008,879 C 10.012 18,795282 3,698 20.180 Sub-total Electricity Sales _ 
18.159 17.836 17.359 17.928. . . 29,099 28,901 30,601 34.517 47.089 53,32718 320 412 Others 1.012 885 875 875 875300 4.018 20,592 Total Sales/Revenues 11o.III 29.788i 31.475 

855 
35.391 47.964 54.161 

Variable Cost170 2.087 10,738 Fuel .... 11,592 1 25.295 2 2 5,028. 
88 Transport 1,6942 2,245 2701 287 

_______ 49 601 Envronmental Penalty 2792,687 2.742 2,796 2,850 -2.8713 284jOhr
173 2,253 11,3431 Total Variable Cost@ 1992 Prices -- 16.004 27,982 28.987 29.015 30,868 31,628 

Plus: Inflation I 
173 ____ 2.253___ 11,343______Fix~dI Capacity Costs Total Variable Cost 16,004 _727.982 28.987 29,815 30,868 31.628 

95 -- 951 5,865 E,-isn Plant 6.398 5.778 5,342 4464.695 4,5014____ New Plant . -- 72 145 28995 951 5.865 Total:Fixed Cost (ex.Dep'n)@1992 6,398 5,778 5,415 5,101 4.984 
434 

4.935 
_ i ~~~Plus:_ Inflation __ 

_951 951 5.865 Total Fixed Cost before Dep'n. I 6,398 5,778 5.415 5,101 4.984 4,9357 141 1.947 DepreciationExperee . . . _ 1,228 2,442 3.--4 5,521 7.041 8,914274 3 3.4 19.155 Total Operating x .. .e 23,629 36.203, 38.066 40.437 42.893 45,4777 26 _674 1 Operating Income 6.482 _______f6,417 __(6.591) 5,045 5.071 8,7044 31 65 Financial/Interest Expense(Net) (527
0 -- (671 421 Extraordinary Income (Loss) 7 
 _ -

23 575 1.794 Income Before Tax __7,039 5(7,9 . . 45__(.67 792 4.0135x 279 _ 80 Corporate Tax 2,
2.8161 (2.363)__ _ 2,664 _ 2,409 1.245 2.338 
18 9 84Ne Irncome After Tax ,2_23 766 (6.11. (5995)OU) 453 1,675 

Billions Zloty at Base Year Prices 
RCG/HAGLER, BAILLY. Inc. 

File Name g:\pol eport~exhibt\el 1-12.wkl 
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Exhibit 11 -13
 
Case 3
 

INCOME STATEMENT - POLSKIE SIECI ELEKTROENERGETYCZNE
 

PRO-FORMA 
1989 

ACTWUAAC-TU 
190 1991 

OLS~IE SIECI ECEKTROENrEGETYZE
Year End -- December 31 1992 | 1 - 1ST941E1994 1FORECAST19195 1996 197 

_INCOME STATEMENT 
a24.653 Total Sales 

24.015 Total Cost of Sales 
-- 638 Net Revenue from Energy Sales

141 Materials & Energy 

t 
35.662 

34.329 

1.333 
166 

36.340 

34,161 

2,179 

41.655 

38,804 

2.851 

46,723 

43,191 

3,531 

60.354 

55.875 
4,479 

68.018 

62.720 
5,298 

147 Outside Services 
35 Salaries / Payroll 

-T
j 94_ 

62 1 
... .... 22 Payroll Taxes. etc. 3F 

2 
7 

Business Tfavel 
Other---

.... 
-

-2- -2 - .... . . . .. 

354 Total Overhead Costs Q1_992
Inflation r'ces 

. 
354 

_.T..-__ 
___Total 9Current PricesPlus: Transfers from Distribution Compan es: _ . 

3541 
.

9 

54 

Materials& Energy 

Outside Services 
" 

1 
121 
75 1 

-_ _ - _ 

_ 

39 
___._ 

Salaries / Payroll 
Payroll Taxes. etc. 

54 I ...... 
__ 

. .... . . ____. . . .. .B usiness Travel . . .. . . .... . . . . . .. . 
__--_ 

_ _ 
- _ __ 

56 
143 

Pumped Storage Costs 
O her . 

... 
69___

198.. 
-- __ J 301 TotalO'headCosts Transf d @1992 Prices 407 

| J Total Oh ad Costs Transferred  407 

Adjusted Total Overhead Costs:150 Materials & Energy - 178 178 178 
--1 201 Outside Services 169 169 168 178] 178 
-_ 

____ 

z 

i__ 
74 
22 

Salaries /P-yroll 
Payroll Taxes. etc. - _-

-91161169__1_ 

30 30 
11" 1661 116 116 

I 2 Business Travel 30 3 3 
______64 Pumped Storage Costs 69 . 69 6 -9 69 69 

_82__Total _12 
151 Other 

Adjusted O'e__d Costs 
. 198 

761 
198 

761 
1981 
617 

198 
-7 6 11 

198 
761-761 

198 

I nfl a t i o n R v n e o m P o _ ti n . . . . ... 
Total@ Curr entPrices - 617178 b 71781 

1 3 OtherCost s 71 74 7b_ _ _ _ _ _ _ 

271 NtRevenue fromProduction 79_
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Case 3

INCOME STATEMENT - FOLSKIE SIECI ELEKTROENERGETYCZNE (cont.)
 

PRO-FORMA ACTUAL ACTUAL POLSKIE SIECI ELEKTROENERGETYCZN- ESTIAE 

1989 1990 1951 Year End -- Decembert31 1;2 


__ ___(BEFORE TRANSFERRED COSTS) _Net Revenuefrom Producton 
_AFTER TRANSFERRED COSTS)_ 

1210 Interost from loans to Others 

130 Interest on Deposits at Bank 

- i 2 Gain on Currency Exchange 2 


i 142 Financial Income Interest Income 
 2 

Other Revenuesens1 17
 

41.4_ Opeating Income I 

EFORE TRANSFERRED COSTS)
Operating Income 

(AFTER TRANSFEFRED COSTS)L 

11 Depreciation - - per Statement 15 

PIuDep'n on Revaluation 

Total Dep'n 0 Current Prices 15--14,9 Depreciation - - Transferred from DCs
Plus: Dep'n on Revaluation _ 

Total Dep'n @ Current Prices 
_______759

480 Total Adjusted Delxeciation @1992_ 1
Plus: Dep'n on Revaluation - -1 

Total Dep'n @ Current Prices 
Operating Income after Deprec'n 

15 

933


Financial Chares: 

- 27 Long Term LoanInterest 59 

Less: Intae:: during Construction 
Net Interest 

-J I
59 

___ 371 Income before Tax 925 


________ 148 Income Tax _ 370 

Capital Tax 

1 Other Taxes .........
. .. 

________ _____ 221 TRASFES)428NET INCOME (BEFORE TRANSFERS) 5521 


Billions Zloty at Base Year Prices 

993 


1.418 

18 

181328_3__
 

18 


1.436 

22 


22 

525 

234 


7-


547j
234 


780 

655 


107 

77 

30 


625 

343 

3BEFOR3 


...
 

1 


2.089 

113 


113 


2,202 

59 


59 

525 

701 


1,226 
584 

701 


1.285 

917 


286 

148 

138 

779 

543 

54 -_ 

FORECAST_ 

1 15 


2,770 

238 


231 


-


3.008 

147 


147 

525 


1.1691 


1,694 
672
1.169 

1;840 
1.168 

619 

330 

289 

879 


656 

656 


/1_--224
 
224
236 


_ _ 

1996 1997
 

3.718 4.537 

331 492
 

331 492
 

4.049 5.029 

239 509
 

309 509
 
525 525
 

1,636 2,104 

2,161 2,622 
2.161__ 2.629__ 

834 - 1.0341.636 -2.104 

2,470 - 3.138 
1,579 1.891 

949 1.128 
520 538
 
429 589
 

1,150 1.302 
771 773
 
7
 

379& -5292
 

RCG/HAGLER.BAILLY, Inc.
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Exhibit 11 -14
 
Case 3
 

INCOME STATEMENT - DISTRIBUTION COMPANIES
 
PRO-FORMA ACTUAL AT ArPOLISH DISTRIBUTION COMPANIES ESTIMATE FORECAST

19891 1990 19111 [Year End -- December 31 192F9 94 95 9610 

111.072 102,508 96,383 Energy Sates -- GWh -__ 95,074 
19.9 213.4 354.0 Average Tariff -- ZI/kWh 542.1 

2.215 21.880 34,119 Total EnergySale. Revenue 51,540 
16 332 676 Other Revenues (Net) 773 

97,575 100,441 104.501 107.220 110,154 
542.1 717.0 824.5 948.2 1090.4 

52.895 62616 74.920 87.277 89.565 
793 939 1.124 1.309 1.3452,231 22,212 34.795 Total Sales/Revenues 52.313 

- Energyl Costs___ 
53.689 63,55 78,04 5A 6 91.010 

_______ 
130 Own Thermal 
248_ Own Hydro

50 Auto producer 58 
7 Small Hydro 

58 58 5a 58 58 
...... 

1.530 15,122 23.715 PSE _ 35,989 
1,530 15.114, 24,149 Total Energy Costs 36.047 

36,341 41.653 46,724 60.356 67,898 
36.399 41.712 46.783 60,414 67,056Transmission and Customer Service 

25 216 317 Materials 
137 1.422 1.593 Repairs
243 -1,275 2.090 Salaries and Payroll -Taxes 

61 1.192 3.418 Amortization 
115 688 299 Administration Overhhead 

Other Costs . . . 
581 4,793 7,717 Total Fixed Op(irating Costs 

__ _ _Less: High Voltage Network Costs 
4 9 Materials44 54 Repairs 

26 39 Salaries and Taxes 
146 469 Amortization 
53 87 Administration Overhhead
30 56 Other Costs 

303 714 Total High Voltage Network Costs 
Net Distribution Network Costs212 308 Materials 425

1.378 1.539 Repairs 2.123 
1.249 2.051 Salaries and Taxes 

425 4251 425 425 425 
2.123 2.1231 2.123 2.123 2,123 

73__1.7321.732 12 1.732 1,732 1.7321,C7 2.949 Amortization 3,1.7 
635 212 Administration Overhhead 1.391 

5,005 6,959 9,086 11.429 14,0171,391 1.99 1.391 1,391 1.391 
(30) (56) Other Costs (7.)

1 4.490 7 ,002t Total Ditribution Costs @1992 8.790 
Plus: Inflation 

(7) ___ (78) (78) (78) 78)
10.599 12.552 14,680 17,022 19,610

0 0 0 0 0 0 __ _ Total Distribution Costs 8.790J 10,599 12,552 14.680 17,022 19.610 

2,111 19,907 31,86 TOTAL COSTS 44.838 
119] 2,3051 2,929 OPERATING INCOME 7.475 

4-6.998 54.264 61.463 777436 87.567 
6.691 9,292 14.581 11.150 F 3.444211 347 1,375 OTHER INCOME 1,581 1.597 1.830 2,052 26501 2.981

2 5 260 Interest Expense -155 
139 2.647 4,044 INCOME BEFORE TAX- 8.901 

39 1.716 2.874 Less: Income & Corporate Tax 6.106 

10 164 21 20 23 
8.277 10,957 16.611 13,780 6.401 
4.034 5.576 8.055 6,886 3.646,

100 931 1.170 NET INCOME 2.795 4.243 5,381 8,556 8.894 2,756 1 
Billions Zloty at Base Year Price. 

RCG/HAGLER, BAILLY, Inc. 
File Name g:\poI\reportVexhibit\el 1 -12.wkl 
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Exhibit 11 -15
 
CASE 3
 

OPERATING AND FINANCIAL RATIOS - GENERATION COMPANIES
 
PRO-FORMA ACTUAL ACTUAL POLISH GENERATING COMPANIES 

1989 1990 1991 Year End -- December 31 

_____ SALES 
I_120.5%Energy Sales(Gwh) -Annual Growth -%-0.9%S 1209.5% 445.7% Sales Revenue(Z]) -Annual Growth -% 

206.239 1Average Tariff  - Zlotys/kWh 

ESTIMATE 
1992 

44.2% 

299.9571 

-0.7%
-0.7% 

30.000 

FORECAST 

3.5% 2.% 3.1% 2.. 
5.9% 12.8% 36.4% 13.2% 

307.000 337.000 440.000 494.000 

SOPERATING RATIOS
O115.2Variable Cost / kWh 

9195.761 Ta eratingCost kWh 
196.428 Total Cost/kwh (excl. ROE) 
30.027 Fixed CoV Mw/m 
39.994 Fixed4Cost plus Depn Mw/ 
40,328 Fixed Cost plus Dep'n & Int./Mw/m

16.8% 7.0% Operating Income to Sales - % 

Oprating Income to Gross Assets 
_ in Service (Average) - %: 

14.9% -historical
3.8% [ 4.0% -revalued 
7.2% 7.7% Operating Income/Net Assets - % 

BALANCE SHEET RATIOS 
1.8 Current Ratio_ 

-_ _0.5 Cash at Bank to Sales - months 

___24 -Accts.Receivableto Sales -days 
____Debt to Equity Ratio - % 

______-historical 

-- 7.3% -revalued 

Billions Zloty at Base Year Prices 

164.969 
243.575 
237.831 
34.434 

1.042 
38.,042 
21.5% 

--

11.8% 
24.3% 

-2S5 
0.31 

19 

6.2% 

290.460 
375.795 
375.795 
31.684 
45.075 
45.075 

-21.5% 

-7.0% 
-15.2% 

0.7 
0.3 

i~ 
_______ 

16.5% 

290.815 291.091 292.358 292.992 
381.899 394.796 406.252 421.285 
381.899 394.796 406.252 421.286 
29395 27.702 28,898 28,445 
49,287 57.688 69.717 79,824 
49,287 57.688 69,717 79,824

-20.9% -14.3% 10.6% 16.1% 

-4.8% -2.7% 2.1% 3.1% 
-9.9% -5.4% 4.3% 6.0% 

0.3 0.2 0.3 0.3 
0.3| 0.3 0.3 0.3 

920 20 20 
__________ 

28.6% 34.3% 34.7% 34.2% 

ICG/HAGLER, BAILLY, Inc. 
File Name g:\poleport\exhibit\e1 1_15.vwl 

30-Jun-93 



Exhibit 11  16 
CASE 3 

OPERATING AND FINANCIAL RATIOS - PSE 
PRO-FORMA 

1989 
A1UAL 

190 
ACTUAL 

1991 
PSE 
YarEnd -- December 31 

ESTIMATE 
1992 19931 

FORECAST 
1994 199 1 19 1 1997 

__" __ -2.2% 

218.2 
218.2 

SALES 
Energy Sales(Gwh) -Annual Growth -% 
Sales Revenue(ZI) -Annual Grow h-% 
Average Tariff  - Zlotys/kWh _ 
Average Energy Tariff -- Zlotys/kWh 
Average Capaci Tariff 000 Zlob/s/MW/mo 

2 
-2.6% 
50.3% 
336.7 
336.7 

__ 

1.8% 
1.9% 

337.0 
337.0 

2.2% 
14.6%_ 
378.0 
378.0 

3.2% 
12.2% 

411.0 
411.0 

I 

2.7% 
29.2% 

517.0 
517.0 

2.8% 
12.7% 

567.0 
567.0 

SINCOME lATIOS: 

145.7% 
-7.2% 

_Operating Income/ Net Asse's - % 
BEFORE Transfer of Assets/Costs 
AFTER Transfer of Assets/Costs 
Operating Income after Dep'n/ Sales - % 

200.0% 
20.0% 6.6% 6.4% 

6_0% 

6. 6.1% 5.9% 

1.1% 
-0.1% 

BEFORE Transfer of Assets/Costs
AFT R Transfer of Assets/Costs 

2.8% 
1.7% 1.8% 2.2% 2.5% 2.6% 2.8% 

21.7% 

-23.6% 

Net Income/ Total Equity - % 
BEFORE Transfer of AssetsCosts 
AFTER Transfer of Assets/Costs 

7.1% 
8.2% 3.1% 1.7% 1.2% 1.6% 1.9% 

I CASH FLOW RATIOS: 

Debt Service Ratio 
8.10 BEFORE Transfer of Assets/Costs 

Self-Financing Ratio 
10.73 10.98 3.13 2.28 2.60 2.76 

64.4% BEFORE Transfer of Assets/Costs 98.0% 28.4% 11.8% 9.5% 18.8% 87.0% 

1.78 
0.01 
0.93 

28.0% 

BALANCE SHEET RATIOS:
Current Ratio 
Cash at Bank to Sales - months 
Accts.Receivable to Sales - months 

Debt to Equity Ratio - %
BEFORE Transfer of Assets/Costs 
AFTER Transfer of Assets/Costs . 

1.86 
0.01 
0 

11.2% 
.10.5% 

2.12 
0.10 
0.92 

3.02 
0.50 
0.92 

24.8% 

3.46 
0.67 
0.92 

34.8% 

3.60 
0.68 
0.92 

38.9% 

4.32 
0.97 
0.92 

34.2% 

Billions Zloty at Base Year Prices 
RCG/HAGLER. BAILLY. Inc. 
File Name g:\polVeport~exhibite1 1_1 5.Wkl 
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Exhibit 11-17
 
CASE 3
 

OPERATING AND FINANCIAL RATIOS - DISTRIBUTION COMPANIES
 
PRO-FORMA 

1989 
A;U.JL 

1990 
ACIUAL 

1901 
POLISH DISTRIBUTION COMPANIES 
Year End -- December 31 

ESTIMATE 
1992 1993 

FORECAST 
19941 19951 196 1997 

19.942 213.444 
135.258 
-7.7% 
i887.8% 

353.994 
221.677 

-6.0% 
55.9% 

SALES RATIOS
Average Sales Tariff -- Z1/Kwh 
Average Purchase Cost -- 71/Kwh 
Annual Sales Growth (Kwh) - % 
Annual Sales Growth (Z1) -- % 

542.100 
339.074 

-1.4% 
51.1% 

542.100 
336.295 

2.6% 
2.6% 

623.415 
377.161 

2.9% 
18.4% 

716.927 
410.071 

4.0% 
19.6% 

814.000 
515.734 

2.6% 
16.5% 

814.000 
564.605 

2.7% 
2.7% 

OPERATING RATIOS 

5.4% 

8.3% 
63.4% 
10.4% 
3.4% 
2.9% 

11.6% Dsitributjon Losses - % 
62.6% Energy Purchase/Sales - - % 
8.4% Operating Income/ Sales - - % 
3.9% Operating Income/ Net Assets -- % 
3.4% Net Income after Tax/Equity -- % 

10.6% 
62.5% 
14.3% 
20.0% 
7.5% 

9.9% 
62.0% 
12.5% 
15.0% __ 

7.2% 

9.2% 
60.5% 
14.6% 
15.1% 
6.6% 

8.4% 
57.2% 
19.2% 
18.0% 
8.0% 

8.5% 
63.4% 
12.6% 
10.8% 
5.2% 

8.5% 
69.4% 

3.8% 
2.8% 
1.8% 

1.3 _ _0.8 
FINANCIAL RATIOS
Current Ratio 4.0 561.1 78.8 74.3 86.4 80.2 

7.2%1 
I 

22.6% Total Debt Equity - - % 
Self-Financing Ratio -- % 

11.1% 2.5% 
162.6% 

1.8% 
113.3% 

1.4% 
124.5% 

1.1% 
114.0% 

1.0% 
103n0% 

Billions Zloty at Base Year Prices 
RCG/HAGLER. BAILLY, Inc. 
File Name g:\po~eport\exhib1\e 1_15.v*1 

30-Jun-93 
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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 Zl/kWh as of February 1993 (339.8 
Zl/kWh at mid-1992 prices). 

Exhibit 12-1 summarizes the retail tariff structure that came into effect on January 1, 1993 
(No. 7-Z/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, I 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 1 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 - Z/92) AND PREVIOUS (No. 7 - Z/91) TARIFF CLASSES 

CURRENT RETAIL TARIFF (No. 7-Z/92) PREVIOUS RETAIL TARIFF (No. 7-Z/92)
equivalent to - > 

Tariff Customer Segment % of Sales I/ Tariff Customer Segment %of Sales l/ 

A21 HV - All non-residential 0.1% A9 (3%) HV Rail Transport 0.1% 
(demand, flat energy) 

A22 HV - All non-residential 1% A2 HV Industry 1%i 
(demand, energy - 2 TOD) 

A23 HV - All non-residential 29% A3 HV Industry 29% 
(demand, energy - 3 TOD) 

B21 MV - All non-residential 9% All MV Industry 3% 
(demand, flat energy) A9 (97%) MV Rail Transport 5% 

Eli MV Commercial 1%1 
Fl1 MV Large Farms 0.5% 

'622 MV - All non-residential 10% A21 MV Industry 9%I 
(demand, energy - 2 TOD) E21 MV Commercial 0.3%t 

F21 MV Large Farms 0.2% 1 

823 MV - All non-residential 7% A31 MV Industry 7%; 
(demand, energy - 3 TOD) 

C21 LV - All non-residential 2% 81 LV Industry 2%1 
(demand, flat energy) 

C22a,b LV - All non-residential 1% B2 LV Industry 1%
 
(demand, energy - 2 TOD)
 

'Cl LV - All non-residential 10% D Street Lights 2% I 
(flat enery only) El LV Commercial 9% 

C12a,b LV - All non-residential 1% E2 LV Commercial 1%
 
(energy only - 2 TOD)
 

Gil LV - Residential/Small Farm 23% Fl Small Farms 5%1 
(flat energy only) G1 Residential 18% I 

G12 LV - Residential/Small Farm 6% F2 Small Farms 3% 1 
(energy only - 2 TOD) G2 Residential 3%I 

1/ Based on sales data for the first half of 1992. 



12.3 TARIFF DESIGN 

less than 40 kW or 80 MWh/year (tariff "C "), 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 .,, 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 farm 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 margiiiai 
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 tariff increase) is 381.4 ZI/kWh (339.8 Zl/kWh at mid-1992 prices). By 
comparison, the economic cost of supply is 708.5 Zl/kWh (mid-1992 prices) and the 1994 
financial revenue requirement (also at mid-1992 prices) has been estimated in Chapter 8 to be 

RCG/Hagler, Bailly, Inc. 



EXHIBIT 12-2 
Retail Tariffs Effective 10/11/1992 (No. 7 - Z/91) 

r re.EMANCHARGE f ENRGYCAf-GE 
Tariff 
Class 

Service 
Vo!tage 

Customer 
Segments___ 

(ZI/KW/Month) 
Contract Measured Excess Flat Peak 

(ZI/KWh) 
Off-Peak Day Nig 

All 
A2 
A21 
A3 
A31 

MV 
HV/MV 
HV/MV 
HV/MV 
HV/MV 

Industry 
Industry 
Industry 
Industry 
Industry 

15.970 
15.810 
15.970 
15.810 
15.970 

30.030 
28.470 
30.030 
28.470 
30.030 

159.700 
158.100 
159.700 
158.100 
159.700 

440 
-
-
-
-

-

670 
620 
490 
490 

. 
230 
210 
-
-

-

-
300 
270 

-

-
170 
150 

A9 HV/MV Transport 15.970 30.030 159.700 240 - - -HV/MV Transport 15.970 - 159.700 330 .... 

B1 LV Industry 17.390 39.530 173.900 470 - -
B2 LV Industry 17.390 39.530 173.900 - 940 290 - -

D LV Street Lights - - - 1180 - - - -
LV Street Lights - - - 830 - - - -

El LV 
LV 

Commercial 
Commercial 

-
-

-
-

-
-

830 
770 

-
-

-
-

-
-

-
-

E2 
Ell 

LV 
HV/MV 

Commercial 
Commercial 17.390 

-

39.530 
-

173.900 
-

400 
1140 

-

410 
-

-
-

-
-E21 HV/MV Commercial 17.390 39.530 173.900 - 650 210 - -

F1l 
F21 

LV 
LV 

Farms 
Farms 

13.279 
13.279 

27.100 
27.100 

132.800 
132.800 

400 
-

-
480 

-
210 

-

-
-

-

R Temporary - - 1130 - - - -

F1, G1 LV Residential/Sm Farms - - - 700 .- -
F2, G2 LV Residential/Sm Farms .-.... 810 320 



EXHIBIT 12-3 
Retail Tariffs Effective 1/1993 (No. 7 - Z/92) 

Tariff 
Class 

Service 
Voltage 

Customer 
Segments 

DEMAND CHARGE 
(ZI/KW/Month) 

Contract Measured Excess Flat Peak 

ENERGY CHARGE 
(ZI/KWh) 

Off-Peak Day_______ 
- -Dy_ Niht 

A21 
A22 
A23 

HV 
HV 
HV 

All Non-Residential 
All Non- Residential 
All Non-Residential 

10.000 
10.000 
10.000 

29.000 
29.000 
29.000 

50.000 
50.000 
50.000 

410 
-
-

.... 
655 
655 

350 
-

-
355 

-
180 

Bil MV All Non-Residential - - - 650 - - -
B21 MV All Non-Residential 11.000 30.000 55.000 415 - -
B22 
B23 

MV 
MV 

All Non-Residential 
All Non-Residential 

11.000 
11.000 

30.000 
30.000 

55.000 
55.000 

-
-

705 
705 

350 
-

-
385 

-
200 

C21 
C22a 
C22b 

LV>40kW 
LV>40kW 
LV>4OkW 

All Non-Residential 
All Non-Residential 
All Non-Residential 

12.100 
12.100 
12.100 

40.000 
40.000 
40.000 

60.500 
60.500 
60.500 

640 
-
-

-
960 
-

-
520 
-

-
-

650 

-
-

360 

Cll 
C12a 
Cl2b 

LV<40kW 
LV<4OkW 
LV<4OkW 

All Non-Residential 
All Nor.-Residential 
All Non- Residential 

-
-
-

-
-
-

-
-
-

930 
-
-

-
1150 

-

-
530 
-

-
-

1040 

-
-

400 

R Temporary Service - - - 1230 - -

Gil 
G12 

LV 
LV 

Residentil/Sm Farms 
Residenti:J/Sm Farms 

- - - 785 
.--. 

.-
925 

-
340 



EXHIBIT 12-4 
STRICT LONG RUN MARGINAL COST BASED TARIFF BY TARIFF CLASS - BULK 

TARIFF CLASS 
SERVICE 

VOLTAGE 
COINCI-
DENCE 

LOAD 
FACTOR 

ENERGY SHARES 
PEAK MID-PEAK 

TOTAL MARGINAL COSTIMONTH 
CAPACITY ENERGY TOTAL 
tysZI/KW tysZl/KWh tysZl/KWh 

DEMAND 
CHARGE 

SHARE 

H1/1992 CURRENT 
&ALES YIELD 

GWh tysZi/KWh 

DISTRIBUTION COS. HV 1.00 0.65 0.20 0.28 121.10 0.4533 0.7085 36% 50434 0.3398 

BULK SYSTEM AVERAGE 
Equivalent tysZl/KWh 
% of System Average 

0.20 0.28 121.10 
0.2552 

36% 

0.4533 
0.4533 

64% 

0.7085 
0.7085 

100% 

50434 0.3398 

STRICT LONG RUN MARGINAL COST BASED TARIFF BY TARIFF CLASS - RETAIL 

TARIFF CLASS 
SERVICE 

VOLTAGE 
COINCI-
DENCE 

LOAD 
FACTOR 

ENERGY SHARES 
PEAK MID- PEAK 

TOTAL MARGINAL COST/MONTH 
CAPACITY ENERGY TOTAL 
tysZI/KW tysZI/KWh tysZI/KWh 

DEMAND 
CHARGE 
SHARE 

H1/1992 CURRENT 
SALES YIELD 
GWh tysZi/KWh 

INDUSTRIAL 

TRACTION 

COMMERCIAL 

AGRICULTURAL 
RETAIL 
ST. LIGHTING 

HV 
MV 
LV 
HV 
MV 
MV 
LV 
MV 
LV 
LV 

0.81 
0.63 
0.54 
0.93 
0.93 
0.63 
0.55 
0.54 
0.49 
1.00 

0.60 
0.42 
0.31 
0.48 
0.48 
0.49 
030 
0.38 
0.25 
0.50 

0.16 
0.18 
0.18 
0.19 
0.19 
0.20 
0.20 
0.20 
0.27 
0.21 

0.27 
0.31 
0.31 
0.30 
0.30 
0.32 
0.32 
0.32 
0.25 
0.04 

98.09 
117.62 
154.27 
112.62 
173.63 
117.62 
157.13 
100.82 
139.99 
285.69 

0.4354 
0.4652 
0.5203 
0.4534 
0.4671 
0.4755 
0.5323 
0.4755 
0.5479 
0.4659 

0.6594 
0.8488 
1.2020 
0.7748 
0.9627 
0.8044 
1.2498 
0.8390 
1.3150 
1.2486 

34% 
45% 
57% 
41% 
51% 
41% 
57% 
43% 
58% 
63% 

14090 
8884 
1334 

67 
2178 

641 
4464 
320 

13616 
742 

0.3874 
0.4995 
0.7828 
0.4606 
0.4715 
0.4934 
0.7745 
0.5287 
0.6310 
0.7884 

DISTRIBUTION COMPANY AVERAGE 
Equivalent tysZI/KWh 
% of System Average 

0.20 0.28 128.31 
0.4991 

51% 

0.4888 
0.4888 

49% 

0.9879 
0.9879 

100% 

46336 0.5421 



12.7 TARIFF DESIGN 

367.0 Zl/kWh. At the retail (final sales) level, the estimated current yield (as January 1993) is 
621.9 Zl/kWh (542.1 ZI/kWh at mid-1992 prices), the strict economic cost of supply is 987.9 
Zl/kWh, and the financial revenue requirement in 1994 (mid-1992 prices) has been estimated 
to be 623.4 ZlI/kWh. These data reveal a financial subsidy for all final sales on the order of ZI 
7.5x 1012 per year, or equivalently, about US $0.6 billion per year at an exchange rate of 
13,400 ZlI/US$. 

The economic subsidy -- measured as the difference between current yield and LRMC -- for 
all final sales is on the order of ZI 4. lx 10 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 "GI" and "G2") and small 
farms (formerly served under tariffs "Fl" and "F2"). Larger farms (formerly, tariffs "Fl I" 
and "F21") are served under a separate low-voltage tariff discussed later. Tariff "G" aiso 
includes group accommodation facilities, such as dormitories, schools, etc. 

The residential tariff structure is a flat energy charge for all kWh (tariff "GI 1"). As an 
option, a day/night time-of day (TOD) tariff ("G12") is available. The estimated average
yield (as of January 1993) is 744.4 Zl/kWh (631.0 Z1/kWh at mid-1992 pr'ces), as compared 
to an economic cost of supply of 1,315.0 Zl/kWh and a revenue-neutral LRMC of 828.9 
Zl/kWh. At current sales levels, these numbers imply a financial subsidy of about ZI 5 trillion 
per year and an economic subsiy of about ZI 18 trillion per year. The tariff represents about 
75 percent of the financial cost of supply and about 50 percent of the economic cost. 
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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 ZI/kWh, 
respectively. 

Single-block 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 I1 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 all 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 "consolidated factor." This factor distinguishes between 
the two components of sales at any particular interval, and is estimated as the sum of all 
kilowatt-hours in bills rendered from zero consumption 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 

1 We have not prepared a separate BFA for this study. Rather, we have relied on a study regularly 

prepared by the Polish Energy Information Center. 
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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 ;n Exhibit 12-5. The data aggregate sales and bills for tariff 7-Z/91 classifications
"G,"'(G2," "Fl," and "F2." 

Exhibit 12-5
 
Residential Bill Frequency: Tariff Classes G1, G2, F1, F2
 

Sales 

Interval 


(kWh/month) 


0 

83 

167 

250 

333 

417 

667 

833 

1,667 

2,500 

4,167 

8,333 

83,333 

Cumulative 

Percent of 


Bills 


0.00% 

36.18% 

69.90% 

83.46% 

89.25% 

92.60% 

97.12% 

98.28% 

99.69% 

99.88% 

99.95% 

99.99% 

100.00% 

Note: Zero bills not estimated. 
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Cumulative 
Percent of 

Sales (kWh) 

0.00% 

10.77% 

34.49% 

50.08% 

59.57% 

66.63% 

79.80 % 

84.61% 

93.19% 

95.21% 

96.58% 

97.57% 

100.00% 
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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 a high number, even after considering that group accommodation 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 "CI" (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 c'istomers 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, including 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 th;,.'t 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 
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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 Z1/kWh without the subsidy and 723.2 
Z1/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 speciad 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 eliniinated. 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 Zl/kWh, (387.7
Zl/kWh at mid-1992 prices) as compared to the economic cost of 659.9 Zl/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 Zl/kW/month for contract demand and 29,000 
ZI/W/rnonth for measured demand. The basic tariff offers a flat energy charge, currently 
640 Zl/kWh. 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. 
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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 ("AI 1," "A21," "A31"), taction (97 percent of "A9"), commercial 
("El 1," "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 slighdy 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 Zl/kWh (494.9 Zl/kWh at mid-1992 prices), as
 
compared to the economic cost of 866.8 Zl/kWh and a revenue-neutral LRMC of 547.0
 
Zl/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 "BI" and 
1112."'
 

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 Zl/kW/month for measured demand. The basic tariff offers a 
flat energy charge, currently 640 ZI/kWh. As with tariff "Cl," 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 
Zl/kWh at mid-1992 prices), as compared to the economic cost of 1,202.0 Zl/kWh and a 
revenue-neutral LRMC of 758.5 ZI/k,h. 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 a 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. 
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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 b_ 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 "Cl" - 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 "El" and "E2." It also includes street lighting (formerly tariff 
101").
 

The basic tariff is a flat energy charge, currently 930 Zl/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 Zl/kWh (774.5
Zl/kWh at mid-1992 prices), as compared to the economic cost of 1,249.8 Zl/kWh and a 
revenue-neutral LRMC of 788.6 ZI/kWh. At current sales levels, these numbers imply only a 
modest financial subsidy, but they indicate an economic subsidy of Z1 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. 
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1994 Financial Revenue Requirement 

1994 Target Yield Est. Current Yield Increase Required 
(mid-92 ZI/kWh)* (mid-92 ZlI/kWh) (%) 

PPGC 376.0 339.8 11% 

DCs 623.4 542.1 15% 
* based on the most likely "coiastrained" 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 Z1/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 mus: be increased from 339.8 Z1/kWh 
(mid-1992 prices) to 376.0 ZI/kWh, an 11 percent increase. At the retail level, the revenue
neutral LRMC implies a real average price (yield) increase of 31 percent for residential 
customers (from 631 0 Zl/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 
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EXHIBIT 12-6 
REVENUE RESPONSIBILITY BY CUSTOMER/TARIFF CLASS - BULK 

BILLING YEAR 
TOTAL GRID SALES (GWh) 
REVENUE REQUIREMENT 
TOTAL (tysZI MILLION) 
AVERAGE (tysZI/KWh) 1/ 

1994 
109072 

41011 
0.3760 

H1/1992 CURRENT STRICT REVENUE NEUTRAL REVENUE
CUSTOMER/ SALES YIELD2/ LRMC3/ STRICT LRAC RESPONSIBIUTYTARIFF CLASS GWh tysZI/KWh tysZI/KWh rysZI/KWh % CHNG tysZI/KWh % CHNG 

DISTRIBUTION COS. 50434 0.3398 0.7085 0.3760 11% 0.3760 11% 

TOTALBULK 50434 0.3398 0.7085 0.3760 11% 0.3760 11% 

1/ Approximate revenue target for 1994. 
2/ Estimated average current yield after tariff increase of 01/1993. in mid- 1992 prices.
3/ Escalated to 1994 prices, a 0.00% increase. 

REVENUE RESPONSIBILITY BY CUSTOMER/TARIFF CLASS - RETAIL 

BILLING YEAR 
TOTAL GRID SALES (GWh) 
REVENUE REQUIREMENT 
TOTAL (tysZl MILLION) 
AVERAGE (tysZI/KWh) 1/ 

H 1/1992 
CUSTOMER/ 
TARIFF CLASS 

SALES 
GWh 

"A" HV 
"B" MV 
"C' (> 40kW) LV 
"C"(<40 kW) LV 

RETAIL LV 
ST. LIGHTING LV 

14157 
12023 
1334 
4464 
13616 
742 

TOTAL DC RETAIL 46336 

1994 
100441 

62615 
0.6234 

CURRENT 

YIELD2/ 

tysZl/KWh 

0.3877 
0.4949 
0.7828 
0.7745 
0.6310 
0.7884 

0.5421 

STRICT 

LRMC3/ 


tysZl/KWh 

0.6599 
0.8668 
1.2020 
1.2498 
1.3150 
1.2486 

0.9879 

REVENUE NEUTRAL 

STRICT LRMC 


tysZl/KWh % CHNG 

0.4164 
0.5470 
0.7585 
0.7886 
0.8298 
0.7879 

7% 
11% 
-3% 
2% 

31% 
0% 

0.6234 15% 

REVENUE
 
RESPONSIBIlTY 

tysZl/KWh % CHNG 

0.4164 
0.5470 
0.7585 
0.7896 
0.8298 
0.7879 

7% 
11% 
-3% 
2% 

31% 
0% 

0.6234 15% 

1/ ApproximatE revenue target for i994.
 
2/ Estimated average current yield after tariff increase of 01/1993, in mid-
 1992 prices.
3/ Escalated to 1994 prices, a 0.00% increase. 
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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 
TLRMC 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 Zl/kWh (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 
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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 alter 
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 Zl/kWh (see Exhibit 12-6).
 

PPGC Bulk Sales Tariff Demand Energy (ZI/kWh) 
(Z/kW/mo) 

Option Season Peak Mid-Peak Off-Peak 

Bulk-23 Winter 32.840 681 337 188 
Summer 29.870 503 441 199 

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- I1 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. 
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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 cn 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 or. 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, 5 percent, and 2.5 percent of all 
distribution company final sales, respectively. Relative sales by tariff class are shown in the 
following table: 
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Percent of Sales by Tariff Class *
 
Tariff Class
 All Distributors ZE Glivice ZE Warszawa ZE Bialystok 

"A" 31% 58% 19% 1% 
"B" 26% 19% 29% 29% 

"C2" > 40 kW 3% 2% 4% 4% 
"CI" < 40 kW 10% 5% 16% 14% 

Street Lights 2% 1% - 3% 
"G" 29% 15% 32% 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 * 

(Zl/kWh) (Zl/kWh) 

ZE Glivice 842 777 

ZE Warszawa 1044 906 

ZE Bialystok 1160 1245 

All Distributors 988 785 

• 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.e., the unconstrained 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: 
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Revenue-Neutral Strict LRMC by Tariff Class 
Tariff Class All ZE Glivice ZE Warszawa ZE Bialystok 

Distributors 

"All 524 609 573 714 
"B" 689 795 749 918 

"C2">4.0k 955 1109 1043 1291 
W 993 1153 1085 1342 

"CI"<40k 1045 1213 1141 1412 
W 992 1152 1084 1341 

St. Lights 785 77 906 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 these 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 
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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 .yclas 
(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 a,-gument for employing this approximation of class 
tariffs is that it 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 "otrain 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-1Opm weekdays), mid-peak (7am-lpm weekdays), off-peak (all other hours) 

Winter (November - April): 

peak (4pm-9pm weekdays), mid-peak (7am-lpm 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 relatively 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, Baiily, Inc. 
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Exhibit 12-7 
Allocation of Marginal Cost Components for TOD Rate Design 

Marginal Cost Demand Peak Off-Peak 
Component Charge Energy Price EnerM- Price 

A. 2-part tariff (demand and energy) 

1. St :t marginal energy cost (not to be X X 
adjusted) 

2. Coincident demand charge (i.e., on 
maximum kW in peak hours only) 

a. marginal cost of generation capacity LOLP-based allocation to peak LOLP-based 

period. Recovered through 
energy or demand charge. 

b. marginal cost of uetwork capacity 
- transmis .,n (VHV, HV) cost 

100% recovery through energy 
charge or demand charge 

- distribution (MV, LV) cost X X 

3. Simple maximum demand charge (i.e., on 
ma, imum kW in all hours) 

a. marginal cost of generation capacity 

-- LOLP-based LOLP-based 

b. marginal cost of netwo2k capacity 100% recovery, preferably 
- transmission (VHV, HV) cost through energy charge 

distribution (MV, LV) cost Either 100% in demand charge or recovered fully
throughpeak anduff-peak energy charge. 

B. Pure energy tariff (no 6",mand charge) 

1. Marginal energy cost - On-peak strict Off-ptak strict 

marginal energy marginal energy 
cost cost 

2. Mi "ginal capacity costs LOLP-based LOLP-basel 
a. marginal cost of generation capvcity share of share of 

generation generation 
capacity cost capacity cost 

b. marginal cost of network capacity 100% recovery 
- transmission (VHV, HV) ost through energy 

charge 

- distribution (MV,LV) cost 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. On a 
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 :se 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 Mk 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. 

c) 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 frm)m 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 LOJP to the peak
period should be spread across all kWh in that period. 

b) the margird cost of network capacity related to transmission (VHV and/or HV) should 
be recovered through the peak period energy price. 

c) 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 paking during the off-peak hours. While 
rwcovcring these costs through the demand cha:ge is desirable, this cost component alone 
may not be sufficient to justify the additional complication and expense of a separate 
demand charge. 

RC =algl er, Bail y, lnc. 
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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 staadpoint 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-ruk 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-nm 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:
 

o 	 seasonal load variations 
o 	 duration of daily peak period 
o metering cost
 
P customer understanding and a€zeptance
 
o 	 probability of shifting peak or off-peak period rather than reducing peak 
t-	 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. 

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 measured (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 mana,- ement objectives. While there is excess system capacity, einphasis 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. 2 

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 dcmand, 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, weknow that these costs are certairiy less than 100 percent 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 thatthe rationale for the contract demand charge is the same as discussed above with respect to distribution network
(MV and/,r LV) capacity costs, i.e., that certain investments in the network are user-specific local facilities that
should not be avoided even if a customer's peak is not within the peak period. 

R/Faer, idly, Inc. 
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Historical Ratio of Contract to Measured 
Tariff Demand Ratio 
Class 

191 Jan-Jun 192 October 1992 
Assumed in 
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 "GIl" (flat 
energy charge) and "G12" (TOD energy charge). Each option collects the class revenue target
yield of 828.9 Zl/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 tariff 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) Siructure
 

Tariff "G" Energy (Zl/kWh) 

Option Season Peak Mid-Peak Off-Peak 

G 12 Winter 1.149 484 
Summer 1.106 531 

Gil Winter 830 

Summer 830 

Exhibit 12-9
 
Typical Bill Impacts: Tariff "G" (Residential)
 

TOD Energy Shares Bill Impact (tysZI/kW/month) 
Consumption 
kWh/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 ,1% 

200 0.22 0.20 126.200 154.049 22% 

100 0.27 0.25 63.100 82.968 31% 

100 0.32 0.30 63.100 88.912 41% 

100 0.22 0.20 63.100 77.024 22% 

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 22% 

RCG/Hagler, Bailly, Inc. 
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tariff increase to residential users. Wen conparing the flat-rate tariff with current rates, the 
proposed real increase is approximately 60 percent (at mid-1992 prices). 

As notec i 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 at a 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") anc. other LV classes (tariffs "Cl" 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 
en.rgy charge. As soon as feasible, all of these customers should be on a mandatory two-part
time-of-day (i'D)tariff with a coincident demand charge. 

Tariff options are summarized in Exhibit 12-10. Assuming an average class load factor of 0.6 
aid representative TOD energy shares (0.17 peak and 0.27 mid-peak), these tariff structures 
would meet a class reveiue responsibility of 416.4 Zl/kWh. The demand and eneigy charges 
have been aligned closely with the economic cost of'supply. 

RCG/Hagier, Bailly, Iac. 
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Exhibit 12-10
 
Proposed Tariff "A"(High Voltage) Structure
 

Tariff "An Demand (tysZl/kW/mo) Energy (ZI/kWh) 

Option Season Contract Measured Peak Mid-Peak Off-Peak 

A23 Winter 6.790 36.580 752 352 210 
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
 

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 various 
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 interim, 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/Hagler, Bailly, Inc. 
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Exhibit 12-11
 
Typical Bill Impacts: Tariff "A"(High Voltage)
 

TOD Energy Shares Bill Impact (tysZikW/month) 
Load Consumption 
Factor kWh/kW/mo Peak Md-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 8% 

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% 

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 Zl/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 o',er 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 tariff structure 
(coincident or maximum demand charge; one, two, or three rating periods for energy 
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Exhibit 12-12
 
Proposed Tariff "B" (Medium Voltage) Structure
 

Tariff "B" Demand (tysZl/kW/mo) Energy (ZI/kWh) 

Option Season Contract Measured 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 (tysZl/kW/month) 
Load Consumption 
Factor kWh/kW/mo Peik Mid-Peak Present Proposed %Change 

0.42 307 0.18 0.31 151.743 168.075 11% 

0.42 307 9.22 0.37 151.743 177.594 17% 

042 307 0.14 0.25 15i.743 158.557 4 k 

0.20 146 0.310.18 91.629 96.572 5% 

0.20 146 0.370.22 91.629 101.105 10% 

0.20 146 0.14 0.25 91.629 92.040 0% 

0.60 438 0.18 0.31 200.927 226.578 13% 

0.60 ,038 0.22 0.37 200.927 240.176 20% 

0.60 438 0.14 0.25 200.927 212.980 6% 
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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 "C" - 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, Bailly, Inc. 
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Exhibit 12-14
 
Proposed Tariff "C2" (Low Voltage > 40 kW) Structure
 

Tariff "C2" (>40 kW) Demand (tysZl/kW/mo) Energy (ZI/kWh) 

Option Season Contract Measured Peak Mid-Peak Off-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 (tysZl/kW/month) 
Load Consumption 

Factor kWh/kW/mo 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 -8% 

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% 
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Exhibit 12-16
 
Proposed Tariff "Cl" (Low Voltage < 40 kW) Structure
 

Tariff "Cl" (<40 kW) Demand (tysZI/kW/mo) Energy (ZI/kWh) 

Option Season Contract Measured Peak Mid-Peak Off-Peak 

C 123 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 

C121 Winter 6.090 17.680 663
 
Summer 6.090 16.970 669
 

C113 Winter - - 1.347 922 467 
Summer 1.084 1.032 503 

Cl12 Winter 1.088 467 
Summer 1.051 503 

C111 Winter 789 
Summer 789 
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Exhibit 12-17
 
Typical Bill Impacts: Tariff "Cl" (Low Voltage < 40 kW)
 

TOD Energy Shares Bill Impact (tysZi/kW/month)Load Consumption 
- _ _ _ _ 

Factor kWh/kW/mo Peak 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 0.260.16 113.077 106.263 -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 0.260.16 282.693 265.659 -6% 

Exhibit 12-18 
Proposed Street Lights Tariff 

Street Lights Tariff Energy (ZlI/kWh) 

Option Season Peak 3 id]I fea k 

- Winter 788 

Summer 788 

RCG/Hagier, Badly, 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-firrr. The IS tariff will specify an advance notice period .hat 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 generation 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 not 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. 
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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 dtility's generation expansion plan, a 
three-year notice of contract cancellation on the part of the custcrner 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 rctail 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 isa progressive scale of payments for power factors below 0.93. While this system
 

RCG/Hagler, Bailly, Inc. 



TARIFF DESIGN 12.39 

is beirg 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
 
Zl/coincident kW; alternatively, a demand charge of 32,920 ZI/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 reduk;tion. Additionally, distributors will benefit
 
through reductioni in lhie 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 multiple 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 rfsay 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. 

RrCTG'/H , R-illy, Inc. 
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TARIFF DESIGN 12.40 

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 degiee 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, Baily, Inc. 
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APPENDIX 2.1 REVIEW OF ELECTRICITY DEMAND FORECASTS 

As discussed in Chapter 2, three forecasting studies developed in Poland since 1990 were 
reviewed for this analysis. These were prepared by: 

b. The Polish Academy of Sciences (PAS)

1, The Polish Power Grid Company (PPGC), Department of Development

1, The Ministry of Irdus-y (MOI), as published by the OECD/IEA. 

Each of these forecasts includes its own high and low scenario, for a toal of six forecasts.
We have divided these forecasts according to their underlying macroeco:iomic assumptions

about future economic conditions in Poland. Scenario I (Optimistic Crowth) forecasts are

summarized in Exhibit 2.1-i and Scenario 2 (Rapid Recovery to Steady Growth) forecasts are summarized in Exhibit 2.1-2. Each exhibit compares economic and electricity generationforecasts, and calculates implied income elasticities from each source. The individual studies 
are described briefly below. 

POLISH ACADEMY OF SCIENCE 

This study was prepared in 1991 based on macroeconomic scenarios developed by workinggroups of Polish economic experts (e.g., the Central Planning Office, the Institute of Basic
Technical Problems of the Polish Academy of Science). Two economic performance
scenarios were identified: a "low" case in which GNP falls by 5 percent in real terms from
1990 to 1995, and a "high" case in which GNP is expected to rise by about 17 percent over 
the same period. 

Further, the economic scenarios anticipated a change in the structure of the national 
economy, away from energy-intensive industries (e.g., ironworks, construction materials,
chemicals), transport and agriculture, and toward other sectors (e.g., trade, 
telecommunications, small industry). 

As summarized in Exhibit 2-4 (in Chapter 2), each scenario contained an independent
assessment of new apartment construction, which was directly linked to future energy needs.
Specifically, the low case estimated 130,000 units per year in the near term, rising to220,000 units per year in the long term; the high scenario assumed 200,000 units from 1991
1995, rising to 350,000 units per year by 2010. By way of comparison, about 125,000
apartments were constncted in 1990 and an average of 170,000 units per year from 1986
1990. Higher levels are representative of 1970s' construction levels. 

RCG/Hagler, Bailly, Inc. 
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Exhibit 2.1-1 
Scenario 1: Optimistic Economic Growth 

A. POLISH ACADEMY OF SCIENCES - 1990/91 

HIGH 
Real Electricity 

year GNP 1/ (10 Required 2/ {,) 

1990 535.5 - 135.3 -
1995 626.5 3.2% 160.0 3.4% 
2000 818.8 5.5% 193.0 3.8% 
2010 1223.2 4.1% 265.0 3.2% 

B. POLISH POWER GRID CO. (PSE) - December 1991 

VARIANT II (High)
Real Electricity 

year GNP 1/,/3 (o) Required 2/ (w) 

1990 535.5 - 135.3 
1991 492.7 -8.0% 132.0 -2.4% 
1995 626.5 6.2% 151.0 3.4% 
2000 818.8 5.5% 174.6 2.9% 
2005 1020.0 4.5% 199.9 2.7% 
2010 1223.2 3.7% 228.8 2.7% 

C. POLAND MINISTRY OF INDUSTRY - October 1990 

MEDIUM 
Real Electricity 

year GNP 4/ (_} Required 2/ (} 

1990 6320.0 - 141.0 
2000 10400.0 5.1% 203.0 3.7% 
2010 16770.0 4.9% 280.0 3.3% 

1/ Real GNP in trillion Zloty at 1990 prices (reported bv PSE).
2/ Electricity production for domestic needs, in billion ,W -.
 
3/ Real GNP for 1991 estimated by PSE; real GNP for 

2005 estimated from P3E-supplied elasticities. 
4/ Real GNP in billion 1984 Zloty. 

Income
 
Elasticity
 

-

0.69 
0.79 

Income 
Elasticity 

-

0.55 
0.54 
0.61 
0.74 

Income 
Elasticity 

0.73 
0.67 



Exhibit 2.1-2 
Scenario 2: Rapid Recovery to Steady Economic Growth 

A. 	POLISH ACADEMY OF SCIENCES - 1990/91 

LOW 
Real Electricity Income 

year GNP1/ Required 2/ t%) Elasticity 

1990 535.5 - 135.3 -
1995 
2000 
2010 

508.7 
577.9 
793.0 

-1 0% 
2.6% 
3.2% 

144.0 
162.0 
208.0 

1.3% 
2.4% 
2.5% 

-
0.92 
0.79 

B. POLISH POWER GRID CO. (PSE) - December 1991 

VARIANT I (Low) 

year 
Real 

GNP 1.3/ (!, 
Electricity 

Required 2/ ( 
Income 

Elasticity 

1990 535.5 - 130.5 -
1991 
1995 
2000 
2005 
2010 

492.7 
508.7 
577.9 
674.0 
793.0 

-8.0% 
0.8% 
2.6% 
3.1% 
3.3% 

132.0 
138.0 
156.4 
175.9 
197.8 

1.'i 0% 
1.1% 
2.5% 
2.4% 
2.4% 

_ 
1.39 
0.98 
0.76 
0.72 

C. POLAND MINISTRY OF INDUSTRY - October 1990 

LOW 
Real Electricity Income 

year GNP 4/ o) Reuired 2/ (!g Elasticity 

1990 6320.0 - 138.0 - _
2000 8810.0 3.4% 180.0 2.7% 0.80
2010 11400.0 2.6% 	 248.0 3.3% 1.25 

I / Real GNP in trillion Zloty at 1990 prices (reported by PSE).
2/ Electricity production for domestic needs, in billion KWh,
3/ Real GNP for 1991 estimated by PSE; real GNP for 

2005 estimated from PSE-supplied elasticities. 
4/ Real GNP in billion 1984 Zloty. 



REVIEW OF EXISTING ELECTRICITY DEMAND FORECASTS A.2.1.4 

PAS 	applied the PROSK computer model to project the energy implications of these
economic scenarios. We understand that the electricity demand projections incorporated: 

b assumptions reflecting the official energy policies of the Republic of Poland 

(as of August 1990) 

b projected energy intensity improvements of various sectors of the economy 

P expected increases in the costs of delivered electricity.
 

The high and low PAS cases are summarized in Exhibits 2.1-1 and 2.1-2.
 

THE POLISH POWER GRID COMPANY
 

The PPGC Department of Development prepared its own forecast in December 1991. 
 Theforecast is based on the PAS economic forecast, but on revised estimates of the income

elasticity of demand. In particular, PPGC made these revised forecasts based 
on the
 
following considerations:
 

b 	 assumed rationalizing of energy and fuel utilization within the overall 
economy, including the need to lower electricity consumption per unit of GNP 

P assumed substantial adjustments in Polish energy prices to levels at or near 
world prices. 

The summary results in Exhibits 2.1-1 and 2.1-2 confirm that PPGC has assumed moreconservative income elasticities for both the Variant I (low) and Variant II (high) cases.These cases have been adopted by PPGC for system planning purposes until more precise
projections are available. 

POLAND MINISTRY OF INDUSTRY 

The MOI prepared economic growth and electricity demand forecasts for a report on energypolicies in Poland prepared by the OECD/International Energy Agency in the winter of 

RCG/Hagler, Badly, Inc. 



REVIEW OF EXISTING ELECTRICITY DEMAND FORECASTS A.2.1.5 

1990/91.1 While dated in comparison to the PAS and PPGC analyses, these forecasts 
provide an additional estimation of expected income elasticities of electricity demand in 
Poland. 

The MOI economic forecast was prepared at the worst possible time. The country was just
beginning its transition to a market economy, facing the need for dramatic structural
readjustments, with little basis for projecting the rate of adaptation or tne rate of future 
growth. Hence, the macroeconomic growth forecast consisted of three simple "spreadsheet'; 
scenarios: 

P low - 3 percent annual growth (1991-2010)
 
0 medium - 5 percent annual growth (1991-2010)
 
0 high - 8 percent (1991-2000) and 5 percent (2001-2010) annual growth.
 

As shown in Exhibit 2-4 in Chapter 2, apartment construction was forecast for each scenario
independent of the rate of economic growth. The low scenario assumed less construction,
averaging 125,000 units unti! 1995 and 175,000 units from 1995 to 2000. The medium
scenario assumed that the level of the recent past could be maintained (175,000 per year,
rising to 200,000 from 1995-2000). Finally, the high scenario assumed that levels of the
1970s could be achieved: 205,000 units from 1991-1995 and 260,000 units for the last five 
years of the decade. 

The resulting energy requirements forecasts for the low and medium MOI scenarios 
summarized in Exhibits 2.1-1 and 2.1-2. 

are 
(The high forecast was considered so unlikely that

associated energy projections were never developed.) The MOI report concluded that both
the low and the medium forecasts of macroeconomic growth and energy needs are optimistic
because they assume relatively high and stable growth rates. If, on the other hand, there is
social tension, an unfavorable international environment, or any slowdown in economic 
restructuring, the authors observed that actual growth rates could be expected to be 
considerably lower. 

' Energy Policies - Poland, 1990 Surey, OECD,1'EA, Paris, 1990. A report prepared by the Ministry ofIndustry, Poland in October 1990, "Status and Assumptions for Future Development of Polish Energy Sector inthe Years 1990-2010," appeared as an annex in this publication. The MOI report was compiled in response to 
an lEA questionnaire. 

] /I-Iagi-r,Badly, Inc. 



Appendix 2.2 
Scenario 3: End-User Trends Forecast 



APPENDIX 2.2: SCENARIO 3: END-USER TRENDS FORECAST 

This forecast was developed using a method that was common before widespread
computeri;tion facilitated the use of more sophisticated econometric forecasting methods. 

End-use forecasts are developed in the same manner that a "chartist" projects stock prices.He uses no outside data, but assumes that everything he needs to know is embedded inhistorical data. For this analysis, we relied completely on historical performance of sales todifferent customer classes as a basis for forecasting. We know the number of customers ineach class and the average use per customer. Given uncertainties regarding future economicgrowth rates and appropriate income elasticities, it is possible that a forecast based on salesdata is a better guide to the future than far more complex econometric formulations. 

Exhibit 2.2-i reports historical performance disaggregated by three main customer groups.'
Average growth rates were calculated for the years of dramatic change (1988-91) 
 and for two 
earlier peri ds. 

Exhibit 2.2-2 represents one forecast developed from the historical series. The results are
judgmental, and other forecasters would draw different conclusions. The forecast attempts to 
draw a balance between the following factors: 

10 There is a gradual transition between the average performance of the past three 
years and future trends in use per customer. For example, the decline in 
average use per customer among industrial customers continues, albeit at a 
mcderated pace. 

The uninterrupted historical growth in the number of customers for each 
customer group is preserved. 

Market shares of consumption continue their historical transition from
industrial dominance toward greater balance across sectors. We used trendline
regression (with dummy variables for 1990 and 1991) as a basis for projecting
gradual change in class shares of total final sales. 

The groups are: industry customer classes A and B; industry class C, traction, and commercial; and 
farms, residential, and street lights. Industry class C was separated from other industry since it appears that thisclass was reclassified as commercial in 1991. 

RCG/Hagler, Bailly, lnc. 



Exhibit 2.2-I 
Republic of Poland: End-Use Trends 

SALES (GWh) 

Industry Group 1/ 

Commercial Group 2/ 

Domestic Group 3/ 

Final Domestic Sales 

HV Sales 
MV Sales 
LV Sales 

S L982 

53773 

13647 

19336 

86755 

30941 
27365 
28449 

985 

60538 
26% 

15010 
02% 

24672 

13.5% 
100220 

4.7% 
34834 
30757 
34629 

1986 

62323 
2.9% 

15723 
48% 

25953 

5.2% 
103998 

38% 
36209 
31338 
36450 

1987 

64429 
34% 

16491 
4.9% 

28112 

83% 
109032 

4,8% 
37680 
32201 
39151 

198 
.. 

65432 
1.6% 

16889 
2.4% 

29256 

4 1% 
111578 

2.3% 
38531 
32519 
40527 

1989 
.. 

63603 
-2.8% 
17063 

1.0% 
30406 

3.9% 
111073 
-0 51X 
37397 
31700 
41975 

1990 
.. 

55783 
-123% 

15093 
- 11.5% 

31633 

40% 
102509 
-7.7% 
32761 
28070 
41678 

j1352 
-85% 
14736 
-24% 
30595 

-33% 
96384 
-6.0% 
29656 
25936 
40791 

Average Annual Rate of ChangoI
!999982--85 1985-88 1988-911 

40% 2 6% 79% 

32% 4 0% - 4 4% 

85% 58% 1.5% 

4 9% 36% -4.8% 

40% 3.4% -o4% 
40% 1.9% -7.3% 
6.8% 5.4% 0.2% 

CUSTOMERS ('000)
Industry Group 

Commerc.al Group 

Domestic Group 

Total 

33 

1385 

11198 

12616 

37 
35% 

999 
- 13.0% 

12168 
28% 

13204 
1.4% 

38 
4.1% 
1003 
0.3% 

12350 
1.5% 

13391 
1.4% 

39 
3.7% 
1018 
1.6% 

125; 1 
1.3% 

13569 
1.3% 

41 
4.4% 
1040 . 

2. 1% 
12689 

1.4% 
13770 

1.5% 

43 
3 9% 
1055 
1.5% 

12867 
1.4% 

13965 
1.4% 

44 
2.8% 
1043 

- 1.2% 
13027 

1.2% 
14114 

1. 1% 

45 
20% 
1080 
3.6% 

13179 
12% 

14304 
1.3% 

3 0% 

- 10 3% 

28% 

1.5% 

4.1% 

1.3% 

1.4% 

1.4'% 

2.9% 

1.3% 

1.3% 

1.3% 

USE PER CUSTOMER (KWh/month)
Industry Group 

Commercial Group 

Domestic Group 

All Groups 

134221 

821 

144 

573 

138113 
-0.8% 

1252 
15.1% 

169 
10.4% 

633 
3.2% 

136579 
- 1.1% 

1307 
4.4% 

175 
3.6% 

647 
2.3% 

136147 
-0.3% 

1349 
3.3% 

187 
6.9% 
670 

3.5% 

132464 
-2.7% 

1354 
0.3% 

192 
2.6% 
675 

0.8% 

123893 
-6.5% 

1347 
-0.5% 

197 
25% 

663 
-1.8% 

105689 
-14.7% 

1206 
-10.5% 

202 
2.8% 

605 
-8.7% 

94838 
-10.3% 

1137 
-57% 

193 
-4.4% 

562 
-7.2% 

10% 

15.1% 

5.5% 

3.3% 

- 1.4% 

2.6% 

4.4% 

2.2% 

-10.5% 

-5.6% 

0.2% 

-6.0% 

SALES - MARKET SHARES 
Industry Group 
Commercial Group 
Do.mestic Group 

0.62 
0.16 
0.22 

0.60 
0.15 
0.25 

0.60 
0.15 
0.25 

0.59 
0.15 
0.26 

0.59 
0.15 
0.26 

0.57 
0.15 
0.27 

0.54 
0.15 
0.31 

0.53 
0.15 
0.32 

-0.9% 
-1.6% 

3.4% 

- 1.0% 
0.4% 
2.1% 

-3.3% 
0.3% 
6.6% 



Exhibit 2.2-2 
Republic of Poland: End-Use Trend Forecast 

SALES (GWh) 
IndusuryGroup I/ 

Commercial Group 2/ 

Domestic Group 3/ 

Final Domestic Sales 

HV Sales 
MV Sales 
LV Sales 

CUSTOMERS ('000)
Industry Group 

Commercial Group 

Dor3stic Group 

Total 

I 1992 

48949 
-4 1% 
14494 

-1.6% 
31024 

1.4% 
94467 
-2.0% 
28434 
25072 
40960 

46 
2.0% 
1095 
1.4% 

13363 
1.4% 

14504 

1.4% 

1993 
.. 

47931 
-2.1,1% 
:4403 
- (, 3% 
3:458 

1.4% 
93792 
-0.7% 
27843 
24672 
41278 

47 
2.0% 
1110 
1.4% 

13550 
.1.4% 
14708 

1.4% 

1994 

46934 
-2.1% 
14459 
0.4% 

32217 
2.4% 

93610 
-C2% 
27264 
24350 
41996 

48 
2.0% 
1126 
1.4% 

13740 
1.4% 

14914 

1.,496 

1995 

47617 
1.5% 

14515 
0.4% 

33322 
3.4% 

95452 
20% 

27661 
24659 
43133 

49 
3.0% 
1142 
1.4% 

13932 
14% 

15123 

1.4% 

1996 

48310 
1.5% 

14718 
1.4% 

34464 
34% 

97492 
2.,% 

28063 
25035 
44394 

51 
305S 
1158 
1.4% 

14128 
1.4% 

15336 

1.4% 

1997 

49759 
20% 

15297 
3.9% 

36344 
5 5% 

101400 
4.0% 

28905 
25870 
46626 

2 
3.0% 
1174 
1,4% 

14325 
1.4% 

15551 

1.4% 

1998 

51252 
3.0% 

15899 
39% 

38327 
55% 

105478 
40% 

29772 
26733 
48973 

54 
3.09, 
1190 
1 4% 

14526 
1.4% 
15770 

1 4% 

1999 ---...... .... 

52789 
30% 

16525 
39% 

40418 
5 5% 

109732 
4.0% 

30665 
27626 
51441 

55 
30% 
1207 
1.4% 

14729 
14% 

'5991 

1.4% 

2000 

54373 
3016 

17175 
39% 

42624 
5.5% 

114171 
40,1 

3.585 
28549 
54037 

57 
30% 
1224 
1.4% 

14935 
1.4% 

15216 

1.4% 

2001 

56004 
30% 

17851 
3.9% 

44949 
5.5% 

118804 
4.1% 

32533 
29505 
56766 

59 
3.0% 
1241 
1.4% 

15145 
1 4% 

16444 

1.4% 

Avg Rate of Change 
-991-96 1996-011 

II, 3.0% 

00% ,9% 

24% 5.5% 

02% 4.0% 

- 1.1% 3.0% 
-0.7% 3.3% 

1.7% 5.0% 

2,4% 30% 

14% 1.4% 

1.4% 1.4% 

1.4% 1.4% 

USE PER CUSTOMER
Industry Group 

Commercial Group 

Domestic Group 

All Groups 

(KWh/month) 
89148 
-6.0% 

1103 
-3.0% 

193 
0.0% 
543 

-3.3% 

85582 
-4.0% 

1081 
-2.0% 

193 
0.0% 

531 
-2.1% 

82159 
-4.U% 

1070 
-1.0% 

195 
1.0% 
523 

-:.6% 

80927 
-1.5% 

1059 
-1.0% 

199 
2.0% 
526 

0.6% 

79713 
-1.5% 

1059 
0.0% 
203 

2.0% 
530 

0.7% 

79713 
0.0% 
1086 
2.5% 
211 

4.0% 
543 

2.6% 

79713 
0.0% 
1113 
2.5% 
220 

4.0% 
557 

2.6% 

79713 
00% 
1141 
25% 
229 

4.0% 
572 

2.6% 

79713 
0.0'% 
1169 
2.5% 
238 

4.0% 
587 

2.6% 

79713 
0.0% 
1199 
2.5% 
247 

4.0% 
602 

2.6% 

-34% 

-1.4% 

1.0% 

- 1.2% 

0.0% 

2.5% 

4.0% 

2.6% 

SALES - MARKET SHARES
Industry Group 
Commercial Group 
Domestic Group 

0.52 
0.15 
0.33 

0.51 
0.15 
0.34 

0.50 
0.15 
0.34 

0.50 
0.15 
0.35 

0.50 
0.15 
0.35 

0.49 
0.15 
0.36 

049 
0.15 
0.36 

0.48 
0.15 
0.37 

0.48 
0.15 
0.37 

0.47 
0.15 
0.38 

- 1.3% 
-0.3% 

2.2% 

- 1.0% 
-0.1% 

1.4% 

1/ Industry Group includes Industry tariff classes A and B. 
2/ Commecc;al Group includes Industry tariff class C plus all Tractiori and Commercial sales.
3/ Domestic Group includes all Farm. Residential and Street Light sales. 



END-USER TRENDS FORECAST A.2.2.4 

The end-use forecast projects final sales by class. We have appiled these final sales to the
generation and loss forecast assumptions of the PPGC Variant I (Low) forecast as a basis for 
estimating total generation requirements. The resulting forecast is shown in Exhibit 2.2-3. 

RCG/Hagler, Badly, Inc. -



Exhbit 2.2-2 
,cenario Forecast of Generation and Consumption (GWh) 

.992 1993 1994 
PUBLIC POWER SYSTEM 

__ 

1995-
. 

i96 
...... 

1997 
. .. 

1998 
. ..... 

1999 2000 
Logo-.-... 

2001 

Avg Arwnusl Rate (%)] 
1991-96 1996-01 

Industry Group 
Commercial Group 
Domestic Group 
Final Domestic Sales 
Exports 1/ 
Imports(-) 

TOTAL SALES 

Network Losses 
% of incoming 

Pumping in Hydro Plants 2/ 
Self- Produ,:6i Supply to Grid (-) 

NET GENERATION 

Heat Generation Auxiliary Use 
Station Use 

% of incoming 

GROSS GENERATION (GWh) 
Load Factor 

MAXIMUM DEMAND (MW) 

48949 
14494 
31024 
94467 
3200 

0 

976b7 

13407 
3184% 

2600 
400 

113274 

2152 
8933 
7.18.% 

124359 
0.648 

21894 

47931 
14403 
31458 
93792 

3200 
0 

96992 

12326 
(5% 

2600 
400 

111519 

2200 
8800 
718% 

122519 
0.653 
21423 

46934 
14459 
32217 
93610 
3300 

0 

96910 

11,108 
IWl32, 

2600 
400 

110518 

2250 
8725 
7.18% 

12!493 
0.657 
21103 

47617 
14515 
33322 
95453 
3300 

0 

98753 

11500 
96% 

2600 
400 

112453 

2300 
9400 
7 18% 

124153 
0.662 
21417 

83L) 
14718 
34464 
97492 

1900 
0 

99392 

10866 
9 66" 
2600 
400 

112457 

2339 
8880 
7 18% 

123676 
0.672 
21014 

49759 
15297 
36344 

101400 
1900 

0 

03300 

11313 
9 68:6% 
2600 

400 

116813 

2378 
9219 
7 jb,% 

128410 
0.673 
21790 

51252 
15899 
38327 

105478 
1900 

0 

107378 

11895 
9 71% 
3667 

400 

122540 

2418 
9664 
7 18"% 

134621 
0.676 
22730 

52/b9 
16525 
40418 
I59732 

1900 
0 

111632 

12442 
9 71"6 

4200 
400 

127874 

2459 
10078 
T 18% 

140411 
0.677 
23667 

54313 
17175 
42624 

114171 
1900 

0 

116071 

13000 
98% 

4200 
400 

132871 

2500 
10600 

7.18%. 

14-971 
0.681 
24478 

56004 
17851 
44949 

118804 
0 
0 

118804 

13199 
9 72% 
4200 

400 

135803 

2519 
10685 

7.17% 

149007 
0.670 

25381 

1 1, 
00% 
2.4% 
02% 

-
-

0.1% 

-5.4% 

-1. 1% 
3.4% 

-0.6% 

2,1% 
- 0.2% 

- 05x. 

-

30')% 
3.9% 
5.5% 
4.0% 

-

3.6% 

4.0% 

10.1% 
0.0% 

3.8% 

1.5% 
38% 

3.8% 

3.8% 

OTHER PRODUCERS 

Sell- Producer Factory Use 
Self- Producer Supply to Grid 
Other Supply to Grid 

NET GENERATION 
Station Use 

% of incoming 
GROSS GENERATION (GWh) 

Load Factor 
MAXIMUM DEMAND (MW) 

7200 
400 

7600 
500 
6 2% 

8100 
0.648 
1426 

7200 
400 

-
7600 

500 
6.2% 

8100 
0.653 
1416 

7200 
400 

-
7600 
500 

6.2% 
8100 
0.657 
1407 

7200 
400 

-
7600 
500 

6.2% 
8100 
0.662 
1397 

7200 
400 

-
7600 
500 
6.2% 

8100 
0.672 
1376 

7200 
400 

-
7600 
500 

6.2% 
8100 
0.673 
1375 

7200 
400 

-
7600 
500 
62% 

8100 
0.676 
1368 

7200 
400 

-
7600 
500 

6.2% 

8100 
0.677 
1365 

7200 
400 

-
7600 
500 

6.2% 
8100 
0.681 
1358 

7200 
400 

-
7600 
500 

6.2% 
8100 
0.670 
1380 

-
-
-
-
-

-

-

-

-
-
-

TOTAL GROSS GENERATION 3/ 132459 130619 129593 132253 131776 136510 142721 148511 154071 157107 -0.4% 3.6% 

TOTAL MAXIMUM DEMAND 4/ 
Annual Load Factor 5/ 

23320 
0.648 

22839 
0.653 

22509 
0.657 

22814 
0.662 

22390 
0.672 

23165 
0.673 

24098 
0.676 

25032 
0.677 

25836 
0.681 

26760 
0.670 

- 3 6% 

I/Includes 300 GWh "fee" for transit. No exports assumed after 2000. 
2/ Mloty pumping is included; this load is estimated as 1067 GWh in 1998 and another 533 GWh in 1999.
3/Includes domestic requirements plus international energy exchange estimated by PSE. 
4/ Derived from load tac!or (see note 5) and total gross generation forecast. 
5/From Exhibit 2- 7. 
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APPENDIX 3.1: EMISIONS CONTROL RETROFIT COSTS ESTIMATE FOR 
SYSTEM COMPLIANCE 

Using in-house information on pollution control equipment and practices and supplementing
this information with discussions with industry, EPRI and experts RCG/Hagler, Bailly
estimated the costs associated with bringing the Polish power system under environmental
compliance. The principal pollutants of concern include S02, NOx and particulates. Exhibit
1 summarizes the principal pollution control technologies applicable to the Polish power
situation. 

1. SO, Control 

Some 70 Unites States electric utilities are currently operating 150 stack gas scrubbers 
or flue gas desulfurization units (FGD) successfully. The FGD's are installed on almost
61,900 MW of nstalled electric power capacity. As a result of rapid FGD deployment at 
some of the nations worst SO, offenders, the US Environmental Protection Agency estimates
that SO, emissions were down by almost 21 percent since 1973, despite a 95 percent increase
in coal combustion in power plants. As a result of recent Clean Air Act (CAA) regulations,
almost 21,000 MW of installed elect-ic capacity is being retrofitted with scrubbers; a further
21,000 MW is considering either fuel-switching or FGD scrubber retrofitted. 

Pollution control systems can account for up to 40 percent of the capital cost and 35percent of the operating cost of new plants, and costs associated with retrofitting plants with
FGD can be considerably higher. Recently, EPRI completed technical and economic
evaluations of 28 FGD processes, including both wet and dry FGD processes. 

Capital cost estimates for nine conventionai high-efficiency FGD processes and six
dry injection processes are provided in Exhibit 1. These cost estimates assume a moderately
difficult retrofit engineening and con!,-ution effort for a 300 MW thermal power plant unit
operating using 2.6 percent Sulfur coal. The retrofit FGD includes the absorber module and 
on spare unit. The cost estimates are provided in ranges and do not account for site-specific
conditions at thermal power plants. Most processes offer SO, removal process efficiencies of
90 percent. Certain dry processes are not efficient and offer a 50 percent SO, removal
efficiency. However, the capital costs reflect this performance difference. 

RCG/Hagler, Bailly, Inc. 



Range Avci ageI Removal Efficiency RetrofitControl Type_. Selec F_e__log , -_ _I Applicability 
SOx CONTROLS .. ..... "...... ...
for Coal-fired boiler limestone/oxidation 205 550 >90 yes

steam turbine systems limestone/gypsum 240 555 >90 yes

- Conventional enhanced lime 225 510 >90 yes
 

spray drying -- 150 500 >90 yes
 
- Dry Injection furnace sorbeut --
 80 650 50 yes 

economizer injection 80 650 50 yes
circulating fluid bed 140 400 est. 80 yesNOx CONTROLS 

- Front-ind low NOx burner design 10-30 15 200-500 40-60 yes

combustion modification 5-10 7.5 unknown 20-25 yes


reburning 25-45 35 500-1,000 60-65 yes

reburning+LNB 35-75 50 700-1,500 65-%0 yes


- Post-combustion SCR 
 60-180 120 2000-4,000 60-90 yes
SNCR 10-25 17.5 500-1,500 50-80 yesSOxINOx CONTROLS 

- Conventional wet FGD+LNB 300-400 -- 95/40-60 yes

dryFGD+SCR 300-350 .... 70-95/70-85 yes
 

- Advanced slagging combustors (w/pulv. coal) 300-500 .... 45-90/40-60 yes

retrofit FGD:che!ates/wet FGD 5-10 .... 90+ yes

retrofit FGD:phosphorus/wet FGD 5-10 90+ yes
retrofit FGD:oxidizers/spray FGD 5-10 -- 90+ yes
Downstream-sorbent injection 5-10 .... 70-95/60-80 yes


electron beam 400-600 .... yes
 
- Others NOXSO, WSA-SNOX, DESONOX ...... 
 yes
 
- In-boiler reburning+sorbent injection 375 .... yes
 

integrated Si .... 90 yesDUST CONTROLS 

ESP's -- 55-80 >95 yes
fabric filters:reverse/air, shake/deflatt 40-70 >95 yes 

pulse jet 40-70 >95 yes
COAL CLEANING 
- Washing/beneficiation physical '20-75 10-30 yes

advanced physical 75-150 20-60 yes 
- Advanced chemical/biological 200-250__ 80-90 . yes

Source: based on EPRI, Power Engineering, CEC and communication with professional power engineering firms, 1993. 
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EMISIONS CONTROL RETROFIT COSTS ESTIMATE FOR SYSTEM 
COMPLIANCE 

Major US suppliers c" FGD equipment include the following: AIRPOL, Anderson

2000, Babcock and Wilcox, ABB-Combustion Engineering, Davy McKee, Flakt, GE

Environmental Systems, M W Kellog, 
 Pure Air, Mikropul, Research Cottrell, Sly, United
 
McGill, Wheelabrator and Otto H. York.
 

2. NO, Control 

As detailed information on Nox emissions was unavailable for this study, an estimate 
of $100 per. kW for Nox control retrofits. 

3. Particulate Control 

Primary types of particulate control devices used for coal combustion include multiple
cyclones, electrostatic precipitators, fabric filters (baghouses) and scrubbers. Additional 
measures of control can be achieved by using ash settling in boiler/air heater/economizer dust 
hoppers, large breeches and wide chimney bases. 

Electrostatic precipitators (ESP's) are considered to be the most common high
efficiency control devices that are used on pulverized coal boilers, cyclone units and

increasingly on stoker systems. Typically, 
 ESP efficiency is defined as the collector surface 
area per flue gas flow rate through the equipment. ESP's can exhibit removal efficiencies as

high as 99.9 weight percent if properly designed, installed and operated.
 

Recently, fabric filters are gaining in popularity with both utility and industrial

applications. 
 This trend is most likely due to the increased trend towards utilizing low sulfur
coal which often display high flyash resistivities, which are handled well by fabric filters.
ESP's located behind air preheaters, or cold-side precipitators may operate at considerable
reduced removal efficiencies when low-sulfur coal is used. Scrubbers are also used to 
control particulates but their chief application is S02 control. 

Stoker-fired boilers typically utilize mechanical collectors such as an array of cyclones
which are used to reduce the flyash burden. These equipment can also achieve high removal
efficiencies, in the range of 90 to 95 percent, especially when used with properly designed 
input flow rates. 

Major US suppliers of ESP's include the following: ABB Environmental Systems,Aercology, Andersen 2000, Babcock and Wilcox, Bischoff Environmental Systems, Enviro
Elements, GE Environmental Systems, Micropul, Research Cottrell, United Air, United 
McGill, and Wheelabrator. 

RCG/Hagler. Badly, Inc. 
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EMISIONS CONTROL RETROFIT COSTS ESTIMATE FOR SYSTEM 
COMPLIANCE 

Exhibit 2
 
Capital and Levelized Cost Estimates for 15 FGD processes for Moderately Difficult Retrofit
 

Applications at U.S. utility for a 300 MW, 2.6 Percent Sulfur Coal.
 

Capital Costs Levelized Costs 

FGD (US$/kW) ($/ton SO2 removal) 

1. ConventionalProcess (removal efficiencies of > 90%) 

Limestone-forced oxidation 

Limestone/gypsum 

Magnesium enhanced lime 

Limestone/inh. oxidation 

Limestone/DBA 

CT- 121 

Lime dual-alkali 

Pure Air/Mitsubishi 

Lime spray drying 

205 550 

240 555 

225 510 

205 545 

200 545 

190 480 

180 490 

190 480 

150 500 

11. Dry Injection Processes (removal efficiencies of typically less than 90%) 

Furnace sorbent injection (50%) 80 650 

Economizer injection (50%) 80 650 

Duct sorbent injection (50%) 80 700 

Duct spray drying (50%) 65 540 

Tampella LIFAC (80%) 220 690 

Lurgi circulating fluid bed 140 400 

Average for wet scrubbing 200 517 
Average for dry injection 111 605 

Source: FGD Economics, EPRI Journal, Palo Alto, CA, September 1992. 

RCG/Hagler, Bailly, Inc. 



I 
2 
3 
4 
5 

6 
7 
8 

9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
2___4 

. 

PLANI NAME 

. ... . . . ... . . . . . . . . 
JAWORZNO 1 

SIERSZA P 
JAWORZNO II 
BELCHATOW 

OSTROLEKA B 
JAWORZNO I Borsig 
JAWORZNO I skoda 

TUROW 
OSTROLEKA A 

LAGISZA 
POLANIEC 

SIERZA F 
RADOM POLNOC KP 

PATNOW 
WROCLAW If WP 
WROCLAW IF DP 

BEDZIN KPiWP 
LODZ III KPiWP 

KONIN 
BLACHOWNIA 

KIELCE 
ZIELONA GORA 

KATOWICE 
SKAWINA 

TOTAL - - - > 

FUEL 

l 
COAL- -

COAL 
COAL 

LIGNITE 
CQAL 

COAL 
COAL 

LIGNITE 
COAL 
COAL 
COAL 

COAL 
COAL 

LIGNITE 
COAL 

COAL 
COAL 
COAL 

LIGNITE 
COAL 

COAL 
COAL 
COAL 
COAL 

1991 SO2 
EMISSIONS 
('0 0 0 ton n cs ) 

103 
31 
20 

346 
36 

2 
5 

158 

6 
43 

2 

14 
1 

76 
2 

16 
6 
9 

38 
4 

2 
3 
3 

21 
945 

1991 S02 
EMISSIONS 

FACTOR 
(g!GJ) 

1,579 
1,503 
1,491 
1,274 
1,256 

1,192 
1,185 
1,174 

1,139 
1,103 
1,030 

983 
976 
971 
958 

958 
953 
938 
933 
930 

898 
886 
875 
871 

1,086 

MEAN UNIT NO. 
CAPACITY UNITS 

N.._ _ ((MW)(G 
200 - 6 
123 I 6 
50 7 

360 12 
200 3 

29 5 
200 10 

120 7 
200 8 

200 10 
100 2 

65 9 
47 6 

79 7 
98 

NANIE-
PLATE 

CAPACITY 

- 1],W200 
738 
350 

4,320 
600 

145 
2,000 

840 
1,600 

2,000 
200 

583 
282 

550 
15,408 

JPvI 
PROD

-CTION 

6,302 
3,128 

904 
2/,213 

2,864 

279 
12,035 

3,423 
7,173 

7,628 
1,089 

3,148 
781 

1,919 

Source: Polish Power Grid Company, October, 1992. 

15,500 MW of capacity is in non-conipliance as of 1992-----------------------.-
At $200 per kW it would cost US$ 3.1 billion to retrofit this stock to be in full compliance by 1997/98Levelized control costs to remove approx. 945,000 tons of S02 are estimated to be US$ 491 million 
(cs estiamtes are derived from IPRI estimates in 1990 dollars) 



Exhibit 3. Dust emissions: non-compliance power plants in the Polish p wer grid, October 1992. 

PLANT NAME I 1991 DUST 
1991 DUST 

EMISSIONS 
NAME-

PLATE 
i 

EMISSIONS
('000 tonnes) !(g/GJ) FACTOR CAPACITY 

(M) 
FUEL 

I 
)I 
3: 
4 
5: 
6: 
7' 
8 
9 

10; 
S1 

12: 
13; 
14 
15 
16 
17' 
181 
19 
201 
21 
22 
23 
24 
25 
261 
27: 
28' 
29 
30 i 
31! 
32: 
33) 
34: 
35: 
36 
37 
38! 
39! 
40! 

ADAMOW r 
BEDZIN 281 

BEDZIN KPiWP! 
BELCHATOW 1 

BIALYSTOK, 
BIELSKO BIALA' 

BLACHOWNIA I16 

BLACHOWNIA III 
BYDGOSZCZ 1: 

BYDGOSZCZ II: 
BYDGOSZSZ 11 

CHORZOW EF.P 
CHORZOW MECH 

CHORZOW WP 
CIESZYN 

CZECHNICA 
CZESTOCHOWA 

DOLNA ODRA 
ELBAG KP 

ELBAG MAZ 
ELBANG WP 

GDANSK II: 
GDYNIA I 

GDYNIA 11' 
GDYNIA III 
GORZOWI 

GORZOW II 
GRUDZIADZ' 

HALEMBA, 
JAWARNO I Borsig1 
JAWARNO I Skoda; 

JAWARZNO II 
JAWORZNO III 

KAGISZA 
KALISZ 

KATOWICE 
KAWECZYN 
KAZISKA 1261 
KAZISKA 129 

KIELCE! 

14 
0 
4 

26 
5 
3 

2 
1 
51 
2 
41 
0 
0! 
0 
4 
1 

25 
7 

01 
5f 
2 
2 
2! 
9 
4 
0 
1 
2! 
41 
91 
9 
9' 
1 
0! 
1 
2 
6! 
1 

4361 
01 

6191 
96 

485! 
2791 

22131 
408 
1931 
3031 

20071 
7501 
983! 
1871 
121! 
7641 

12251 
3651 

1867 
0 

113! 
342! 

15771 
9341 
222! 

3382! 
757 
150! 
107! 

1288! 
8921 
662! 
1381 
2181 
3511 

911 
171! 
232! 
153! 
421; 

551 

4320 
1181 
1001 
2871 

141 
1691 
33 

1001 

1600 

188! 
201 
231 

150! 

200! 
1 

146 
3501 

12001 

8! 

COAL 
COAL 
COAL! 

LIGNITE 
COAL 
COAL 
COAL! 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COALi 
COAL! 
COAL 
COAL 
COAL! 
COAL 
COAL 
COAL; 
COAL1 
COAL! 
COAL 
COAL i 
COALf 
COAL I 
COAL! 
COAL! 
COAL! 
COALI 
COALI 
COALi 
COAL; 
COAL: 
COALi 
COALi 
COAL; 
COALi 
COALI 



_xhibit 3. Dust emissions: non-compliance power plants in the Polish power grid. October 1992. 

1991 DUSTJ NAME-f
PLANTNAME 1991 DUST EMJJSIONS PLATE i 

EMISSIONS iACTOR CAPACITY FUEL
,_('000 tonnes), ( _GJ)_

411 KOMOROWICE MAZ: 
_MW) 

01 0 COAL42 KOMOROWICE WEG I 1 265 COAL431 KONIN I 20 491 5231, LIGNITE44, KOZIENICE 2001 11 1691 26001 COAL 
45 KOZIENICE 5001 11 6861 COAL461 KRAKOW LEG BC! 8 334 4601 COAL471 KRAKOW LEG WP 2 825 COAL481 LODZ IVI 3 2381 110 ' COAL!491 LODZ I 2 21071 COAL
501 LODZ I KRI 1 2921 361 COAL51; LODZ II KP! 171 14631 1791 COAL1
521 LODZ II PTWM 0 0 COAL!531 LODZ III KPiWP 1 3 3241 1981 COAL54; LODZ III PTWM; 01 01 COAL551 LUBLIN I 0 9181 COAL56' LUBLIN WROTKOW 1 115 COAL57 MIECHOWITZ! 4 675 110! COAL581 OLOWIANKA KP 1 1638 COAL59! OLOWIANKA KR1 0 376 COAL
601 OSTROLEKA A 2 249 COAL611 OSTROLEKA B 7 241 6001 COAL621 PATNOW MAZ1 0 0 COAL631 PATNOW WEG 17 219 1600 LIGNITE
64 POLANIEC: 13 181 16001 COAL;65; POMORZANY KP 4! 8401 1201 COAL66i POMORZANY WP1 01 377 COAL1
671 POWISLE 1 176 421 COAL681 POZNAN GARBARY' 0 224 COAL691 POZNAN GARBARY KP 1 3 1837 COAL70; POZNAN KAROLIN KM1 0 0 COAL71' POZNAN KAROLIN KWI 4 449 COAL72 PRUSZKOW 1 01 152 COAL731 RADOM POLANC KRI 1 320 COAL'74 RADOM POLNOC KP 01 54 COAL75' RYBNIK; 91 921 16001 COAL 
76' RZESZOW ZALEZA WR! 01 1951 COAL77 RZESZOW ZALEZE WP, 1 261! 
78! SIEKIERKI 90, 

COAL 
51 459 COAL!79! SIEKIERKI PTWMI 0 0 

801 SIEKIERKI WPI, 
COAL 

7! 296 622i COAL 



Exhibit 3. Dust emissions: non-compliance power plants in the Polish power grid, October 1992. 

1991 DUST NAME-
PLANT NAME 1991 DUST EMISSIONS PLATE 

EMISSIONS FACTOR CAPACITY FUEL 

811 
821 
831 
84 
85 
86 
87 
88 
89; 
90 
91 
92 
931 
94' 
95; 
961 
971 
981 
991 

1001 
1011 
1021 
103 
1041 
1051 
106i 
107' 

SIERSZA F;, 
SIERSZA P1 
SKAWINA i 

STALOWA WOLAi 
STALOWA WOLA 1261 
STALOWA WOLA 131 
STALOWA WOLA 80i 

STALOWA WOLA WPl 
SZCZECIN I 

SZCZECIN II 
SZOBIERKI K16 1 

SZOMBIERKI La Mon 
SZOMBIERSKI WR 1 

TORUN GREBOCIN 1 
TUROWI 
TYCHY I 

TYCHY II 
WOLAI 

WROCLAW I: 
WROCLAW II OP 
WROCLAW II WP1 

ZABARZEI! 
ZABRZEIII 

ZAMOSC SZOPINEK 
ZERAN KP! 
ZERAN WP 

ZIELONA GORA i 

('000 tonnes) t_(__J) 
3 
3 
6 
3 
1 
0 
2 
2 
21 
01 
01 
2 
0 
1 

66 
1 
1 
0 
0 
4 
1 
5 
0 
0 

201 
2 
1 

I(MMI
1921 
149 
251 
893 
104 
501 
188 
329 
766 
1671 
7561 
6991 
1731 
2411 
4871 
274 
229 

0 
1398 
233 
6821 
733 
114 
4121 
7651 
373 
262 

740 

5501 
3851 

441 

20001 

2001 

2501 

10 

COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL1 
COALI 
COAL 
COAL 1 
COAL 

LIGNITE 
COAL 
COAL 
COAL 
COALI 
COAL 
COAL 
COAL 
COALi 
COAL 
COAL 
COALI 

COAL 
TOTAL --- >1 4651 I 24,1401 

Source: Polish Power Grid Company, October, 1992. 

Market Estimate: 
24,140 MW of capacity is in dust emission non-compliance as of 1992
At $45-70 per kW for the installation of Pulse-jet fabric filters, fabric filters or ESP's, would cost
US$ 1.1 to 1.7 billion to retrofit this stock to be in full compliance by 1997/98
Levelized control costs to control approx. 465,000 tons of dust/year with a > 90% efficiency.
(cost estimates are derived from EPRI and industry estimates) 
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4. Market Estimate 

The cost for retrofitting the Polish power utility industry is estimated to be $6.1billion. The estiamte has been made based on average costs for technologies which havebeen successfully operated at United States and European utility systems. The cost forenvironmental control equipment is estiamted as follows: S02 control is estimated to be $3.1billion; NOx control is estimated at $1.5 billion and dust control at about $1.5 billion. 

RCG/Hagier, Bailly, Inc. 
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GENERATION RELIABILITY ANALYSIS FOR DETERMINING TARIFF
PERIODS 

1. INTRODUCTION AND SUMMARY 

The marginal cost of electricity generation fluctuates with the hourly demand, because (1)generating units typically are dispatched in order of increasing energy cost, and (2) thehigher the load, the more likely that it cannot be met by all available generating units,resulting in "loss of load." Thus the marginal cost of electricity generation can be
divided into two components: energy and capacity, or reliability. Prices that reflect
variations in marginal costs are economically desirable, because they tend to shift
demand to the lower-cost periods and thereby reduce supply costs. 
 Therefore this chapterdevelops tariff periods-within the day, weekday vs. weekend, and seasonal-tosummarize these variations in a simole, practical way. The capacity component generallyis much more sensitive to the dema,,,' level than the energy component, so the tariffperiods are based on a generation reliability analysis reflecting the capacity component
only. A factor is derived for each tariff period to allow allocation of the capacity
component of marginal generation cost across the periods. The marginal energy

component will be allocated separately.
 

The marginal cost of electricity generation (both capacity and energy components) isprobabilistic, primarily because the generating units are subject to random failures (forcedoutages). Therefore expectationsover possible outcomes are calculated in probabilisticanalyses (expectation is defined in Appendix A). The generation reliability analysisdetermines the probability of loss of load-that is, demand in excess of available
capacity-for each hour of a forecast year (see Appendix A). 
 This probability is called"loss-of-load probability" or LOLP. LOLP is proportional to the marginal generationcapacity cost for ar increment of demand, because it is the probability that this incrementwould go unserved. This is the same as the marginal capacity benefit of an increment of
perfectly reliable generation capacity, and LOLP is also the probability that this

increment would be needed to meet demand. 
The average LOLP over a period is called the pNriod LOLP, and it can be interpreted asthe probability of loss of load at a random time in the period. The analysis described heredetermines period LOLPs for selected tariff periods, for allocating annual marginalgeneration capacity costs. The tariff period LOLPs can be interpreted as relative
marginal generation capacity costs. 

The variation of LOLP over a forecast year is due primarily to tl- variation of the hourlyloads, though it results also from changes in the generation system (typically assumed tooccur at most monthly), such as seasonal changes in supply and removals of units fortheir annual maintenance. Within each day, LOLP is related directly to the loads, afterthey are adjusted for energy-limited generation such as pumped storage. The relationbetween LOLP and load shows increasing sensitivity as the load increases, as Exhibit 1shows. The result is that to a large extent the choice of tariff periods is deterrined bydaily load shapes and seasonal variations, such as the historical !991 shapes of Exhibit 2. 
The base case reliability analysis for this study used forecast year 1997, with the forecastload shape based on the historical 1991 data summarized in Exhibit 2. Recent (1989
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1991) historical load shapes show a morning peak period of about 7 am to I pm and anevening peak period that gradually becomes later in the day and shorter toward themiddle of the year. Weekend loads are significantly lower than weekday loads, as shownin Exhibit 3. The LOLP results confirmed these observations and led to therecommended tariff periods shown in Exhibit 4. This exhibit also shows recommendedLOLP factors, which are rounded base-case results. 

The recommended tariff periods divide the year into winter and summer seasons. Theseserve to reflect changes in the evening on-peak periods rather than changes in overall
reliability, because the monthly LOLPs are approximately equal across the year (due to
the maintenance allocation, modeled as described in the next section). Exhibit 4 alsoshows LOLP factors for the combined moming and evening peak periods, to provide analternative, simpler tariff structure. 

The morning and evening peak periods in Exhibit 4 comprise the hours that have the
highest average LOLP, as shown in Figure 1. The periods are similar to those used for
the one-part and two-part tariff classes in a recent price list (7-Z/92, Electricity SWW0311, Warsaw 1992). However, the on-peak periods of Exhibit 4 exclude weekends and
are somewhat broader. Also, minor monthly variations among evening on-peak periods
within each season are ignored for simplicity.
 

Nine sensitivity cases show that the LGLP factors are fairly insensitive to changes inassumptions, except for those concerning pumped storage operation and hourly loadshapes. A detailed analysis of feasible hourly pumped storage operation with reliabilityand other objectives would be desirabie in the future. Forecasting and analysis ofpossible changes in hourly load shapes were beyond the scope of this study. A gradualdeepening of the afternoon valley has been suggested, b't this would not clearly affect
the choice of morning and evening peak periods. Every few years, as the load shapes and
generation system evolve (especially 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 the end of the next section) cansimplify such reviews. 

The next section describes the reliability analysis procedure, including the loadforecasting, pumped storage modeling, and maintenance allocation. The third sectiondescribes the input data, and the final section gives the results and describes the
sensitivity analyses. 

2 PROCEDURE 

Exhibit 5 flowcharts the procedure for calculating hourly and tariff-period LOLPs for aforecast year. Note that the calculations do not use any cost data. The first part of theprocedure is to prepare the hourly load forecast. This requires scaling the recordedhourly demand for a historical year, so as to obtain a desired annual peak and load factor.This scaling was done by the following formula, where d denotes hourly demand, pd&nctes annual peak demand. LF denotes load factor, and each 'symbol denotes forecast: 

d'=P d+ L-LF (p-d) 
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If the second term in the brackets were omitted, the scaling would provide the desiredpeak p' but not the desired load factor LF'. The second term increases off-peak demandsin a simple way to achieve the desired load factor. 

Recorded pumping loads were subtracted from the initial recorded loads before thescaling and were iestored after the scaling, together with subtraction of hourly estimatedpumping generation. A sophisticated pumped storage model would account for reservoirsizes and reliability vs. economic objectives, but was beyond the scope of this analysis.One simple alternative would be to use a historical year's pumping and generation inforecast years. However, this could miss the potentially increased generation from thepumped storage units if they are needed to avoid loss of load-an assumption appropriatefor reliability evaluation. Therefore, the following simple "peak-flattening" model was
used. 

The pumped storage units were assumed to generate whenever the forecast load is withinthe total pumped storage capacity (derated for forced outages) of the daily peak load. Themodeled generation was such that the net load after generation was the daily peak loadminus the derated pumped storage capacity. The resulting annual energy generation inthe base case (189 average MW) was not far from the actual 1991 energy generation (224average MW), so the actual 1991 pumping loads were used (see Exhibit 6 for a summaryof the actual pumping and generation). This model may underuse the pumped storagesomewhat, but after testing with two sensitivity cases (see the last section) it was felt tobe adequate for the current analysis. 

The second part of the procedure calculates LOLPs for each hour of the forecast year andaverages these over the tariff periods. The LOLP for a given load is found by looking upthe probability that the available system capacity is less than the given load. This
requires the probability distribution of available sys, -,m capacity, which is calculated
from the capacities and forced outage rates of the p,-nerating units (see Appendix A).
Exhibit 7 illustrates the results of Lhis calculation. 
 Fora large system such as Poland's,
the distribution is very smooth. 

Planned maintenance for the generating units was modeled by allocating an annual total
maintenance capacity to the months of the year. so as to levelize monthly LOLP. The
annual total maintenance capacity was calculated by adding the capacity of each unit,
derated by its forced outage rate and multiplied by its maintenance duration as a fractionof a year. The monthly allocated maintenance capacities were subtracted from theavailable system capacities before thz LOLPs were looked up. 

The iteration shown in Exhibit 5 is needed to find the maintenance allocation thatlevelizes LOLP: typically about four iterations are required. The result is approximatelyequal monthly LOLPs for all months with maintenance, and higher LOLPs for anymonths with no maintenance. This maintenance model is simpler than schedulers whichremove individual units each month or week of the year. However, such schedulingimposes a large computational burden and can result in arbitrary jumps in reliability fromperiod to period, and the simpler model is reasonably accurate for long-term analyses. 
After the hourly LOLPs are calculated, they .se nveraged to determine monthly, annual,and tariff-period LOLPs. Since the hourly loads represent instantaneous readings(starting at lam each day), the LOLPs at both the start and the end of the morning andevening tariff periods were included, each weighted one half. 
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The REM (Reliability Evaluation Model) microcomputer model was used for all thesecalculations (see the REM User'sManual. Version 1.3). It consists of two Lotus 1-2-30spreadsheets and a Fortran svbroutine for the probability calculations, which is calledautomatically from one of the spreadsheets. REM also produces plots of the availablecapacity distribution, loads, and LOLPs similar to those in the exhibits here. 

3. INPUT DATA 

The base-case input data was a subset of the input data used for the production andmarginal energy cost analyses, with a few exceptions as noted below. The demand inputsconsisted of 1991 recoried hourly loads and pumping loads, and a forecast 1997 peak of23,700 MW and load factor of 67.3%. The recorded loads included autoproducer selfloads, whereas he autoproducer generation data excluded the generation serving this
load, so the 1991 autoproducer self-loads were subtracted from the recorded loads (as
monthly average MW, see Exhibit 8, footnote 3). 

Exhibit 8 shows the generation input data for year 1997. The derated pumped storagecapacity was pre-dispatched hourly as described in the previous section. Combined heatand power (CHP) generation was allowed to vary monthly, rather than in two seasons as
in the production cost aialysis. 
 The production cost analysis represented CHP,autoproducers, and hydroelectric generation with energy limitations, but the reliability
model used 6 -hour-per-day capacity estimates for CHP and average capacities (energy
production divided by period length) for autoproduceis and hydro, because the
independent calculations for each hour prevent direct modeling of energy limitations.
The average-capacity representation may be conservative, especially for dispatchable

hydro, but relatively little generation is involved. 

An alternate set of forced outage rates, shown in the last column of Exhibit 8, was used ina sensitivity case (see the next section). In this as well as the base case, the forced outage
rate for Belchatow was lowered from the production analysis assumption, based on

updated information.
 

4. RESULTS AND SENSITIVITY ANALYSES 

Using the tariff periods of Exhibit 4, the base case and nine sensitivity cases wereanalyzed, giving the results summarized in Exhibit 9. A brief discussion of each case
follows. 

Base Case 
In this case as in most of the sensitivity cases, all 12 monthly LOLPs were equalized bythe maintenance allocation, which assigned some maintenance to every month. However,the flatter summer load shape results in a lower evening-peak LOLP and a higher offpeak LOLP (closer to the annual average of 100%) in the summer than in the winter. 

Year1992Case
This case used forecast 1992 loads and resources. The tariff-period LOLPs were almostidentical to the base case, despite a higher annual LOLP. 
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500 MWJ' Added Case and 500 MW Removed Case
These cases added and removed, respectively, 500 perfectly reliable MW from the
system. Alternatively, these cases can be thought of as base-load decrement and baseload increment cases respectively. The results suggest that as capacity is added, therelative contributions of the peak periods to annual LOLP increases, and the opposite as
demand increases. 

Load Uncertainty CaseThis case used the load uncertainty feature of the REM model (see the REM User'sManual), which has effects similar to weighting the results of the base case and the twocases above. Possible errors in the forecast demand are represented by a bell-shaped(Gaussian) probability distribution (which is represented as 11 cases). The spread of thisdistribution was such that there is a 90% probability that the demand is within rias orminus 500 MW of the torecast in every hour. The results are intermediate between thoseof the +500 MW and -500 MW cases. 

Alternate FORs Case

This case used the alternate forced outage rates shown in the last column of Exhibit 8.
obtained more recently than the base case data. Results are fairly insensitive to this
change. 

1990 Load Shape and 1989 Load Shape CasesThese cases started with 1990 and 1989 recorded loads instead of 1991 recorded loads inthe load forecasting. In the base case, autoproducer self-loads were removed from therecorded loads, and pumping loads were removed until after the scaling that produced theforecast peak and load factor. These steps were skipped here because the 1990 and 1989self-loads and pumping loads were not readily available; however, the scaling providedthe same peak and load factor as in the base case. The results are similar to the base caseexcept that in the winter, the evening peak period contributes more, and the morning peakperiod less, to the annual LOLP. Whether or not these results suggest a trend offlattening winter load shapes could be investigated hi the future. 

Pumping Load IgnoredCase

This case modeled pumping generation as described, but included no pumping load. 
 Thesimilarity of the results to the base case suggests that accurate modeling of the pumping

load is not critical.
 

Historical Pumoe Storage Case

This case used istorical 1991 pumping generation, rather than the model described,
together with historical pumping load. 
 Annual LOLP is lower because the actualgeneration (224 average MW) was higher than the modeled level (189 average MW).The weekday evenings contribute relatively more, and the weekday mornings contributerelatively less, to the annual LOLl- compared to the base case. Wlhether this reflectsoperational objectives other than reliability or limitations of the pumped storage modelused here could be investigated in the future. 
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Exhibit 1Average Load and LOLP by Time of Day (TOD) for 1.997 

Maximum 

0
12am 

Maximum 

3am 6am 9am 12pm 3pm 6pm 
(a) Winter (January-March and October-December) 

9pm 12am 

* I 
II 

I I 

0 -
12am 3am 6am 9am 12pm 3pm 

(b) Summer (April-September) 

• Load is after modeled pumped storage load and generation. 

6pm 9pm 12am 
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Exhibit 2
Average Demand by TOD for each Month of 1991 

9000 , ' i 

12am 

20000" 
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* Demand e*aludes pumping load and autopoducer self-load. 
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Exhibit 3Average Demand by TOD for Weekdays vs. Weekends in 1991 
17000 ' !: 

IWek ay, 

t O, r IVAvd ra 

Demand* i 

(Evi'1I I 

12am 3am 6arn 9am 12pm 3pm 6pm 9pm 12am 
* Demand excludes pumping load and autoproducer self-load. 

Exhibit 4
Recommended Rating Periods and Their LOLPs 

Season . Morning Peak- Evenng Peak Combined Peak Off-Peak 
Winter = 7am- Ipm 4 pm-9prn Morning + Remainder ofOctober- weekdays: weekdays: evening periods: week:March 190% 400% 280% 10% 

Summer 7am- Ipm 7 pm-l0pm Morning + Remainder of= April- weekdays: weekdays: evening periods: week:September 260% 320% 280% 30% 
Note: percentages are period LOLPs as a percentage of annual average LOLP, and theirweighted average using period lengths as weights equals 100%, except for rounding error. 
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Exhibit 5
 
Annual Calculation Flowchart
ou 	 ouroPeak demand and Hourly loads and Pumped
load factor for s- I pumping loads for sel- storage


ected forecast year I !
ected historical year ~ capacity(derated)/ 

' ' 	 Pre-
Subtract pumping load 	

pare 

p 
load 

Scale demand for growth and load factor change fore
9' 'cast 

Include modeled pumped storage load andgenerationI 
Hourly load forecast for selected year I 

adjusted for pumped storage 

Generating unit data Tariff(capacities FORs , & periodmaintenance durations) selection 

Calculate available capacity distribution 
at time of annual peak load 

d i o 
IAdjust distribution monthly for capacity variations 

Ca
culate 

SEstimate monthly maintenance=allocation and 

to levelize monthly LOLP aggre-
VW gate 

no I-Calculate hourly LOLPs and average monthly-- LOLPs 

Monthly LOLP is approximately constant in months with maintenancs,
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Exhibit 6

Average 1991 Pumping Load and Generation by TOD
 

800 I 

Generation I 

Pumping 

(MW) 7 

' 

-1101 
12am 3am 6am 9am 12pm 3pm 6pm 9pm 12am 

Exhibit 7Probabil;y Distribution of Available System Capacity in 1997 

P
 

r 
0 

a
 
b
 

Annual
 
Peak
 

t Load 
y 

22,900 29,200
Available System Capacity* (MW) 

* In month of forecast peak load (February), before subtracting maintenance. 
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Exhibit 8

1997 Generation System Data for Reliability Analysis
 

Un- Unit Maint. Alternate F.O.R.s
Plant 
 its F_ Cap.D (M idavs/) (Sensitivity Case)
Pumped Storage (derated) : 01 12642 22 01
 
Hydro (avg. energy) 0
01 163 0
Autoproducers (avg. en.) 

01
 
1 01 593 0 
 01


CHP (6 h/day capacity) 1 01 42493 
 0 01
Belchatow 360 
 12 0.1 360 45 
 0.1
Patnow 203 
 8 0.106 200 45 
 0.1
Turow 200 
 8 0.105 200 
 45 
 0.1
Konin 100 
 2 0.121 120 
 45 
 0.11
Adamow 100 
 5 0.158 96 
 88 
 0.117
Konin small 
 6 0.13 
 40 45 
 0.13
Kozienice 500 
 2 0.3 500 60 
 0.249
Opole 360 
 6 0.108 360 
 45 
 0.1
Ostroleka 200 
 3 0.116 200 
 45 
 0.123
Kozienice 200 
 8 0.117 200 45 
 0.1
Polaniec 200 
 8 0.071 200 45 
 0.1
Rybnik 200 
 8 0.108 200 
 45 
 0.1
Jaworzno 3 200 
 6 0.107 190 
 45 
 0.1
Laziska 200 
 4 0.134 180 45 
 0.141
Dolna Odra 200 
 8 0.095 200 45 
 0.1
Laziska 100 
 2 0.162 100 
 45 
 0.138
Stalowa Wola 100 
 2 0.112 106 
 45 
 0.112
Lagiszr 100 
 7 0.119 103 45 
 0.117
Siersza 100 
 6 0.116 105 45 
 0.1
Stalowa Wola small 
 3 0.1 33 
 45 
 0.1
Skawina small 
 3 0.104 45 
 45 
 0.13
Jaworzno 2 small 
 7 0.104 
 43 45 0.13
Blachownia small 
 1 0.107 41 45 
 3.14
Halemba small 
 4 0.118 50 
 45 
 0.12
Jaworzno 1 small 
 6 0.157 19 45 
 0.14
Miechowice small 
 3 0.118 50 
 45 
 0.12
Pomorzany small 
 1 0.123 
 56 45 0.12
*as turbine 120 
 2 0.12 120 45 
 0.12
 

1 Forced outage rate = 0 because capacity has been derated for forced 
outages or is 
an average based on energy production.
 

2 Pumped storage available capacity is modeled with a maximum of 1330 MW
 
- 5% for forced outages, and varies hourly as described in the 
text.
 

3 CHP capacity, based on average monthly energies, and net autoproducer
capacity after serving self-load vary monthly as 
shown below. 1991
monthly-average autoproducer self-loads, which were subtracted from therecorded 1991 hourly loads, are shown too. 
Jan. Ze- Mr Apr., Md June Jul ep. Qg Nov. CeCHP Cap.(MW) 4249 4249 4249 2974 2549 

ct 
1700 1700 1700 2549 3824 4249 4249
Aut.Cap.(MW) 59 59 59 20 20 20 20 20 20 59 59 59 

Aut. Self-
Load (MW) 1097 1186 1027 897 722 650 562 598 660 934 1199 1214 
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Exhibit 9
 
Base and Sensitivity Case Results
 

..................
Tariff Period LOLP %of Annual Average) .................
Annual

Winter On-Peak.......... Winter ....Summer On-Peak ....Sunnw LOLE*
Case Morn. Eve. Both Off-Pk Morn. Eve. Both Off-Pk (hours)
 

Base 186 395 281 
 12.7 258 278
318 34.2
(Year 1997) 16 

Year 1992 185 395 281 12.5 259 319 279 33.9 
 25
 

500 MW 174 411 282 
 11.6 262 284
330 32.4 3.3
 
Added
 

500 MW 197 374 277 
 14.0 256 305 273 36.4 59
 
Removed 

Load 195 381 280 
 13.8 255 306 255 35.9 26
 
Uncertainty 

Alternate 182 399 280 
 12.3 260 280
321 33.8 11
 
FORs
 

1990 Load 151 427 277 13.6 256 323 279 34.5 7.9 
Shape 

1989 Load 91 515 284 10.6 
 250 367 289 31.6 40
 
Shape
 

Pumping 188 284
400 11.2 269 331 290 29.7 15
 
Ld.Ignored
 

Historical 90 537 293 6.3 243 536 341 11.4 9.9
 
Pumped
Storage
 

* LOLE = sum of hourly LOLPs = expected cumulative duration of loss of load. 

Note: average of period LOLPs weighted by period lengths = 100%. 
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APPENDIX A: PROBABILITY AND GENERATION RELIABILITY MEASURES 

REVIEW OF PROBABILITY AND EXPECTATION 

The probability of an event A, P(A), can be interpreted as the long-run average frequencythat A would occur in a repeated experiment. Some properties of probability are:
* It must .e between 0 and 1.* If events A... , Z include all possibilities (are "collectively exhaustive") and do notoverlap (are "mutually exclusive"), then P(A) + ... + P(Z) = I.* P(A and B) = P(A) P(B given A) = P(B) P(A given B). If A and B are independent,the "given ..." conditions can be dropped, so that P(A and B) = P(A) P(B). If A and B are mutually exclusive, P(A and B) = 0.* P(A or B) = P(A) + P(B) - P(A and B). The last term is 0 if A and B are mutually

exclusive. 

Expectation. or expected value, applies to a "random variable," which is a variable thatcan take on different numerical values with associated probabilities. The expectation ofrandom variable X, E(X), is the average of possible values of X weighted by theirprobabilities. Some distinctions between expectation and probability are:
* 
 Probability applies to an event, but expectation applies to a random variable.* A probability must be between 0 a-ad 1,but an expectation can be any value betweenthe smallest and largest possible values of the random variable (depending on theprobabilities for the possible values).* P(A or B) can be less than P(A) + P(B), but E(X + Y) = E(X) + E(Y).
These distinctions are illustrated below.
 

GENERATION RELIABILITY MEASURES 

In generation reliability evaluation, loss-of-load (LOL) events at each hour of the year areconsidered. Let LOLPt = P(LOL at hour t). This is called the instantaneous (or hourly)loss-of-load probability. Any probability of an event can be expressed as an expectation:
the expected number of events (either 0 or 1) that occur. 
Thus 
LOLPt = P(LOL at 0 = E(number of LOL events at t)

Let the random variable X equal the number of LOL events over a year (or otherspecified period). Then the loss-of-load expectation, or LOLE, for this period is E(X).This can be calculated as 

LOLE = sum over t of LOLPt 
because of the property given above that expectations sum. LOLE can be interpreted as
the expected cumulative duration of LOL over the period. 
LOLE can be expressed in fractional units by dividing by the period length. This gives
the "period LOLP": 

period LOLP = LOLEtbr period 
length of period

Period LOLP can be interpreted as the probability of LOL at a time selected at random
from the period. But it is easier and safer to think of period LOLP as LOLE in different 
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units-an expectation rather than a probability. This avoids confusion with theprobability of one or more LOL events in the period, which is difficult to calculate(because P(A or 13) can be less than P(A) + P(B)). 

Another generation reliability measure is expected unserved energy (EUE), the expectedenergy demanded but not supplied due to LOL. Unlike LOLP, it incorporates thepossible magnitudes of LOL. All these measures can be calculated from the forecastloads and the probability distribution of available system capacity, as described below. 

CALCULATING THE AVAILABLE SYSTEM CAPACITY DISTRIBUTION ANDRELIABILITY MEASURES 

The available system capacity is the sum of the available capacities of each generatingunit. The available system capacity is uncertain (that is, a random variable), because theavailable capacity of each generating unit is uncertain, equaling either the rated capacity,with probability one minus the forced outage rate, or zero, with probability equal to theforced outage rate. (Partial capacities and probabilities could be included too.)probability distribution of available system capacity can be calculated from the 
The 

probability distributions of available capacity for each generating unit. One approach tothis calculation is to consider every possible combination of outcomes for all generatingunits in a "probability tree." This method is impractical for large systems, so a moreefficient method called convolution is used in models like REM (see Chapter 3 of theREM User's Manual). Convolution, unlike the probability tree, assumes that theavailable capacities of the generating units are independent. 

For a large system, the probability distribution of available system capacity typically is asmooth curve, as illustrated below. LOLP and EUE for any hour can be calculated fromthis curve as shown. Alternatively, these measures can be calculated in a simple wayfrom the cumulative probability distribution of available system capacity. LOLE andEUE for a period are the sums of these results over the hours of the period. 

P 
r 
0 
b 
a 
b 

i LOLP 
t sum of 

y probabilities EUE =probability
weighted average 

Load Total 
System 

Available System Capacity Capacity 
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Chapter 1 Features 

REM isa flexible electric generation reliability model with a Lotus 1-2-3®user interface. Table I 
summarizes the model features. 

Reliability Outputs Loss-of-load expectation or probability (LOLE/LOLP), expected
unserved energy (EUE), capacity adjustment to mee reliabilitycriterion, available reserve distribution and optional plot.

Analysis Periods User-specified (e.g., annual or monthly); number is limited by
available memory - up to 126 periods fit in the spreadsheet.


Maximum Number of 
 Unlimited except by the spreadsheet size.'
Generating Unit Forced
 
Outage States
 

Maximum Number of Loads 2000.2 
Per Period
 

Accuracy 
 User controllable; no approximation required. 2 

Method Discrete convolution of units and loads (treated as a single, multistate negative-capacity unit), with compensated rounding to auser-specified step size.Computer Environment [BM-compatible microcomputer with Lotus 1-2-3 Release 2.2 or 
compatible version; 512K or more bytes of memory preferable.
 

Model Languages 
 Lotus 1-2-3 macros, Fortran 77.
 
Benchmark Speed 
 50 seconds to run the 32-unit IEEE Reliability Test System with 

364 loads on an [BM AT microcomputer (see Appendix B).3 

Table 1. Main Features 

I The data for each unit are written as a single string, which 1-2.3 limits to a maximum of 240 characters. The
advanced user can bypass this constraint by a small modification to the 1-2-3 code.
2 The Fortran part of REM allows no more than 2000 states for generating units, loads, and the availabe reserve
distribution, but the code may be recompiled with this parameter increased. Because 1-2-3 spreadsheets have 8192
rows and REM takes loads by row, REM cannot read all hourly loads of ayear directly. The companion spreadsheet
LAGG (Load/LOLE Aggregator - see Appendix C) allows an hourly load file for ayear to be convened to hourly
LOLEs.

3 The version of the Fortran code exploiting the 
 uath coprocessor was used. The LAGG spreadsheet converts 8760hourly loads to LOLELOLP in about 2 minutes with this computer. 
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REM has son special features that set it apart from standard reliability models: 

a A customizable spreadsheet interfce, convenicnt for input preparation, input and output 
reports, and plotting. 

* 	 A load uncertainty model. 

* 	 Separate peak-load-only reliability results. 

A two-parameter approximation of relative LOLE or EUE vs. load around zero available 
reserve (for the peak load as well as the full period).
 

* 
 Quick (three keystroke) plotting of the available reserve distribution. 

Amonthly reserve margin adjustment in the companion LAGG spreadsheet, for representing 
monthly-varying capacity and maintenance. 

A monthly maintenance adjustment worksheet, which levelizes monthly reserve margins, in 
the companion L4GG spreadsheet. 

Features found in some reliability models but not inREM Version 1.3 include: 

" Automatic maintenance scheduling leveizing a probabilistic measure of reliability across 
months or weeks of each year. 

* Conversion of chronological loads to load duration curves (typically simplified, with greater 
accuracy near tie peak load, 

" Energy limitation modeling (e.g., peak shaving for hydro generation). 
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Chapter 2 A Guided Tour 

REM isdesigned to be largely self-explanatory, and hands-on practice is the quickest way to learn
how to use it. All you need is some familiarity with Lotus 1-2-3, DOS ([BM's Disk Operating
System), and electric generation reliability. 1-2-3 skills that are assumed include inserting anddeleting rows in the spreadsheet, copying ranges, using the GOTO and CAJ .C keys, and invoking
macros. The necessary reliability concepts are reviewed inAppendix A. 

Starting the Spreadsheet 

To set up the model, copy the REM files below from your master disk into a DOS directory:
" REM.WK I  the 1-2-3 model and data spreadsheet, containing a small example,
• SREL.EXE - the compiled Fortran part of the model, and 
* SRELBAT.BAT - a small batch file to run the Fortran program. 

The additional file SREL-COP.EXE is equivalent to SREL.EXE except that it requires a math coprocessor in the computer. If your computer has this, you may want to first rename SREL.EXEto SREL-NOC.EXE (indicating that it is the no-coprocessor version), rename SREL-COP.EXE toSREL.EXE, and copy this file instead. This will reduce the Fortran run time substantially. 

It's simplest to keep these files in the same directory and start 1-2-3 from this directory, so that
1-2-3 will find the batch and Fortran files in its default directory when running REM. Additional
 
files you should copy are:
 
* REM-IEEE.WKI - like REM.WK1, but with benchmark data used for Appendix B, and
° LAGG.WKI 
- the 1-2-3 spreadsheet for hourly load-to-LOLE conversion and aggregation, 

described in Appendix C. 

Before starting REM, change to the REM directory if you are not there already. This is necessarybecause REM will look for the SREL files in the current directory. To load the REM spreadsheet. 
type as a DOS command: 

123 -wrem 

(This starts 1-2-3 and immediately loads REM.WKI .) You'll see the example spreadsheet of 
Figur- 1. Try the on-line help, which is reproduced in Figure 2. 
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--------------------------------------------

Figure 1. Initial Spreadsheet 

REM (Copyright (c) RCG/Hagler Bailly, Inc., 1991-2) Version 1.3, 
12/92
 
User's Manual Example


(For help, press F5 and type 'help-.)
 

PERIOD: 
 ..... Year 1...... ..... Year 2......
 

INPUT SECTION
 
Un- Partial Unit Partial
Plant 
 its F.O.R. Cap. (MW) 

Unit 
Cap.(MW) Cap. (MW) Cap. (MW) 

Plant 1 
 12 0.1 
 10 
 10
Plant 2 
 1 0.1 0 10Plant 3 1 0.05 20 
 24
partial state 
 0.02 5 
 6
partial state 
 0.05 10 
 12
partial state 
 0.03 15 
 18
 

Total (to update current pds., press Alt-t) 
 140 
 154
 

Expected Peak Load (MW) 
 120
Reserve Margin (%) 
100 


40.00% 
 28.33%
 

Load Uncertainty Model:
 
90% Confidence Increase (%) 
 0.00% 
 0.00%
 

Load Duration Curve: 
 % of Cum. % % of Cum. %
 
Peak of Time 
 Peak of Time
 

100.00% 1.00% 100.00% 100.00%
 
99.00% 2.00%
 
98.00% 4.00%
 
95.00% 10.00%
 
90.00% 20.00%
 
80.00% 50.00%
 
60.00% 100.0o%
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Figure 1. Inial Spreadsheect (continued) 

CONTROLS SECTION

Start with period number: 
 1 A positive integer. Allows
skipping first period(s).
 
End with period number: 
 126 Allows skipping last period(s).


A blank PERIOD name (e.g. in col.
 
Measure (LCLE or EUE): D) also stops the run.
LOLE LOLE = loss-of-load expectation
 

(frac); EUE = Expected Unserved
 
Energy (MWh/h in pd.)
Reliability Criterion (-I for none):0.002739 Same units as measure. 
 Used to 
find 'Perfect Capacity Over 

4 of System Reserve Probs. to Show: Criterion'.2000 An integer between 0 and 2000
 
Step Size for System Reserve (MW): (the maximum number calculated)
10 A positive integer. Smaller
 

values are more accurate but
 
Cutoff Prob. for Reserve Dist.: slower.
1.OOE-08 Between 0 and 1. 
Smaller values
 

are more accurate but slower.
 

RESULTS SECTION 
 (to run model & update results, press Alt-r)
PERIOD: 
 ..... Year 1......
 

Period Reliability (units of measure) 
 0.004313 
 0.058365
Perfect Capacity Over Criterion (MW)

Exponential Approx. Parameters 

-1 -27
(MW) NA NA 
 NA NA
 
Peak Reliability (units of measure) 0.047371Exponential Approx. Parameters (MW) NA 

0.058365 
NA NA NA
 

Available Reserve Distribution: Rsv. (MW) Prob. Rsv. (MW) Prob.
(set graph ranges with Alt-g) ........ ......... ........ ........
 

-51 0.000000 
 -77 0.000000
 
-41 0.000001 
 -67 0.000000
 
-31 0.000016 
 -57 0.000005
 
-21 0.000122 
 -47 0.000054
 
-11 0.000726 
 -37 0.000414
 
-1 0.003446 
 -27 0.002495
 
9 0.013051 
 -17 0.011800
 

19 0.039059 
 -7 0.043595
 
29 0.090451 
 3 0.123247
 
39 0.157136 
 13 0.253810
 
49 0.200083 
 23 0.340892
 
59 0.196058 
 33 0.223684
 
69 0.175577
 
79 0.124268
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Figure 2. On-Line Help 

REM (Reliability Evaluation Model) Quick Help
 
To move quickly around the spreadsheet, use the range names, such as*inputsl, 'loads", 
*controls*, and -results- (press F5, F3, and F3again, and select a name). 
 The macro Alt-r (hold down the Alt key and
press "rl) runs REM. 

data writer, which 

REM works one period at a time, by running (1) awrites out the data in the Input and Controlssections 
to a DOS filc ('TEMPIN.DAT-), 
(2) a Fortran reliability
program (SREL, or Single-period RELiability program), and (3) a datareader, which reads the results from another DOS file 
("TEMPOUT.DAT-)
eiarning: the Fortran program requires a math coprocessorcomputer; you can check if it in yourhas one with /Worksheet Status. To runthe Fortran program separately, e.g. for debugging invalid inputs, 
use
/System and type "srel < tempin.dt*.
 

Within some constraints, you may tailor the spreadsheet without
interfering with REM's operation. 
Be careful not to delete rows with
named cells. 
 If you put many formulas in the spreadsheet, set
recalculation to Manual 
(/Worksheet Global Recalculation Manual),
else REM (in particular, the data writer) will be slowed down. 
or
 

in the input section, unit partial capacities and load "Cum. % of
Time' values should be in ascending order, and "% of Peak, values
should be in descending order. 
 The data writer looks for a blank
F.O.R. (forced outage rate) co 
signal the end of the plants (it does
not look at the plant name field), and a "%ofblank Peak' to signalend of the load duration curvethe points. Therefore, don't leaveblank rows within these subsections. 
 The data writer also looks for
the Expected Peak Load and Load Uncertainty data, but you may modify
other rows such as the total capacity.
 

In the Results section, you may insert rows theabove Available ReserveDistribution subsection, e.g. to provide inLOLE hoursmultiplying by 8760. per year byThe exponential approximation parameters are
fitted from the reserve distribution in the neighborhood of 0 reserve,if possible, and are 
set to NA otherwise. 
The two parameters, m and s
respectively, are 
those of the cumulative reserve distribution
 
approximation:
 

LOLE exp( r/m - (r/s)**2
which may be interpreted as LOLE as a function of constant loadincrement r; 
or if the EUE measure is selected, 
EUE exp( r/m - (r/s)**2 J. 

If you get a "Memory Full' error during a REM run, you can reset themode indicator at the top right of the screen by pressing Alt-c.Turning off UNDO will free up a lot of memory.
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Exploring the Spreadsheet 

The REM spreadsheet has sections for inputs, controls (which are special inputs), and results, aswell as macros for running the model. A 1-2-3 range name labels the start of each section, so youcan move to it quickly no matter how large the spreadsheet becomes. Explore these labels bypressing the GOTO key followed by the NAME key twice, and selecting from the resulting list.The most useful labels are INPUTS, LOADs, CONTROLS, and RESULTS. (The names beginning with 
a special character are for use by REM's macros.) 

Analysis Periods 

The spreadsheet uses two columns per period, starting with the fourth column (D). This allows upto 126 periods within the width of a 1-2-3 spreadsheet. The example analysis covers two periods,labeled Year . and Year 2. REM analyzes periods sequentially until it finds an empty cell in thefirst of a pair of period columns, in the row labeled "P.oRID:" (near the top of Figure 1). (Youcan also limit the analysis periods with controls shown below). Therefore, your periods must belabeled in sequential even-numbered columns (D, F, etc.), as in the example. 

Plants andPeak Load 

The example shows three plants, of which the first has 12 units, fora total of 14 units. REMassumes that all units at a plant have the same capacity and forced outage data. In year 1,Plant 3has a full forced outage rate (FOR) of .05, and three partial FORs: .02 at 5 MW, .05 at 10 MW,
and .03 at 15 MW. 
 Therefore its full capacity of 20 MW is available .85 of the time (1-.05-.02.05-.03). REM's reliability calculations assume that partial capacities are in ascending order, as 
illustrated. 

Plant 2 is not in operation in year 1, indicated by its 0 capacity. In year 2, both the full and thepartial capacities of Plant 3 increase by 20%. The total capacity in Year I is 140 megawatts (MW),giving a reserve margin of 40% (reserve margin is defined as capacity over load, minus 1,expressed in percent). The total capacity for the current periods (set in the Controls section of thespreadsheet) is totaled for you by the macro Alt-t. To test it, erase the total capacity for either yearand press -]; the total should be restored after a moment. (Note that the CMD status indicator 
at the bottom of the screen is on while any macro is running.) Next, press the CALC key to ensureup-to-date reserve margins, which depend through formulas on the total capacities and the expected 
peak loads. 
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You may enter non-integer capacities and peak loads, but REM will use rounded, integer copies of
them for the reliability calculations. Capacities should be non-negative, with one exception

allowed: you may put in a negative-capacity unit with a zero FOR (and no partial FORs). 
 This is 
useful for quickly simulating a base (constant) load increase. 

To add or remove plants, it's easiest to use /Worksheet Insert Row or [Worksheet Delete Row. Ablank row, or more precisely a blank FOR, signals the end of the plant data to REM (the plant
name column is ignored). Therefore you mustn't leave any blank rows between plants. Also, a
blank partial capacity cell under a filled cell indicates the end of a list of partial capacities. (Note
that the first row for any plant has a blank partial capacity.) 

Example 1: Adding a Plant 

Suppose a new plant, "Plant 4", is to be added to the system shown in Figure 1. It consists of a

single unit with a 10% forced outage rate and a capacity of 20 MW, in both Year I and Year 2.

Using 1-2-3 commands, go to the blank row underneath the last plant (above the row labeled

"Total"), and insert a new row. 
 (Note that 1-2-3 inserts rows above the current row.) On the new 
row, enter in columns Athrough C the data: Plant 4, 1,and. 01, then skip a column, enter 20 in
column E, skip another column and enter 20 again in column G. The skipped columns are for 
partial capacities, which are not needed here, and the second 20 is for the second peiiod, Year 2. 

Now update the total system capacity by pressing[,]--. The totals should increase by 20 MW in 
each year. 

Example 2: Adding a Partial Forced Outage Rate 

Suppose Plant 2 is to be given a partial forced outage rate of 5% at 2 MW partial capacity, while
retaining its 10% full forced outage rate. This means that on the average, 10% of the time Plant 2
is fully forced out, an additional 5%of the time only 2 MW are available, and the remaining 85%
of the time all 10 MW are available. First, go to the row below the row labeled "Plant 2" and insert 
a row. In the first column, enter 'partial state if you like (this is not required). Skip a
column, and enter . 05 in column C. Enter 2 in column D, and again in column F (skipping
column E). You may want to check now that the total system capacity is unchanged, by pressing
[ ]-n] and watching the total system capacity. 
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Load Duration Curve 

Move down to the "Load Duration Curve" data and note that in Year I the curve has seven
points, most of which are near the peak, where accuracy is needed the most in reliability analysis.
Of course, a realistic annual or monthly load duration curve would have many more points. In
Year 2, only the 100% point is used because only peak-load reliability is desired. 

Just as partial capacities must be in ascending order, the load duration curve values (modeled as
negative capacities) must be in descending order. The "cum. %of Time" data must be in
ascending order ending at 100%, since these are cumulative. REM looks for a blank "% of Peak" 
to signal the end of the loads. 

Load Uncertainr, Model 

Above the load duration curve, you can specify a simple load uncertainty model which gives a

Gaussian (normal, or bell-shaped) distribution about the given loads. The distribution has zero

expected value (mean), so that the loads you provide represent expected values. You specify only
the "90% Confidence Increase": the load increase such that there is a 90% probability of a

smaller load and a 10% probability of a higher one. 
 (The 90% point is about 1.3 standard

deviations above the mean for a Gaussian distribution. 
 The 10% point is the same distance below
the mean.) You enter this increase as a percent of the period expected peak load, and all loads in
the period are assumed to have the same standard deviation, in megawatt rather than percentage

terms. 
 (Though a standard deviation that varies with the load might be somewhat more realistic, itwould make REM run much more slowly.) As an example, an expected peak load of 100 MfW and 
a 90% Confidence Increase of 5% imply a 90% probability that each load is no more than 5 MW 
higher than the value given. 

REM accepts only discrete data, whereas the Gaussian distribution is continuous. Therefore REM
discretizes the load uncertainty distribution into 11 points, by a "moment matching" technique. 4 

Controls
 

The next section, CONTROLS, contains explanations to the right of each control (see Figure 1). The
initial values in the spreadsheet make good starting points. These values make REM calculate 

4A reference for mrnoment-matching discr-tization is A.C. Miller and T. R. Rice. "Discrete Approximaions ofProbability Distributions," Management Science, Vol. 29, No. 3, March 1983. 
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LOLE and apply a criterion of I day in I year (I365). Figure B-I in Appendix B illustrates how 
the step Size control trades off speed and accuracy. 

Results 

Having reviewed all inputs, you're ready to run the model. Doing so u.dates the next section of
the spreadsheet, RESULTS. To ensure that your run changes some results from those already there, 
you may want to change a control such as "Reliability Criterion," which affects the 
"Perfect Capacity over Criterion" results. 

Press -- to run REM. The mode indicator at the top of the screen tells you what's
 
happening. Assuming all goes well, you will see the new results for both periods after a few

seconds. To see a graph of the available reserve distribution for the last pericd analyzed (year 2),press LA ']-[ ] followed by Enter. LOLE is the sum of the probabilities (really, the sum of 
expectations, as explained in Appendix A) to the left of 0 reserve, and the Perfect Capacity over 
Criterion is the reserve where the cumulative probability just equals the criterion (positive or
negative). You can verify the Perfect Capacity over Criterion by adding a plant with the negative
of this amount of capacity and with zero FOR, i.e., perfect capacity. The resulting Perfect
 
Capacity over Criterion should be 0.
 

Returning to the RESULTS section, note that the peak reliability (reliability at the peak load) is worse
than the period reliability, which is an average for all loads provided. The exponential

approximation parameters are NA (not available), because the approximation is valid only when the

number of states is large enough and the available reserve distribution issmocth enough. When 
available, the parameters provide an approximation of the cumulative of the reserve distribution,
which you graphed, in the neighborhood of zero reserve. This is useful for sensitivity analyses.
Appendix A has rrore information about the approximation and the reliability measures. 

Tailoring the Spreadsheet 

You may tailor the spreadsheet for input preparation, reporting, or other purposes, as long as you
don't move or delete the range names that REM looks for (which you saw in "Exploring the 
Spreadsheet"), and don't put extra rows or columns within input data ranges. REM assumes that
plant data start two rows below the "Plant" header and end when a row has a blank FOR cell; and
the load duration curve data start three rows below the "Load Duration Curve:" label and end 
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Figure C-3. SREL Fortran Program 

C Single-period electric generation reliability program.
C Language: (almost) ANSI Fortran 77.
C The simple I/O 
 is intended for interfacing with other programs.
C Change Log:

C 11/90 Bill Poland 
 First version.
C 12/90 Bill Poland 

C 

Added m & s parameter outputs for exponential
approx., added switch for LOLE vs.C EUE calcs.0refined COC calculation for EUE criterion.C 1/91 Bill Poland 
 Added DELTA to control m & s estimation.
 

program SRELC This single-period electric generation reliability program calculates
C LOLE/LOLP 
 (loss-of-load expectation/loss-of -load probability)C or EUE (expected unserved energy), and excess capacityC criterion, is well as the two parameters of 
over a 

C an exponential approximationof relative reliability as a function of available reserve.
C The program
reads data from standard input device, calculates reliability, and
C 
w-rites results to standard output device. 
 After an echoed title
C line, the input is 'list-directed,* 
as follows. It consists of a
C base case group and one or more sensitivity case groups. A groupC 
consists of 6 controls, any number of unit/load descriptions, and a
C terminating 0. The controls are:
C step size, cutoff probability, typeof reliability measure, criterion, approximation step size, and output
C control (see code comments below).
C (Since changing the step sizethe sensitivities forwould be illegal, the step size is ignored after beingC read for each sensitivity.) A unit/load description consists ofC a number of states, say n, followed by n integer capacities in ascendingC order, and n-l corresponding probabilities; the lastC one is computedfor you. You can model loads as a negative-capacity unit. AfterC each input group iz read, an output group, consisting of reliabilityC measures and an optional reserve probability distribution, is
 
C written.
C All calculations are done in double precision
C including capacity 

(but note that capacitiesover criterion are integer on input & output).C Note the comunent about the *sPrbMx" parameter below. if it's set tooC small, you'll get warnings written to uait 0.
 

C Make declarations and initialize system
C 
sPrhMx is maximuim system probability array size: 
*** UPDATE AS NEEDED**
integer sPrbhx 
parameter (sPrbMx 
= 2000)
 
integer show
 
double pv'ecision sum
inteqer stepsz, capSz, :ap(sPrMx), sPrbSz, sPrbSO, type, 
 delta, 

* COC
doub,.e precision cutoff, crit, rel, mParam, sParam, prob(sPrbMx),prfRsv, prfRs0, sProb(sPrbMx), sProb0(sPrbMx)
data prfRsv /OdO/, sPrbSz /1/, sProb(l) /ldO/

C reserve for i,state rounded: 
iRsv(i) idnint(prfRsv) + stepSz*(i-1)

i.:;v0(i) = idnint(prfRsO) 
+ stepSz*(:.-l)
 

C Read base controls, and base data while building base systeread (,,,' stepSz, cutoff, type, crit, delta, show
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read (*,*) capSz, (cap(i), i=l,capSz), (prob(i), i=lcapSz-l)
if (capSz .ne. 0) then
 

sum v OdO
 
do 2 i=lcap~z-1


2 
 sum = sum + prob(i)
 
prob(capSz) = ldO - sum
call ADDU(stepSz,cutOff,capSz,cap,p-ob
'prfRsv,sPrbSz sProb,


sPrbMx) 
goto I
 

end if
 

C Find & write base results (including up to output lines of theC reserve distribution)

call CALCR (stepSz0prfRsv, sPrbSz, sProb, type, crit, delta, rel 

mParam,sParam,COC)

if tcrit .It.OdO) then
 

else 
write (*,91) rel, mParam, sParam
 

write (',91) rel., mParam, sParam, COC
 
end if
 

91 format( 3 (lx,e22.15),°x,i0)
 
if (show .gt. 0)


write 	(*,93) 
( iRsv(i), sProb(i), i=j, min(show,sPrbSz)
913 	 fOrmat(lx,il0, lx,e22.15)
 

C 
Do the same for any sensitivity cases, after retrieving the base case
C 
(note stepSz is effectively skipped in the read below, by use of i)
3 	 read (*,*,end=7) i, cutOff, type, crit, delta, show

prfRs0 = prfRsv
 
sPrbSO = sPrbSz
 
do 4 i=l,sPrbSO


4 sProb0(i) = sProb(i)
5 
 read (*,*) capSz, (cap(i), i=l,capSz), (prob(i), i=l,capSz-l)
if (capSz .ne. 0) then
 

sum = OdO
 
do 6 i=l,capSz-1


6 sum = sum + prob(i)

prob(capSz) = idO - sum
call ADDU (stepSz, cutOff. capSz, cap, prob, prf s0, sPrbS0, sProbO,

* 	 sPrbMx) 
goto 5
 

end if
call CALCR(stepSz,prfRs, sPrbS0, sProb0, type, crit,delta,rel,
. mParam,sParam,COC)

if (crit .1t. OdO) then
 

elselrite (*,91) rel, mParam, sParam
 
write (',91) rel, mParam, sParam, COC
 

end if
 
if (show .gt. 0)


* write 	(*,93) ( iRsv0(i), sProbO(i), i=l,min(show,sPrbS0)

goto 3
 

7 
. o C 
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Figure C-3. SREL Fortran Program (continued) 

subroutine ADDU( stepSz, cutOff, capSz, cap, prob,
* prfRsv, sPrbSz, sProb, sPrbMx )C (first arguments) in in 
C (remg. arguments) 

in/ch in/ch in/ch (*ch" means changed)
in/out in/out in/out in
 

C Does convolution: adds the probability distribution of the capacity
C of a generating unit (or a load) to that of the system.
 
C stepSz 
= step size for rounding unit probability distributions
C cutOff = minimum system probability to be represented.C If set to 0 
C 

or very small, you might get a Fortran underflow
 
error.


C capSz = current size of cap and prob arrays.
C cap = 
array of unit capacities, in non-decreasing order.
C prob = 
array of corresponding probabilities.
C prfRsv  perfect system reserves, i.e. minimum rsv. represented.
C sPrbSz = current size of sProb array.
C sProb = 
array of system reserve probabilities.
C sPrbMx = 
maximum size of sProb array, i.e. its dimension size.
 

return
 
end
 

subroutine CALCR( stepSz, prfRsv, sPrbSz, sProb, type, crit,
 
C delta, rel, mParam, sParam, COC )
(first arguments) in in
C (remaining arguments) in 

in in in in
 out out 
 out out
 
C 
Calculates system reliability measures based on loss-of-load expec-
C tation (LOLE) or expected unserved energy (EUE). 
 If type is 0, LOLE
C is used; otherwise EUE is used. 
If crit is nonnegative, COC is

C calculated.
 

C stepSz, prfRsv, sPrbSz, sProb: 
see documentation in ADDU.
C 
type = 0 for LOLE calculations, or any other integer for EUE.C crit = 
LOLE criterion, i.e. minimum acceptable value, as a
C 
 fraction, or EUE criterion in units of capacity times
C period length 
-- or a negative # to inhibit COC calculation.
C rel = 
C delta = 

LOLE or EUE for the period (for units, see above).
 
C 

integer multiple (e.g. 5) of stepSz to use in estimating
mParam and sParam, or a nonpositive integer to skip
C calculating them.
C mParam = m parameter for exponential approximation of reliability f7.
C 
 (based on a range of 2 delta x stepSz starting at about 0 reserve)
C i.e. F(r) = exp( r/m - (r/s)**2 ).C Note that this approx.
can be valid only for r << 
(s/2) (s/m),
C approximated F(r), 
the r giving maximum
 

C sParam 
because F(r) cannot decrease.
= s parameter for exponential approximation of reliability fn.
C 
 (based on a range of 2 delta x stepSz starting at about 0 reserve)
C COC 
 = perfect capacity in excess of 
the criterion (if calculated)
 

return
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APPENDIX 4.2.1 
INPUT FILE 



GENERATION PLANNING TOOL 
- GPT 
 t
 
INPUT DATA FILE 
 * tttttw ttttt wttt.t.ttttt *. 

INSTRUCTIONS FOR USING AND MOOIFYING THIS FILE
 
..................
 

1) All Lines 
in this file are 95 columns long

2) ALL lines starting with * 
are for co Tents and are not executable
3) ALL Lines starting with F define fields under which data must be placed 
as follows:
Fields shown as rrrr must have real 
numroers (with decimal point) anywhere under the field

Fields shown as iiii 
must have integers right justified under the field
 

" Fields shown as 
aaaa must have alphanumeric characters
 

The file is divided into three Large Parts: 
Part I contains only annual values.
Part It contains only information on now annual 
values are to be distributed over periods
in 	 contains only Load duration curve patterns to 
which the year may be suboivioel. Part III 


be used as specified in Parts I and 
It.
 
Each part contains several 
secticns corresponding to specific types of data.
.. t ** *.. ...... . . ...... *........*t.t*** ... .........*.t .......

To be recognized by GPT as an input file, this file must be stored under a name ending in".gpt". Before execution the modeL wiLl eliminate all coments and change the name to end in


" 	".gpa". To save storage space, cniy ".gpa" fiLes need 
as ".gpt" in order to make 
to be kept and can then be renamed
them recognizable 
 v the modeL prior to execution.tt~~~ tt~
*** 
******** **** *** **** ****t flw .* * a W ~ U W t tt W t W ~ ~ ~ f 



The folwn 


T IO 


T CH R 


** 


auw 

Select 

Seect 
i etermin t hew basi chrceitc 

if you artunn nt ch 

2 or moreifyouwnt tousPARDAfA 
moeadyuwn 

11 

on un tt . SeetI w nt t egvt
SECTION A
PROGRAM CONTROL AND BASIC CHARACTERISTICS
 

Pe following values wilt determin
PLANNTLSAT
 

OPTIONJ 

"" BATCH CR
"!NTERACTIVE 


NUMBER OF

*2 HYDROELECTRIC 

w.PLANTS
 

TNUMBER OF 

C I
THERMAL UNIT 


TYPES 


HD 

T 


*w"NUMBER OF 


SUBANNUAL
D 

2* PERIODS 

LA 


STEPtiin 


'
NUMBER OF 

"sWATER 


2d 


*" 


*2 MODE OF 

"HYDRO 

"DISPATCH 


.t 


't MODE OF 

*"THERMAL 

"DISPATCH 


*" 


w. 


t." LOAD

*2 ESOLUTrONJ 
*" STEP 


*" 

*2 


*0 

** 


"" 
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~ . teal tcattt~tt1ttt~tttttiontANUAL 
temd(t ar 

heotonttodf h 

e basic characteristics of 
the model:
 

Select 
0 if you are running in batch mode and you want 
the model to carry
oprain reors Selecton unattended.
the arrrount 1 if you want
of screenUp tooutput200 type canto Pe given the optionor t 2efndan hrei*o to modify theinteract with 
input data, including ii other 
program controls, during execution. Select -1 to monitor data entry.
 

Indicate here how many hydroelectric plants
existing and planned plants. Maxiimum 100 plants.wil be considered including
 

Indicate here 
 howmany types of different thermal 
units will 
be considered.
A unit type is a particular coatination of technology (steam, 
internal
 
comustion, diesel), 
fuel, 
size and even site. In short, anything that
 rcan
differentiate one unit 
from another other than its comissioning date.
Normally existing units require one 
type each because 
they have different
operating records. 
Up to 200 
types can e define and thereis no limit


oin the numer of units 
that can be included in each type.

Select 1 if the file will 
not contain data for subannuaL periods.
 
Select 2 or more 
if you want to use PART I 
containing the allocation 
of
annual values 
to 2 or more suBeriodls within the year. 
Note: this last
 
option will 
not be operational 
if any optimization of generation mix
 
must take place.

Select 
-n if data for n suberioos is present but 
you do not want to use
 

this run even if there is no optimization invotves.
 
Indicate 
here how many water conditions will 
be defined. The nnunmbris the
the same for all hydro plants and can be as 
high as 50. Thus, for most
sCONDITIONS
it is possible to define 
one condition for each year of record. 
 However,
pethis make execution very slow
will an it is better to define only
(normal and dry), two
three (wet, normal and dry) or at
normal, dry and critical) the most four (wet,
water conditions.
 

Select 0 if you want that all 
different hydroconditions be dispatched
before any thermal dispatch takes Place andl 
1 if you want that a particular
hydrocondition Pe randomly selected accoroing to 
the relative probaoilities
 

of eacn.
 

Select 0 if you want 
a deterministic dispatch in 
which thermal unit
capacity is derated by its 
equivalent availability. Select
want a probabilistic (Booth-Baleriaux) dispatch. 
1 if you
 

Note: this last Option

will not be operational if any optimization of generation mix must take
 
place.
 

Select 0 if you want the model to
function of use maximum accuracy (determined as a
load, nu~nmer of 
units andl mode of dispatch) or enter a numver

in MW correspondling 
to the smallest interval of tnad to 
ne resolved.
Note: if you use this 
last option and you selected a nur~er that is too
small 
the model may exceed available comouter memory and fail. 
If you
select 0 (automatic) 
the model may take longer than necessary without
 
appreciable change 
in results. The best is to 
try 0 and note the value
determined by the model, 
 if 
it taKes too long a larger value can be
 



tried verifying that results remain largely constant.
 

" 	 SCALE FACTOR For small systems in which a Load resolution of 
1 MW could be tolerated
by available memory, the model may give inaccurate results it will round
as 

units to the nearest MW and some units may be 
too smaLl for this. In this
 case a scaling factor may need to 
be used. 
As a general rule, the following

formula should be used:
 

peak load + peak Load ' (1+reserve) 

................................... less than 5,000
 
(scale/step)
 

" DATA PERIOD The first and last of 
a series of consecutive years for which data is made
" YEAR START available. Data Start must be always smaller than or equal to Simut.Start
" YEAR END however, if the data period does not fully cover the simulation period

simulation will continue using an 
input toad growth rate and the fuel price
escalation rate from the last year for which data is available.
 

EXECUTION 
 The first and Last years for which a simulation is desired. Note that
PERIOD 
 it is only required that the simulation starts at or after ther first
" SIMUL.START year for which data is available. However it is 
not necessary that data
 
" 	 & SIMUL.END is available for the entire simulation period.
 

EXECUTION 
 After the simulation period is comoLeted the mode( can assume that the
" 	 PERIOD Load and the production of 
each unit remains constant but fuel prices
" 	 EXTRAP.END continue escalating. This variaote controls the end of 
that extrapolation.
 

. ..... . ....... 
 ... ... .... ... ... .... 
 ... ... .... ... ... *SS.........******S*...........*,,
 

"*OPTIONNUMBER'NUMBER *NUMBER 'NUMBER *HYDRO'THER.'LOAD*SCALE *
"'BATCH 'OF -OF 	 EXECUTION PERIOD
*OF *OF "DISP.*DISP.*RES.*FACTOR*---..-.-.--,*,
* .S.SS 
.. OR 'HYDRO "THERMAL'SUBAN. *WATER
"*INTER.'PLANTS'TYPES *PERIODS'COND. 

'MODE 'MODE *STEP* *FIRST* DISCRETE YEARS * LAST *
'(MW)'
- * *YEAR 1 2 3 * YEAR *
 

F I I i i 
 ii I 
 rrrr rrrrr :I0 Iiii I10i ii i iii
0 24 31 2 1 11 20. 1. 1992 0 0 0 2000 

"" NUMBER 'DETAILED * RESOURCE RESOURURCE " 	RESOURCE" 	 OF *OUTPUT * MONITORED * MONITORED * MONITORED * MONITORED 
* MONITORED * MONITORED 
 *
RANDOM '0 = NO * IN SCREEN * IN SCREEN 
* 	IN SCREEN * IN SCREEN * IN SCREEN 
* 	IN SCREEN "
 "PASSES '1 = YES * 	 ' 

11'ii liii 
 iiii 
 liii 
 iii 
 iii 
 l1ii 
 iiii
 
1 1 30 31 
 30 31 
 30 31
 

SECTION B
TITLE
 

Following the last comment 
line there wilt be 23 executabte tines. 
 Each Line contains an
SLohanuni srlc field 75 
coLumns Long. The contents of these 23 
fields will be printed in
 every outut producea using this data file.
 

F 	aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa.-

T POLAND - ELECTRICTY PRICING STUDY 
- 1992
POLISH POWER GRID COMPAnY -
POLSKIE SIECI ELEKTROENERGETYCZNE
 
T 
 PSE1200 ANALYSIS - 13.Jan.93 - Arlington
 
T '200 series
 
T Same as 1100 series but rerun on Drooabtistic subannuaL mode for
T use by gpt-m. 1200 series is compatible with 
new GPT version that
T 
 ises scale factor when necessary tor small systems
 

T Codes for thermal categories: II-SSS
 
T T: plant type: T=s 

T 
 d

T 
 c 
T F: fuel type C=1 
T c

T 
 r 


dispatcnable steam turbine
 
dispatciabLe steam turbine used in 
on cogeneration
 

T 1 distiLate oiL (gas oiL, 
T g natural gas
T II: plant identification (see codes for plant 

xx new capacity
T SSS: unit size class
 

coafbDustion turbine
 
Lignite
 
hard coat
 
residual oil (bunker, 96)
 

a2)
 

names in section E)
 
I 

http:13.Jan.93


1 000 denotes units under 100 mw
 
2
 
3
 

SECTION C
 
*5 BASE ECONOMIC PARAMETERS
 

This section contains economic parameters that are constant from year to year or 
the values
at 
the first year of data (which is also the origin for discounting purposes) of 
those
values which can change from year to year.
 

DISCOUNT EFFECTIVE THERMAL BASE BASE YEAR 
 BASE YEAR FUEL COST 
 (S/MMBTU)
RATE CAPACITY RESERVE 
 YEAR PEAK LOAD 

%) (% above peak) 

Lignite Coal OiL#6 OiL#2 Gas

(MW) ($/Mbtu)(S/Mbtu)($/Mbtu)(S/Mbtu)($/Mbtu)
 

F rrrrr r rrrrrrrrrrrrrrrr 
 iiii rrrrrrrr 
 rrrrrrr rrrrrrr 
rrrrrrr rrrrrrr 
rrrrrrr
12.00 
 0.0 1992 22024.0 
 1.6100 2.1220 
 2.1750 4.0600 
3.50000
*c dr/ as agreed
 
Ic ecr/ check correl. 
with loLp to define ecr if optimizing

*c bypl/ excludes selfsuDplied Load
"c byfc/ coat based on 30,000 zl/gj delivered at plant from coiarison of W8 coat prices cif
"c byfc/ Gdansk plus 12.6% inland transport and PSE's values for current price w/o subsidies
"c byfc/ of coat delivereo at polish plants.
*c byfc/ lignite based on conmarison ot actual price w/o subsidies of coaL 
and lignite at
"c byfc/ polish plants resulting on Lignite Price 
= 0.76 coal Price
": byfc/ crude at 17.4 $/bbL (WorLd BanK); oit#6 assuned at 75 
 an 6 notu
"c byfc/ gas assuned to be an average of 75% 
of crude
**.***.** ... ****** ******* 
 .. *******
 

SECTION D
 
ANNUALLY VARIABLE LOAD CHARACTERISTICS AND FUEL PRICE DATA
 

ANNUAL LOAD FACTOR (1/1000) AND LOAD SHAPE NUMBER
" 
** 

YEAR 92 93 94 95 96 97 98 99 00 
 01 02 03 04 05 06 07 
 08 09 10 11 12
L.F. (pth)648 653 657 662 672 673 676 677 681 670 673 677 680 683 686 689 692 694 696 698 700
*c t.f. 
includes mloty pumping loads after commissioning in 1998
*c l.f. includes end of exports after ?001
 
SHAPE NO. 1 1 1 1 11 1 1 1 1 
 1 1 1 1 1 1 1 1 1 1 1 

* RAGE OF ANNUA ODGOT AE(/00

"" YEAR 92 93 94 95 96 97 
 98 99 00 01 02 03 04 
 05 06 07 08 09 10 11 12
MAX 000 009 014 021 
005 025 022 024 021 003 023 023 023 023 023 023 023 023 023
MIN 000 009 014 021 
005 025 022 024 021 003 023 023 023 023 023 023 023 023 023
"c base case with mloty from o.v.
 
*c must include mloty pumping Loads after commtss.
 

RANGE OF ANNUAL ESCALATION IN FUEL TYPE
YEAR 1 (1/1000) -(or associated fuel
92 93 94 95 96 97 type and cost ratio)
98 99 00 01 02 03 04 05 
 06 07 08 09 10 11
MAX 12
0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
MIN 
 0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
lc
lignite 0.0% real escalation - assunes parallel with hard coat
era of cheap Lignite to end. aDply escat.
ac after 2000 to reflect depletion
 

SRANGE OF ANNUAL ESCALATION IN FUEL
YEAR 92 TYPE 2 ',1/1000) - (or associated fuel type ana93 94 95 96 97 98 99 cost ratio)
00 01 02 03 04 05 06 07 08 09 10 11 12
MAX 
 0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
MIN 
 0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
"c coal prices dropping since 1990 
assume constant
 
RANGE OF ANNUAL ESCALATION IN FUEL TYPE 3 
(1/1000) - (or associated 
fuel type and cost ratio)


** YEAR 92 94 9693 95 
 97 98 99 00 01 02 03 
 04 05 06 07 08 09 10 11 '2
MAX 
 0 010 010 010 010 010 010 010 010 010 010 010 010 010 010 010 010 010 010
MIN 0 010 010 010 010 010 010 010 010 010 
010 010 010 010 010 010 010 010 010
*c residual oil (1% real for oit & gas)
 

YEAR 92 93 
 94 95 96 97 98 99 00 
 01 02 03 04 05 06 07 08 09 11
10 12
MAX 
 0 010 010 010 010 010 010 010 010 010 010 010 010 010 010 010 010 010 010
MIN 010 010 010 010 010 010 010 010 010 010 010 010
 
0 010 010 010 010 010 010 

*c distillate oil (1% real for oiL & gas;
 



SRANGE OF ANNUAL ESCALATION INFUEL TYPE 5 (1/1000) 
- (or associated fuelYEAR 92 93 94 95 96 
type and cost ratio)


97 98 99 00 01 02 03 
 04 05 06 07 08 09
MAX 10 11 12
0 020 020 020 020 020 020 020 020 020 020 020 020 020 020 020 020 020 020
MIN 
 0 020 020 020 020 020 020 020 020 020 020 020 020 020 020 020 020 020 020

"c natural gas (2% real)
 

0 0*t~tW....... 
0 *0*00*00*00*0 *.... 
 000**o*t . * . *t0*0000*000000tt ..... 000t** *00000ttt0t .. * 

SECTION E

ECONOMIC DATA ON THE GENERATING SYSTEM
 

In this section the capital and operating cost for each generating resource are specified
 
as follows:
 

TYPE 
 Use H for hydro plants and T for thermal generation.
 

NUMBER 
 A consecutive nu~ioer for hydro plants and a consecutive nurber for thermal
plants. These nunoers 
for hydro and thermal will associate eachl plant
with aoditionaL data 
in tnis file.
 

0* IDENTITY 
 A 10 character word identifying the plant. For hydro and existing thermal
 
plants this will typically be a proper name. 
For alternative thermal
plants it can nave a code denoting the type of plant (example: GCC for
gas-firea-com~ ined-cycle) aria a number denoting unit size.
 

0* NAMEPLATE The nameplate capacity of the generator in MW
 

00 CAPITAL COST This is the cost 
in dollars per nameplate MW at 
the price levels of the
 
first year of data and including everything except nterest during
construction. Incluae spare parts inventory and fuel stock in this value.
 

0* FIXED COST This is the annual fixeo operating cost *n S per nameplate MW, largely

00 salaries and fixeo maintenance contracts.
 

00 VARIABLE COST Include any non-fuel cost that vary as 
a function of power production such
 
as 
Lubric3nts and interim replacements.
 

00 LIFE 
 This value is used to determine the capital annuity only and has no impact
 
on the availability of the plant after conmissioning.
 

*0 CASH FLOW The negative nuiTrers denote years prior to plant 
start up. Under each of

these years go the percent of 
capital disbursed and assumed concentrated at
the middle of the year. Year 0 is when start up occurs and 
can also carry

a share of capital disbursements.
 

00T 
NO IDENTITY NAMEPLATE CAPITAL FIXED VARIABLE LIFE CASH 
FLOW BEFORE AND AFTER COMMISSSIONING
0* CAPACITY COST COST COST (YRS) EXPRESSED IN ROUNDED PERCENT OF CAPITAL COST

(MW) ($/MW)(S/MW-Y)(S/MWH) 
 -0 -1 -2 -3 -4 -5 -6 -7 -8 -9-10-11-12-13-14
 

"c nc/ from pse statistics
 
0
 c cc/from wasp assurnotions, verified by inti. prices
 
0c on nomogeneized historical data


fc/for thermal is based 

"c fc/as a function of plant capacity: '500 MW fc=305/kw

"c fc/ 500-1000Mw fc=255/kw; >1000Mw fc=15S/kw
"z vc/for thermal corresponas to plant specific fuel 
transport
a ii 3aaaaaaaaa rrrrrrr rrrrrr 
rrr.-rr 
rrrrrr ii ii 11 1 11 1H I PH-92-PUMP 1330. 0 
10800 0.00
 
"c exstg. ps hydro zarnowiec (680) + zydowo (150) 
 porabka (500)
"c treated as a peaking hydro with 
 uLrmtng added to 
load forecast
H 2 PH-MLOTY 
 750. 633000 10800 .00 50 5 15 30 20 20
-c 
mioty pumped storage nyoro treated tike eAs*os-nyd
 
*: cc/harza 684-exstg. inv., 7et=633000
 
"c fc/use I% of total 
cc
 
H 3 CH-92-HYDR 
 t40. 0 10800 3.00
 
soltina (136) + dychow (75) 
 * small hydros
H 4 CH-VISTULA 
 !70.1730000 10800 J.00 50 
 5 15 20 20 20 20
t,lower vistula hydro not 
relevant for 
ooer. since cormisionea
H 5 AC-92-AUTO 1290. 0 30000 tate

21.1
*c nc/dispatcher's maximum available caoacity from autoprod.
 
"c vc/assumed at 
10000 Btu/kwh and economic coat price

H 6 DC-92-CHP 3781. 0 .0000 .000
 



Ic all chp plants definea as plants with 
high cogeneration coefficient

H 7 OC-93-CHP 
 50. 0 .0000 .000
 
H 8 OC-94-CHP 
 100. 0 .0000 .00
 
H 9 0C-95-CHP 
 150. 0 .0000 .000
 
H 10 DC-96-cHp 190. 
 0 .0000 .000
 
H 11 0C-97-CHP 
 340. 0 .0000 .700
 
4 12 DC-98-CHP 
 .40. 0 .0000 .300
 
H 13 DC-99-CHP 
 100. 0 .0000 .300
 
H 14 OC-00-CHP 
 520. 0 .0000 .000
 
H 15 nC-OI-CHP 
 300. 0 .0000 300
 
H 16 DC-02-CHP 
 300. 0 .0000 .000
 
H 17 DC-03-CHP 300. 
 0 .0000 .300
 
H 18 OC-04-CHP 
 300. 0 .0000 .000
 
H 19 DC-05-CHP 300. 
 0 .0000 .300
 
H 20 DC-06-CHP 300. 
 0 .0000 .000
 
H 21 DC-07-CHP 
 300. 0 .0000 .300
 
H 22 OC-08-CHP 300. 
 0 .0000 .300
 
H 23 DC-09-cmp 
 300. 0 .0000 .-00
 
H 24 DC-10-cHp 300. 
 0 .0000 .000
 

*c chP additions as per expansion plan table 6.1
 
T I SL-BE-360 360. 
 0 15000 0.00
 

"c belchatow 360
 
T 2 SL-PA-200 
 200. 0 1000 0.00
 

*c patnow 200
 
T 3 SL-TU-200 
 200. 0 15000 0.00
 
turow 	200
 

4 SL-KO-100 
 120. 0 25000 3.00 
*c konin 100
 

T 5 SL-AD-100 
 120. 0 30000 0.00
 
'c aaamow 100
 
T 6 SL-KO-000 
 49. 0 25000 0.00
 

•c 	konin small
 
T 7 SC-Ko-500 
 500. 0 25000 0.00
 

"c kozienice 500
 
T 8 SC-OP-360 
 360. 0 15000 0.00


"c opole 360 plant unaer construction / check with 
 Harry about including cc
 
T 9 SC-OS-200 
 200. 0 25000 0.00
 

c ostroleka 200
 
T 10 SC-KO-200 200. 15000
0 0.00
 

"c kozienice 200
 
T 11 SC-PO-200 
 200. 0 15000 0.00
 

'c potaniec 200
 
T 12 SC-RY-200 200. 
 0 15000 0.00
 

"c ryonik 200
 
T 13 SC-J3-200 
 200. 0 15000 0.00
 

*c jaworzno 3 200
 
7 '4 SC-LZ-200 
 200. 0 25000 0.00
 
Laziska 	200
 
15 SC-DO-200 
 200. 0 15000 0.00
 

"c aotna ocra 200
 
T 16 SC-LZ-100 
 '20. 0 25000 0.00
 

% laziska 100
 
7 17 SC-ST-100 120. 30000
0 0.00
 
stalowa wota 100
 
7 18 SC-LG-100 "120. 
 0 25000 0.00
 

"C tagisza 100
 
T 19 SC-SI-100 123. 
 0 25000 0.00
 

*c siersza 100
 
T 20 SC-SK-100 100. 
 0 30000 0.00
 

"c skawina 100
 
T 21 SC-ST-000 
 36. 0 30000 0.00
 

"c stalowa wola smal.
 
T 22 SC-SK-000 
 50. 0 30000 0.00
 

"c skawina small
 
T 23 SC-J2-000 
 50. 0 30000 0.00
 

.c jaworzno 2 smaLl
 
T 24 SC-BL-000 
 .7. 0 30000 0.00
 

c btacfownia smaLL
 
T 25 SC-HA-00 
 50. 0 30000 0.00
 

"c haLemoa small
 
T 26 SC-JI-O00 29. 
 0 30000 0.00
 

"c jaworzno I smalL
 



T 27 SC-MI-O00 55. 0 30000 
 0.00
 
*c miecinowice small
 
T 28 SC-PO-O00 60. 
 0 30000 0.00
 

"c pomorzany small
 
7 29 SR-PA-200 200. 
 0 15000 0.00
 

"c patnow oil 200
 
T 30 SL-XX-360 360.1330000 15000 0.00 30 5 15 30 30 20


*c new caseload assunec 
lignite from wasp solution
 
7 31 CG-XX-120 
 120. 340000 15000 0.00 20 
 5 45 45 5


*c new peaK Load assunel 120 mw ng firea gas turbine. 
.............................................................................................
 

t
 

SECTION F
 
AVAILABILITY AND DETERMINISTIC ANNUAL DATA FOR HYDRO PLANTS
:**;a 
 r7 :npt;tt*t*tte 


00000tt0t0*00000000000000000000000000000**000h**0 
SHyoroelectric plants 
are special comonents of the generating system because each 
can be

considerea unique in 
cost and power potential but also because their power potential
' known except in the form of probabilities. Section F 	

is not 
includes the characteristics of the
Shyro plants that do not need to be expressed by probabilities.
 

NO. & IDENTITY Shoutc correspond to 
the values defined in Section E
 

YEAR IN & OUT First and last year of 
the Plant in the system.
 

"NSTALLED The total generator rating in 
tre plant regardless of head limitations or
CAPACITY 
 firm energy avaitapility. Exoressed in MW. Do not inctuoe plant service or
 
transmission losses 
in this numiter.
 

AVERAGE ENERGY Total average Long term annual 
energy production. Expressea 
in average MW.
0 not include plant service 
or transmission losses in this nurber.
 
MUST RUN ENERGY Average long term annua! energy that
to 	 is generated to meet riparian flow orother non-power requirements. Expressed in average MW.
 

LOSSES Percent of capacity and percent of energy used in plant service and
"" 
 transmission losses.
 

*0 NO. IDENTITY YEAR YEAR PEAKING AVERAGY 
 MUST RUN LOSS FACTORS
 
* 
 IN OUT CAPABILITY ENERGY 
 ENERGY CAPAC. ENERGY
•.(MW) 
 (aV.MW) Cav.MW) 0(.) ()
 

1i aaaaaaaaaa iiii iii 
rrrrrrrr 
rrrrrrrr rrrrrrrr 
 rrrr rrrr
 
.....................................................................................
 
" capacity losses included 
'n lieu of o.r.
 
" alL 
station and network Losses included in koaa
 
1 1 PH-92-PUMP 1950 3000 
 1330 224 0 0.99 0.00" 
cc/notes ref.1 ae/pse statistics - reaKing energy or 
ps hydro
 
H 2 PH-MLOTY 1998 3000 
 750 
 113 0 0.99 0.00
" e/15% c.f. 
from Harza study use 867 mw pumping toad ana 76% eff.(lf=17/,)
H 3 CH-92-HYDR 1950 3000 
 640 163 
 80 0.99 0.00


" pc/ae/from pse statistics assumed 50% 
oea~ing

H 4 CH-VISTULA 2010 3000 
 170 150 
 '50 0.99 0.00
 

* 	 e/assumed 
H 5 AC-92-AUTO 1992 3000 1220 39 
 20 0.88 0.00
 

0 	 to reak on peak ,oaa month
oc/based on autoproducers cont. 


• ae/frcm ose statistics (339 gwh) assumed 50 !' peaKing 
0 autoproducers deleted from toad and 
resources
 
H 6 DC-92-CHP 1992 3000 3498 1435 '250 0.88 0.00
 

• pc/ae/pse 1991 
prod. 12569 gwh/8.76

inctuaes atl plants witn high cogeneration coefficient (>20) except statowa-wota
 ,q 7 :C-93-CHP 1993 3000 
 50 38 
 33 2.88 0.00

1 8 DC-94-CHP 1994 3000 
 100 76 66 ).88 0.00
H 9 DC-95-CHP 
 1995 3000 150 14 
 9 0.88 0.00
H 10 DC-96-CHP 1996 3000 
 190 i.5 
 '26 0.88 0.00
H 11 DC-97-CHP 1997 3000 340 259 
 225 0.88 0.00

H 12 DC-98-CHP 
 1998 30C0 440 335 29 0.88 0.00
H 13 DC-99-CHP 
 1999 3000 100 76 
 56 ).88 0.00
H 14 OC-00-CHP 2000 3000 
 520 396 
 345 0.88 0.00
H 15 OC-01-CHP 
 2001 3000 300 
 228 199 0.88 0.00
H 16 OC-02-CHP 
 2002 3000 300 228 
 !99 0.88 0.00
H 17 DC-03-CHP 2003 3000 
 300 
 228 199 0.88 0.00
 

http:gwh/8.76


H 18 DC-04-CHP 2004 3000 
 300 228 
 199 0.88 0.00
H 19 DC-05-CHP 
2005 3000 300 228 
 199 0.88 0.00
H 20 DC-06-CHP 
2006 3000 300 228 
 199 0.88 0.00
H 21 DC-07-CHP 
2007 3000 300 228 199 
 0.88 0.00
H 22 DC-08-CHP 2008 3000 
 300 228 
 199 0.88 0.00
H 23 DC-09-CHP 
 2009 3000 300 228 199 
 0.88 0.00
H 24 DC-1O-CHP 2010 3000 
 300 228 
 199 0.88 0.00
 

SECTION G
 
PROBABILISTIC ANNUAL DATA FOR HYDROELECTRIC PLANTS
 

" ALL 'oeectric plants are assumed to 
belong to the same hydrologic regime and thus
" to experience all 
the same water conditions. 
 For each water condition three parameters
 
are provided:
 

PROBABILITY 
 The probability that the hydroetctric system wilt experience the

particular water condition. Note that the sun of the probabilities

of all water conditions must be 1.00
 

CAPABILITY 
 The fraction of rated capacity that can be counted on during this
*' RATIO 
 water cordition Due to Limitations in head. Note: A wet condition can
 
often reduce zapabiLity due to 
tailwater increase. 
This value cannot
be Larger than 1.00 since the generator capacity cannot be exceeded.
 

TOTAL ENERGY The fraction of total average annual energy that will
RATIO be produced
ouring the water condition. This numoer may be nigher and Lower 
than
 
one but the average of all water condition weighted by their
respective oropabilities must oe 
1.00 since the average energy under
 
all water conditions snoulo yield the average annual 
energy.
 

DESCRIPTION 
 This isa non executable part of the field and
in is only for recording
ft. the data file the nature of the hydrologic condition. 

Note: GPT wilt 
assume that must-run constraints remain constant for all 
water conditions.
However, if the total energy 
in a dry condition drops below the value of 
must ron
energy requirements then must-run energy will be reduced to equal 
total available
 
energy.


t...::*::::::*:::::::::
....
 ........ .
 ....... .........
 
HYDROLOGIC PROBABILITY CAPABILITY TOTAL ENERGY DESCRIPTIONCONDITION 
 OF CONDITION RATIO RATIO
 
.................................. 


* ..............
ftftt**tftftft.**fftftWt~tlft
 

1 1.0 1.00*C conventional nydro resource too small 
1.00 

to warrant hydrologic conditions 
w.............
 

SECTICN H
 
OPERATING CHARACTERISTICS OF THERMAL UNIT TYPES
 

"* In this section the cnaracteristics of each 
thermal unit type 
are provided:
 

" NUMBER & IDENTITY 
 These values must be consistent with those used in Section E
 

" GROSS RATING The maximum continues rating of the generator before any losses. In MW.
 
FUEL TY0E 
 The fule type number consistent 
with fuels oetined in Section C
 

YET AVERAGE HEAT 
 The average neat 
rate at maximum continuous rating expressed in
"* RATE AT MCR 
 BTUf£WH.
 

SCHEDULED MAINT. 
 The numoer or days per year of 
scneouteo maintenance outage.
 

EQUIVALENT FORCED Percent of the time that the unit
" OUTAGE RATE 

is expected to be unava4labLe for
service and 
is not in scheduled maintenance. This value must 
include
the equivalent time ot 
full outage ootaineo by multiplying the time
under partial outage (derating) by the fraction of capacity Lost.
 
STATION SERVICE AND 
 Percent of capacity and energy lost between the generator aria the
TRANSMISSION LOSSES 
 point where the 
load IS being measured.
 

.... ... 
 .... 
 ... .... .. 
 .. .... 
 ... .... ... 
 ... .... ... 
 .... 
 ... 
 ... 
 .... 
 ... * . ... ...
 



NO. IDENTITY GROSS 
 FUEL NET AV. NEAT SCHEDULED FORCED STATION SERVICE

RATING TYPE RATE AT MCR 
 MAINTENANCE OUTAGE 
 AND TRANSMISSION
 
(MW) (BTU/KWH) (d/YR) LOSSES (%)


F iii aaaaaaaaa& rrrrrrrr 
 rrrrrrrrrrrr 
 iii rrrrr rrrrrrrrr
 
*c gr/based on ps.- -tatistic sheet 1987-1991
 
*c fo/based on historic data frcn harza's mloty study;

*c hr/oased on ener-oprojet data / mr.sKonieczny
 
*c ss + tl are ir , ed in Load 
*c sm set to us rience
 

I SL-BE-36, 360 1 
 Y766 45 
 16.3 0.00
 
*c belchatow 360
 

2 SL-PA-200 200 1 
 9694 45 
 10.6 0.00
 
*c patnow 200
 

3 SL-TU-200 
 200 1 *3595 45 10.5 0.00

*c turow 200
 

4 SL-KO-100 
 120 1 
 *0662 45 
 12.1 0.00
 
*c konin 100
 

5 SL-AD-100 
 96 1 '1175 88 15.8 0.00
 
*c adamow 100
 

6 SL-KO-000 
 40 1 '1920 45 
 13.0 0.00
 
*c konin small
 

7 SC-KO-SO 
 500 2 ;400 60 30.0 0.00
*c kozienice 500 
 very poor reliabiLizy in these units / enrgoprojet

8 SC-OP-360 
 360 2 ;00 45 
 10.8 0.00
 

o 	ote 360
 
9 SC-OS-200 200 2 
 ;949 45 
 11.6 0.00
 

"c ostroleka 200
 
10 SC-KO-200 
 200 2 
 ;949 45 11.7 0.00
 

'c kozienice 200
 
11 SC-PO-200 
 200 2 ;413 
 45 7.1 0.00
 

*c potaniec 200
 
12 SC-RY-200 
 200 2 
 9734 
 45 10.8 0.00
 

*c ryDnik 200
 
13 SC-J3-200 
 190 2 
 9984 45 
 10.7 0.00
 

*c jaworzno 3 200
 
14 SC-LZ-200 
 180 2 
 9925 
 45 13.4 0.00
 

*c taziska 200
 
15 SC-DO-200 
 200 2 
 9369 
 45 9.5 0.00
 

*c dolna odra 200
 
16 SC-LZ-100 
 100 2 
 9925 45 
 16.2 0.00
 

'c Laziska 100
 
17 SC-ST-100 
 106 2 3397 45 11.2 0.00
 

*c stalowa woLa 100
 
18 SC-LG-100 
 103 2 "567 45 11.9 0.00 

'agisza 100
 
19 SC-SI-100 
 105 2 
 "2671 45 
 11.6 0.00
 

*c siersza 100
 
20 SC-SK-100 
 90 2 .1420 45 10.4 
 0.00
 

*C sKawina 100
 
21 SC-ST-000 
 33 2 
 3397 
 45 10.0 0.00
 

*c statowa wola small
 
22 SC-SK-000 
 45 2 
 11420 
 45 10.4 0.00
 

*c skawina smatl
 
23 SC-J2-000 
 43 2 2647 45 10.4 
 0.00
 .c jaworzno 2 small
 
24 SC-BL-OO 
 41 2 
 "1857 
 45 10.7 0.00
 

*c blachnwnia smalL
 
25 SC-HA-000 
 50 2 11933 45 11.8 0.00


*c halemoa small
 
26 SC-JI-000 
 19 2 
 43289 15.7
5 


"c jaworzno 1 small
 
27 SC-M-00 
 50 2 
 "000 11.8 0.00
-5 


*c miechowice small
 
28 SC-PO-O0 
 56 2 
 9091 15 


*c pomorzany small
 
12.3 0.00
 

29 SR-PA-200 
 200 3 
 9500 

"c patnow oil 200
 

45 2.3 0.00
 

30 SL-XX-360 
 360 1 
 9766 
 45 16.0 0.00
 
*c new ignite 360
 

31 CG-XX-120 120 5 
 12000 
 20 12.0 0.00
 
*c new gas turbine 120
 

0.00 



SECTION I 
THERMAL SYSTEM CONFIGURATION 

In this section the maximum and minimum number of units for each thermal
Sections E and G must be specified for each year of 
type cefined in
 

** and maximum nun-ber of the simulation period. If the minimumeach unit 

" the model will not attempt 

type is the same the system will be rigidly constrained and
to modify it. If the limits in all
some flexibility then GPT witl or some of the units offer
add or substract units from the system to come as
rossible to 
 closely as
th? effective capacity reserve margin specified in Section 0, selecting the mix
of generating units Likely to result in least system cost.
 
Thrt 
 lines of data are used for each unit. The first line contains
followed by the the unit type identity
identification of the years for which unit numbers are being defined. The
first year must coinc'de with


" the first year of the data period. The second and third
lines contain the upper and lower bounds of the nuimr of
' 10 columns of the second and third Lines 
units for each year. The first
 

* are ignored by the model.
Note: GPT will continue to 
read upper and tower bounds of unit types even
* data if the period of
is shorter than the period of simulation.
 

IENTITY 

.. . . . . MAXIMUM (TOP) AND MINIMUMEACH
......... 
 ..............................................................
. . . . . . . . . . .TT ) NU ER F UN T AL O E YEAR
E CH Y R
 
Faaaaaaaa ii iii iii iii iii iii iii iii iii iii iii iii iii iii iii iii iii iii
SL-BE-360 92 93 94 95 

iii iii iii
 
96 97 98 99 
 00 01 03
MAX 12 12 12 12 12 12 12 12 

02 04 05 06 07 08 09 10 11 1212 12 12
MIN 12 12 12 12 12 
12 12 12 12 12 12 12 12
12 12 12 12 12
SL-PA-200 12 12 12 12
92 93 94 95 96 97 98 99 

12 12 12 12 12
00 01 02 03
2 04 05 07
MAX 6 6 7 06 08 09 10 11 12
8 3 8
8 8 8 8 6 4
MIN 4 6 6 6
6 6 7 8 3 8 8 8 8 
6 6 6
8 6 4 4 6 6 6
" 6 6 6
add.conv. 
 1 1
"c ret.rehab. 


"c acd.rehab. 2 2
 
*c two units of sr-pa-200 converted to 
 2
lignite commissioned as 
sc-pa-200 in 94 and 95
.c neglect 2 x 15 mw 
due to 
Lignite conversion
"cneglect 2 x 15
SL-TU-200 mw due to rehabs 2003-2005
92 93 94 
 95 96 97 98 
99 00 02
01 03
3 MAX 10 9 8 8 8 8 8 9 

04 05 06 07 08 09 10 11 12
10 10 10 10
,4IN 10 9 8 8 
10 10 10 10 10 10 10
8 8 8 9 
10 10 10 10 
 10 10 10
*c ret.rehab, 1 1 

10 10 10 10
 
"c add.rehab. 


1 1
c negtect 6 x 30 mw due to
SL-KO-;00 92 93 94 rehabs 1993-2000
95 96 98
97 99 00 01 02 03
PAX 2 2 2 2 2 2 2 2 
04 05 06 07 08 09 10 11 12
1 0 1 2
MIN 2 2 2 2 2 
2 2 2 2 2 2 2
2 2 2 1 0 
 1 2 2 2 
 2 2 2 2
*c ret.renab. 2
 

1 1
"c aod.renat .
 
SL-AD-100 1
2 93 94 96
95 97 98 99 00 01 
 02 03 04 05
5 MAX 5 4 06 07 08 095 S 5 5 5 4 3 3 4 10 11 125 5 5 5MIN 5 4 5 5 5 5 

5 5 5 55 4 3 3 
 4 5 5"c ret.renab. 5 5 5 5 5 5
1 
 1 1
"c aod.rehab. 

SL-KO-000 92 94 1 1
93 95 96 97 99
98 00 01 02 03 04
6 MAX 7 5 "3 5 6 5 

05 06 07 08 09 10 11 12
6 5 5 5 5 5MIN 7 5 5 5 5 53 9 6 6 5 5 5 5 5 5
5 5 5 5 5 5 
 5 5 5 5
*c retire 1 1

*c ret.renab. 
 3 2
 
*c aad.renao. 
 1 2 2
"c retirement 55 
mw unit
SC-Ko-500 92 93 

in 96 and 28 mN unit in 98
94 95 96 97 
98 99 00 01
7 MAX 2 2 2 
02 03 04 05 06 07 08 092 2 2 2 2 2 2 

iO 11 12
2 2 2 2 2 2
MIN 2 2 2 2 2 2
2 2 2 2
SC-OP-360 92 93 94 
2 2 2 2 2 2 2 2 2
95 96 97 98 99 00 01 02 2 2 2
03 04 06
8 MAX 0 0 2 

05 07 08 09 10 11 12
1 4 6 6 6
6 6 6 6 6 6
MIN 0 0 1 6 6 6 6
2 6 6
4 6 6 6 66 6 6 6 6 6 
 6 6 6
*c additions 
 1 1 2 2*c exp. plan modified to start
SC-OS-200 92 93 94 95 
in 94 and catch up to 6 units by 1997
96 97 98 99 
 00 01 03
02 04
9 MAX 3 3 3 3 3 3 3 3 

05 06 07 08 09 10 11 12
3 3 3
3 3
MIN 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3
SC-KO-200 92 93 94 3 3 3 3 3 3 3 3 3
95 96 97 98 99 00 01 02 03 3

04 05 06 07 
O 09 11
10 12
 



10 	 MAX 8 8 8 
 8 8 8
8 8 8 8 8 8 
 8 8 8
MIN 8 8 	 8 8 8 8
8 8 8 8 8 8
SC-PO-200 92 93 94 	
8 8 8 8 8 8 8 8 8 895 96 97 98 99 00 01 02 03 	 8 

11 MAX 8 8 8 8 	
04 05 06 07 08 09 10 11 128 8 88 8 8 8 8MIN 8 8 8 	

8 8 8 8 8 8 8
8 8 8 8 8
SC-RY-200 92 93 94 95 96 
8 8 8 8 8 8 8 8 8 8 8
97 98 00
99 01 02 03 05
12 a a 	 04 06 07 08 09 10
a a 8 8 	 11 12
8AX 8 
 8 8 8
MIN 8 8 3 8 	

3 8 8 8 8 a8 8 8 8
8 8 8
SC-J3-200 92 93 94 95 96 97 98 
8 8 8 8 8 8 8 8 8 8 8 8
99 00 02
01 03
13 MAX 6 6 6 6 6 6 6 6 6 6 

04 05 06 07 08 09 10 11 12
6 6 6
MIN 6 6 6 6 6 	
6 6 6 6 6 6
6 6 6 6 6 6
SC-LZ-200 92 	 6 6 6 6 693 94 95 96 97 	 6 6 6
98 99 01
00 02 03 04 06
14 MAX 4 4 	 05 07 08 09 10 11
4 4 4 4 4 	 12
4 4 4
4 4
MIN 4 4 4 4 	
4 3 3 4 4 4 4
4 4 4
4 4 4 4 4
4 3
*c ret.rehab 3 4 4 4 4
 

*c assumed add.rehab. 
 1
 
SC-DO-200 92 93 94 95 96 98 1
97 99 00 01 02 03 
 04 05 07 08
15 MAX 8 8 8 8 8 	 06 09 10 11 12
8 8 8 8 
 8 8 8
8 8
MIN 8 8 8 8 	 8 8 8 8 8
8 8 8 8 8
SC-LZ-100 92 	 9 8 8 8 8 8 893 94 95 96 97 	 8 8 8
98 99 00 01
16 	 02 03 05
MAX 2 2 2 	 04 06 07 08 09 10 11
2 2 2 2 2 	 12
2 2 0 0 2 2 2 2 2
MIN 2 2 2 	 2 2
2 2 2
2 2 2 2 0
0 2 2 2 2
*c ret.rehab 2 2 2
 

*c adc.rehau 2
 
SC-ST-100 92 93 94 95 96 97 98 2


99 00 02
01 03
17 MAX 2 2 2 2 2 2 2 2 1 0 
04 05 06 07 08 09 10 11 12
1 2 2
MIN 2 2 2 2 2 	
2 2 2 2 2 2
2 2 2 1 1
0 2 2 2 2 2
*c ret.rehab. 	 2 2 2
 

1 1
*c add.rehab. 

SC-LG-100 92 93 95 1 1
94 96 97 98 00
99 01 02 03 04 05
18 MAX 7 7 7 7 7 7 6 5 6 7 

06 07 08 09 10 11 12
7 6 4 3 5
MIN 7 7 7 7 7 7 5 	
3 7 7 7
6 6 7 7 4
6 3
*c ret.rehab. 	 3 5 7 7 7
1 1
*c aod.rehao. 	 1 2 2
 

1 1
SC-SI-100 92 93 94 	 1 2 2
95 96 98
97 99 00 01 03
19 	 MAX 6 02 04 05 06 07 08 09
6 6 6 6 6 4 4 6 	 10 11 126 6 6 4 2
MIN 6 6 	 2 4 6 6 66 6 6 6 4 4 6 6 6 6 4 2 2 4 
 6 6 6
*c retire 
 2 2"c ret.rehab. 

*c acld.rehab. 2
 
SC-SK-100 
92 93 94 95 96 97 98 99 00 

2 	 2 2
01 02 04
03 05 06 07 09 10
20 MAX 4 3 2 2 	 08 11 12
2 0 1 2 3 4 4 4 4 4
MIN 4 3 2 2 	
4 4 4 4 4
2 0 1 2 3 4 
 4 4 4
4 4
*ret.renab 	 4 4 4 4
1 1 
 1 2
 

*add.rehab 

SC-ST-000 92 93 94 95 96 

1 
97 

1 1 1 198 99 01
00 02 03 04 06
05 07
21 MAX 4 	 08 09 10 11 124 3 3 3 3 4 4 4
4 4 4 4 4 4
MIN 4 3 	 4 4 4 4
4 3 3 3 4 4 4 4 4
4 4 4 4 4
4 4 4
*c retire 
 I 1
*c retirement of 35 
mw in 1994 and 10 mw in 1997
*c additions 
 1 1

*c 55 mw additions
SC-SK-000 
92 93 94 95 97
96 98 99 00 02
01 03 04 05 07
22 MAX 3 3 .3 	 06 08 09 10 11 12
3 3 1
3 0 0 0 0
MIN 3 3 3 3 3 	

0 0 0 0 0 0 0 0
3 1 0 0
0 0 0 0 0
0 0 0 0 0
*c retire 

SC-J2-000 	 2 1
92 93 94 96
95 97 
98 99 00 01 02 03 04 05 06
23 	 MAX 7 7 07 08 09 10 11
7 7 7 7 6 	 12
5 4 3 4
MIN 7 7 7 7 7 7 e 5 4 

6 7 7 7 7 7 7 7
3 4 7
6 7
"c ret.rehab. 	 7 7 7 7 7

1 1 2 2 1
*c a0d.rehab. 


SC-BL-000 I 1 2 2
92 93 94 95 96 97 99 	 1
98 00 01 02 04
03 05
24 MAX 6 5 4 4 3 	
06 07 08 09 10 11 12
1 0 0
0 0 0 0 0
MIN 6 5 4 4 1 	

0 0 0 0 0 03 0 0 0 0
SC-HA-000 92 	 0 0 0 0 0 0
93 94 95 96 97 	 0 0 0
98 99 01
00 02 03 04 05 06
25 	 MAX 4 4 4 4 4 4 4 4 2 0 2 4 
07 08 09 10 11 12
 

MIN 4 4 4 4 4 4 4 4 4 4 4
4 4 4 2
4 n 7 4 4 4 
 4 4 4*c ret.rehab. 	 4 4 
2 2
*c add.rehab. 

SC-Ol-o00 92 93 94 99 96 98 
2 297 99 O0 01 03
26 	 02 04 05 06 08
MAX 6 6 6 6 6 5 	

07 09 10 11 126 4 2 0 0
0 0
MIN 6 6 	 0 0 0 0 0 0
6 6 6 6 4
5 2 0 0 0
0 0 0 0 0
0 0
 



"c check unit capacity as it had been assumed that only 5 units
SC-MI-000 92 93 94 95 
 96 97 98 99 
O0 01 02 03 04 05 06
27 MAX 2 3 3 07 08 09 10 11 12
3 3 3 3 
 3 3 3 3 3 3 3 
 3 3 3 3
MIN 2 3 3
3 3 3 3 3 3 3 3 3 3 3 
 3 3 3 3 
 3 3
*c addition 5rTmd1SC-PO-O00 92 93 94 95 
 96 97 98 99 
 00 01 02 03 04 05 06
28 MAX 07 08 09
2 2 2 1 0 1 2 2 2 2 2 
10 11 12


2 2 2 2
MIN 2 2 2 2 2 2 2
1 0 1 2 2 2 2 
 2 2 2 2 2 2 2 
 2 2
"c ret.rehab. 
 1 1
 
*c add.rehab. 

SR-PA-200 92 93 94 1 1
95 96 97 98 
99 00 01 02 03 04 05
29 MAX 2 1 06 07 08 09 10 11 12
0 0 0 0 
 0 0 0 0 
 0 0 0 0 0 0 0
MIN 2 1 0 0 0 0 0 0
0 0 0 0 
 0 0 0 0 0 0 0 
 0 0
*c ret.conv. 
 1 1


"c conversion to lignite after 94
SL-XX-360 see st-pa-200
92 93 94 95 96 97 
 98 99 00 01 02 03 04 
 05 06 07
30 MAX 0 0 0 08 09 10 11 12
0 0 0 0 
 0 0 0 2 
 3 5 6
MIN 0 0 0 6 6 6 6 6
0 0 0 0 0 0 0 
 2 3 5 6 6 6 6 
 6 6
c add2 
"c wasp case lw (TabLe 7.2b) Belchatow I1 1 2 1CG-XX-120 
 92 93 9. 95 96 
 97 98 99 00 01 02 03 
 04 05 06 07
31 MAX 0 0 0 0 08 09 10 11 12
1 2 2 2 3 4 6 
 7 8 8 8
MIN 0 0 0 8 8 8 8
0 1 2 2 
 2 3 4 6 7 8 8 
 8 8 8
"c add 8 8
1 1 
 1 1 2 
 1 1
"c waso case 
1w (tabje 7.2 b) modified for 120 Mw onLy
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FRCTO
PMOF ANUL DUAINERG 
 1.00 1.00
I H-92-HYF 
 CAABILIT 
 1.00 1.00
 
RCIH-92-HM 
 TOTAL ENERGY 
 1.00 1.00
 
SPH-92-HYD 
 MUST RU ENERGY 1.00 1.00
 
1 PH-VULM 
 CAPABILITY 
 1.00 1.00
 
4 PH-92ULMP 
TOTAL ENERGy 1.00 1.00
 
4 PH-92-ULO 
 MUST RUN ENERGY 1.00 1.00
 
2 CH-92-AOY 
 CAPABILITY 
 1.00 1.00
 
2 AC-ML2TR 
TOTAL ENERGY 
 1.00 1.00
 
2 CH-92-OY 
 MUST RUN ENERGY 1.00 1.00
 
3 CH-92-HP 
 CAPABILITY 
 1.00 1.80
 
3 CH-92-CH 
 TOTAL ENERGY 
 1.00 1.00
 
3 CH-92-CHPD 
 MUST RUN ENERGY 
 030 1.00
 
7 AC-93-ACTP 
 CAPABILITY 
 0.54 0.85
 
7 AC-9-AUTO 
TOTAL ENERGY 
 1.00 1.00

4 DC-93-CUP MUST RUN ENERGY 0.00 
1.00
 
5 DC-92-CHP CAPABILITY 
 0.54 0.85
 

6 DC-92-CHP 
 TOTAL ENERGY 
 0.30 1.36

6 DC-92-CHP MUST RUN ENERGY 0.30 
1.36

7 DC-93-CHP CAPABILITY
7 0C-93-CHp 0.54 0.85
TOTAL ENERGY 
 0.30 1.36

7 DC-93-CH~P 
 MUST RUN ENERGY 0.30 1.36
 
8 DC-94-CHP 
 CAPABILITY 
 0.54 0.85
 
8 DC-94-CHP 
 TOTAL ENERGY 
 0.30 1.36
 
8 DC-94-CHP 
 MUST RUN ENERGY 0.30 
1.36
 
9 DC-95-CHP 
 CAPABILITY. 
 0.54 0.85
 



when a row has a blank "% of Peak" cell. REM puts the output reserve distributions two rowsbelow the "Available Reserve Distribution:" label. 

REM's reliability calculation ignores data such as plant names, total capacity, and reserve marginyou can modify or remove these without harm. REM looks for the row for writing each result bymeans of a range name. Therefore, for example, you can insert rows labeled "Lr.vO(hours/year)" with formulas converting REM's fractional LOLEs into hours/year, above orbelow the rows with the REM results. 

The REM spreadsheet contains the spreadsheet part of the model as well as your data. For yourconvenience in tailoring the spreadsheet, none of the cells is protected. In case you accidentallydamage the model (e.g. by deleting a cell with a needed range name), be careful not to overwritethe master copy of the spreadsheet. It's advisable to save your modified spreadsheets under 
different names than REM.WKI. 

SomeTipsWhenThere'sanErro 

REM Version 1.3 doesn't check its inputs for validity, so it's up to you to do so. For example, ifpartial capacities for a plant am not in ascending order, REM will calculate invalid results. (Acheck for this kind of problem is that the sum of the available reserve distribution probabilities is 1, 
as it should be.) 

One of the more common errors is "memory Full". REM tries to report any error in the indicatormessage at the top right of the screen and then restore the indicator, but in the case of the MemoryFull error, it cannot do so. To restore the indicator, press g[] ("c" stands for "clean").Turning off the UNDO feature often removes the memory deficiency. Though UNDO is veryconvenient for most spreadsheet work, foregoing ii is not a loss during REM runs because UNi DOcan't undo a REM run (due to 1-2-3 limitation when a call to DOS is made. in this case to run theFortran reliability program). Another, more sor!histicated technique for catching errors is to reviewthe file that the spreadsheet macros write for input to the Fortran program, as discussed in the next 
chapter. 

Chapter 2. A Guided Tour 



Chapter 3 Operation and Suggestions for the 
Advanced User 

As the run-time indicator messages suggest, REM loops over the periods, with three main steps 
per period: 

I. Prepare an input file for the Fortran reliability program, SREL. 
2. Run SREL. 
3. Read the file of results from SREL. 

Figure 3 shows these steps as well as the relationships of the programs and files. 

PROGRAMS 
DISK FILES 

DOS 

1-2-3 

Alt-r (REM) urue 

REM.WKI
 

Loop over periods
 
wrtsTEMEPIN.DAT
 

caf/s SRELBAT stored SRLATA 

ad_ SRELA r.d 
(FS
ortrand) ] SR BA.T 

program) i. 

Figure 3. REM Structure, Environment, ad Files 

Chapter 3. Operation andl Suggestions for the Advanced User 
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The spmadsheet data writer and data reader macros (listed in Appendix D) may be edited by theadvanced user for special purposes. In addition, with the help of the SREL documentation inAppendix D, the TEMPIN.DAT FORTRAN input file may be tailored and SREL may be rundireci:. SREL is a general-purpose, single-period reliability program with some capabilities notexploited by REM. The 1-2-3 command to exit to DOS temporarily is /System. The DOS
command to run SREL, with input from TEMPIN.DAT and output 
 directed to TEMPOUT.DAT, 
is: 

srel < tempin.dat > tempout.dat 

To return to 1-2-3, type 

exit 

The main operation of SREL is to construct the distribution of available system reserve, i.e.available system capacity minus load (fist for the peak load only, and then for all loads in theperiod). Reliability measures are easy to calculate from this distribution (see Appendix A). Thedistribution is built by iteratively combining the probability distributions for the capacity of eachgenerating unit. The combination process, which is the probabilistic equivalent of addition. is
called convolution. 
 The negative of the load distribution is then convolved with the system 
capacity distribution. 

The essence of convolution is the following conditional probability expansion: the probability of asystem reserve level r after an addition is the sum over the addition's states of the state probabilitytimes the former system reserve level which would result in level r. Symbolically, if the addition 
has states ci with probabilities pi, 

P(r given addition) = Pi P(r - ci)
i 

Textbooks detailing reliability evaluation methods are available. 5 

5One of several references is 1. Endrenyi, Reliabiliry Modeling in Power Sytenj . uncster. U.K., Wiley, 1978). 

Chapter 3. Operation and Suggestions for the Advanced User 



14 
Before convolving capacity and load distributions, SREL rounds each state to a multiple of the stepsize control (initially 10 MW), and adjusts a total "perfect" (deterministic) reserve for the roundoff error. The step size can be set as small as 1 MW, which eliminates the rounding. However, theFortran memory limits may be exceeded and the Fortran run trne may become unacceptably high.Figure B-I illustrates the speed vs. accuracy tradeoff provided by the step size. 

Chapter 3. Operation and Suggestions for the Advanced User 

/V
 



Chapter 4 Hourly Load Analysis with the
 
LAGG Spreadsheet
 

The LAGG (Load/LOLE Aggregator) spreadsheet may be used in conjunction with REM to
calculate LOLEs by hour and to aggregate these in ways you define. 
LAGG also allows monthly
reserve margin adjustments, which can represent maintenance and seasonal capacity fluctuations.
A worksheet within LAGG re-distributes an average monthly maintenance capacity so as to levelizemonthly reserve margins. Applications of LAGG include accurately calculating total annual loss
of-load expectation, and comparing alternative time-of-day electricity pricing periods. 

L4GG is intended to be tailored by you. Because it leaves you direct control over the way hourly
reliability is aggregated, you must be more proficient in 1-2-3 than REM alone requires.
example with hour-of-day, weekday 

An 
vs. weekend, and monthly aggregations is provided in the
initial spreadsheet, with pre-defined graphs of these aggregations. LAGC's documentation is
 

stored in the spreadsheet, the basic documentation is reproduced in Figure C-I. 

Before using LAGG, first calculate a system reserve distribution with REM. LAGG will

determine loss-of-load expectation at each hourly load of the year. 
Therefore, REM should be runwith the annual peak load only; L4GG will apply the remaining loads later. In the REM

spreadsheet, put the desired peak load on the row "Expected 
 Peak Load" and then provide a one
point load duration curve: set the first "%of Peak" and "cum. %of Time" both to 100%. and
 
ensure the cells directly underneath these two cells are blank.
 

Example 

The example in Figure 1 illustrates in Year 2 a one-point load duration curve, for the peak load
only. However, Year I in the example has several points in the load duration curve, so this period
cannot be used with LAGG as it stands. Therefore, to use the example spreadsheet with LAGG. 
move down to the controls section and change the start period number from I to 2. before running 
REM. 

LAGG requires a system available reserve distribution in order to calculate LOLE for each hourlyload. Therefore, be sure the control for *4ot system Reserve Probs. to Show" is set to a 

Chapter 4. Hourly Load Analysis with the LAGG Spreadsheet 
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large number, such as the default of 2000. Then run REM (press E -Fri),and note the range of
the peak-load reserve distribution. This range contains two columns: the columns for the year youare analyzing. For example, the range for period 2 in the example of Figure I is F59..G70. 

Now save your REM spreadsheet, retrieve the LAGG spreadsheet, and follow the instructions 
nere. 

Hourly Load & LOLE Aggregation Spreadsheet (V1.3, 12/92)
 
This spreadsheet ccnverts hourly loads to hourly LOLEs and aggregates
tlhem various ways, which you can tailor. 
 It has four main sections of
data and a macro section, each labeled for quick access with the F5 key:
 

Label 
 Section
 

HOURLY 8760 or 
8784 hourly loads or LOLES. 
 Use Alt-i to import
(combine) hourly loads from another 1-2-3 spreadsheet (see
notes on format). You can aggregate loads just like LOLEs
(see below). 
 Use Alt-s to scale loads with an input peak and
load factor. 
 Use Alt-c to convert each load to an LOLE.
•
"ESERVE 
 Monthly reserve adjustments (if any) and cumulative distribution of available system reserve at 
the annual peak.
for converting loads to LOLEs. Needed
 
To prepare it, first calculate
a peak (not period) reserve distribution by running REM (Reliability Evaluation Model), noting the 2-column range of the
reserve distribution.


WEEY=DS Then use Alt-d to import it.
Copy of hourly data (LOLEs or loads) for weekends only (you
should tailor this 

AGGS 

for your needs). Update with Alt-w.
Various aggregations of LOLE or loads, using formulas which
you may edit. Update aggregations with F9 
(CALC). You can
use Alt-a to do Alt-c, Alt-w, F9,
MACROS and go to the AGGS label.
The macros referred to above, such as Alt-i.
 

Figure 4. LAGG Basic Help 

Chapter 4. Hourly Load Analysis with the LAGG Spreadsheet 
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Appendix A Electric Generation Reliability: 
Review and Approximations 

Probability and its Properties 

The probabilityof an event A, P(A), may be thought of as the long-run average frequency that Awould occur, in an experiment repeated an infinite number of times. Properties of probability 
include: 

* Its range is 0 to I inclusive. 

" The sum of the probabilities over any set of "mutually exclusive" (not overlapping) and
"collectively exhausdve" (coveing all possibilities) events is 1.
 

" P(A or B) = P(A) + P(B) 
- P(A and B). Note that if A and B are mutually exclusive (not to beconfused with "independent"), then the last term is 0 and P(A or B) is just P(A) + P(B). 

" P(A and B) = P(A) P(B given A) = P(B) P(A given B). Note that if A and B are independent.
the "givens" can be dropped so that P(A and B) is just P(A) P(B). 

Example: Reliabilityof a CombinedCycle Power Plant 

A particular combined cycle power plant consists of two gas turbines (OTs) and a steam tur.i.ine(ST). The GTs each provide 10 MW of power, with independent forced outage rates (FORs), orfailure probabilities, of. 1.The ST also provides 10 MW with a .IFOR, but since it is poweredby steam heated by the GTs' exhaust, its output falls to 5 MW if one of the GTs is forced out, and0MW if both are forced out. What is the probability distribution of the total plant capacity? 

First, find the capacity distribution for the GTs together, using a probability tree (for each branch.the associated capacity is shown above the branch and the probability is shown below it): 

Appendix A. Electric Generation Reliability: Review and Approximations 
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Total Capacity Probability 
0
 

0 .01 

0
 

10
 

.09
.9 10
G# 

I00
 

100
 

.9 

Ane 

Then,make a probability tree for the ST capacity given the capacity of the GTs together.1.116
 

( Total Capacity Probability 

0 0 
ST0 20 .081.010.01 1 

0-I0 

018

10 .1 

Gs.18 / 
 5
 

15 .162 
200 
 20 .081 

.81 
10
 

30 .729 
.9
 

Appendix A. Electric Generation Reliability: Review and Approximations 



19 

Therefore the plant has a full FOR of .01 and three partial FORs, as shown above. Note that if all

three component units had independent capacities, the full FOR would have been only .001 (.1 x
 
.1 x .1).
 

Expectation vs. Probability 

A random variableis a variable that can take on different values with associated probabilities. The
possible values constitute mutually exclusive, collectively exhaustive events. The expectation, or
expected value, of a random variable X,E(X), is the sum (or integral) of these values weighted by
their respective probabilities. Properties of expectation include: 

* 	 Its range is not restricted in general. (However, if the random variable is always between 0
 
and 1; e.g., if it is a fraction of time, then expectation must also be between 0 and 1.)
 

" 	 E(X + Y) = E(X) + E(Y). Compare P(A or B), which may be less than P(A) + P(B). 

Any probability can be interprepted as an expectation: the expected number of events. 0 or 1.that

would occur in a single trial. For example, P(head on next coin flip) = Enumber of heads on next

coin flip) = 1/2. 
 But an expectation cannot in general be interpreted as a probability, e.g. if it is not
 
between 0 and 1.
 

Loss-of-Load Probability (LOLP) vs. Los-of-Load Expectation (LOLE) 

"Loss of load" (LOL) means load in excess of available capacity, resulting in a negative reserve. 
For one point in time, t: 

LOLP = P(LOL at ), 

LOLE = E(number of LOL events, 0 or 1,at t). 

Over a year (for example): 

LOLE. = LOLE in hour I + ... + LOLE in hour 8760 
= LOLP at hour 1+ ... + LOLP at hour 8760. 

Appendix A. Electric Generation Reliability: Review and Approximations 
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What about LOLP over a year? Probabilities such as P(1 or more LOL events over a year) andP(exactly 1LOL event in a year) are very difficult to calculate, because they require information
indicating how long LOL events might last. Unfortunately, the term "LOLP" is often used to referto annual LOLE, in hours, divided by 8760 hours (resulting in a quantity between 0 and 1). Itispossible to interpret tis quantity as P(LOL at a randomly selected hour of the year), but it is agood idea to think of this quantity as a scaled LOLE rather than as a probability. Similarly, thinkof a criterion such as I day (24 hours) per year or per 10 years as an LOLE criterion, not an LOLP 
criterion. 

Example Calculation ofLoss-of-Load Probability (LOLP). Loss-of-LoadEx tatior' (LOLE). and Expected Unserved Energy FUE) 

Period: I year with 8760 hours.
 
Generation System: 
 2 I0MW units, each with a 10% FOR.
 
Loads: 
 15 MW in all hours. 

First. calculate the distribution of available reserve, by adding each unit to an initialized empty
system, and then adding the negative of the loads, treated like a negative-capacity generating unit:
 

Initialized empty system 
 = 0 MW with probability 1. 

+ fatu0 MW with probability .1 = 10 MW with probability .9 

0 MW with probability .01-,second unit = 10 MW with probability .18 
1.20 MW with probability .81 
-15 MW with probability .01


+negative ofloads 
 = -5 MW with probability .18
5MW with probability .81 

Next. calculate reliability measures from this distribution: 

LOLE = expected duration of negative reserve 
= .01 + .18 = .19 year/year 
= .19 x 8760 hours/year = 1664.4 hours/year. 

LOLP = probability of negative reserve 

Appendix A. Electric Generation Reliability: Review and Approximations 
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= .19 

EUE =expected negative reserve x period length 
=[ (01) 15 MW + (.18) 5 MW ] x 8760 hours/year
 
= 9198 MWh/year.
 

A.'proxirnations of Reliability vs. Reserve Function 

For a generating system with a large number of units, the probability distribution of available
 
reserve typically is somewhat bell-shaped, and the curve around 0 reserve rises almost
 
exponentially (see Figure A-I). This property of the curve allows a simple approximation of
 
LOLE and EUE as a function of added load or capacity. LOLE as a function of added load is the
 
same function as the cumulative distribution of reserve, F(r), because both represent the expected

fraction of time that the reserve is less than a given value. 
 A simple approximation of this function
 
in the region around 0 rescrve is:
 

F(r) = LOLE exp(r/rn) 

whe.-e m isa system characteristic, with capacity units such as MW. EUE can be approximated

similarly, because it is an integral of LOLE (see Figure A- i), and the integral of an exponential

function isstill exponential. The parameter m can be estimated from:
 

IM= I-nF(r)' 

where the prime denotes derivative, as you can verify by taking the derivative of InF(r). 

A more accurate approximation of F(r) uses a second system charcteristic, "s", in addition to "m" 
to recognize that F(r) grow: slowe r than exzronentially: 

F~)= LOLE exp [jr - (172 

Like m. s has capacity units. This approximation can be valid only for 
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because 2-m maximizes this approximation, whereas F(r) must be nondecreasing with r. The
 
parameter s can be estimated from
 

./-2 
s= In F(r) 

and m can be estimated as before near r = 0, as you can verify by taking the first two derivatives of
 
In F(r).
 

Ap..lications of Approximations 

These approximations can be used to estimate quickly, without a reliability model analysis,

quantities such as the load-carrying capability of a generating unit (not discussed here) and the

hourly contributions of dermd -)r generation to the total period reliability. Applications of the

latter are time-of-use electricity pricing and evaluating ime-dependent generation such as solar andwind power. Though the first approximation is adequate for estimating load-carrying capability,
the greater accuracy of the second is worthwhile for estimating hourly LOLE. An example
comparison is shown below, for m = 100 MW and s = 500 MW. 

......
LOLE Relative to Peak LOLE .......
LQad 
 rL. lad-Peak , Ifmproved Approx.
5000 0 1 1

4900 -100 .368 .353
4500 -500 .00674 .00248 
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Cu! ulative 
Probability* Probability* 

((not to scale) 

(AvailableSystem Reserve (MW) 

Probability* 
(not to scale) 

Cumulative 
Expected Unserved Energy Probability*"Poaity
 

Loss-of-Load Probability* 

0
 
Available System Reserve (MW) 

For a period rather than a point in time, "probability" becomes "expected fraction of time" and"loss-of-load probability' becomes "loss-of-load expectation". 
Figure A.I. Available Reserve Distribution and Definition of Generation Reliability Measures 
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Appendix B IEEE Benchmark Analysis 

The spreadsheet REM-IEEE.WKI contains an analysis of the 32-unit IEEE Reliability Test System
with 364 daily peak loads. 6 Except for the step size, default values were used for the controls. 
The "exact" LOLE according to the second reference differs sLigi Ay from that of a REM run with a 
one MW step size, probably because of a difference in the rounding of small probabilities to 0.

Figure B-I shows both "exact" results and REM's results for varying step size settings, and
 
coresponding run times on an IBM ,'T Model 339 microcomputer (8 Mhz) with a math
 
coprocessor. The Fortran part of REM typically takes a small fraction of the total run time. 

0.0042

o 20 MW Step Size 

0.0041 

, ' 0.0040
0 

0 

8 5 MW Step Size 
00038 2 MW Step Size 

IMM_ "Exact" LOLE 1MW Step Size 
0.0037 , 1 ,r I 

40 60 80 100 120 140 160
 

Run Time (Seconds) 
Figure B-I. REM's Speed vs. Accuracy Tradeoff for IEEE System 

6 See: 

Reliability Test System Task Force, "IEEE Reliability Test System." IEEE Transactionson PowerApparatusandSystems, Vol. PAS-98, No. 6, Nov./Dec. 1979.R.N. Allan. R. Billinton, and N.M.K. Abdel-Gawad 'Ihe IEEE Reliability Test System - Extensions to andEvaluation of the Geterdnrig System." IEEE Transactionson PowerSystems, Vol. PWRS- 1,No. 4.
November 1986. 
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Appendix C Model Code 

REM's code consists of 1-2-3 macros, which are shown in Figure C- 1; a small batch file, shown
in Figure C-2; and the Fortran SREL program, which is shown except for some subroutine code in
Figure C-3. The comments in SREL will help the advanced user to run it as a stand-alone
 
program.
 

Figure C-i. 1-2-3 Macros for REM 

MACROS
 

\r (onerror _cleanerr,%temp) 
"* RUNS REM 
(paneloff)(windowsoff)

(let %pdstartpd) 
 (start here for debugging)_dopds (goto)periods~(r 2*%pd+l)
(if Gcellpointer (*type,) =.b.}(let %pd,%pd-1){goto) results-~(r 

2*%pd+l )(branch __done)
(_writel) 
 write data for one period(_runl} 
 find reliability for period({readl) 
 read results for period
(if %pd<endpd)(let %pd,%pd+l (branch _dopdsI
-done (beep 3)(calc) 
 remove CALC message
 

_writel (indicate '.EM: Preparing Inputs fcr Period "&Gstring(%pd,0)1
(open "tempin.dat.,w)(beep)
 
(contents %temp,cutoff)

(writeln Gstring(stepsz00). 
 &%temp&if(measure=-LOLE'.
* 0 -1 5

0','I -1 5 0')}
(goto}plants~(d 2)(r 2) 
 to first "F.O.R." field

(_writeus) 
 write data for all units

Jgoto)peaks-(r 2*%pd+2)

(let %pk,Scellpointer( contents,))
(writeln +'l "&@string(-%pk,o)) 
 write (neg.) peak load cnly

(_writelu}(writeln '0")
(contents %temp, cutoff) (contents %temp2,crit)(writeln +*0 "&%temp&@if(measure=.LOLE". 
. 0 , ")&%temp2&' 5*&0string(show00)
 
{_writels)(writeln 
0,1 
 write (neg.) ids. as sens'y
(close)
 
(indicate)
 

_runl (system 'srelbat tempin.dat tempout.dat Finding Reliability forPeriod -&Gsring(%pdo)&...
..
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Figure C-1. 1-2-3 Macros for REM (continued) 

_readl (indicate +,REM: 
Preparing Results for Period "&@string(%pd,0))
(goto)%pkrel-re(end)(d) r 3)
/fintempout.dat
(if @cell('type*,%coc)<>.v.)(let 
%temp,*Error in Fortran--output will
be shown';/re(end)(d)(r 3}~/fitt.Mpout.dat-(_cleanerr)(quit)

(goto)pkrels-(r 2*%pd+2)(let 4cellpointer( address') %pkrel}
(goto)pkpazrs~{r 2*%pd+l}/c%pkparms~.-
 (2 cells)
(if gcellpointer(.contents.)=0(let


9cellpointer(,address,),@na)
(r)(let @cellpointer('address'), @na)
(goto)rels-(r 2*%pd+2)(let 9cellpointer(*add-ess.),%rel)
(goto)parms-(r 2*%pd+l/cparms--
 (2 cells)
(if 9cellpointer("contents*)=0)(let
 
Rcellpointer( address-) ,na)(r)(let 
Ocellpointer( address-) @na)
(goto)cocs-(r 2*%pd+2)(let Ocellpointer('address-),%coc)


(goto}dists-(d 2)(r 2*%pd+l)
(if gcellpointer('type°)<>.b-}/re~end}{d}(r}~
 

(if show=0)(branch 
__donepd}

(let %where,@cellpointer(-address.)}

(goto}%rel-(d}/m(end}{d)(r)-{%where} 


(moving dist. is faster than

copying)
__donepd (gcto)i'esults.(r 2*%pd+l}(beep 3)(windowson}(windowsoff)
 

(indicate}
 

_writeus (if Ocellpointer(*type)=.b.)(return) 

start at "F.O.R." field
(r 2*%pd} 
 to full cap. field
(if @cellpointer(*contents")=0)
(1)(_toO)(1 2*%pd-1(branch .writeus,
(1) 
 to partial cap. field


(let %temp,l)

___ploop 
 (let %temp,l.%temp)
 

(d)

(if Gcellpointer( contents-)<>0}(branch ___iloop}
(let %string,gstring(%temp,0). 
 0")

u %temp-2) 
 to first partial cap. if any
(for %count,2,%temp-l,l,_appld0)
 
(u %temp-l)(r) 
 to full capacity field
(let %string,%string&. "&Qstring(Ocellpointer(,contents'),

(1 2*%pd) to FOR field. Next line allows neg. cap. 

0) 
w/0 FOR.
(if gcellpointer('contents") =0#'d#%temp=2)(let


%string,replace(%string,0,3,.l))(branch 
__tou)
(for %count,l,%temp-l,l,_appld)(u 
%temp-l)
__tou (1) 
 to #units field
('for %unitl, cellpointer('contents.), l,_writeu}

(r)(d) 
 to next unit's FOR field
 
(branch _writeus)
 

_appld (let %temp2,@cellpointer( contents.))

(contents %temp2,%temp2)

(let %string,%string&. "&%temp2)
 
(d)
 

_appldO 
 (let %string,%string&. '&@string (cellpointer('contents.) 0))

(d)
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Figure C-1. 1-2-3 Macros for REM (continued) 

_writeu 	 (writeln %,L.ring)
 
(return)
 

_-Arritels 	(goto)loads-{d 4)(r 2*%pd+l) 
 to 2nd % 	load
(if @cellpointer('type')= b1 (return) 
 peak-only case
(u)(let %counto3cellpointer(.row-)}
 
(end)(d)(let %count,@cellpointer('row-)-%count+l)
 
(writeln @stringt%count,0)}

(goto)loads-{d 3)Cr 2'%pd+l) 
 to first 	% load

(for %temp,l,%count,l,_writel)
 
(goto)loads-(d 3)(r 2*%pd+2) 
 to first prob.

(let %prob,0}

(for %temp, l,%count-l,1,_writep} 
 (omit last prob.)

(return)


_.writel (writeln Ostring((l-Qcellpointer(contents-))*%pkO)}
 
(d)
 
(return)


_writep (let %prob,@cellpointer("contents.)-%prob)
 
(contents %prob,%prob)(writeln %prob)

(let %prob,@cellpointer('contents.,))
 
(d)
 

_writelu 	(goto)loaduncs-(r 2*%pd+2) 
 uses 11-pt moment-matching
 
approx. of Gaussian w/given 90% pt
(if gcellpointer(*con~tents-)=0)(return)
 

(let %temp,gcillpointer(*contents')*%pk/1.2818456)

{writeln +111 "&0string(-5.188001*%temp,0)&. "&@stri4ng(

3
 .
 9 3 6167*%temp,O)&- "&Gstrinq(-2.865123*%temp,0-
 "&@string(-

1.876035*%temp,O)&. "&@string(-0.928869*%temp,0))


(writeln +. 0 "&@string(0.928869*%temp,0)&.

"&Qstring(l.87 6035*%temp,0)&. "&string(2.865123*%temp,0)&

*&6string(3.936167*%temp,0)&. "&string(5.18800l.%temp,0))


(writeln 	" .812185e-6 .195672e-3 .672028e-2 .0661387 .242240
.369409 
.242240 .0661387 .
 672 028e-2 .195672e-3 .812185e-6")
 

_toO 	 (d)

(if Qcellpointer('contents-)<>0)(branch _toO)
 

_cleanerr(beep)(indicate +%temp&- (press Enter)'){?)
\c (indicate) 
 REMOVES ANY LEFTOVER MODE INDICATOR
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Figure C-1. 1-2-3 Macros for REM (continued) 

\t (paneloff)(windowsoff) 
 *** TOTALS CAP. FOR CURRENT PDS.
(let %pdstartpd} 
 (start here for debugging)

(goto)plants-(d 2)(r 2)(end)(d 
 down F.O.R. col.
(let %countgcellpointer( rowl)-cell( 
 row",plant )-1)
_sumpds 	(goto)periods-(r 2*%pd+l)
(if @cellpointer( 'type') ="b* ) {goto} {%where)-jretu~rn} 
(goto)totals-(r 2*%pd+2)(let %where,@cellpointer(-address.)}
 
(let %wheve,O)

(goto)plants-{d 21(r) 
 to #units field
 
(for %temp,l,%count,l,__inctot)

(goto)totals{(r 2*%pd+2) (beep 3}(windowson) (windowsoff)

(let %pd,%pd+l)-{if %pd<=endpd)(branch _sumpds}

(returnJ


_inctot 	(if gcellpointer(-type.)=.b.} (d)(return)

(let %unit,9cellpointer(.contents.)) 
 # units
 
(r 2*%pd+l)

(let + whereQQ(%where)%unit*gcellpointer( 
"contents-))
 
(1 2*%pd+l) 
(d)
 

\g (goto)dists-(r 2*%pd+l)(d 2) 
 SETS UP 	FOR DIST. GRAPH "
 (if Scellpointer('type')..) (let %temp, Reserve distribution not
found") (_cleanerr) (quit)

/gg(bs}.(r)(end)(d)-c(l 4) leave ready to View
 

%pd 	 1 
%terap 364 
%temp2 0.002739
 
%count 
 364
 
%string 
2 0 400 0.12
 
%unit 3 
%pk 2850
 
%prob 0.997252
 
%where $D$419
 
(blank) %pkparms,%parms --- ,%coc
%pkrel 0.096132 0 0 
%rel 0.003873 
 0 0 
 -44
 
(%dist)
 

Figure C-2. SRELBAT.BAT Batch File for Running SREL 

@echo off
 
rem 	 Example use: rem srelbat 	tempin.dat tempout.dat Finding Reliability for Period 1 
cls
 
echo %3 %4 %5 %6 %7 %8 %9
 
srel < %1 > %2
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9 DC-95-CHP TOTAL ENERGY 

9 DC-95-CHP MUST RUN ENERGY 


10 DC-96-CHP CAPABILITY 

10 DC-96-CHP TOTAL ENERGY 

10 DC-96-CHP 
 MUST RUN ENERGY 
11 DC-97-CHP CAPABILITY 
11 DC-97-CHP TOTAL ENERGY 
11 DC-97-CHP MUST RUN ENERGY 

12 DC-98-CHP CAPABILITY 

12 DC-98-CHP TOTAL ENERGY 

12 DC-98-CHP 
 MUST RUN ENERGY 

13 DC-99-CHP CAPABILITY 

13 DC-99-CHP TOTAL ENERGY 

13 DC-99-CHP 
 MUST RUN ENERGY 

14 DC-00-CHP CAPABILITY 

14 DC-00-CHP TOTAL ENERGY 

14 DC-OO-CHP 
 MUST RUN ENERGY 

15 DC-O-CHP CAPABILITY 

15 DC-01-CHP TOTAL ENERGY 

15 DC-OI-CHP MUST RUN ENERGY 

16 DC-02-CHP CAPABILITY 

16 DC-02-CHP TOTAL ENERGY 

16 DC-02-CHP 
 MUST RUN ENERGY 

17 DC-03-CHP CAPABILITY 

17 DC-03-CHP TOTAL ENERGY 

17 DC-03-CHP 
 MUST RUN ENERGY 

18 DC-04-CHP CAPABILITY 

18 DC-04-CHP TOTAL ENERGY 

18 DC-04-CHP 
 MUST RUN ENERGY 

19 DC-O5-CHP CAPABILITY 

19 DC-05-CHP TOTAL ENERGY 

19 DC-OS-CHP 
 MUST RUN ENERGY 

20 DC-CS-CHP CAPABILITY 

20 DC-06-CHP TOTAL ENERGY 

20 DC-06-CHP MUST RUN ENERGY 

21 DC-07-CHP CAPABILITY 

21 DC-07-CHP TOTAL ENERGY 

21 DC-07-CHP 
 MUST RUN ENERGY 

22 DC-08-cHP CAPABILITY 

22 DC-08-CHP TOTAL ENERGY 

22 DC-O8-CHP 
 MUST RUN ENERGY 

23 DC-09-CHP CAPABILITY 

23 DC-09-CHP TOTAL ENERGY 

23 OC-09-CHP 
 MUST RUN ENERGY 

24 DC-1O-CHP CAPABILITY 

24 DC-10-CHP TOTAL ENERGY 

24 OC-1O-CHP MUST RUN ENERGY 


0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 
0.54 0.85
 
0.30 1.36
 
0.30 1.36
 

"c dc summer energy = 0; winter energy (av.mw.) 365/242 1.508 of annual
 

STwERMAL PLANT DATA 
- MULTIPLIERS FOR VALUES 
IN SECTION H OF PART I 
. . .. ....... .. .... .... .*.. .
 

PERIOD: 2 3 4 5 6 7 8iii aaaaaaaaaa 

1 SL-BE-360 RATING 
SCHEDULED OUTAGE 

2 SL-PA-200 RATING 
SCHEDULED OUTAGE 

3 SL-TU-200 RATING 
SCHEDULED OUTAGE 

4 SL-KO-100 RATING 
SCHEDULED OUTAGE 

5 SL-AD-100 RATIkG 
SCHEDULED OUTAGE 

6 SL-KO-000 RATING 
SCHEDULED OUTAGE 

7 SC-KO-500 RATING 
SCHEDULED OUTAGE 

8 SC-OP-360 RATING 
SCHEDULED OUTAGE 

9 SC-OS-200 RATING 
SCHEDULED OUTAGE 

rrrr rrrr rrrr rrrr rrrr rrrr rrrr rrrr 

1.00 1.00
 
.300 .200
 
1.]0 1.00
 
.300 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.00 .200
 
1.00 1.00
 
.00 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.800 .200
 

. . 

9 10 11 12 
rrrr rrrr rrrr rrrr
 



10 SC-KOo200 


11 SC-PO-200 


12 SC-RY-200 


13 SC-J3-200 


14 SC-LZ.200 


15 SC-DO-200 


16 SC-LZ-100 


17 SC-ST-100 


18 SC-LG-100 


19 EC-SI-100 


20 SC-SK-100 


21 SC-ST-000 


22 SC-SK-000 


'3 SC-J2-000 


24 SC-BL-000 


25 SC-HA-000 


26 SC-Jl-000 


27 SC-MI-OO 


28 SC-PO-000 


29 SR-PA-200 


30 SL-XX-360 


31 CG-XX-120 


ATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 

SCHEDULED OUTAGE 

RATING 
SCHEDULED OUTAGE 
RATING 
SCHEDULED OUTAGE 
RATING 
SCHEDULED OUTAGE 
RATING 
SCHEDULED OUTAGE 
RATING 
SCHEDULED OUTAGE 
RATING 
SCHEDULED OUTAGE 
RATIOG 
SCHEDULED OUTAGE 
RATING 

SCHEDUi.ED OUTAGE 

RATING 

SCHEDULED O)UTAGE 


1.00 1.00
 
.800 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.300 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.500 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.300 .200
 
1.00 1.00
 
.200 .200
 
'.30 1.00
 
.i00 .200
 

1.00
1.0
 
.300 .200
 
! 00 1.00
 
.300 .200
 
i.00 1.00
 
.800 .200
 
1.00 1.00
 
.300 .200
 
1.00 1.00
 
.300 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.200 .200
 
1.00 1.00
 
.800 .200
 
1.00 1.00
 
.800 .200
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 LOAD DURATION CURVE PATTERNS
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*T PATTERN 1 PATTERN 2 PATTERN 3 
PATTERN 4 PATTERN 5 PATTERN 6 PATTERN 7 PATTERN 8
 

en Next data values ore the nr~er of points for each pattern
 

et. 20ctncetteennnnentt~nnntnettteenne20 
 20 *cctcetntcncetetttctnnctct..ntttt..n..tt.tt.tnte
 

en, Next data values are the fraction of oeaK and~ the 
fraction of duration at eacn paint.
 
en The first point is the base with 0.000 fraction of peak anl 1.000 fraction of
"second point is the "knee- of the time. rhe
curve, the fraction of peak would be 
tne mini mumi load an
"" the Traction of time must 
remain 1.000. The last value irust be 1.000 for fraction of peak.


********************************t 

Ittttttwtttft
t n *n*nn nttttcnnnnce. t **tf t *ttnennnW~t-OT FRACTION FRACTION RACTION 
 FRACTION FRACTION FRACTION 
 FRACTION FRACTION


* 2A0 TIME LOAD TIME LOAD TIME LOAD TIME LOAD TIME LOAD TIME LOAD 
UIME LOAD TIME
 

-'1 rrr rrrr rrrr rrrr rrrr rrrr r-rr rrrr rrrr rrrr rrrr rrrr rrrr rrrr rrrr rrrr 

.0 1.00 .000 1.00 .000 1.00
 
2 .432 1.00 .531 .499
1.00 1.00
 

3 .464 .833 .557 .886 .527 .857
 
..95 .547 .555
.583 .839 .773
 
.527 .506 .609 .756 .583 .553
 

6 .558 .506 .635 .b01 .610 .506
 
7 .590 .506 .661 .500 .38 .506
 
8 .621 .506 .687 .1,00 .666 .506
 
9 .653 .506 .713 .458 t)94.506
 
'0 .684 .482 .739 .398 .722 .506
 
'1 .716 .434 .765 .375 .749 .440
 
12 .747 .381 .791 .315 .777 .416
 
'3 .779 .321 .817 .238 .805 .339
 
1 .810 .291 
 .843 .202 .833 .315
 
'5 .842 .250 .869 .148 .3,I1.261
'6 .873 .202 
 .895 .131 .88 .214
 
'7 .705 .136 .922 .077 .916 .136
 

*8 .937 .077 .948 .041 .944 .089
'9 .;68 .041 .974 .006 .972 .047 

20 1.00 .000 1.00 .000 1.00 .000
 

* results trom analysis of the 1991 hourty Loads using gpt-L 

"eriod I summer
 
" PEAK LOAD (MW) = 17878.00
 

BASE LOAD (MW) = 9505.80
 

WEEKLY ENERGY (OWH) 2141339.00
 
" LOAD FACTOR (%) = 71.29
 
" perioc 2 winter
 

*c PEAK LCAV (MW) = 23219.00
 
'c BASE LOAD (MW) = 11603.40
 

WEEKLY ENERGY (mWUL) 2759205.00
 
LOAD FACTOR (%) = 70.7"3
 
annUa 
 average energy =(1232141339/(7"24)  ;222759205/(7"24))/365 
 15184.48 av.mw.
 

*c Derios energy ratos
"c '00 series fr12746.07/1518.48 0.839was rncofiec for 183/13 cars 6 1623.84/15184 1.0816and 0.36/0.564 mean loas. 

http:fr12746.07/1518.48
http:15184.48
http:2759205.00
http:11603.40
http:23219.00
http:2141339.00
http:17878.00
http:cctcetntcncetetttctnnctct..ntttt..n..tt.tt


APPENDIX 4.2.2 
DETAILED OUTPUT 



GPT - GENERATION PLANING TOOL
 
C Copyright HYDROSCIENCE - 1986 ** 

C.Yermoli (703) 351-0337 Fax (703) 351-0342
 

VERSION: POLISH POWER GRID - UNLICENSED
 
a a.. tttattta at.tt.*t.. ttttat.ttt . t t..tttt 

T POLAND ELECTRICTY PRICING STUDY - 1992
 
T 
 POLISH POWER GRID COMPANY - POLSKIE SIECI ELEKTROENERGETYCZNE
 
T PSE1200 ANALYSIS - 13.Jan.93 - Artington
 
T 1200 series
 
T Same as 1100 series but rerun on probabiListic sunannuat mode for 
T use by gpt-m. 1200 series is coipatible with new GPT version that 
T uses scaLe factor wnen necessary for small systems
 
T
 
T Codes for thermal categories: TF-I-SSS
 
T T: pLant type: T=s dispatchable steam turbine
 
T j dispatchoote steam turbine used in oh cogeneration
 
T c comustion turoine
 
T F: fuel type :=i Hignite
 
T nara coal
 
T 7 residual oil (buoKer, b)
 
T a distitlate vit (gas oil, 12) 
T g natural gas
 
T :I: ptant identification (see codes for plant names in section E)

T xx iiew capacity
 
T SSS: unit size class
 
1 000 denotes units under 100 mw
 
2 
3 

http:13.Jan.93
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SELECTION AND ADJUSTMENT OF LOAD DURATION CURVE
 

E = ALL MW AND GWH MUST BE DIVIDED BY
 
OUIRED PEAK= 17111.11 Mw
 
OUIRED ENERGY= 55296.02 GWH
 
OUIRED L.F.= .7378
 
TTERN L.F.= .7123
 
TTERN ENERGY= 53388.24 GWH 
Q.ADJUSTMENTz 3.57 PCT 
JUSTED ENERGY= 55247.58 GWH 
CURACY= .09 PCT 
AD RESOLUTION= 20.00 MW 
ALING FACTOR= 1.00 

http:55247.58
http:53388.24
http:55296.02
http:17111.11


PRODUCTION AND COST OF HYDROELECTRIC RESOURCES 

PLANT 

NAME 
INSTALLED PLANT AVERAGE 
CAPACITY CAPABILITY ENERGY 

(MW) (MW) (aMW) 

BASE 

ENERGY 

(aMW) 

CAPITAL 

ANNUITY 

kM$) 

0 & M 
COST 

(Ms) 

TOTAL 

COST 

(Ms) 

'2-PUMP 1330.0 
.2-HYDR 640.0 

-92-AUTO 1290-0 
-Y2-CHP 781.0 
-93-CHP 50.0 
......................................... 

7091.0 

'316.8 

633.7 
653.0 

1872.3 
26.8 

4502.6 

224.00 

163.00 
19.50 

-30.50 
11.40 

848.40 

.00 . 0 7.18 
80.00 .30 3.46 
10.00 .:o 21.15 

375.00 .00 .00 
9.90 .00 .00 
... ................................... 

474.90 .00 31.79 

7.18 

3.46 
21.15 

.00 

.00 

31.79 
........ . 

fROELECTRIC CONDITION 1 

PUT DATA 
ORO CAOAB!LITY= 
DRO MUST RUN= 
'DRO ENERGY= 
:AKING CAPABILITY ABOVE 8ASE LOAD= 
AKING ENERGY AVAILABLE= 
JTPUT DATA 

4502.56 MW 
474.90 MW 
3715.99 GWH 
4042 MW 
1701.19 GWH 

LSE ENERGY DISPATCHED= 
iSE ENERGY LOST 
AK ENERGY DISPATCHED= 
AK ENERGY LOST= 
AK DEPENDABLE CAPACITY= 
ITAL DEPENDABLE CAPACITY= 

2014.80 GWH 
.On GWH 

1701.19 GWH 

.00 GWH 
3160 MW 
3620 MW 

IGHTED AVERAGE HYDROELECTRIC PROOUCTION (GWH)= 
DROELECTRIC DEPENDABLE CAPACITY (MW) = 

3467.64 
3620.00 



PRODUCTION AND COST OF THERMAL RESOURCES .w...,**,,.
 

... + .++*. ................. +...+ * ................
............... 
 ++........... ......
 

WDBABILISTIC PROOUCTION COST 
ANALYSIS OF THE THERMAL SYSTEM
 

rACK LOAD GENERATOR NET P.MAIN. 
FORCED EFFEC7IVE ENERGY CAPAC. C.PITAL FIXED VARIABLE 
 FUEL 'OTAL ;IXED VARIABLE
,EL POINT TYPE & NAME 
 RATED DERATED OUTAGE CAPACITY 
OUTPUT FACTOR ANNUITY 0 & M 
 0 & M COST CO:T CHARGE CHARGE
MW MW MW mw
% GWH 

160 2 SL-PA-200 200.0 160.5 

% MSS ms MS MS MS /KW cts/KWH
10.60 143.5 626.52 71.52 .00 
 1.50 .00 9.78 '1.28 7.500 1.561
320 2 SL.PA-200 200.0 160.5 
 10.60 143.5 626.52 71.52 .00 1.50 
 .00 9.78 '.28 -.500 1.561
3 480 2 SL-PA-200 200.0 160.5 10.60 143.5 626.52 71.52 .00 1.50 .00 
 9.78 1'.28 7.500 1.561
6/.0 2 SL-PA-200 200.0 
 160.5 10.60 143.5 626.52 71.52

5 

.00 1.50 .00 9.78 11.28 7.500 1.5/-1800 2 SL-PA-200 200.0 160.5 
 10.60 !43.5 626.52 71.52 .00

b 960 2 SL-PA-200 200.0 160.5 10.60 143.5 626.52 71.52 .00 

1.50 

.00 


.00 9.78 11.28 '.500 1.561
 
1.50 9.78 11.28 7.500 1.561
7 1248 1 SL-SE-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
8 1536 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
9 1824 1 SL-BE-360 360.0 16.30289.0 241.9 1026.50 65.10 2.70
.00 .00 16.14 18.84 7.500 1.572
0 2112 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
1 2400 1 SL-BE-360 360.0 289.0 
 16.30 241.9 1026.50 65.10 .00 2.70 
 .00 16.14 :8.84 -.500 1.572
2 2688 1 SL-CE-360 360.0 2&9.0 16.30 
 241.9 1026.50 65.10 2.70
.00 .00 16.14 18.84 7.500 1.572
3 2976 1 SL-BE-360 360.0 289.0 241.9
16.30 1026.50 65.10 .00 .00
2.70 16.14
4 3264 18.84 7.500 1.572
1 SL-BE-360 360.0 289.0 16.30 
 241.9 1026.50 65.10 Co 
 2.70 .00 16.14 7.500
18.84 1.572
5 3552 1 SL-BE-360 360.0 289.0 16.30 241.9 
1026.50 65.10 2.70
.00 .00 16.14 18.64 7.500 1.572
6 3840 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
7 4128 1 SL-BE-360 360.0 2t9.0 16.30 241.9 1026.50 65.10 .30 
 2.70 .00 16.14 18.84 7.500 1.572
8 4416 1 SL-BE-360 360.0 16.30
289.0 241.9 1026.50 65.10 2.70
.00 .00 16.14 16.84 7.500 1.572
S~4576 3 SL-TU-200 
 200.0 160.5 10.50 143.7 627.22 71.60 .30
0 4736 3 SLTU-0 200.0 160.5 10.50 143.7 
1.50 .00 '0.70 12.20 '.500 1.706627.22 71.60 .00 1.50 .00 10.70 
 12.20 ".500 1.706
0 4896 3 SL-TU-200 200.0 160.5 10.50 13.7 
627.22 71.60 .00 1.50 
 .00 10.70 7.500
12.20 1.706
2 5056 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
3 5216 3 SL-TU-200 200.0 
 160.5 10.50 143.7 627.22 71.60 
 .00 1.50 .00 10.70 '2.20 7.500 1.706
4 5276 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
5 5536 3 SL-TU-200 200.0 160.5 143.710.50 627.22 71.60 .00 .00
1.50 10.70 12.20 7.500 1.706
6 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
7 5856 3 SL-TU-200 200.0 160.5 10.50 1.43.7 627.22 71.60 .00 
 1.50 .00 10.70 12.20 7.500 1.706
8 5952 4 SL-KO-200 120.0 96.3 84.712.10 385.00 71.25 .00 .00
1.50 6.61 8.11 2.500 1.717
9 6048 4 SL-KO-I00 120.0 96.3 
 12.10 84.7 385.00 73.25 .00 1.50 .00 8.11
6.61 12.500 1.717
9 6133 17 SCST-O0 106.0 85.1 11.20 
 75.6 311.16 67.02 .00 
 .00 5.54 7.13 15.000 1.7820 6218 17 SC-ST-100 106.0 85.1 75.6 
1.59 


11.20 311.16 67.02 .00 1.59 .00 
 5.54 7.13 15.000 1.7822 6244 21 SC-ST-100 33.0 26.5 10.0 
 7 8.1. 54,55 .00 1.50 1.40
.00 1.90 15.000 1.782
2 6270 21 SC-ST-00 33.0 26.5 10.00 23.8 78.84 54.55 .00 
 .50 .00 1.40 1.90 15.000 1.782
6296 21 SC-ST-000 33.0 26.5 10.00 23.8 78.84 54.5 .50
.00 .00 1.40 1.90 15.000 1.782
6322 21 5C-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 2380 96.0
5 SL-AD-I00 
 59.0 15.80 9.7 221.28 52.63 
 .O0 154 .00 3.98 5.42 15.000
37 638 5 SL-AD-100 1.79996.0 59.0 15.80 49 7 221.28 52.63 1-4
.00 .00 3.98 5..2 15.000 1.799
38 496 5 SL-AD-100 96.0 
 59.0 15.80 49.7 221.28 52.63 

38 

.00 1.44 .00 3.98 5.,2 '5.000 1.799
65549 5 SL-AD-100 96.0 59.0 15.80 -9.7 221.28 52.63 .00 1.44 .00 5.423.98 15.000 1.799
30 6586 5 SL-AD-100 40.0 32.1 13.00 27.9 152.42 87.00 .00 .50 .00 2.93 3.43 12.500 1.9191 6518 6 SL-KO-000 40.0 
 32.1 13.00 27.9 152.42 87.00

42 6650 6 SL-KO-O00 

.00 .50 .00 2.93 3.43 12.500 1.919
40.0 32.1 13.00 27.9 152.42 87.00 .00 
 .50 .00 2.93 3.43 12.500 1.919
43 6682 6 SL-KO-000 40.0 32.1 13.00 
 27.9 1'Z.42 87.00 .00 .50 
 .00 2.93 3.43 12.500 1.919
 . 6714 6 SL-KO-000 
 40.0 32.1 13.00 27.9 152.42 87.00 .50
.00 .00 2.93 3.43 12.500 1.919
.5 6718 28 SC-PO-O00 56.0 45. 0 12.30 39.4 153.65 62.64 .00 .84 .00 2.96 3.80 15.000 1.929
.5 6802 28 SC-PO-000 56.0 45.0 
 12.30 39.4 153.65 62.64 .00 

47 15 

.84 .00 2.96 3.80 15.000 1.929
6962 SC-DO-200 250.0 160.5 9.50 145.3 
 634.22 72.40 
 .00 1.50 .00 12.96 
 .500 '.988
48 7122 15 SC-DO-200 200.0 
 160.5 9.50 145.3 634.22 72.40 .00 .00
1.50 12.61 14.11 '.500 1.988
4.9 7282 15 SC-DO-200 200.0 160.5 9.50 145.3 634.22 72.40 
 .00 1.50 .00 12.61 14.11
;. 7442 15 SC-D0-200 200.0 160.5 9.50 
7.500 1.988

145.3 634.22 72.40 .00 
 1.50 .00 12.61 14.11 '.500 
 1.988
5' 7602 15 SC-DO-200 200.0 160.5 9.50 145.3 634.22 72.40 1.50 12.61
.00 .00 7.500
'. 1.988
52 7762 15 SC-DO-200 200.0 160.5 
 9.50 145.3 634.22 72.40 
 .00 1.50 .00 12.61 .500 1.988
7.11
53 7922 15 SC-DO-200 200.0 160.5 
 9.50 145.3 634.22 72.40 .00 1.50 
 .00 12.61 14.11 7.500 1.988
54 8082 15 SC-DO-200 200.0 160.5 '45.3
9.50 634.22 72.40 .00 .00
55 1.50 12.61 14.11 7 500 1.9888450 7 SC-K00500 500.0 368.5 30.00 257.9 1103.26 50.40 .00 6.25 .00 22.02 28.27 "2.500 1.99556 8818 7 SC-KO-500 500.0 368.5 30.00 257.9 1103.76 50.40 .00 
 6.25 .00 22.02 28.27 '2.500 1.995
57 8978 11 SC-PO-200 200.0 160.5 149.17.10 650.99 74.31 .00 .00
1.50 13.005 9138 11 SC-PO-200 200.0 160.5 8.27 '2.500 1.997
7.10 149.1 650.97 74.29 
 .00 1.50 
 .00 13.00 14.50 7.500 1.997
9 9298 11 SC-PO-200 200.0 160.5 7.10 149.1 650.15 74.22 .00 1.50 
 .00 12.99 14.49 7.500 1.9972 9458 11 SC-PO-200 200.0 7.10
160.5 149.1 648.78 74.06 .00 1.50 .00 12.96 
 14.46 .500 1.997
1 9618 11 SC-PO-200 200.0 160.5 7.10 149.1 646.31 73.78 
 .00 1.50 .00 12.91 14.41 7.500 1.997
1 9778 11 SC-PO-200 200.0 
 160.5 7.10 149.1 642.46 73.34 .00 
 1.50 .00 12.83 14.33 7.500 1.997
 

160 5 7 10 49 .00 64.0.46
2 97 8 1 SC PO -00 3 .3 .0 1.0 .0 12 83 4 .3 7.00 .99
 



3 9938 11 SC-PO-200 200.0 160.5 7.10 
 149.1 637.08 72.73 
 .00 1.50 .00 '2.73 14.23
4 1009A 11 SC-PO-200 200.0 160.5 7.500 1.997
7.10 149.1 630.22 71.94 
 .00 1.50
5 10258 12 SC-RY-200 .00 12.59 14.09 7.500 1.997
200.0 160.5 10.80 113.2 
 597.31 68.19 
 .00 1.50 .00 12.34
6 10418 12 SC-RY-200 200.0 13.84 7.500 2.066
160.5 10.80 143.2 588.83 67.22 .00 
 1.50 .00 12.16 13.66 7.500 2.066
7 10578 12 SCoRy-200 200.0 160.5 10.80 143.2 
 579.55 66.16 1.50 11.97
.00 .00 13.47
8 10738 12 SC-RY-200 200.0 160.5 10.80 143.2 
7.500 2.066
 

569.49 65.01 
 .00 1.50 .00
9 10890 11.76 13.26 7.500 2.066
12 SC-RY-200 200.0 160.5 10.80 
 143.2 558.55 63.76 .00

11058 1.50 .00 11.54 13.04 7.500 2.066
0 12 SC-RY-200 200.0 160.5 10.80 143.2 546.56 62.39
1 .00 1.50 .00 11.29 12.79 7.50011218 12 SC-RY-200 200.0 160.5 2.06610.80 143.2 533.38 60.89 .00 
 1.50 .00 
 11.02 12.52 7.500 2.066
2 11378 - C-RY-200 200.0 160.5 10.80 143.2 
 519.00 59.25
3 11538 .00 1.50 .00 10.72
-PA-200 20.0 160.5 12.22 7.500 2.066
2.30 156.9 551.61 62.97
4 11682 -LZ-200 

.00 1.50 .00 11.51 13.01 7.500 2.087180.0 144.5 13.40 125.1 413.89 52.50 
 .00 2.25
5 11826 1.. LZ-200 1E0.0 144.5 13.40 
.00 8.72 10.97 12.500 2.106


125.1 402.25 51.02 .00 
 2.25 .00
5 11)70 14 SC-LZ-200 180.0 144.5 8.47 10.72 12.500 2.106
13.40 125.1 390.92 49.58 .00 
 2.25 .00
7 12114 14 SC-LZ-200 180.0 144.5 13.40 8.23 10.48 12.500 2.106
125.1 380.20 48.22 2.25 8.01
.00 .00 10.26 12.500 2.106
3 12194 16 SC-LZ-100 
 100.0 80.3 16.20 67.3 206.08 47.05 
 .00 1.25 .00
12274 16 SC-L.Z-100 100.0 4.34 5.59 12.j00 2.10680.3 16.20 67.3 203.22 46.40 .00 1.25 .00
12434 9 SC-0-200 200.0 160.5 11.60 
4.20 5.53 12.500 2.106141.9 419.96 47.94 .00 2.50 .00 3.87
1 12594 9 SC-OS-200 200.0 160.5 11.37 12.500 2.111
11.60 141.9 409.81 46.78 
 .00 2.50
12754 9 SC-OS-200 200.0 160.5 .00 8.65 11.15 12.500 2.11111.60 141.9 401.17 45.80

12914 10 SC-KO-200 200.0 
.00 2.50 .00 8.47 10.97 12.500 2.111150.5 11.70 
 141.8 393.26 44.89 .0013074 10 SC-KO-20U ?00.0 160.5 11.70 

1.50 .00 8.30 9.80 7.500 2.111141.8 386.50 44.12 
 .00 1.50 
 .00 8.16
i 1323k 10 SC-KO-200 200.0 160.3 9.66 7.500 2.111
11.70 141.8 379.97 43.38 .00 1.50 
 .00 8.02 .52 7.500 2.111
13394 10 SC-K0-200 200.0 
 160.5 
 11.70 141.3 373.24 42.61 
 .00 1.50
13500 10 SC-KO-200 .00 7.88 9.38 7.500 2.111
200.0 160.5 11.70 141.8 366.02 41.78 .00 1.50
13500 "0 SC-KO-200 :00.0 160.5 
.00 '.73 9.23 7.500 2.111
11 .70 141.8 358.08 40.88 
 .00 1.50 .00
13500 10 SC-KO-200 7.56 9.06 7.500 2.111
200.0 160.5 11.70 141.8 349.29 39.87 .00 
 1.50
13500 10 SC-K0-200 200.0 160.5 
.30 7.37 8.87 -.500 2.111
'1.70 141.8 339.48 38.75 
 .00 1.50 
 .00 7.17
13500 13 SC-J3-200 190.0 152.5 

8.67 7.500 2.111
10.70 136.2 332.10 39.91 
 .10 -.42 .00
13500 13 SC-J3-200 190.0 152.5 10.7C 136.2 
7.04 0.46 7.500 2.119
319.03 38.34 
 .00 1.42
13500 13 SC-J3-200 .00 6.76 8.18 7.500 2.119
190.0 152.5 
 10.70 136.2 303.69 36.49 
 .00 1.42
94 13500 13 SC-J3-200 190.0 152.5 

.00 6.43 7.86 7.500 2.119
10.70 136.2 285.56 34.31 
 .00 1.42 
 .00 6.05
95 13500 13 SC-J3-200 190.0 152.5 7.47 7.500 2.11910.70 136.2 264.32 31.76 
 .00 1.42
96 13500 13 SC-J3-200 190.0 152.5 10.70 136.2 

.00 5.60 7.02 7.500 2.119

239.99 28.84 
 .00 1.'2 .00
97 13500 13 SC.-G-100 5.08 6.51 7.500 2.119
103.0 82.7 11.90 72.8 108.95 24.15 
 .00 1.29
98 13500 18 SC-LG-100 103.0 82.7 11.90 72.8 

.00 2.44 3.73 12.500 2.242102.17 22.65 1.29 2.29
.00 .00 3.73 12.500 2.242
99 13500 18 SC-LG-100 103.0 S2.7 11.90 
 72.8 95.21 21.10 .00 1.29 .00
00 13500 18 SC-LG-100 103.0 2.13 3.42 12.500 2.242
82.7 11.90 
 72.8 88.14 19.54 .00 
 1.29 .00
01 13500 18 SC-LG-100 103.0 82.7 11.90 
1.98 3.26 12.500 2.242
72.8 81.04 1".96 .00 1.29 
 .00 1.82 3.10
02 13500 18 SC-LG-100 103.0 12.500 2.242
82.7 11.90 
 72.8 73.99 16.40 .00 
 1.29 .00
03 13500 18 SC-LG-100 103.0 1.66 2.95 12.500 2.242
82.7 11.90 
 72.8 67.05 14.86 
 .00 1.29 .00 1.50
04 13500 19 SC-s-I100 2.79 12.500 2.242
105.0 64.3 11.60 74.5 60.53 13.16 
 .00 1.31
05 13500 19 SC-SI-IO0 105.0 .00 1.37 2.68 12.500 2.264
84.3 1.60 
 74.5 54.02 11.75 .00 1.31 .00 
 1.22 2.54
06 13500 19 sC-sI-Io0 105.0 12.500 2.26484.3 11.60 74.5 47.83 10.40 .00 1.31
37 13500 19 SC-SI-lO0 105.0 .00 1.08 2.40 12.500 2.264
84.3 11.60 74.5 42.03 9.14 .00 
 1.31 .00
08 13500 19 SC-SI-100 105.0 .95 2.26 12.500 2.264
34.3 11.60 
 74.5 36.63 7.97 .00 
 1.31 .03
09 13500 19 SC-Si-IO0 .83 2.14 12.500 2.264
84.3 11.60 7 .05.0.5 31.68 6.89 .0 
 1.31 .00
10 13500 20 SC-SK-110 90.0 .72 '.03 12.500 2.264
72.2 10.40 
 64.7 27.55 
 6.99 .0O 1.35 .00
11 13500 20 SC-SK-100 90.0 72.2 10.40 
.67 2.02 15.000 2.42361.7 23.39 5.93 .00 
 1.35 .00
12 13500 .57 1.92 15.000 2.423
20 SC-SK-100 
 90.0 72.2 10.40 o4.7 19.69 -.99 
 .00 1.35 .00
13 13500 22 SC-SK-000 .48 1.83 15.000 2.4?3
45.0 36.1 10.40 32.4 8.65 .39 
 .00 .68 .00 .21
14 1L500 22 SC-SK-COO .88 15.000 2.423
45.0 36.1 10.40 32.4 7.88 ..Go .00 .t8 
 .00 .19
15 13500 22 SC-SK-000 45.0 .87 15.000 2.423
36.1 10.40 
 32.4 7.17 3.64 .00 
 .68 .00
16 13500 24 SC-BL-000 .17 .85 15.000 2.423
41.0 32.9 10.70 29.4 b.49 3.61 
 .00 .62 .00 
 .16 .78 15.000
17 13500 24 SC-BL-000 2.516
41.0 32.9 10.70 29.4 5.88 
 3.27 .00
18 13500 24 SC-BL-OGO 41.0 32.9 10.70 

.o2 .00 .15 ._6 15.000 2.51629.. 5.31 2.96 
 .00 .62 
 .00 .13 .75 !5.000
19 13500 24 SC-8L-000 2.516
41.0 32.9 10.70 29.4 4.70 2.67 .CO 
 .o2
20 13500 24 SC-BL-000 41.0 32.9 10.70 29.4 
.0 .2 .7. 1.000 2.516 

-.32 2.40 .00 .62
1 13500 25 SC-HA-COO .00 .11 .72 15.000 2.516
50.0 40.1 11.80 35.4 3.83 1.75 .00 .75
22 13500 25 SC-HA-OUO .00 .10 .85 15.000 2.532
50.0 40.1 11.80 35.4 
 3.44 1.57 .00 .75 .0023 13500 25 SC-HA-000 .09 .84 15.000 2.532
50.0 40.1 11.80 
 35. - 3.08 1.41 .00 .'5 .00 .08 224 13500 23 SC-HA-O00 11.80 35.4 2.76 1.26 .00 .7 .00 
.- 15.000 2.532
50.0 40.1 


25 13500 23 SC-J2-000 43.0 34.5 10.40 
.-7 .32 15.000 2.532
30.9 2.50 1.33 .00 .64 .00
26 13500 23 SC-J2-000 .07 .71 i5.000 2.684
43.0 34.5 10.40 30.9 2.22 1.18 .00 .64 .00
27 13500 23 SC-J2-000 43.0 .06 .70 15.000 2.684
34.5 10.40 30.9 1.97 1.05
28 13500 23 SC-J2-000 43.0 

.00 .64 .00 .05 .70 15.000 2.68434.5 10.40 30.9 1.74 .93 .00 .64 .00
29 13500 23 SC-J2-000 43.0 34.5 10.40 30.9 
.05 .69 15.000 2.684


1.54 .82 .00 .64
30 13500 23 SC-J2-000 (.3.0 .00 .04 .69 15.000 2.68434.5 10.40 30.9 .36 
 .72 .00 .04 .031 13500 23 SC-J2-000 .04 .68 15.000 2.684
43.0 34.5 10.40 30.9 1.19 .63 
 .00 .64 .00 .03 .6813500 15.000 2.684
32 27 SC-MI-00 
 50.0 40.1 11.80 35.4 1.03 .47 
 .00 .75
33 13500 27 SC-MI-000 .0 .03 .78 15.000 2.75950.0 40.1 I1.L0 35.4 .90 .41 .00 .75
34 13500 27 SC-MI-000 50.0 '.0.1 11.80 35.4 
.00 .02 .77 15.000 2.759.79 .36 .75
.00 .00 
 .02 .77 15.000 2.759 



135 13500 26 SC-Ji-O00 
 19.0 15.3 15.70 '2.9 .3, .41 .00 .28 
 .00 .01
136 13500 26 SC-Ji-O00 19.0 .29 15.000 2.820
15.3 15.70 12.9 .32 .39 .00 .28 .00 .01
137 .29 15.000 2.820
13500 26 SC-JI-GOO 19.0 15.3 
 15.70 12.9 .30 .36 
 .00 .28 .00 .01
!38 13500 26 sc-Ji-ooo 19.0 15.3 15.70 '2.9 .28 .34 .00 
.29 15.000 2.820
 

.28 .00 .01
:39 .29 15.000 2.820
13500 26 sc-Ji-O00 19.0 15.3 15.70 '2.9 .26 .32 .00 .28 
 .00 .01 
 .29 15.000
;40 13500 26 SC-JI-000 19.0 15.3 15.70 12.9 .25 .30 .00 .28 .00 
2.820
 

.01 -79 15.000 2.820
 
21586.017189.8 .:0 15012.7 . .00 
 .00 200.06 
 .00 958.21 1158.27
 



POWER SYSTEM RELIABILITY AND COST
 

OTAL INSTALLED CAPACITY= 

HERMAL EFFECTIVE CAPACITY= 

EAK THERMAL LOAD= 

=RMAL EFFECTIVE CAPACITY RESERVE= 


NiTALLED CAPACITY RESERVE= 

OSS OF LOAD PROBABILITY= 


YDROELECTRIC GENERATION= 

HERMAL GENERATION= 

OTAL GENERATION= 

NERGY LOAD= 

NSERVED ENERGY= 


OTAL COST THIS PERIOD= 


28677.00 mw
 
15012.72 MW
 

.00 MW
 
11.28 %
 
67.59 %
 
13.71HRS
 

3467.64 GWH
 
51825.10 GWH
 
55292.75 GWH
 
55296.03 GWH
 

3.28 GWH
 
1188.26 MS
 

http:55296.03
http:55292.75
http:51825.10
http:15012.72
http:28677.00


YEAR 1993 EI
 

SELECTION AND ADJUSTMENT OF LOAD DURATION CURVE
 

)T
E =ALL MW AND GWH MUJST BE DIVIDED BY 10
 
'EQUIRED PEAK= 
 22222.21 mW
 
EQUIRED ENERGY= 71821.27 GWH
 
ECUIRED L.F.= 
 .7379 
ATTERN L.F.= 
 .7069
 
ATTERN ENERGY= 68806.86 GWH
 
EO.ADJUSTMENT= 
 -.38 PCT
 
DJULSTED ENERGY= 
 71796.14 GUH
 
CCURACY= 
 .04 PCT
 
OAD RESOLUTION= 
 20.00 MW
 
CALING FACTOR= 1.00
 

http:71796.14
http:68806.86
http:71821.27
http:22222.21


PRODUCTION AND COST OF HYDROELECTRIC RESOURCES
 

PLANT 
 INSTALLED 
PLANT 
 AVERAGE 
BASE CAPITAL
NAME CAPACITY CAPABILITY ENERGY 
0 & M TOTAL


ENERGY 
ANNUITY
(MW) COST COST
(MV) (amW) (aMW) 
 (MS) (NS) (MS)

='-2-PUMP 
 1330.0 
 1316.8 
 224.00
C4-y2-HYDR .00 .00 7.18
640.0 7.18
633.7 163.00AC-92-AUTO 30.00
1290.0 1064.2 .00 3.46 3.464o8.75 
 25.00
OC-92-CHP .00 23.863781.0 23.862947.1 
 1951.60 
 1700.00
OC-93-CHP .00 .00
50.0 .00
42.1 
 51.68 
 44.88 .00 
 .00 
 .00
.........................................................................................
 

7091.0 
 6003.9 
2439.03 
 1849.88 
 .00 34.49 34.49
HYDROELECTRIC CONDITION 
 1
 
INPUT DATA
HYDRO CAPABILITY= 

4YDRO MUST 6003.91 mwRUN= 

1849.88 NWHYDRO ENERGY= 
10682.95 GWH
PEAKING CAPABILITY ABOVE BASE LOAD= 
 4.163 MWOEAKING ENERGY AVAILABLE= 

2623.75 GWN
OUTPUT DATA


BASE ENERGY DISPATCHED= 

8059.20 GwH
BASE ENERGY LOST: 


.00 GWHPEAK ENERGY DISPATCHED: 

2623.75 GWH
EAK ENERGY LOST: 


.00 GWH
OEAK DEPENDABLE CAPACITY= 

3680 mw
TOTAL DEPENDABLE CAPACITY= 
 5520 MW 

6EIGHTED AVERAGE HYDROELECTRIC PRODUCTION (GWN)=4YDROELECTRIC DEPENDABLE CAPACITY 9865.84
 
(MW) : 5520.00
 

http:10682.95


PROUCTION AMD COST OF THERMAL RESOURCES .............
 

PROBABILISTIC PROOUCTION COST ANALYSIS OF THE THERMAL SYSTEM
 

STACK LOAD GENERATOR NET 
 P.MAIN. FORCED EFFECTIVE 
ENERGY CAPAC. CAPITAL FIXED VARIABLE FUEL
.EVEL POINT TYPE & NAME TOTAL FIXED VARIABLE
RATED DERATED OUTAGE CAPACITY 
 OUTPUT FACTOR ANNUITY 0 & M 0 & m
mw 
 Mw MW mw Z MW 
COST COST CHARGE CHARGE
GWH % MS MS MS MS190 2 SL-PA-200 200.0 MS $/KW Cts/KH190.1 10.60 170.0 783.14 89.40 .00 1.50 
 .00 12.22 13.72
380 2 SL-PA-200 200.0 190.1 10.60 170.0 7.500 1.561
783.14 89.40 
 .00
3 570 2 SL-PA-200 200.0 190.1 

1.50 .00 12.22 13.72 7.500 1.561
10.60 170.0 783.14 89.40 .00 1.50 
 .00 12.22
760 2 SL-PA-200 200.0 190.1 10.60 13.72 7.500 1.561
170.0 783.14 89.40 .00 1.50
5 950 2 SL-PA-200 200.0 190.1 .00 12.22 13.72 7.500 1.561
10.60 170.0 783.14 89.40 
 .00 1.50 .00
6 1140 2 SL-PA-200 200.0 12.22 13.72 7.500 1.561
190.1 
 10.60 170.0 783.14 89.40 .00 1.50 .00
7 1482 1 SL-BE-360 360.0 342.2 16.30 12.22 13.72 7.500 1.561
286.5 1246.46 79.05 
 .00 2.70 .00 19.60
8 1824 I SL-BE-360 360.0 342.2 16.30 22.30 7.500 1.572
286.5 1246.46 79.05 
 .00 2.70 .00 19.60
9 2166 1 SL-BE-360 360.0 342.2 16.30 22.30 7.500 1.572286.5 1246.46 79.05
.0 2508 1 SL-BE-360 360.0 342.2 
.00 2.70 .00 19.60 22.30 7.500 1.572
16.30 286.5 1246.46 79.05 .00 2.70
1 2850 1 SL-BE-360 360.0 342.2 .00 19.60 22.30 7.500 1.572
16.30 286.5 1246.46 79.05 .00 2.70 .00
12 3192 1 SL-BE-360 360.0 342.2 16.30 19.60 22.30 7.500 1.572
286.5 1246.46 79.05 
 .00 2.70 .00
13 3534 1 SL-BE-360 360.0 342.2 16.30 

19.60 22.30 7.500 1.572
286.5 1246.46 79.05 
 .00 2.70 .00
14 3876 1 SL-BE-360 360.0 342.2 19.60 22.30 7.500 1.572
16.30 286.5 1246.46 79.05 
 .00 2.70 .0
'5 4218 1 SL-BE-360 360.0 342.2 16.30 19.60 22.30 7.500 1.572
286.5 1246.46 79.05
16 4560 1 SL-BE-360 360.0 342.2 16 30 
.00 2.70 .00 19.60 22.30 7.500 1.572
286.5 1246.46 79.05 
 .00 2.70
7 4902 1 SL-BE-360 360.0 342.2 16.30 286.5 .00 19.60 22.30 7.500 1.572
8 1246.46 79.05
5244 1 SL-BE-360 360.0 .00 2.70 .00 19.60 22.30
3-2.2 16.30 286.5 7.500 1.572
1246.46 79.05 
 .00 2.70 .00 
 19.60 22.30 7.500 1.572
19 5434 3 SL-TU-200 200.0 190.1 10.50 
 170.2 784.02 89.50
20 5624 3 SL-TU-200 200.0 190.1 10.50 
.00 1.50 .00 13.37 14. 7 7.500 1.706170.2 784.02 89.50 
 .00 1.50 .00 13.37
21 5814 3 SL-TU-200 200.0 190.1 10.50 14.87 7.500 1.706
170.2 784.02 89.50 
 .00 1.50 .00 13.37
22 6004 3 SL-TU-200 200.0 190.1 10.50 14.87 7.500 1.706
170.2 784.02 89.50 
 .00 1.50 .00 13.37
23 6194 3 SL-TU-200 200.0 190.1 10.50 14.87 7.500 1.706
170.2 784.02 89.50
24 6384 3 SL-TU-200 200.0 .00 1.50 .00 13.37 14.87 7.500 1.706
190.1 10.50 170.2 784.02 89.50 .00 1.50
25 .00 13.37 14.87
6574 3 SL-TU-200 200.0 7.500 1.706
190.1 10.50 170.2 
 784.02 89.50
26 6764 .00 1.50 .00
3 SL-TU-200 200.0 190.1 10.50 13.37 14.87 7.500 1.706
170.2 784.02 89.50 .00
27 6954 1.50 .00 13.37 14.87 7.500
3 SL-TU-200 1.706
200.0 190.1 
 10.50 170.2 784.02 89.50 .00
28 7068 4 SL-KO-100 120.0 114.1 

1.50 .00 13.37 14.87 7.500 1.706
12.10 100.3 462.00 87.90 
 .00 1.50 .00
29 7182 4 SL-KO-100 120.0 114.1 7.93 9.43 12.500 1.717
12.10 100.3 462.00 87.90 .00
30 7282 17 SC-ST-100 106.0 1.50 .00 7.93 9.43 12.500 1.717
100.8 11.20 89.5 388.94 83.77
31 7382 17 SC-ST-100 106.0 .00 1.59 ..0 6.93 8.52 15.000 1.782
100.8 11.20 
 89.5 388.94 83.77 
 .00 1.59 .00 6.93 8.52
32 7413 21 SC-ST-OOO 15.000 1.782
33.0 31.4 10.00 28.2 157.68 109.09 .00
33 7444 21 SC-ST-000 33.0 .50 .00 2.81 3.30 15.000 1.782
31.4 10.00 28.2 157.68 109.09 .OO
34 7475 21 SC-br-000 33.0 31.4 
.50 .00 2.81 3.30 15.000 1.782
10.00 28.2 157.68 109.09 .00 .50 .00
35 7506 21 SC-ST-000 2.81 3.30 15.000 1.782
33.0 31.4 10.00 28.2 157.68 109.09 
 .00 .50 .
36 -592 5 SL-AD-100 96.0 0 2.81 3.30 15.000 1.782
86.7 15.80 "5.0 295.04 70.17 .00 !.4;
37 7678 5 SL-AD-100 96.0 86.7 .0 5.31 6.75 15.000 1.799
15.80 73.0 295.04 70.17 .00 1.44
38 7764 5 SL-AD-100 96.0 86.7 

.00 5.31 6.75 15.000 1.799
15.80 73.0 295.04 70.17 .00
3; 7850 5 SL-AD-100 1.44 .00 5.31 6.75 15.000 1.799
96.0 86.7

.0 

15.80 '3.0 295.04 70.17 .00 1.4.
7888 6 SL-KO-000 40.0 38.0 13.00 .00 5.31 6.75 15.000 1.799
33.1 152.42 87.00 
 .00 .50 .00 
 2.93 3.43
.1 7926 6 SL-KO-000 12.500 1.91r
40.0 38.0 13.00 33.1 152.42 87.00 .00
.2 7964 6 SL-KO-000 40.0 .50 .00 2.93 3.43 12.500 1.919
38.0 13.00 33.1 152.42 87.00 .00 
 .50 .00
-3 8002 2.93 3.43 12.500 1.919
6 SL-KO-000 
 40.0 38.0 13.00 33.1 152.42 87.00 .00 .50 .00
4. 8040 o SL-KO-000 2.93 3.43 12.500 1.919
40.0 38.0 13.00 33.1 152.42 87.00
'5 8093 28 SC-PO-000 .00 .50 .00 2.93 3.43 12.500 1.919
56.0 53.2 12.30 '6.7 230.48 93.96 .00
46 .84 .00
8146 28 SC-PO-000 56.0 -.45 5.29 13.000 1.929
53.2 12.30 -6.7 230.46 93.96 .00 
 .84
S7 8336 15 SC-0O-200 200.0 190.1 9.50 
.10 -.45 5.29 '5.000 '.929
12.1 792.78 90.50 .00
-8 8526 15 SC-0O-200 200.0 190.1 

".50 . C 15.76 17.26 .500 1.9889.50 172.1 792.78 90.50 .CO
49 8716 15 SC-00-200 200.0 190.1 
1.50 .00 15.76 17.26 7.500 1.988
9.50 172.'792.78 90.50 
 .00 1.50 .00
50 8906 15 SC-DO-200 200.0 190.1 15.76 17.26 7.500 1.988
9.50 172.1 792.78 90.50 
 .00 1.50 .00
51 P096 15 SC-D0-200 200.C 190.1 15.76 17.26 7.500 1.988
9.50 '72.1 792.78 90.50
52 928.5 15 SC-DO-200 .00 1.50 .0 15.76 17.26 7.500
200.0 190.1 9.50 1.988
172.1 792.67 90.49
53 9476 15 SC-D0-200 200.0 190.1 

.00 '.50 .00 15.76 17.26 7.500 1.988
9.50 172.1 792.13 90.43
5. 9666 15 SC-00-200 200.0 00 1.50 .00 15.75 17.25 7.500 1.988
190.1 9.50 172.1 790.55 90.24 .00 1.50
55 10133 7 SC-KO-SOD 500.0 -67.1 30.00 
.00 15.72 17.22 7.500 1.988
327.0 1392.44 63.58 .00 6.25
56 10600 7 SC-KO-500 500.0 .00 27.77 34.02 12.500 1.995
467.1 30.00 327.0 1361.05 62.15 .00 6.25
57 10790 11 SC-PO-200 200.0 .00 27.15 33.40 12.500 1.995
190.1 7.10 
 176.6 770.60 87.97 .00 1.50
58 10980 11 SC-PO-200 200.0 190.1 .10 15.39 16.89 7.500 1.997
7.10 176.6 754.84 86.17 .00 1.50
59 11170 11 SC-PO-200 .00 15.08 16.58 7.500
200.0 190.1 7.10 1.997
176.6 736.63 84.09 
 .00 1.50 .00
60 11360 11 SC-PO-200 14.71 16.21 7.500 1.997
200.0 190.1 
 7.10 176.6 716.03 81.74 
 .00 1.50 .00
61 11550 11 SC-PO-200 200.0 14.30 15.80 7.500 1.997
190.1 
 7.10 176.6 693.24 79.14 .00 
 1.50
62 11740 11 SC-PO-200 200.0 190.1 .00 13.85 15.35 7.500 1.997
7.10 176.6 668.74 76.34 
 .00 1.50 .00 13.36 14.86 
 7.500 1.997
 



63 11930 11 SC-PO-200 200.0 190.1 
 7.10 176.6 643.35 73.44 
 .00
64 12120 11 SC-PO-200 200.0 1.50 .00 12.85 14.35 7.500
190.1 1.997
7.10 176.6 618.21 70.57 .00
65 12310 12 SC-RY-200 200.0 190.1 
1.50 .00 12.35 13.85 7.500 1.997
10.80 169.6 570.91 65.17
66 12500 12 SC-RY-200 200.0 190.1 

.00 1.50 .00 11.79 13.29 7.500 

67 

10.80 169.6 551.59 62.97 .00 1.50 .00 
2.066 

12690 12 SC-RY-200 200.0 11.39 12.89 7.500
190.1 2.066
10.80 169.6 535.43 61.12 
 .00
68 12880 12 SC-RY-200 200.0 190.1 
1.50 .00 11.06 12.56 7.500 2.066
10.80 169.6 
 522.83 59.68 .00
69 13070 12 SC-RY-200 1.50 .00 10.80 12.30 7.500
200.0 190.1 10.8T 2.066
'60.t 513.86 58.66 .00
70 13260 12 SC-RY-200 200.0 190.1 10.80 
1.50 .00 10.61 12.11 7.500 2.066
169.6 508.29 58.02
71 13450 12 SC-RY-200 200.0 190.1 

.00 1.50 .00 10.50 12.00 7.500 2.066
10.80 169.6 505.71 57.73
2 13640 12 SC-RY-200 200.0 
.00 1.50 .00 10.45 11.95 7.500 2.066
190.1 10.80


73 169.6 505.59 57.72 .00 1.5013830 29 SR-PA-200 200.0 190.1 2.30 .00 10.44 11.94 7.500 2.066
'55.8 555.71 63.44 
 .00
7. 14001 14 SC-LZ-200 180.0 171.1 13.40 
1.50 .00 11.60 13.10 7.500 2.087148.2 446.10 56.58
75 .00 2.25 .00
14172 14 SC-LZ-200 180.0 9.40 11.65 12.500 2.106
171.1 13.40 
 148.2 449.07 56.96 
 .00
76 14343 14 SC-LZ-200 180.0 171.1 13.40 
2.25 .00 9.46 '1.71 12.500 2.106
148.2 452.20 57.36
?7 14514 14 SC-LZ-200 .00 2.25 .00
180.0 171.1 13.40 9.52 11.77 12.500
'48.2 455.16 57.73 2.106
.00 2.25 .00
78 14609 16 SC-LZ-100 100.0 95.1 16.20 

9.59 11.84 12.500 2.106
7p.7 245.72 56.10
79 14704 16 SC-LZ-100 100.0 95.1 
.00 1.25 .00 5.18 6.43 12.500 2.106
16.20 -9.7 
246.33 56.24 .00 
 1.25
80 14894 9 SC-OS-200 200.0 .00 5.19 6.. 12.500 2.106
190.1 11.60 
 168.1 521.10 59.49
51 15084 9 SC-OS-200 200.0 190.1 
.00 2.50 .00 11.00 13.50 12.500 2.111
11.60 168.1 521.49 59.53 .00
82 15274 9 SC-OS-200 200.0 190.1 11.60 

2.50 .00 11.01 13.51 12.500 2.111
168.1 519.86 59.34
53 15464 10 SC-KO-200 200.0 190.1 
.00 2.50 .00 10.98 13.48 12.500 2.111
11.70 *67.9 515.43 58.8,4
84 15654 10 SC-KO-200 .00 1.50 .00 10.88 12.38 7.500
200.0 190.1 11.70 !67.9 509.37 58.15 .00 

2.111
 
55 15844 10 SC-KO-200 200.0 1.50 .00 10.75 12.25 7.500
190.1 11.70 '67.9 2.111
501.20 57.21 .00
86 16034 10 SC-KO-200 1.50 .00 10.58 12.08 7,500
200.0 190.1 11.70 '67.9 491.13 56.06 2.111
 
57 16224 .00 1.50 .00 10.37
'0 SC-KO-200 200.0 190.1 11.87 7.500 2.111
 
8 

11.70 '67.9 .79.43 54.73 .30 1.5016414 10 SC-KO-200 200.0 '90.1 11.70 ';7.9 -66.3 53.24 .00 
.00 10.12 '1.62 7.500 2.111
 

39 16604 10 SC-KO-200 200.0 '90.1 
1.50 .M0 9.85 -.35 7.500 2.111
11.7C b7.9 451.99 51.60 .00 1.5090 16700 10 SC-KO-200 190.1 .00 9.5,. '1.04 7.500 2.111200.0 12.7; 't7.9 436.32 49.81
91 16700 13 SC-J3-200 190.0 180.6 

.00 1.50 .00 9.21 '0.71 7.500 2.111
10.7C '!.3 382.31 45.94 .0092 16700 13 SC-J3-200 190.0 180.6 
1.42 .C0 5.10 ;.52 7.500 2.119
10.70 '61.3 
 366.33 44.02
93 16700 13 SC-J3-200 190.0 180.6 10.70 .00 1.42 .00 7.76 9.19 7.500
'61.3 3M8.22 41.84 2.119


94 .00 1.42 .00
16700 13 SC-J3-200 190.0 7.38 5.80 7.500
150.6 10.70 ti.3 327.53 39.36 .00 
2.119
 

95 16700 13 SC-J3-200 '90.0 180.6 i..2 .00 6.94 5.36 7.500 2.119
10.70 '51.3 
 304.01 36.53 .00
96 16700 13 SC-J3-200 190.0 180.6 
1.42 .00 6.44 7.87 7.500 2.119
10.70 '61.3 277.72 33.37
97 16700 18 SC-LG-100 103.0 97.9 

.00 1.42 .00 5.88 7.31 7.500 2.119
11.90 86.3 140.54 31.15 .00
98 16700 18 SC-LG-100 103.0 1.29 .00 3.15 4.44 12.500
97 9 11.90 86.3 131.64 29.18 .00 
2.242
 

99 16700 18 SC-LG-100 103.0 97.9 
1.29 .00 2.95 4.24 12.500 2.242
11.90 86.3 
 122.51 27.16
100 .00 1.29 .00
16700 18 SC-LG-100 103.0 97.9 11.90 2.75 -.03 '2.500 2.242
86.3 113.25 25.10
101 16700 18 SC-LG-100 103.0 97.9 

.00 1.29 .00 2.54 3.83 12.500 .242
11.90 86.3 103.96 23.04 .30 
 1.29
102 16700 18 SC-LG-100 .00 2.33 3.62 12.500
103.0 97.9 11.90 c.242
86.3 94.74 21.00 
 .00 1.29
'03 16700 18 SC-LG-ICO 103.0 .00 2.'2 3.41 12.500 2.242
97.0 11.90 56.3 85.70 19.00
104 16700 19 SC-SI-I00 105.0 99.8 11.60 

.00 1.29 .00 1.92 3.21 12.500 2.242
58.2 77.20 16.79
105 16700 19 SC-SI-100 105.0 99.8 

.00 1.31 .00 1.75 3.06 12.500 2.264
 
106 

11.60 58.2 68.73 14.94 .00 1.31
16700 19 SC-SI-100 105.0 99.8 11.50 .00 1.56 2.87 12.500 2.264
88.2 60.71 13.20
107 16700 19 SC-S:-I0 105.0 
.00 1.31 .00 1.37 2.69 72.500 2.264
 

!08 
99.8 11.60 8.2 53.19 11.57 .z0 1.31
16700 19 SC-SI-l0 105.0 99.8 11.60 00 1.20 2.52 12.500 2.264
58.2 46.23 10.05
'09 .00 1.31 .00
16700 19 SC-SI-100 105.0 1.05 2.36 '2.500 2.264
99.8 11.60 8.2 
 39.85 8.66 
 .00 1.31
"0 16700 20 SC-SK-100 90.0 85.6 .00 .90 2.21 12.500 2.264
10.40 76.7 28.12 7.13
''1 16700 20 SC-SK-100 90.0 .00 1.35 .00 .68 7.03 15.000 2.423
85.6 10.40 '6 7 24.63 6.25 .00 1.35
'12 16700 20 SL-SK-100 90.0 i5.6 10.40 

.00 .60 '.95 15.000 2.-23
7..7 21.45 5.44
'13 .00 1.35 .00
16700 22 SC-SK-C00 .5.0 .52 1.87 15.000
42.8 10.40 38.3 9.67 4.91 2.423
 
114 16700 22 SC-SK-000 .00 .68 .00 .23
45.0 42.8 10.40 .91 15.000 2.423
38.3 8.98 4.56
115 .00 .68 .00
16700 22 SC-SK-000 45.0 .22 .89 15.000 2.423
42.5 10.40 38.3 
 8.34 4.23 
 .00
116 16700 24 EC-BL-000 41.0 39.0 10.70 

.68 .00 .20 .88 15.000 2.423
34.8 7.70
117 16700 24 SC-BL-000 41.0 39.0 
4.29 .00 .62 .00 .19 .81 15.00010.70 34.8 7.12 2.516
3.97 .00 .b2 .00
'18 16700 24 SC-BL-000 41.0 18 .79 15.000 2.5i6
39.0 10.70 34.8 
 6.58 3.67 
 .cc .62 .00'19 16700 24 SC-BL-O00 41.0 .17 .78 15.000
39.0 10.70 34.8 2.516
6.08 3.38
120 16700 24 SC-BL-00 41.0 39.0 10.70 

.00 .62 .Jo .15 .77 '5.000 ,.516
34.8 5.60 
 3.12
121 16700 25 SC-HA-00 50.0 47.5 11.80 -1.9 

.00 .t2 .00 .14 .76 15.000 2.5165.09 2.32 
 .00
122 16700 25 SC-HA-000 50.0 47.5 11.80 .1.9 
.75 .00 .13 .88 15.000 2.532
.68 2.14 .30
123 .'5 .00 .12
16700 25 SC-HA-00 .57 !5.000 2.532
50.0 47.5 11.80 .1.9 
 -.30 1.96 -n
124 16700 25 SC-HA-00 .75 .00 '1
50.0 47.5 11.80 .86 15.000 2.532
.,9 3.95 1.50
125 .c .75 .00
16700 23 SC-J2-000 43.0 40.9 10.40 3 .1 .85 5.000 2.5326.6 3.67 1.95
126 16700 23 SC-J2-000 43.0 

.00 .0. .00 .10 .74 15.000 2.684
40.9 10.40 
 36.6 3.36 1.78 .00
;27 16700 23 SC-J2-O00 43.0 40.9 
.64 .00 .09 .74 15.000 2.684
10.40 
 36.6 3.06 1.63 .00 .:. .00
r28 16700 23 SC-j2-O00 43.0 .08 .73 15.000 2.684
40.9 10.40 36.6 2.79
29 16700 23 SC-J2-000 43.0 40.9 

1.48 .0 .6,4 .00 .07 .72 15.000 2.684
10.40 36.6 
 2.54 1.35 .00
30 16700 23 SC-J2-000 .64 .00 .07 .71 15.000
43.0 40.9 10.40 36.6 2.64
2.31 1.22
31 16700 23 SC-J2-000 .00 .64 .00 .0643.0 40.9 10.40 36.6 .71 15.000 2.684
2.09 1.11 
 .00 .64
32 16700 27 SC-MI-00 50.0 47.5 11.80 
.00 .06 .70 15.000 2.684
'.1.9 1.87
33 16700 27 SC-MI-000 50.0 

.85 .00 .75 .00 .05 .80 15.000 2.759
47.5 11.80 
 41.9 1.69 .77 .00 
 .75
34 16700 27 SC-MI-000 50.0 47.5 .00 .05 .80 15.000 2.759
11.80 41.9 1.53 
 .70 .00 .75 
 .00 
 .04 .79 15.000 2.759
 



135 16700 26 sC-J1-000 
 19.0 18.1 15.70 15.2 .68 .82 .00 .28 
 .00
136 16700 26 SC-JI-000 19.0 .02 .30 15.000 2.820
18.1 15.70 15.2 .65 
 .78 .00 .28 .00
137 16700 26 SC-JI-000 19.0 18.1 .02 .30 15.000 2.820
15.70 15.2 
 .62 .74 .00 .28 .00
138 16700 26 SC-JO00 19.0 .02 .30 15.000 2.820
18.1 15.70 15.2 .59 .71 
 .00 .28 .00 .02
139 16700 26 SC-jl-000 .30 15.000 2.820
19.0 18.1 15.70 15.2 .56 .67 .00 
 .28 .00 .02 .30 
 15.000 2.820
140 16700 26 SC-j-000 19.0 18.1 15.70 15.2 .53 .64 
 .00 .28 .00 
 .01 .30 15.000 2.820
 
21586.........
. 00.9 .01895"" 
 .0 .020.6 0014.21438.....................................................................................................
 



POEk SYSTEM RELIABILITY AND COST
 

TOTAL INSTALLED CAPACITY= 

THERMAL EFFECTIVE CAPACITY= 

PEAK THERMAL LOAD= 

THERMAL EFFECTIVE CAPACITY RESERVE= 

INSTALLED CAPACITY RESERVE= 

LOSS OF LOAD PROBABILITY= 


HYDROELECTRIC GENERATION= 

THERMAL GENERATION= 

TOTAl. GENERATION= 

ENERGY LOAD= 

UNSERVED ENERGY= 

TOTAL COST THIS PERIOD= 


28677.00 MW
 
17879.52 MW
 

.00 MW
 
7.05 %
 

29.05 %
 
29.96HRS
 

9865.134 GWH
 
61946.10 GWH
 
71811.95 GWH
 
71821.27 GWH
 

9.33 GWH
 
1371.37 Ms
 

http:71821.27
http:71811.95
http:61946.10
http:17879.52
http:28677.00


SLuINARY OF 1993 RESULTS
 

PEAK LOAD= 

EFFECTIVE CAPACITY RESERVE= 

LOSS OF LOAD PROBABILITY= 


HYDROELECTRIC GENERATION= 

THERMAL GENERATION= 

TOTAL GENERATION= 

ENERGY LOAD= 

UNSERVED ENERGY= 

rOTAL ANNUAL COST= 


22222.21 mw
 
.00 %
 

43.67HRS
 

13333.49 GWlH
 
113771.20 GWH
 
127104.70 GUH
 
127117.30 GWH
 

12.61 GWN
 
2559.62 MS
 

http:127117.30
http:127104.70
http:113771.20
http:13333.49
http:22222.21


YEAR 1997 PERIOD 1
 

........................................ 
 ............................... 
 ..........
SELECTION A:. ADJUSTMENT OF LOAD DURATION CURVE
 
.4*. * t ........
 ~4i
....... 
 4+ +.+............................


JTE z ALL MWAND GWI$MUST BE GIVIDED BY 1.00 
.. 


REQUIRED PEAK= 18248.69 MW
 
REQUIRED ENERGY= 60f78.41 GH
 
REQUIRED L.F.= 
 .7604
 
ATTERN L.F.= 
 .7123
 
'ATTERN ENERGY= 56937.60 GWH
 
;EO.ADJUSTMENT= 6.75 PCT
 
ADJUSTED ENERGY= 
 60758.01 GWH
 
ACCURACY= 
 .03 PCT
 
.OAD RESOLUTION= 20.00 MW
 
3CALING FACTOR= 
 1.00
 

http:60758.01
http:56937.60
http:60f78.41
http:18248.69


.......................4 ++-++++ ...... 44 ........... ...... .. 

PRODUCTION AND COST OF HYDROELECTRIC RESOURCES 

PLANT INSTALLED PLANT AVERAGE BASE CAPITAL 0 & M TOTAL 
NAME CAPACITY CAPABILITY ENERGY ENERGY ANNUITY COST COST 

(MW) (Mw) (aMW) (aMW) (MS) (MS) (MS) 

PH-9 -PUMP 1330.0 1316,8 224.00 .00 .00 7.18 7.18 
CH-92-HYDR 640.0 633.7 163.00 80.00 .00 3.46 3.4o 
AC-92-AUTO 1290.0 653.0 19.50 10.00 .00 21.15 21.15 
DC-92-CHP 3781.0 1872.3 430.50 375.00 .00 .00 .00 
DC-93-CHP 50.0 26.8 1.40 9.90 .00 .00 .00 
OC-94-CHP 100.0 53.5 22.80 19.80 .00 .00 .GO 
OC-95-CHP 150.0 80.3 34.20 29.70 .00 .00 .00 
OC-96-CHP 190.0 101.7 .3.50 37.80 .00 .00 .00 
OC-97-CHP 340.0 182.0 77.70 67.50 .00 .00 .00 
....................................................................................... .... 

7871.0 4920.1 1026.60 629.70 .00 31.79 31.79 

HYDROELECTRIC CONDITION I 
INPUT DATA 
HYDRO CAPABILITY= 4920.05 Mw 
HYDRO MUST RUN= 629.70 Mw 
qYDRO ENERGY= 4496.51 GWH 
PEAKING CAP4BILITY ABOVE BASE LOAD= 4300 MW 
PEAKING ENERGY AVAILA3LE= 1780.91 GWH 

OUTPUT DATA 
BASE ENERGY DISPATCHED= 2715.60 GUH 
BASE ENERGY LOST= .00 GWH 
PEAK ENERGY DISPATCHED= 1780.91 GWH 
PEAK ENERGY LOST= .00 GWH 
PEAK DEPENDABLE CAPACITY= 32C0 MW 
TOTAL DEPENDABLE CAPACITY= 3820 Mw 

WEIGHTED AVERAGE HYDROELECTRIC PROOUCTION (GWH)= 4197.82 
HYDROELECTRIC DEPENDABLE CAPACITY (MW) = 3820.00 



PRODUCTION AND COST OF THERMAL RESOURCES 

.
 ....
 

PROBABILISTIC PRODUCTION COST AWALYSIS OF THE THERMAL SYSTEM
STACK LOAD 
 GENERATOR 

.EVEL POINT TYPE 

NET 
 P.MAIN. FORCED EFFECTIVE ENERGY CAPAC. CAP!7AL FIXED VARIABLE 

& NANE
Mw M 2 

RATEU DERATED OUTAGE CAPACITY
MW FUELMW OUTPUT FACTOR ANNUITY 0 & M 
TOTAL FIXED
160 MW VARIABLE2 SL-PA-200 GWH 0 & M200.0 % COST COST
2 320 160.5 10.60 M S CHARGE2 SL-PA-20 200.0 143.5 626.52 M S MS MS CHA.GE 

3 480 160.5 10.60 143.5 71.52 .00 1.50 CHARGE Cts/WH2 SL-PA-200 626.52 71 .00.0 160.5 92 .00 1.50 9.78 11.28 .50010.60
64C 143.5 .00 9.78 1.S612 SL-PA-200 626.52 11.2571.52 7.5O0
200.0 .00 1.5615 800 2 SL-PA-200 200.0 160.5160.5 1.50
10.6010.60 143.5143.5 626.52626.52 71.52 .00 

S 71.52 .00 1.5 0 0 9.789.78 11.2811.28 7.5007.500 1.5611.561
960 .00
2 SL-PA-200 1.50
200.0 .00 9.78
I0.5 11.28
1120 10.60 '.500
2 SL-PA-200 143.5 626.52 1.561
200.0 71.52
160.5 .00
1250 10.60 1.50
2 SL-PA-200 143.5 .00
626.52 9.78
200.0 71.52 11.28
160.5
9 1568 2 SL-BE-360 10.60 143.5 .00 1.50 .00 7.500 1.561
360.0 626.52 9.78
29.0 71.52 11.28
15015. 16.30 .00 7.500
1 SL-BE-360 241.9 1.50 1 561
360.0 1026.50 .00 
 9.78 7
'1 2144 289.0 16.30 65.10 .00 11.28 .500
I SL-BE-360 241.9 1026.50 2.70 .00 1.561
360.0 65.10 16.14
289.0 16.30 .00 2.70 15.58
2 1 7.500
2432 SL-BE360 241.9 1026.50 .00 16.14 1.572
'3 2720 1 SL-8E-360 360.0 259.0 16.30 65.10 .00 2.70 18.84 7.500 1.572


2 3005 360.0 289.0 16.30 
241.9 1026.50 65.10 .00 16.14 15.84 7' SL-BE-360 241.9 1026.50 .00 2.70 1.572 

'5 3296 1 SL -BE -360 
360.0 289.0 16.30 65.10 .00 2.70 

.00 16.14 18.84 7.500 1.572360. 3 2 9.0 16.30 241.9 1026.50 .00 16.14
241.9 1026 .50 65.10 18.84
65.1 3 .0030 2.7 0 7.500
6 35 84 2.70 .00.30 1.572
SL-SE-360 '6.14
'9 360.0 289.0 16.14 18. 4 .500 1 ,572
53316087 16.30 18.84 7.500
2 SL'8E-360
SL-SE-360
:SL E 6 241.9 1026.50 1.572
-3 o 360.0 289.02893. 3 41.9 65.10 0360.0360.0 2 0 16. 3 2 1026. .00 2. .0016.3016.30 50 6565.10.10 0 '6 1 4241.9241.9 026.50 . 1 5.54
20 .00 2.70 00
1026.50 2.70 . 16.11 18 .500 .572
4736 65.10 .00 16.1. .84 7.500 1.572
1 SL'BE-360 .00 2.70 i8.84 7.500
360.0 0 16.14 1.572
2 4896 259.0 16.30 18.84 7.500
3 SLTE-20 241.9 1026.50 1.572
22 200.0 65.10
5036 160.5 .00
3 SL-TU-200 10.50 2.70
200.0 143.7 627.22 .00 16.14
23 5216 160.5 71.60 18.84
3 SL-TU-200 10.50 143,7 .00 7.500 1.572200.0 627.22 1.50
160.5 10.50 71.60 .00 .00 10.70
I.3.7 1.50 12,20
627.22 .00 7.500
24 5376 71.60 10.70 1.706
3 SL-TU-200 .00 1.50 12.20 7.50028. .00 1.706
25 5536 3 SL-TU-200 160.5 10.59 10.70 12.20 7.500
143.7 
627.22 -.706
200.0 71.60
160.5
26 5696 10.50 .00 1.50
3 SL-TU-200 143.7 627.22 .00 10.70
200.0 71.60 12.20
27 160.5 .00 7.500
5856 10.50 1.50 1.706
3 SL-Tu-200 143.7 627.22 .00 10.70
200.0 160.5 71.60 12.20
25 10.50 .00 7.500
6016 3 SL-TU-200 200.0 1.3.7 627.22 71.60 

1.50 .0 10.70 1.706
 
12.20
29 160.5 10.50 .00 7.500
6112 4 SL'KO-200 143.7 627.22 1.50 .00 10.70 1.706

120.0 71.60 12.20
60 12.10 14.7 .00 1.50 .0 7.500 1.706385.00 10.7073.25 12.20.00 7.500
1.50 1.706
.00 
 6.61 
 8.11 
 12.500 
 1.717
30 6208 
 4 SL-KO-100 
 120.0
31 96.3
6293 12.10
17 SC-ST-100 84.7 
 385.00
106.0 73.25
32 6378 95.1 11.20 .00
17 SC-ST-100 106.0 75.6 311.16 1.50 .00 6.61
67.2
33 6404 85.1 11 20 .00 1.59 8.11 12.500 1.717
21 SC-ST-O00 75.6 311.16 .00 5.54
33.0 67.02 7.13
33 6430 
33.0 26.5 

26.5 
75.84 54.55 

.00 
5.54 7.13 

15.000
10.00
21 SC-ST-000 23.8 1.59 .00 1.717
 
35 .00 15.000
6456 21 SC-ST-OOC 10.00 23.8 78.84 .50 .00 1.40 1.782
 

33.0 54.55
36 26.5 .00 1.90 15.000
6514 5 SL-A-100 10.00 ?3.8 .50 .00 1.782
78.84 1.40
96.0 54.55 1.90
37 6572 59.0 15.50 .00 15.000
.50 1.782
5 SLAD-O100 9.7 221.28 .00 1.40
96.0 59.0 52.63 1.90 
 15.000
38 6630 15.80 .00 1.4 1.782
5 SL-AD-100 49.7 221.28 .00 3.9
96.0 52.63 5.92
39 59.0 .00 15.000
6635 5 SL-AO-100 15.80 49.7 221.28 1.44 .00 3.98 1.782

96.0 52.63 5.42
30 6746 59.0 15.80 .00 15.000
5 SL-AI-100 96.0 .9.7 221.28 1.44 .00 3.98 1.799


52.63
59.0 .00 5.42 15.000
-I 6778 15.80 1.44 1.'99
6 SL -At .9.7 221.28 .00 3.98000 40.0 52.63 5.42
.2 6810 32.1 13.00 .00 15.000
6 SL KC-O00 40.0 27.9 152.42 87.00 
1.44 .00 3.98 1.799 

3 6842 32.1 13.00 .00 .50 5.42 15.000
6 L'KO-000 27.9 152.42 .00 2.93 .799
40.0 87.00 3.43 12.500 
- 6874 6 EL-K 
32.1 13.00 27.9 152.42 

.00 .50 .00 2.93 
.910
 

-000 40.0 87.00 3.43
.5 32.1 .00 12.500
6906 6 SL-000 13.00 27.9 .50 .00 1.91;

40.0 152.42 2.93 3.43
.6 6938 32.1 87.00 12.500
6 SL-KO-000 13.00 27.9 .00 .50 1.919
40.0 152.42 .00
32.1 87.00 2.93 3.43
.7 6982 13.00 00 12.500
28 SC-PO-00 27.9 152.42 .50 .00 1.919
56.0 87.00 2.93
- 7142 0 45.0 12.30 .00 .50 3,-3 12.500
15 SC-o-200 .00 1.919
39.4 153.65 2.93
.; "302 200.0 160.5 9.50 62.64 .00 3.43 72.500 1.919
15 SC-Do-200 145.3 . .00
200.0 634.22 2.96
160.5 72.40 3.80
;o 7462 9.50 145.3 .00 1.50 15.000 1.929
75 SC-DO-200 634.22 .00 12.61
72.40
200.0 14.11
51 7622 160.5 9.50 .00 1.50 7.500
15 SC-0O-200 145.3 634.22 .00 12.61 1.988


200.0 14.11
160.5 72.40 7.500
52 7782 9.50 .00 1.50 1.988
15 SC-00-200 145.3 634.22 .00
200.0 72.40 12.61 14.11
53 160.5 .00 7.500
7942 15 SC'DO-200 9.50 145.3 634.22 1.50 .-0 12.61 1.988

200.0 72.40 14.11
5 8102 160.5 .00 7.500 1.988
9.50 1.50
15 SC'DO-2 145.3 .00
634.22 12.61
00 200.0 160.5 72.40 14.11
.00 7.500
55 8262 15 SC-DO-200 9.50 145.3 634.22 1.50 .00 12.61 1.988

200.0 72.40 i..1131 863) 7 SC'KO-500 160.5 9.50 145.3 634.22 

.00 1.50 .00 12.61 
7.500 1.988
500.0 368.5 72.40 14.11
30.00 .00 '.500
8'
b998 7 SC-KO-500 257.9 1103.76 50.40 1.50 .00 12.61 1.988


500.0 .00 14.11
i8 368.5 6.25 '.500
9286 30.00 .00 1.988
22.02
8 SC-OP-360 257.9 1103.76 28.2'
360.0 50.40 '2.500
289.0 1.995
9 9574 10.80 .00 6.25
8 SC-OP-360 2,7.8 1093.94 .00 22.02
360.0 69.38 23.27
0 9862 289.0 10.80 .00 2.70 12.500 1.995
8 SC-OP-36 257.8 1093.75 .00 21.82
0 36U.0 69.37 24.52
1 289.0
10150 10.80 .00 2.70 7.500 1.995
8 SC-OP-360 257.8 1092.45 .00 21.82
360.0 289.0 69.28 24.52
2 .00 2.70 7.500
10438 10.80 1.995
8 SC'OP-360 25' 8 1088.21 .00 21.79
360.0 69.01 24.49
289.0 .00 7.500
10.80 2.70 1.995
257.8 1079.40 .00 21.71
68.46 24.41
.00 7.500
.70 1.995
.00 
 21.53 
 24.23 
 7.500 
 1.995
 



63 10726 8 SC-OP-360 360.0 
289.0 10.80 
 257.8 1065.85 67.60 .00 
 2.73
64 10886 11 SC-PO-200 .00 21.26 23.96 7.500
200.0 160.5 7.10 1.995
149.1 626.79 71.55 
 .00 1.50 .00 12.52
65 11046 11 SC-PO-200 200.0 160.5 14.02 7.500 1.997
7.10 149.1 620.29 70.EI 
 .00 1.50
66 11206 11 SC-PO-200 200.0 160.5 .00 12.39 1.-.9 7.500 1.997
7.10 149.1 613.33 70.02
67 11366 11 SC-PO-200 200.0 
.00 1.50 .00 12.25 13.75 7.500 1.997
160.5 7.10 149.1 605.87 69.16 .00 1.50
68 11526 11 SC-PO-200 200.0 160.5 7.10 

.00 12.10 13.60 7.500 1.997
149.1 597.74 68.24
69 11686 11 SC.PO-200 20C.3 
.00 1.50 .00 11.94 13.44 7.500 1.997160. 7.10 149.1 588.71 67.20 .00 1.5070 11846 11 SC-PO-200 200.0 160.5 7.10 

.00 11.6 13.26 7.500 1.997149.1 578.61 66.0571 12006 11 SC-PO-200 200.0 .00 1.50 .00 11.56 13.06 7.500 1.997160.5 7.10 149.1 567.36 64.77 .00 1.5072 12166 12 SC-RY-200 200.0 160.5 

.00 11.33 12.83 7.500 1.99710.80 143.2 533.01 60.85 
 .00 1.50 .00 11.01
73 12326 12 SC-RY-200 200.0 160.5 12.51 7.500 2.066
10.80 143.2 521.13 59.49 .CO
74 1:.86 12 SC-RY-200 200.0 160.5 
1.50 .00 10.76 12.26 7.500 2.06610.80 143.2 509.17 58.1275 12646 12 SC-RY-200 200.0 160.5 10.80 

.00 1.50 .00 10.52 12.02 7.500 2.066143.2 497.65 56.8176 12806 12 SC-RY-200 200.0 .00 1.50 .00 10.28 11.78 7.500 2.066160.5 10.80 143.2 487.09 55.60 .00 1.5077 12966 12 SC-RY-200 200.0 .00 10.06 11.56 7.500 2.066160.5 10.80 143.2 477.86 54.55 .00
78 13126 12 SC-RY-200 200.0 1.50 .00 9.87 11.37 7.500 2.066
160.5 10.80 143.2 470.18 53.67 .00 
 1.50 .00
79 13286 12 SC-RY-200 9.71 11.21 7.500 2.066
200.0 160.5 10.80 143.2 464.01 52.97
80 13430 .00 1.51" .00
14 SC-LZ-200 180.0 144.5 9.58 11.08 7.500 2.066
13.40 125.1 390.27 49.50 .00
81 13574 14 SC-LZ-200 180.0 2.25 .00 8.22 10.47 12.500 2.106
144.5 13.40 
 125.1 387.29 49.12 
 .00 2.25
82 13718 14 SC-LZ-200 180.0 144.5 
.00 8.16 10.41 12.500 2.106
13. 0 125.1 384.59 48.78
83 13862 14 SC-LZ-200 180.0 144.5 13.40 

.00 2.25 .00 8.10 10.35 12.500 2.106
125.1 381.89 48.44 .00 2.25 .00
84 13942 16 SC-LZ-100 100.0 8.04 10.29 12.500 2.106
80.3 16.20 67.3 209.96 47.94
85 14022 16 SC-LZ-100 100.0 

.00 1.25 .00 4.42 5.67 12.500 2.106
80.3 16.20 7.3 208.98 47.71 .00 1.25
86 14182 9 SC-OS-200 200.0 .00 4.40 5.65 12.500 2.106160.5 11.60 141.9 437.19 49.91
37 14342 9 SC-OS-200 200.0 
.00 2.50 .00 9.23 11.73 12.500 2.111160.5 11.60 
 141.9 431.31 49.24 .00
82 14420 9 SC-OS-200 .00 9.11 11.61 12.500
200.0 160.5 11.60 141.9 424.15 48.4Z 

2.50 .111
 
39 14420 10 SC-KO-200 200.0 

.00 2.50 .00 8.95 11.45 12.500 2.11
160.5 11.70 
 1.1.8 415.16 47.39 .00 1.50
;0 1442C 10 SC-KO-200 200.0 160.S 11.70 .00 8.76 10.26 7.500 2.111
141.8 405.27 46.26 
 .00 1.50
14420 10 SC-KO-200 200.0 160.5 
.00 8.56 10.06 7.500 2.111
11.70 141.8 393.94 44.97 .00 
 1.50 .00
2 14420 10 SC-KO-200 200.0 160.5 8.32 9.82 7.500 2.111
11.70 141.8 381.06 43.50
93 14420 10 SC-KO-200 200.0 .00 1.50 .00 8.04 9.54 7.500 2.111
160.5 11.70 141.8 366.39 41.82 .00 1.50 .00
94 14420 10 SC-KO-200 200.0 160.5 11.70 7.74 9.24 7.500 2.111
141.8 349.56 39.90
95 14420 10 SC-KO-200 200.0 

.00 1.50 .00 7.38 8.88 7.500 2.111
160.5 11.70 
 141.8 330.21 37.70 .00 1.50
96 14420 10 SC-KO-200 200.0 160.5 .00 6.97 8.47 7.500 2.111
11.70 141.8 308.04 35.16
97 14420 13 SC-J3-200 190.0 .00 1.50 .00 6.50 8.00 7.500 2.111
152.5 10.70 
 136.2 286.21 34.39 .00 
 1.42 .00
98 14420 13 SC-J3-200 190.0 6.06 7.49 7.500 2.119
152.5 10.70 136.2 257.94 31.00
99 14420 13 SC-J3-200 190.0 
.00 1.42 .00 5.46 6.89 7.500 2.119
152.5 10.70 
 136.2 227.66 27.36 .00 1..2
100 14420 13 SC-J3-200 190.0 .0c, 4.82 6.25 7 .500 2.119
152.5 10.70 136.2 196.36 23.60 .00
101 1.42 .00 4.16
14420 13 SC-J3-200 190.0 c.59 7.500 2.119
152.5 10.70 
 136.2 165.23 19.85 .00
102 14420 13 SC-J3-200 190.0 152.5 10.70 

1.42 .00 3.50 4.93 7.500 2.119
136.2 135.46 16.28 .00
'03 1.42 .03
14420 18 SC-LG-100 103.0 2.87 -.29 7.500 2.119
82.7 11.90 72.8 56.93 12.62 .00 1.29 .00
104 14420 18 SC-LG-100 1.28 2.56 12.500
103.0 82.7 11.90 72.8 50.59 11.21 .00 
2.242
 

105 1.29 .00
14420 18 SC-LG-100 103.0 1.13 2.42 12.500 2.242
82.7 11.90 
 72.8 44.65 
 9.90 .00 1.29 .00
106 14420 18 SC-LG-100 103.0 82.7 11.90 72.8 
1.00 2.29 12.500 2.242
39.14 8.68 
 .00
107 14420 18 SC-LG-100 103.0 

1.29 .00 .88 2.17 12.500 2.242
82.7 11.90 72.8 34.06 7.55 .00 1.29
"-3 14420 18 SCLG-100 103.0 .0 .76 2.05 12.500 2.24282.7 11.90 '2.8 29.44 6.53 
 .00 1.29 
 .00 .66
i09 14420 18 SC-LG-100 ".95 12.500 2.242
103.0 82.7 11.90 72.8 25.27 5.60
"10 14420 19 SC-SI-100 105.0 84.3 11.60 74.5 
.00 1.29 .00 .57 1.85 12.500 2.242
21.61 1.70 
 .00 1.31 .00
'11 14420 19 SC-SI-100 .49 1.80 12.500 2.264
105.0 84.3 11.60 74.5 18.27 3.97
112 14420 19 SC-SI-100 105.0 84.3 
.00 1.31 .00 .41 1.73 12.500 2.264
11.60 74.5 15.34 3.34 
 .00 1.31 .00
"3 14420 19 SC-SI-100 105.0 84.3 11.60 .35 1.66 12.500 2.264
74.5 12.79 2.78 .00
114 14420 '? SC-SI-1O0 105.0 84.3 1.31 .00 .29 1.60 12.500
11.60 74.5 10.59 2.30 2.264
.00 1.31 
 .00 .24
115 14420 19 SC-SI-100 105.0 84.3 11.60 

1.55 12.500 2.264
 
116 74.5 8.71 1.89 .Cl 1.31 .00 .20
14420 22 SC-SK-000 45.0 1.51 12.500 2.26,
3 .1 10.1.0 32.4 3.81 
 1.94 .00 
 .68 .00
'17 14420 22 SC-SK-000 45.0 36.1 10.40 .09 .77 15.000 2.423
32.4 3.43 1.74
''8 14420 22 SC-SK-O00 45.0 36.1 

.00 .68 .00 .08 .76 15.000 2.423
10.40 32.4 3.08 1.57 .00 .68 ..0
"9 14420 24 SC-BL-000 .07 .75 15.000 2.-23-1.0 32.9 10.70 20.4 2.76 1.54 
 .00
120 14420 25 SC-HA-00 50.0 40.1 
.t2 .00 .07 .68 15.000 2.516
11.80 35.4 2.44 1.11 .00 .75 .00
'21 14420 25 SC-HA-00 .06 .81 15.000 2.532
50.0 40.1 11.80 35.4 2.18
!22 1.00 .00 .75 .06
14420 25 SC-HA-00 50.0 40.' .00 .81 15.000 2.532
11.8C 35.4 1.95 .89 .00 .75 .00
'23 14420 25 SC-HA-00 50.0 40.1 

.05 .80 15.000 2.532
11.80 35.4 '.74 .79 .00 .75 .0
'24 14420 23 SC-J2-000 .04 .79 15.000 2.32
43.0 34.5 10.40 30.9 .57 .84 
 .00
!25 14#20 23 SC-J2-00 43.0 .64 .00 .04 .69 15.000 2.684
34.5 10.40 30.9 1.40 .74 
 .00 .04 .00
25 1442U 23 SC-J2-000 .04 .68 15.000 2.684
43.0 34.5 10.40 30.9 1.24 .66 .00
27 14420 23 SC-J2-00 43.0 34.5 10.40 30.9 
.64 .00 .03 .68 15.000 2.684
1.09 .58 .00 
 .64 .00
28 14420 23 SC-J2-000 .03 .67 15.000 2.684
43.0 34.5 10.40 30.9 .96
29 .51 .00 .64 .00
14420 23 SC-J2-000 43.0 .03 .67 15.000 2.684
34.5 10.40 30.9 .35 
 .45 .00 .64 .00
30 14.20 23 SC-42-O00 43.0 .02 .67 15.000 2.684
34.5 10.40 30.9 .75
31 .40 .00 .64 .00 .02
14420 27 SC-MI-00 50.0 .67 15.000 2.684
40.1 11.80 35.4 
 .64 .29 .00 .75
32 14420 27 SC-MI-00 50.0 40. 11.80 35.4 

.00 .02 .77 15.000 2.759
.56 .26 .00 
 .75 .00
33 14420 27 SC-MI-00 .02 .77 15.000 2.759
50.0 40.1 11.80 35.4 .50 .23 
 .00
34 14420 26 SC-JI-000 19.0 
.75 .00 .01 .76 15.000 2.759
15.3 15.70 12.9 .21 
 .26 .00 
 .28 .00 
 .01 .29 15.000 2.820
 



135 14420 26 SC-Ji-000 19.0 
 15.3 15.70 12.9 .20 
 .24 .00 .28 .00
136 .01 .2?
14420 26 SC-Jl-000 19.0 15.3 15.70 12.9 .19 .23 .00 
15.000 2.820
 

.28 .00
137 14420 26 SC-JI-O00 19.0 .01 .29 15.000 2.8Z0
15.3 15.70 12.9 .18 
 .21 .00 .28 .00
138 14420 26 SC-JI-000 19.0 .00 .29 15.000 2.820
15.3 15.70 12.9 .17 .20 .00 
 .28 .00 .00 .29
139 14420 26 SC-J1*000 19.0 15.000 2.820
15.3 15.70 12.9 .15 
 .19 .00 .28 .00
140 14420 31 CG-XX-120 120.0 109.5 12.00 .00 .29 15-000 2.82096.3 .65 
 .12 3.07 .90 .00
141 14420 31 CG-XX-120 120.0 109.5 12.00 96.3 .46 
.J3 4.00 33.064 4.637

.09 3.07 .90 .00 
 .02 3.99 33.064 4.637
 
2599.018813.9 .00. 164. .... .... 14 2. . .... 5 ..................
 



POWER SYSTEM RELIABILITY AND COST
 

TOTAL INSTALLED CAPACITY= 

THERMAL EFFECTIVE CAPACITY= 

DEAK THERMAL LOAD= 

THERMAL EFFECTIVE CAPACITY RESERVE= 

INSTALLED CAPACITY RESERVE= 

.OSS OF LOAD PROBABILITY= 


AYDROELECTRIC GENERATION= 

THERMAL GENERATION= 

TOTAL GENERATION= 

INERGY LOAD= 

JNSERVED ENERGY= 

7OTAL COST THIS PERIOD= 


31470.00 MW
 
16441.13 MW
 

.00 MW
 
13.95 %
 
72.45 	% 
4.25NRS 

4197.82 GWH
 
56579.62 GUH
 
60777.44 GUH
 
607"78.42 GUH
 

.98 GUH
 
1294.11 MS
 

http:607"78.42
http:60777.44
http:56579.62
http:16441.13
http:31470.00


SELECTION AND ADJUSTMENT CF LOAD DURATION CURVE
 

40TE = 
ALL MW AND GWH MUST BE DIVIDED BY 1.00
 
REQU!RED PEAK= 23699.59 MW
 
REQUIRED ENERGY= 78942.09 GWH
 
REQUIRED L.F.= .7605
 
PATTERN L.F.= 
 .7069
 
PATTERN ENERGY= 73381.29 GWH
 
REQ.ADJUSTNENT= 
 7.58 PCT
 
ADJUSTED ENERGY= 
 78906.06 GWH
 
ACCURACY: 
 .05 PCT
 
LOAD RESOLUTION= 20.00 W
 
SCALING FACTOR= 
 1.00
 

http:78906.06
http:73381.29
http:78942.09
http:23699.59


PRODUCTION AND COST OF HYDROELECTRIC RESOURCES
 

PLANT INSTALLED PLANT AVERAGE BASE CAPITAL 0 & M 
 TOTAL

NAME CAPACITY CAPABILITY ENERGY ENERGY 
 ANNUITY COST COST
 

IMW) (MW) Wa4,)(aMW) (MS) 
 (MS) (MS)
 

Pw-P2-PUMP 1330.0 
 1316.8 224.00 
 .00 .00 7.18 7.18

CH-;2-HYDR 640.0 
 633.7 163.00 80.00 
 .00 3.46 3.46
AC-92-AUTO 1290.0 106,.2 48.75 25.00 
 .00 23.86 23.86

C-Q2-CHP 3781.0 
 294.1 1951.60 1700.00 
 .00 .00 .00
DC-93-CHP 
 50.0 42.1 51.68 44.88 .00 
 .00 .00
DC-94-CHP 100.0 
 8.3 103.36 89.76 .00 
 .00 .00
OC-95-CHP 
 150.0 126.4 155.04 134.6.4 .00 .00 
 .00
DC-96-CHP 190.0 
 160.1 197.20 171.36 .00 .00 .00
DC-97-CHP 
 340.0 286.5 352.24 306.00 .00 
 .00 .00
 
.................................................................................
 

7871.0 6661.1 3246.87 2551.64 
 .00 34.49 34.49
 

HYDROELECTRIC CONDITION 
 1
 
INPUT DATA
 
HYDRO CAPABILITY= 
 6661.08 MW
 
HYDRO MUST RUN= 
 2551.64 MW
 
IYDRO ENERGY= 
 14221.29 GWH
 
PEAKING CAPABILITY ABOVE BASE LOAD= 
 4121 NW
 
PEA'ING ENERGY AVAILABLE= 
 3096.09 GH
 
OUTPUT DATA
 
BASE ENERGY DISPATCHED= 
 11125.20 GWH
 
BASE E;:ERGY LOST= 
 .00 GWH
 
PEAK ENERGY DISPATCHED 
 3096.09 GWH
 
PEAK ENERGY LOST= 
 .00 GUH
 
PEAK DEPENDABLE CAPACITY= 
 4020 MW
 
TOTAL DEPENDABLE CAPACITY= 
 6560 Mw
 

WEIGHTED AVERAGE HYDROELECTRIC PRODUCTION (GWH)= 
 13365.55

HYDROELECTRIC DEPENDABLE CAPACITY (MW) 
= 6560.00
 

http:13365.55
http:11125.20
http:14221.29


PRODUCTION AND COST OF THERMAL RESOURCES 

PROBABILISTIC PRODUCTION COST ANALYSIS OF THE THERMAL SYSTEM
 

STACK LOAD GENERATOR 
 NET P.MAIN. FORCED EFFECTIVE ENERG) CAPAC. CAPITAL FIXED VARIABLE
LEVEL POINT TYPE FUEL TOTAL FIXED VARIABLE
& NAME 

mW 

RATED DERATED OUTAGE CAPACITY OUTPUT FACTOR ANNUITY 0 & M 0 & N
M MW MW X COST COST CHARGE CHARGE
MW GWH X MS MS
1 190 2 SL-PA-200 200.0 190.1 10.60 
MS MS MS $/KW cts/KUH
170.0 733.14 89.40 .00 1.50 .00
2 380 2 SL-PA-200 200.0 12.22 13.72 7.500 1.561
190.1 10.60 170.0 783.14 89.40 .00 1.50 .00
3 570 12.22 13.72 7.500
2 SL-PA-200 1.561
200.0 190.1 
 10.60 170.0 783.14 89.40 
 .00 1.50 .00
4 760 2 SL-PA-200 200.0 190.1 10.60 12.22 13.72 7.500 1.561
170.0 783.14 89.40 
 .00 1.50 .00 12.22
5 950 2 SL-PA-200 200.0 190.1 13.72 7.500 1.561
10.60 170.0 783.14 89.40 .00 
 1.50 .00 12.22 13.72
6 1140 2 SL-PA-200 200.0 190.1 10.60 170.0 7.500 1.561
783.14 89.40 
 1.50 .00 12.22 13.72
7 1330 2 SL-PA-200 200.0 190.1 10.60 170.0 

.00 7.500 1.561
783.14 89.40
8 1520 2 SL-PA-200 200.0 
.00 1.50 .00 12.22 13.72 7.500 1.561
190.1 10.60 170.0 783.14 89.40 .00 1.50
9 1862 1 SL-BE-360 360.0 .00 12.22 13.72 7.500 1.561
342.2 16.30 286.5 1246.46 79.05 .00 2.70
10 2204 1 SL-BE-360 360.0 342.2 .00 19.60 22.30 7.500 1.572
16.30 286.5 1246.46 19.05
11 2546 .00 2.70 .00 19.60 22.30
1 SL-BE-360 360.0 342.2 7.500 1.572
16.30 286.5 1246.46 79.05 .00 2.70 .00
12 2888 1 SL-BE-360 360.0 342.2 16.30 19.60 22.30 7.500 1.572
286.5 1246.46 79.05 .00
13 3230 1 SL-BE-360 360.0 2.70 .00 19.60 22.30 7.500 1.572
342.2 16.30 286.5 1246.46 79.05 .00 2.70
14 3572 1 SL-BE-360 360.0 .00 19.60 22.30 7.500 1.572
342.2 16.30 286.5 1246.46 79.05 .00 2.70 .00
15 3914 1 SL-BE-360 360.0 19.60 22.30 7.500 1.572
342.2 16.30 286.5 1246.46 79.05 .00 2.70
16 4256 1 SL-BE-360 360.0 342.2 16.30 

.00 19.60 22.30 7.500 1.572
286.5 1246.46 79.05

'7 4598 .00 2.70 .00 19.60 22.30 7.500 1.572
1 SL-BE-360 360.0 342.2 16.30 286.5 1246.46 79.05
'8 4940 .00 2.70 .00 19.60 22.30 7.500 1.572
1 SL-SE-360 360.0 342.2 16.30 
 286.5 1246.46 79.05 
 .00 2.70 .00 19.60
19 5282 1 SL-BE-360 360.0 342.2 16.30 256.5 22.30 7.500 1.572
1246.46 79.05 


5624 .00 2.70 .00 19.60 22.30 7.500 1.572
20 1 SL-BE-360 360.0 342.2 16.30 
 286.5 1246.46 79.05 
 .00 2.7C .00 19.60
21 5814 3 SL-rU-200 200.0 190.1 10.50 22.30 7.500 1.572
170.2 784.02 89.50 
 .00 1.50 .00 13.37
22 6004 3 SL-TU-200 200.0 190.1 10.50 170.2 
14.87 7.500 1.706
784.02 89.50 
 .00 
 1.50 .00 13.37
23 6194 3 SL-TU-200 200.0 190.1 10.50 14.87 7.500 1.706
170.2 784.02 89.50 .00
24 6384 3 SL-TU-200 200.0 190.1 

1.50 .00 13.37 14.87 7.500 1.706
10.50 170.2 784.02 89.50 .OU
25 6574 3 SL-TU-200 200.0 190.1 
1.50 .00 13.37 14.87 7.500 1.706
10.50 170.2 74.02 89.50 
 .00 1.50
26 6764 3 SL-TU-200 200.0 190.1 .00 13.37 14.87 7.500 1.706
1.50 170.2 74.02 89.50 
 .00 1.50 .00
27 6954 3 SL-TU-200 200.0 190.1 13.37 14.87 7.500 1.706
10.50 170.2 754.02 89.50 .00 1.50 .00
28 7144 3 SL-TU-200 200.0 190.1 13.37 14.87 7.500 1.706
10.50 170.2 754.02 89.50 
 1.50 .00 13.37 14.87
29 7258 4 SL-KO-100 120.0 114.1 12.10 

.00 7.500 1.706
100.3 462.00 87.90
30 7372 4 S.-KO-IO0 120.0 114.1 
.00 1.50 .00 7.93 9.3 12.500 1.71712.10 100.3 462.00 87.90
31 7472 17 SC-ST-100 106.0 100.8 11.20 89.5 388.94 
.00 1.50 .00 7.93 9.43 12.500 1.717
83.77 .00 1.59
32 7572 17 SC-ST-O0 106.0 .00 6.93 8.52 15.000 1.782100.8 11.20 89.5 358.94 83.77 .00 1.59
33 7603 21 SC-ST-000 33.0 .00 6.93 8.52 15.000 1.782
31.4 10.00 28.2 
 157.68 109.09 .00 .50
34 7634 21 SC-ST-000 33.0 31.4 .00 2.81 3.30 15.000 1.782
10.00 28.2 157.68 109.09


35 7665 21 SC-ST-O00 33.0 
.00 .50 .00 2.81 3.30 15.000 1.782
31.4 10.00 28.2 157.68 109.09 
 .30 .50 .00
36 7751 5 SL-AD-100 96.0 86.7 2.51 3.30 15.000 1.782
15.80 73.0 295.04 70.17 
 .00 1.44 .00 5.31
37 7837 5 SL-AD-100 96.0 6.75 15.000 1.799
86.7 
 15.80 73.0 295.04 70.17 
 .00 1.44 .00
38 7923 5 SL-AD-100 96.0 5.31 6.75 15.000 1.799
86.7 
15.80 73.0 295.04 70.17 
 .00 1.44 .00
39 8009 5 SL-AD-100 5.31 6.75 15.000 1.799
96.0 86.7 15.80 73.0 295.04 70.17
40 8095 5 SL-AD-100 .00 1.44 .00 5.31 6.75 15.000 1.799
96.0 86.7 15.80 73.0 295.04 70.17
41 8133 6 SL-KO-000 .00 1.44 .00 5.31 6.75 15.000 1.799
40.0 38.0 13.00 33.1 152.42 87.00 .00 .50 .00 
 2.93 3.43
42 8171 6 SL-KO-000 12.500 1.919
40.0 38.0 13.00 33.1 152.42 87.00 .00 
 .50 .00 2.93 3.43
43 8209 6 SL-KO-000 12.500 1.919
40.0 38.0 13.00 33.1 152.42 87.00 .00
44 8247 6 SL-KO-000 40.0 

.50 .00 2.93 3.43 '2.500 1.91938.0 13.00 33.1 152.42 87.00 .00
45 8285 6 SL-KO-000 40.6 

.50 .00 2.93 3.43 12.500 1.919
38.0 13.00 33.1 152.42 87.00 .00 .50
46 8323 6 SL-KO-000 40.0 38.0 .00 2.93 3.43 12.500 1.919
13.00 33.1 152.42 87.00 .00 .50 .00
47 8376 28 SC-PO-000 56.0 53.2 2.93 3.43 12.500 1.919
12.30 46.7 230.48 93.96 .00 .4
48 8566 15 SC-DO-200 200.0 190.1 .00 4.45 5.29 15.000 '.929
9.50 172.1 792.78 90.50
49 8756 .00 1.50 .00 15.76 17.26 7.500 1.988
15 SC-DO-200 200.0 
 190.1 
 9.50 172.1 792.78 90.50 
 .00 1.50 .00
50 8946 15 SC-00-200 200.0 190.1 15.76 17.26 7.500 1.988
9.50 172.1 792.78 90.50 
 .00 1.50 .00
51 9136 15 SC-DO-200 200.0 190.1 9.50 15.76 17.26 7.500 1.988
172.1 792.78 90.50 .rj 
 1.50 .00 15.76 17.26 7.500 1.988
52 9326 15 SC-D0-200 200.0 190.1 
 9.50 172.1 792.71 90.49
53 9516 15 SC-D0-200 200.0 190.1 9.50 172.1 
.00 1.50 .00 15.76 17.26 7.500 1.988
792.33 90.45 
 .00 1.50 .CC 15.75 17.25
54 9706 15 SC-DO-200 240.0 190.1 7.500 1.988
9.50 172.1 791.19 90.32 .00
55 9896 15 SC-00-200 1.50 .00 15.73 17.23 7.50(, 1.988
200.0 190.1 
 9.50 172.1 788.66 90.03
56 10363 7 SC-KO-500 500.0 
.00 1.50 .00 15.68 17.18 7.500 1.988
467.1 30.00 327.0 1385.99 63.29 .00 6.25
57 10830 7 SC-KO-500 500.0 467.1 .00 27.65 33.90 12.500 1.995
30.00 327.0 1354.96 61.87 
 .00 6.25 .00
58 11172 8 SC-OP-360 360.0 342.2 27.03 33.28 12.500 1.99510.80 305.3 1246.16 79.03
59 11514 .00 2.70 .00 24.86 27.56 7.500 1.995
8 SC-OP-360 360.0 
 342.2 
 10.80 305.3 1205.65 76.46 
 .00 2.70 .00
60 11856 8 SC-OP-360 360.0 342.2 

24.05 26.75 7.500 1.995
10.80 305.3 1157.34 73.40 .00 2.70 .00
61 12198 8 SC-OP-360 360.0 342.2 23.09 25.79 7.500 1.995
10.80 305.3 1103.22 69.97 .00 2.70 .00
62 12540 8 SC-OP-360 22.01 24.71 7.500 '.995
360.0 342.2 
 10.80 305.3 1048.94 66.52 
 .00 2.70 .00 
 20.92 23.62 7.500 1.995
 



63 12882 8 SC-OP-360 360.0 342.2 
64 

10.80 305.3 1101.98 63.55 .00 2.7013072 11 SC-PO-200 200.0 190.1 7.10 176.6 
.00 19.99 22.69 7.500 1.995596.97 68.15
65 13262 11 SC-PO-200 190.1 

.00 1.50 .00 11.92 13.42 7.500
200.0 1.997
7.10 176.6 587.55 67.07
66 13452 11 SC-PO-200 200.0 .00 1.50 .00 11.74 13.24 7.500
190.1 7.10 176.6 1.997
581.80 66.42
67 13642 11 SC-PO-200 200.0 190.1 
.00 1.50 .00 11.62 13.12 7.500 1.997
7.10 176.6 579.53 66.16
68 13832 11 SC-PO-200 200.0 G 1.50 .00 11.58 13.08 7.500
190.1 7.10 176.6 1.997
580.32 66.25 
 .00
69 14022 11 SC-PO-200 200.0 190.1 

1.50 .00 11.59 13.09 7.500 1.997
7.1 ''6 6 583.65 66.63
70 14212 11 SC-PO-200 200.0 .00 1.50 .00 11.66 13.16 7.500
190.1 7.10 176.6 1.997
588.93 67.23
71 14402 11 SC-PO-200 200.0 190.1 7.10 
.00 1.50 .00 11.76 13.26 7.500 1.997
176.6 595.58 67.99
72 14592 12 SC-RY-200 200.0 190.1 
.00 1.50 .00 11.90 13.40 7.500 1.997
10.80 169.6 578.98 66.09 
 .00
,3 14782 12 SC-RY-200 200.0 190.1 10.80 

1.50 .00 11.96 13.46 7.500 2.066
169.6 585.95 66.89
T'. 14972 12 SC-RY-200 200.0 190.1 
.00 1.50 .00 12.10 13.60 7.500
10.80 2.066


75 169.6 592.45 67.63 .00
15162 12 SC-RY-200 200.0 190.1 10.80 169.6 
1.50 .00 12.24 13.74 7.500 2.066
597.90 68.25 
 .00 1.50
76 15352 12 SC-RY-200 200.0 .00 12.35 13.85 7.500 2.066
190.1 10.80 
 169.6 601.72 68.69 
 .00
77 15542 12 SC-RY-200 200.0 190.1 10.80 
1.50 .00 12.43 13.93 7.500 2.066
169.6 603.43 68.88
78 15732 12 SC-RY-200 200.C 190.1 

.00 1.50 .00 12.46 13.96 7.500
10.80 2.066

79 169.6 602.63 68.79 .00 
 1.50
15922 12 SC-RY-200 200.0 190.1 10.80 169.6 

.00 12.45 13.95 7.500 2.066
599.12 68.39
80 16093 14 SC-LZ-200 180.0 171.1 13.40 
.00 1.50 .00 12.38 13.88 7.500 2.066
148.2 518.43 65.76 .00
81 14 2.25
16264 SC-LZ-200 180.0 171.1 .00 10.92 13.17 '2.500 2.106
13.40 
 148.2 511.92 64.93
82 16435 .00 2.25 .00
14 SC-LZ-200 180.0 10.78 13.03 12.500
171.1 13.40 148.2 503.84 63.91 .00 

2.106
 
83 16606 14 SC-LZ-200 180.0 171.1 13.40 

2.25 .00 10.61 12.86 12.500 2.106
148.2 494.36 62.71
84 16701 16 SC-LZ-100 .00 2.25 .00
100.0 95.1 16.20 10.41 12.66 12.500 2.106
79.7 261.59 59.72 .00
85 1.25
16796 16 SC-LZ-100 100.0 95.1 .00 5.51 6.76 12.500 2.106
16.20 
 79.7 258.36 58.99
86 16986 9 SC-OS-200 200.0 190.1 
.00 1.25 .00 5.44 6.69 12.500 2.106
11.60 168.1
87 533.52 60.90 .00
17140 9 SC-OS-200 200.0 190.1 11.60 

2.50 .00 11.26 13.76 12.500 2.111
168.1 517.05 59.02
08 17140 9 SC-OS-200 200.0 190.1 11.60 168.1 499.11 
.00 2.50 .00 10.92 !3.2 12.500 2.111
 

89 56.98 .00
17140 10 SC-KO-200 200.0 2.50 .00 10.54 13.04 12.500
190.1 11.70 167.9 478.77 54.65 .00 
2.111
 

90 17140 10 SC-KO-200 1.50 .00 10.11
200.0 190.1 11.70 11.61 7.500 2.111
167.9 456.55 52.12
91 17140 10 SC-KO-200 200.0 190.1 .00 1.50 .00 9.64 '1.1i. 7.500
11.70 2.111
167.9 431.14 49.22 .00 
 1.50
92 17140 10 SC-KO-200 200.0 190.1 .00 9.10 10.60 7.500 2.111
11.70 167.9 401.95 45.89
93 17140 10 SC-KO-200 200.0 190.1 .00 1.50 .00 8.49 9.99 7.500
11.70 2.111
94 167.9 368.78 42.10 .00 1.50
17140 10 SC-KO-200 200.0 190.1 11.70 167.9 
.00 7.79 9.29 7.500 2.111
331.93 37.89
95 17140 10 SC-KO-200 200.0 190.1 

.00 1.50 .00 7.01 8.51 7.500 2.111
11.70 167.9 
 292.31 33.37 .00
96 17140 10 SC-KO-200 200.0 190.1 
1.50 .00 6.17 7.67 7.500 2.111
11.70 167.9 
 251.30
97 17140 13 SC-J3-200 190.0 180.6 

28.69 .00 1.50 .00 5.31 6.81 7.500
10.70 161.3 193.69 23.27 .00 2.111

98 17140 13 SC-J3-200 190.0 180.6 

1.42 .00 4.10 5.53 7.500 2.119
10.70 161.3 161.26 19.38
99 17140 .3 SC-j3-200 190.0 180.6 .00 1.42 .00 3.42 4.84 7.500
10.70 2.119
161.3 131.18 15.76 .00
100 1.42
17140 13 SC-J3-200 190.0 180.6 .00 2.78 4.20 7.500 2.119
10.70 161.3 104.22 12.52
101 17140 13 SC-J3-200 190.0 .00 1.42 .00 2.21 3.63 7.500
180.6 10.70 161.3 80.85 9.72 .00 
2.119
 

102 17140 13 SC-J3-200 1.42 .00 1.71
190.0 180.6 10.70 161.3 61.24 3.14 7.500 2.119
7.36
103 17140 18 SC-LG-100 103.0 .00 1.42 .00 1.30 2.72 .500
97.9 11.90 86.3 26.78 5.94 .00 
2.119
 

104 17140 18 SC-LG-100 10,3.0 97.9 11.90 
1.29 .00 .60 1.89 12.500 2.242
86.3 22.51 4.99
105 17140 .00 1.29 .00
18 SC-LG-100 103.0 97.9 11.90 .50 1.79 12.500 2.242
 

106 86.3 18.79 4.17 .00
17140 18 SC-LG-100 103.0 97.9 11.90 
1.29 .00 .42 1.71 12.500 2.242
86.3 15.57 3.45
107 17140 18 SC-LG-100 103.0 .00 1.29 .00 .35 1.64 12.500 2.242
97.9 11.90 
 86.3 12.80 2.84 .00 
 1.29
108 17140 18 SC-LG-100 103.0 97.9 .00 .29 1.57 12.500 2.242
 

'09 
11.90 56.3 10.43 2.32 .00 1.2r
17140 18 SC-LG-100 103.0 97.9 .00 .23 1.52 12.500 2.242
11.90 86.3 8.47 
 1.88
'10 17140 19 SC-SI-100 105.0 99.8 

.00 1.29 .00 .19 1.48 12.500 2.242
11.60 88.2
:11 6.84 1.49 .0
17140 19 SC-SI-100 105.C 1.31 .00 .15 1.47 12.500
99.8 11.60 88.2 2.264
5.46 1.19 
 .00
;12 17140 19 SC-SI-100 105.0 99.8 
1.31 .00 .12 1. 12.500 2.264
11.60 88.2 
 4.33
113 17140 19 SC-SI-100 105.0 99.8 11.60 88.2 

.94 .00 1.31 .00 .10 1.41 12.500 2.264
3.40 .74
114 17140 19 SC-SI-100 .00 1.31 .00 .08
105.0 99.8 11.60 88.2 1.39 '2.500 2.264
2.66
15 .58 .00 1.31
17140 19 SC-SI-100 .00 .06 1.37 12.500
105.0 99.8 11.60 2.264
88.2 2.06
16 17140 22 SC-SK-000 45.0 42.8 
.45 .00 1.31 .00 .05 1.36 12.500 2.264
 

17 
10.40 38.3 .70 .36 .00 .68
17140 22 SC-SK-000 45.0 42.8 .00 .02 .69 15.000 2.423
10.40 38.3 .63 
 .32
18 17140 22 SC-SK-000 45.0 42.8 

.00 .68 .00 .02 .69 15.000 2.423
 
19 

10.40 38.3 .57 .29 .00 .68
17140 24 SC-BL-000 .00 .01 .69
41.0 39.0 10.70 34.8 .51 15.000 2.423
 
20 .28 .00 .62 .01
17140 25 SC-HA-000 50.0 .00 .63 15.000 2.516
47.5 11.80 .1.9 
 .45 .20 
 .00
21 17140 25 SC-HA-000 50.0 47.5 11.80 

.75 .00 .01 .76 15.000 2.532
.1.9 .40
22 17140 .18 .00 .75 .00
25 SC-HA-000 50.0 47.5 11.80 .1.9 .01 .76 15.000 2.532
.36 .16
23 17140 25 SC-HA-000 50.0 47.5 11.80 
.00 .75 .00 .01 .76 15.000 2.532
41.9 .32 
 .24 17140 23 SC-J2-000 43.0 

5 .00 .75 .00 .01 .76 15.00040.9 10.40 36.6 2.532
.29 .15 
 .00
25 17140 23 SC-J2-000 43.0 40.9 
.64 .00 .01 .65 !5.000 2.684
10.40 36.6
26 .26 .14 .00
17140 23 SC-J2-000 43.0 40.9 10.40 
.64 .00 .01 .65 15.000 2.684
36.6 .23 .12
27 17140 23 SC-J2-000 .00 .64 .00 .01
43.0 40.9 10.40 36.6 .20 .65 15.000 2.684
 

28 .11 .00 .64
17140 23 SC-J2-000 43.0 .00 .01 .65 15.000
40.9 10.40 36.6 2.684
.18 .10
29 17140 23 SC-J2-000 43.0 40.9 10.40 36.6 .16 
.00 .64 .00 .00 .65 15.000 2.684
 

50 .08 .00
17140 23 SC-J2-000 43.0 .64 .00 .00 .65 15.000
40.9 10.40 36.6 2.84
.14 .07 
 .00
ilI17140 27 SC-MI-000 50.0 47.5 11.80 
.64 .00 .00 .65 15.000 2.684
41.9 .12 
 .06 .00 
 .75
;2 17140 27 SC-MI-000 .00 .00 .75 15.000
50.0 47.5 11.80 2.759
41.9 .11
;3 17140 27 SC-MI-000 50.0 

.05 .00 .75 .00 .00 .75 15.000 2.759
47.5 11.80 41.9 
 .09 .04 
 .00
;4 17140 26 SC-iJ-000 19.0 18.1 15.70 
.75 .00 .00 .75 15.000 2.759
15.2 .04 .05 .00 .28 .00 
 .00 .29 15.000 2.820
 



135 17140 26 SC-jl-OOO 
 19.0 18.1 15.70 15.2 .04 .05 .00
136 17140 28 .00 .00 .29
26 SC-JI-O00 19.0 18.1 15.70 15.000 2.820
15.2 .04 .04
137 .00 .28 .00
1714f 26 SC-J1.000 19.0 .00 .29 15.000 2.820
18.1 15.70 15.2 .03 .04 .00 .28
138 1714C 26 SC-Ji-000 .00 .00 .29 15.000
19.0 18.1 15.70 2.820
15.2 .03 .04 
 .00 .28
139 17140 26 SC-J1-000 19.0 .00 .00 .29 15.000 2.820
18.1 15.70 15.2 .03
140 .04 .00 .28
17140 31 CG-XX-120 120.0 117.4 12.00 .00 .00 .29 15.000 2.820
103.3 
 .15 .03 3.07 .90
141 17140 31 CG-XX-120 120.0 117.4 12.00 103.3 
.00 .01 3.97 33.064 4.637
.10 .02 3.07 .90 .00 
 .00 3.97 33.064 4.637
 .......
 2.2 .23599.022402.7 . 16
.00 19563.8 ******* .01
.00 6.14 212.16 0 34....................................................................................................
.00 1203.14 1421.44 .......
 



POWER SYSTEM RELIABILITY AND COST
 

TOTAL INSTALLED CAPACITY= 

THERMAL EFFECTIVE CAPACITY= 

PEAK THERMAL LOADa 

THERMAL EFFECTIVE CAPACITY RESERVE= 

INSTALLED CAPACITY RESERVE= 

LOSS OF LOAD PROBABILITY= 


HYDROELECTRIC GENERATION= 

THERMAL GENERATION= 

TOTAL GENERATION= 

ENERGY LOAD= 

UNSERVED ENERGY= 

TOTAL COST THIS PERIOD= 


3170.00 MW
 
19563.79 MW
 

.00 MW
 
14.14 %
 
32.79 %
 

.78HRS
 

13365.55 GWH
 
65576.39 GWH
 
78941.94 GWH
 
78942.09 GWH
 

.15 GWH
 
1451.42 MS
 

http:78942.09
http:78941.94
http:65576.39
http:13365.55
http:19563.79


SUMMARY OF 1997 RESULTS
 

PEAK LOAD= 

EFFECTIVE CAPACITY RESERVE= 

LOSS OF LOAD PROBABILITY= 


HYDROELECTRIC GENERATION= 

THERMAL GENERATION= 

TOTAL GENERATION= 

ENERGY LOAD= 

UNSERVED ENERGY= 

TOTAL ANNUAL COST= 


23699.60 MW 
.00 % 

5.03HRS 

17563.37 GWH
 
122156.00 GWH
 
139719.40 GWH
 
139720.50 GWH
 

1.13 GWH
 
2745.54 MS
 

http:139720.50
http:139719.40
http:122156.00
http:17563.37
http:23699.60


APPENDIX 4.2.3 
SUMMARY OUTPUT 



YEAR 
 PEAK (MW) LOAD (GWH) ICR(%) TECR(%) EUE (% LOLP (%)

1992 22024.0 125018.8 32.96 13.61 .00 
 .04
 

COST IN MILLIONS
RESOURCE MW ACCUMULATED DISCOUNTED COS.
GWH CAPITAL F.O&M V.O&M FIEL 
 TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL
LIMITED 7041. 13086.1 
 .0 60.0 6.3 
 .0 66.3 .0 56.7
ECONOMIC 22243. 111931.7 6.0 .0 62.6
.0 413.4 .0 2049.6 2463.1 
 .0 390.7 .0 1936.7 2327.4
TOTAL 29284. 125017.9 
 .0 473.4 6.3 2049.6 2529.3 .0 447.3 
 6.0 1936.7 2390.0
 

YZAR PEAK 
(MW) LOAD (GWH) ICR(%) TECR(%) EUE (%) LOLP (%)

1993 22222.2 127117.3 29.05 9.16 .01 .50
 

COST iN MILLIONS 
 ACCUMULATED DISCCUNTED COST
RESOURCE mW 
 ZWH CAPITAL F.O&M V.O&M 
 FUEL TOTAL CAPITAL F.O&M V.O&M
LIMITED 7091. 13333.5 FUEL TOTAL
.0 60.0 6.3 .0 
 66.3 .0 107.3 11.3
ECONOMIC 21586. 113771.2 .0 420.1 .3 118.6

.0 2099.5 2499.6 
 .0 728.2 .0 3708.0 436.2
TOTAL :8677. 127104.7 
 .0 400.1 5.3 2099.5 2565.9 
 .0 835.5 11.3 3708.0 -554.8
 

YEAR 
 PEAK (MW) LOAD (GWH) ICR(%) TECRC%) EUE (%) LOLP (%)

1994 22533.3 129686.5 27.76 7.75 .02 1.08


COST IN MILLIONS 
 ACCUMULATED DISCOUNTED COST
RESOURCE mW 
 5A4d CAPITAL F,O&M V.O&M FUEL 
 TOTAL CAPITAL
LIMITED 7191. 13908.1 .0 
F.O&M V.O&M FUEL TOTAL
60.0 6.3 .0 66.3 .0 152.5 16.0 .0 168.5
ECONOMIC 21598. 115749.3 
 .0 398.5 .0 2138.3 2536.8 .0 1028.4 
 .0 5318.7 6347.2
TOTAL 2879. 129657.. .0 
 458.5 6.3 2138.3 2603.1 
 .0 1180.9 16.0 5318.7 6515.6
 

YEAR PEAK 
(MW) LOAD (GWH) ICR(%) TECR(%) EUE (%) LOLP (18
1995 23006.5 133417.6 28.32 3.49 
 .01 .70
 
COST IN MILLIONS 
 ACCUMULATED DISCOUNTED COST
RESOURCE MW CWH CAPITAL F.O&M v.O&M ;UEL TOTAL 
 CAPITAL F.O&M 1.0&M FuEL 
 TOTAL
LIMITED 
 '341. 14650.4 
 .0 0.0 


ECONOMIC 22182. 118749.o 
b.3 .0 66.3 .0 192.8 20.3 .0 213.1
.0 -07.2 .0 2190.1 2597.3 .0 1302.3 .0 6791.8
TOTAL 8094.0
29523. 133399.; .0 467.2 
 6.3 2190.1 2663.6 .0 1495.1 20.3 6791.8 8307.1
 

YEAR PEAK 
(MW) LOAD (GWH) ICR(%) TECR(%) EUE () LOLP (%)

'996 23121.6 136110.1 31 59 12.31 .00 
 .11
 

COST IN MILLIONS 
 ACCUMULATED DISCOUNTED COST
RESOURCE MW 
 WH CAPITAL F.C&M v.O&M FUEL 
 TOTAL CAPITAL F.O&M V.O&M
LIMITED 7531. 15696.0 FUEL TOTAL
.0 60.0 6.3 .0 
 66.3 .0 228.8 24.1
ECONOMIC 22965. 120411.8 6.1 417.9 .0 252.9

.0 2218.3 2642.3 
 3.7 1553.2 .0 8123.9
TOTAL 9680.8
30496. 136107.8 
 6.1 477.9 6.3 2218.3 2708.6 3.7 1782.0 24.1 
 8123.9 9933.7
 

YEAR 
 PEAK (MW) LOAD (GWH) ICR(%) TECR(%) EUE (%) LOLP (%)
1997 23699.6 139720.5 32.79 14.05 .00 .06
 
COST IN MILLIONS 
 ACCUMULATED DISCOUNTED COST
RESOURCE MW 14H CAPITAL 
 F.C&M V.C&M FUEL 
 7OTAL CAPITAL F.O&M v.O&M 
 FuEL TOTAL
LIMITED -a71. 17563.. .1 
 60.0 .3 0 o.3 
 .0 261.0 27.4 .)
ECONOMIC 23599. 12215o.0 12.3 -24.3 288.4
 

.0 2249.0 2685.o 
 10.3 1780.7 
 .0 9329.7 11120.7
TOTAL 31470. 139719.. 
 12.3 434.3 -.3 2249.0 2751.8 10.3 2041.7 
 27.4 9329.7 11409.1
 

YEAR PEAK 
(MW) LOAD (GWH) :CR(%) TECR() EUE (U) LOLP (U)

1998 24221.0 143430.9 33.33 13.55 
 .00 .15
 

COST IN MILLIONS
RESOURCE ACCUMULATED DISCOUNTED COST
MW GWH CAPITAL F.O&M .. FUEL
O&M TOTAL CAPITAL F.O&M V.O&M FUEL 
 TOTAL
LIMITED 9061. 20973.2 134.7 68.1 
 6.3 .0 209.0 64.5 293.6 30.5 .0
ECONOMIC 23232. 122454.4 388.5
12.3 415.1 .0 2254.3 2681.6 16.1 1979.4
TOTAL .0 10408.9 12404.5
32293. 143427.6 146.9 483.1 
 6.3 2254.3 2890.7 80.6 
2273.0 30.5 10408.9 12792.9
 

YEAR PEAK (4W) LOAD 
(GWH) ICR(%) TECR(%) EUE (%) LOLP (%)

1999 24802.3 147090.5 30.54 "0.83 
 .01 .59
 

COST IN MILLIONS 
 ACCUMULATED D2COUNTED COST
RESOURCE MW OWH CAPITAL 
 F.O&M /.O&M FUEL 'OTAL 
 CAPITAL F.O&M V.O&M FUEL
L:MITED ?161. 21508.9 134.7 68.1 -OTAL

6.3 .0 209.0 122.0 322.6 33.2 .0 477.8
ECONCMIC 
23216. 125567.2 
 12.3 412.1 .0 2316.7 2741.0 21.4 2155.6 
 .0 11399.1 13576.1
TOTAL 32377. !47076.1 '46.9 
 480.2 o.3 2316.7 2950.1 
 143.4 2478.2 33.2 11399.1 !4053.9
 

YEAR PEAK 
(MW) LOAD (GWH) ICR(%) TECR(%) EUE (") LOLP (%)

2000 25323.1 151066.7 30.78 
 11.41 .01 .77


COST IN MILLIONS 
 ACCUMULATED DISCOUNTED CCST
RESOURCE 
 MW GWH CAPITAL F.O&M 
 v.O&M FUEL TOTAL CAPITAL F.O&M V.O&M FUEL 
 TOTAL
LIMITED 9681. 24346.9 134.7 
 68.1 
 6.3 .0 209.0 173.4 348.6 35.6 .0 557.6
ECONOMIC 23436. 126700.2 
 18.4 412.9 .0 2343.1 2774.5 28.4 2313.2 
 .0 12293.3 14634.9
TOTAL 33117. 151047.1 153.1 481.0 
 6.3 2343.1 2983.5 201.8 
 2661.8 35.6 12293.3 15192.5
 



Appendix 4.3 
Hourly Load Data Preparation 



POLISH POWER GRID COMPANY
 
HOURLY LOAD PREPARATION FOR THE YEAR 1993
 



GPT-M Generation Planning Toots-Marginat Cost Analysis Module
C.Yermoti/Hag(erBailty 

Inc. - Artington


Release: 930202 Poish Poer Grid Company 
VA., USA
 
- PPGC - Warsaw
 

PATTERN YEAR IS NOT LEAP
WK 
 1 PEAK= 21298.00 MW MEAN= 1991
 
17741.20 MW BASE=
2 PEAK=
WK 22159.00 MW MEAN= 13836.00 MW LFx .833
18860.30 MW BASE=
UK 3 PEAK= 21861.00 MW MEAN= 14999.00 NW LF= .851
WK 18754.24 MW BASE=
4 PEAK= 22903.00 MW MEAN= 14639.00 NW LF: .857
19075.71 MW BASE=
WK 5 PEAK= 23219.00 MW MEAN= 15569.00 MW LF= .833
WK 19668.73 MW BASE=
6 PEAK= 22808.00 MW MEAN= 15474.00 NW LF= .847
WK 19035.92 MW BASE=
7 PEAK= 21923.00 MW MEAN= 15643.00 MW LF= .8.35
UK 18476.80 MW BASE=
8 PEAK= 21619.00 MW MEAN= 14386.00 NW LF= .843
WK 
 17900.93 MW BASEr
9 PEAK= 21431.00 MW MEAN= 14218.00 MW LF= .828
17532.01 MW BASE=
WK 10 PEAK= 20633.00 MW MEAN= 13969.00 MW LF= .818
UK 11 PEAK= 16879 20 MW BASE=
20252.00 Mw MEAN= 164

12651.00 MW LF= .81
WK 12 PEAK= 20504.00 MW MEAN= 
41.67 MW BASE= 12209.00 MW LF= .812
WK 16597.93 MW GASE=
13 PEAK= 18966.00 MW MEAN= 12037.00 MW LF= .809
UK 14929.10 MW BASE=
14 PEAK: 18785.00 MW MEAN= 11796.00 MW LF=
WK 15465.20 MW BASE= .787
15 PEAK= 18826.00 MW HEAN- 11648.00 MW LF= .823
15721.89 MU BASE=
WK 16 PEAK= 18669-00 MW MEAN= 12648.00 NW LF: 
.835
15614.51MN
UK 17 PEAK= 17110.00 MW MEAN= 

BASE: 11551.00 MW LF= .836
13197.80 MW BASE=
WK 18 PEAK= 17878.00 MW MEAN= 11034.00 MW lF= .771
14692.72 MW BASE=
WK 19 PEAK= 16548.00 MW MEAN= 10884.00 MW LF=
WK 14352.34 MQ BASE= .82220 PEAK= 17121.00 MU MEAN= 11659.00 MW LF= .867
UK 
 14591.68 MW BASE=
21 PEAK= 16390.00 MW MEAN= 11373.00 MW LF= .852
13153.24 MU BM3E=
WK 22 PEAK= 15608.00 MU MEAN= 10281.Jo MW 
IF: .803
UK 13170.22 MW BASE=
23 PEAK= 15230.00 MW MEAN= 9520.00 MW LF=
WK 12861.83 MU BASE= .844
24 PEAK= 15038.00 MW MEAN= 9239.00 MW LF= .845
UK 25 12755.1!MU BASE=
PEAK= 14595.00 MU MEAN= 9526.00 MW LF=
12512.13 MW BASE= .848
UK 26 PEAK= 14425.00 MW MEAN= 9604.00 MW LF= .857
12172.35 MW BASE=
WK 27 PEAK= 14038.00 MW MEAN= 9404.00 MW LF=
11955.95 MU BASE= .844
UK 28 PEAK= 14155.00 MW MEAN: 8729.00 MW LF= .852
WK 11937.92 MW BASE=
29 PEAK= 14512.00 MU MEAN= 9226.00 MW LF=
WK 12089.69 MU BASE= .843
30 PEAK= 14315.00 MW MEAN= 9362.00 MW LF= .83:
UK 31 12166.15 MW BASE=
PEAK= 14521.00 MW MEAN= 9302.00 MU LF= .850
WK 12059.45 MW BASEr
32 PEAK= 14701.00 MW MEAN= 8742.00

11404.11 MW BASE= 

IW LF= .830
UK 
 33 PEAK= 15082.00 MW MEAN= 8652.00 MW IF= .776
WK 12258.24 MW BASE=
34 PEAK= 15348.00 MW MEAN= 9208.0

12467.11 MW BASE= 

MW LF= .813
35 PEAK=
UK 15927.00 MU MEAN= 9552.00 MW LF= .81-
WK 12574,10 MU BASE=
36 PEAK= 16783.00 MU MEAN= 9710.00 MW Lc= .789
WK 13051.60 HW BASE=
37 PEAK= 16712.00 MW MEAN= 9822.00 MW LF=
UK 13034.74 MW BASE= .778
38 PEAK= 16881.00 MW MEAN: 9861.00 MW LF= .780
UK 13108.34 MU BASE=
39 PEAK= 17416.00 MU MEAN= 9570.0o MW LF= .777
13458.32 MU BASE=
WK 40 PEAK= 17553.00 MW MEAN= 10203.00 MW LF=
13921.70 MW BASE= .773
4K 41 PEAK= 18330.00 MU MEAN= 11010.00 MW IF: .793

196 14432.2? MU BASE=
WK 77.0U MW MEAN= 
 16176,2 MU BASE: 


42 PEAK= 1119600 MW LF= .787
UK 43 PEAK: 20530.00 MU MEAN: 12230.00 MW LF= .822
16088.59 MU BASE=
K 44 PEAK= 20415.00 MU 12802.00 MW LF= .784
MEAN= 16543.82 MU BASE:
WKK 45 PEAK : 20093.00 M WMEAN : 12576.00 MW F: .810
46 PEAK= 20481.00 MW MEAN= 629 018 M UBASE= 12642.00 MW LF : .811
17018.14 MW BASE=
WK 47 PEAK= 20478.00 MW MEAN= 13507.00 MW LF= .831
17023,92 MW BASE= 
13308.00 MU 
LF= .831
 
UK 48 PEAK= 21069.00 MW MEAN=
UK 17757.46 MU BASE=
49 PEAK= 22611.00 MW MEAN= 14186.00 MW LF= .843
UK 19084.60 MU BASE=
50 PEAK= 22078.-00 MW MEAN= 14978.00 MW LF= .844
WK 51 18355.80 MW BASE=
PEAK= 20270.00 MW MEAN= 14543,00 MW LF= .831
15571.12 MW BASE= 
 127C,.0o MW LF= .768
 

http:127C,.0o
http:15571.12
http:20270.00
http:18355.80
http:14978.00
http:19084.60
http:14186.00
http:22611.00
http:17757.46
http:21069.00
http:13308.00
http:13507.00
http:20478.00
http:17018.14
http:12642.00
http:20481.00
http:12576.00
http:20093.00
http:16543.82
http:12802.00
http:20415.00
http:16088.59
http:12230.00
http:20530.00
http:11010.00
http:18330.00
http:13921.70
http:10203.00
http:17553.00
http:13458.32
http:17416.00
http:13108.34
http:16881.00
http:13034.74
http:16712.00
http:13051.60
http:16783.00
http:15927.00
http:12467.11
http:15348.00
http:12258.24
http:15082.00
http:11404.11
http:14701.00
http:12059.45
http:14521.00
http:12166.15
http:14315.00
http:12089.69
http:14512.00
http:11937.92
http:14155.00
http:11955.95
http:14038.00
http:12172.35
http:14425.00
http:12512.13
http:14595.00
http:15038.00
http:12861.83
http:15230.00
http:13170.22
http:10281.Jo
http:15608.00
http:13153.24
http:11373.00
http:16390.00
http:14591.68
http:11659.00
http:17121.00
http:14352.34
http:10884.00
http:16548.00
http:14692.72
http:11034.00
http:17878.00
http:13197.80
http:11551.00
http:17110.00
http:12648.00
http:15721.89
http:11648.00
http:18826.00
http:15465.20
http:11796.00
http:18785.00
http:14929.10
http:12037.00
http:18966.00
http:16597.93
http:12209.00
http:20504.00
http:16412651.00
http:20252.00
http:13969.00
http:20633.00
http:17532.01
http:14218.00
http:21431.00
http:17900.93
http:14386.00
http:21619.00
http:18476.80
http:15643.00
http:21923.00
http:19035.92
http:15474.00
http:22808.00
http:19668.73
http:15569.00
http:23219.00
http:19075.71
http:14639.00
http:22903.00
http:18754.24
http:14999.00
http:21861.00
http:18860.30
http:13836.00
http:22159.00
http:17741.20
http:21298.00


GPT-M Generation Plannir Toots-Marginat Cost Analysis ModuLe

C.Yermoti/Hagler,Bai( 
 ,nc. - Artingtcn, VA., USA
Release: 930202 Polish Power Grid Company 
- PPGC - Warsaw 

PERIOD= 1
 
PERIOD PEAK LOAD (MW)=

PERIOD MEAN LOAD (MW)= 

PERIOD BASE LOAD (MW)= 

PERIOD LOAD FACTGR= 


TARGET PEAK LOAD (MW)= 

TARGET MEAN LOAD (MW)= 

TARGET BASE LOAD (MW)= 

TARGET LOAD FACTOR= 


PEAK LOAD OF SELECTED WEEK (MW)=

MEAN LOAD OF SELECTED WEEK (MW)= 

BASE LOAD OF SELECTED WEEK (MW)= 

LOAD FACTOR OF SELECTED WEEK= 


PEAK LOAD AFTER PEAK SCALING (MW)=

MEAN LOAD AFTER PEAK SCALING (MW)= 

BASE LOAD AFTER PEAK SCALING (MW)=

LOAD FACTOR AFTER PEAK SCALING= 


PEAK LOAD OF REPRESENTATIVE WEEK= 

MEAN LOAD OF REPRESENTATIVE WEEK= 

BASE LOAD OF REPRESENTATIVE WEEK= 

LOAD FACTOR OF REPRESENTATIVE WEEK= 


MEAN LOAD ACCURACY (PERCENT)= 


DAILY REPORT
 
DAY 1 PEAK= 16684.37 MW MEAN= 

DAY 2 PEAK= 17101.74 MW MEAN= 

DAY 3 PEAK= 17111.11 M9 MEAN= 

DAY 4 PEAK= 16774.50 MW MEAN= 

DAY 5 PEAK= 16425.07 MW MEAN= 

DAY 6 PEAK: 13833.66 MW MEAN= 

DAY 7 PEAK= 10232.27 MW MEAN= 


18966.00
 
13203.43
 
8652.00
 

.6962
 

17111.11
 
12590.00
 
7805.83
 

.7358
 

15325.92
 
13203.77
 
10258.85
 

.8615
 

17111.11
 
14741.76
 
11453.81
 

.8615
 

17111.11
 
12602.26
 
9019.29
 

.7365
 

99.9n27
 

13193.41 MW BASE= 
 9487.91
 
13943.83 MW BASE= 
 10230.97
 
13975.26 MW BASE= 
 10310.66
 
13540.16 MW BASE= 
 10227.49
 
13523.27 MW 8ASE= 
 ,205.91
 
10614.24 MW BASE= 
 9628.16
 
9425.66 MW BASE= 
 9019.29
 

http:10614.24
http:13523.27
http:10227.49
http:13540.16
http:10310.66
http:13975.26
http:10230.97
http:13943.83
http:13193.41
http:12602.26
http:17111.11
http:11453.81
http:14741.76
http:17111.11
http:10258.85
http:13203.77
http:15325.92
http:12590.00
http:17111.11
http:13203.43
http:18966.00
http:10232.27
http:13833.66
http:16425.07
http:16774.50
http:17111.11
http:17101.74
http:16684.37


GPT-M Generation Ptanning Tools-MarginaL Cost Anatysis ModuLe
 
C.Yermoti/HagLer,BaitLy Inc. 
- ArLington, VA., USA
 
ReLease: 930202 PoLish Power Grid Company 
 PPGC - Warsaw
 

PERIOD= 2
 
PERIOD PEAK LOAD (MW)= 

PERIOD MEAN LCAD (MW)= 

PERIOD BASE LUAD (MW)= 

PERIOD LOAD FACTOR= 


TARGET PEAK LOAD (MW): 

TARGET MEAN LOAD (MW)= 

TARCET BASE LOAD (MW)= 

TARGET LOAD FACTOR= 


PEAK LOAD OF SELECTED WEEK (MW)= 

MEAN LOAD OF SELECTED WEEK (MW)= 

BASE LOAD OF SELECTED WErK (MW)= 

LOAD FACTOR OF SELECTED WEEK= 


PEAK LOAD AFTER PEAK SCALING (MW)= 

MEAN LOAD AFTER PEAK SCALING (MW)=

BASE LOAD AFTER PEAK SCALING (MW)= 

LOAD FACTOR AFTFR PEAK SCALING= 


PEAK LOAD OF REPRESENTATIVE WEEK= 

MEAN LOAD OF REPRESENTATIVE WEEK= 

BASE LOAD OF REPRESENTATIVE WEEK= 

LOAD FACTOR OF REPRESENTATIVE WEEK= 


MEAN LOAD ACCURACY (PERCENT)= 


DAILY REPORT
 
DAY I PEAK= 22033.24 MW MEAN= 

DAY 2 PEAK= 22222.21 MW MEAN= 

DAY 3 PEAK= 21353.11 MW MEAN= 

DAY 4 PEAK= 21411.84 MW MEAN= 

DAY 5 PEAK= 20734.62 MW MEAN= 

DAY 6 PEAK= 17961.34 MW MEAN= 

DAY 7 PEAK= 14359.62 MW MEAN= 


23219.00
 
17161.02
 
10203.00
 

.7391
 

22222.21
 
16442.60
 
9764.99
 

.7399
 

20659.10
 
17152.16
 
13793.69
 

.8302
 

22222.21
 
18449.94
 
14837.36
 

.8302
 

22222.21
 
16456.50
 
12425.68
 

.7405
 

99.9155
 

17684.89 MW BASE= 1304!.37
 
18105.23 MU BASE= 14130.57
 
17396.53 MW BASE= 13757.37
 
17451.02 MW BASE= 13838.16
 
17044.54 MW BASE= 13834.62
 
14573.34 MW BASE= 13128.28
 
12939.98 MW BASE= 12425.68
 

http:12425.68
http:12939.98
http:13128.28
http:14573.34
http:13834.62
http:17044.54
http:13838.16
http:17451.02
http:13757.37
http:17396.53
http:14130.57
http:18105.23
http:1304!.37
http:17684.89
http:12425.68
http:16456.50
http:22222.21
http:14837.36
http:18449.94
http:22222.21
http:13793.69
http:17152.16
http:20659.10
http:16442.60
http:22222.21
http:10203.00
http:17161.02
http:23219.00
http:14359.62
http:17961.34
http:20734.62
http:21411.84
http:21353.11
http:22222.21
http:22033.24


GPT-M Generation Planning Tools-Marginal Cos: Analysis Module

C.Yermoli/HagLergaitty Inc. 
- Arlington, VA., USA

Release: 
930202 PoLish Power Grid Company PPGC - Warsaw 

LCAD DURATION CURVE FOR PERIOD 

WEEK POINT % PEAK 
% TIME
 

1 
 1 .0000 100.0000
 
1 2 .5271 

1 3 .5534 

1 4 
 .5796 

1 5 .6059 

1 6 .6322 

1 7 
 .6585 

1 8 .6847 

1 9 .7110 

1 10 .7373 


11 .7636 

1 12 .7898 

1 13 .8161 

1 14 .8424 

1 15 .8686 

1 16 .8949 

! 17 .9212 

1 18 .9475 

1 19 .9737 

1 20 1.0000 


PEAK LOAD (MW) = 

BASE LOAD (MW) = 

WEEKLY ENERGY (MWH) 

LOAD FACTOR MX) 


100.0000
 
.9048
 
.8155
 

.61.88
 

.5238
 
.5238
 
.5238
 
.5238
 

.5238
 

.5179
 

.4524
 

.3571
 

.2917
 

.2798
 

.2500
 

.1964
 

.0952
 

.0653
 

.0000
 
17111.10
 

9019.30
 
2,17180.00
 

73.65
 

http:2,17180.00
http:17111.10


GPT-M Generation PLanning TooLs-Marginal Cost Analysis Module

C.Yermoli/Hagier,Baitly Inc. 
- ArLington, VA., USA
Release: 930202 Polish Power Grid Coapany 
- PPGC Warsaw 

LOAD DURATION CURVE FOR PERIOD 
 2
 
WEEK POINT % PEAK % TIME
 

2 1 
 .0000 100.0000
 
2 2 
 .5592 100.0000
 
2 3 .5836 
2 4 .6081 
2 5 .6326 
2 6 .6571 
2 7 .6816 
2 8 .7061 
2 9 .7306 
2 10 .7551 
2 11 .7796 
2 12 .8041 
2 13 .8286 
2 14 .8531 
2 15 .8775 
2 16 .9020 
2 17 p265 
2 18 .9510 
2 19 .9755 
2 20 1.0000 

PEAK LOAD (MW) = 

BASE LOAD (MW) = 

WEEKLY ENERGY (MWi) 

LOAD FACTOR (%) 


.8988
 

.8393
 

.6786
 

.5238
 

.;940
 
.4940
 
.4940
 
.4940
 

.4524
 

.3988
 

.3512
 

.2976
 

.1845
 

.1429
 
.0893
 

.0595
 

.0357
 

.0000
 
22222.20
 

12425.70
 
2764692.00
 

74.05
 

http:2764692.00
http:12425.70
http:22222.20


POLISH POWER GRID COMPANY
 
HOURLY LOAD PREPARATION FOR 1997
 



GPT-M Generation Planning Toots-Marginat Cost Analysis Modu.e

C.Yernoti/Hagter,eaiity Inc. 
- Arlington, VA., USA

Release: 930202 Polish Power Grid Company -
PPGC - Warsaw
 

PATTERN YEAR IS NOT LEAP 
 1991

WK 1 PEAK= 21298.00 MW MEAN= 17741.20 MW BASE= 
 13836.00 PW LF= .833
WK 2 PEAK= 22159.00 MW MEAN= 
 18860.30 MW BASE= 
 14999.00 MW LF= .851
wK 3 PEAK= 21861.00 MW MEAN= 18734.24 MW BASE= 
 14639.00 MW LF= .857
WK 4 PEAK= 22903.00 MW MEAN= 19075.71 MW BASE= 
 15569.00 MW LF= 
.833
WK 5 PEAK= 23219.00 MW MEAN= 19668.73 MW BASE 
 15474.00 MW LF= .847
WK 6 PEAK= 22808.00 MW MEAN= 
 19035.92 MW BASE= 
 15643.00 MW LF= .835
WK 7 PEAK= 21923.00 MW MEAN= 
 18476.80 MW BASE= 
 14386.00 MW LF= .843
WK 8 PEAK= 21619.00 MW MEAN= 17900.93 MW BASE= 
 14218.00 MW LF: 
.828
WK 9 PEAK= 21431.00 MU MEAN= 17532.01 MW BASE= 
 13969.00 MW LF=
WK 10 PEAK= 20633.00 MW MEAN: 16879.20 MW BASE: 

.818
 
12651.00 MW LF=
WK 11 PEAK= 20252.00 MW MEAN= 16441.67 MW BASE 

.818
 
12209.00 MW LF: .812
UK 12 PEAK= 20504.00 MW MEAN= 16597.93 MW 6ASE. 
 12037.30 MW LF- .S09
WK 13 P"AK= 18966.00 MW MEAN= 
 14929.10 MW BASE= 
 11796.00 MW LF= .787
wK 14 PEAK= 18785.00 MW MEAN= 15465.20 MW BASE: 
 11648.00 MW LF= .823
wK 15 PEAK= 18826.00 MW MEAN= 15721.89 MW BASE= 
 12648.00 MW LF= .835
WK 16 PEAK= 18669.00 MW MEAN= 15614.51 MW BASE= 11551.00 MW LF= .836
WK 17 PEAK= 17110.00 MW MEAN= 
 13197.80 MW BASE= 
 11034.00 MW LF: .771
'K 18 PEAK= 17878.00 MU MEAN= 
 !4u92.72 MU BASE= 
 10884.00 MW LF= 
.822
UK 19 PEAK= 16548.00 MU MEAN= 14352.34 MU BASE= 
 11659.00 MW LF= 
.867
wK 20 PEAK= 17121.00 MW MEAN= 
 14,591.68 MU BASE: 
 11373.00 MU 
LF= .852
WK 21 PEAK= 16390.00 MW MEAN= 13153.24 MU BASE= 
 10281.00 MW LF= .803
'K 22 PEAK= 15608.00 Mu MEAN= 13170.22 MU BASE= 
 9520.00 MU LF= .844
WK 23 PEAK= 15230.00 MW MEAN= 12861.83 MU BASE= 
 9239.00 MW LF= 
 C45
WK 24 PEAK= 15038.00 MW MEAN= 12755.1 MW BASE: 
 9526.00 MU LF= .848
WK 25 PEAK= 14595.00 MW MEAN= 12512.13 MU BASE= 
 9604.00 MW LF= .857
WK 26 PEAK= 14425.00 MU MEAN= 12172.35 MW BASE= 
 9404.00 MW LF= .844
UK 27 PEAK= 14038.00 P4WMEAN= 11955.95 MW BASE= 
 8729.00 MW LF= .852
UK 28 PE:AK= 14155.00 MW MEAN= 11937.92 MU BASE= 
 9226.00 MU LF: .843
UK 29 PEAK= 14512.00 MW MEAN= 
 12089.89 MU BASE= 
 9362.00 MU LF= .833
UK 30 PEAK= 14315.00 MW MEAN= 12166.15 MU BASE= 
 9302.00 MW LF= .850
wK 31 PEAK= 14521.00 MW MEAN= 12059.45 MW BASE= 
 8742.00 MW LF= .830
UK 32 PEAK= 14701.00 MW MEAN= 11404.11 MU BASE= 
 8652.00 MW LF= .776
WK 33 PEAK= 15082.00 MU MEAN= 12258.24 MW BASE= 
 9208.05 M11LF= .813WK 34 PEAK= 15348.00 MU MEAN= 12467.11 MW BASE= 
 9552.00 MW LF= .812
WK 35 PEAK= 15927.00 MW MEAN= 
 12574.10 MW BASE= 
 9710.00 MW LF: .789
UK 36 PEAK= 16783.00 4W MEAN= 13051.60 MW BASE= 
 9822.00 MW LF= .778
WK 37 PEAK= 16712.00 MW MEAN= 13034.74 MU BASE= 
 9861.00 MW LF= .780
UK 38 PEAK= 16881.00 MU MEAN= 13108.34 MU BASE= 
 9570.00 MW LF= .777
WK 39 PEAK= 17416.00 MU MEAN= 
 13458.32 MW BASE= 
 10203.00 MW LF=
6K 40 PEAK= 17553.00 MW MEAN= 13921.70 MW BASE= 

.773
 
11010.00 MW LF= .793
.K 41 PEAK= 18330.00 MW MEAN= 14432.22 MW BASE= 
 11196.00 MW LF= .787
wK '2 PEAK: 19677.0C MU MEAN= 
 16176.52 MW BASE= 
 12230.00 MW LF= .822
UK 43 PEAK= 20530.00 MW MEAN= 
 16088.59 MU BASE= 
 12602.00 MW LF= .784
WK 44 PEAK= 20415.00 MW MEAI:= 165L3.82 MW BASE= 12576.00 MW LF= .810
UK 45 PEAK= 20093.00 MW MEAN= 
 16290.18 MU BASE= 
 12642.00 MW LF= .811
WK 46 PEAK= 20481.00 MW MEAN: 17018.14 MW BASE= 
 13507.00 MW LF= .831
.K 47 PEAK= 20478.00 MW MEAN= 17023.92 MU BASE= 
 13308.00 MU LF= .831
WK 48 PEAK= 21069.00 MW MEAN= 17757.46 MW BASE= 
 14186.00 MW LF= .843
UK 49 PEAK= 22611.00 MW MEAN= 19084.60 MW BASE= 
 14978.00 MW LF= .844
WK 50 PEAK= 22078:00 MW MEAN= 
 18355.80 MW BASE= 
 14543.00 MW LF= .831
UK 51 PEAK= 20270.00 MW MEAN= 15571.12 MW BASE= 
 12708.00 MW .F= .768
 

http:12708.00
http:15571.12
http:20270.00
http:14543.00
http:18355.80
http:14978.00
http:19084.60
http:22611.00
http:14186.00
http:17757.46
http:21069.00
http:13308.00
http:17023.92
http:20478.00
http:13507.00
http:17018.14
http:20481.00
http:12642.00
http:16290.18
http:20093.00
http:12576.00
http:165L3.82
http:20415.00
http:12602.00
http:16088.59
http:20530.00
http:12230.00
http:16176.52
http:19677.0C
http:11196.00
http:14432.22
http:18330.00
http:11010.00
http:13921.70
http:17553.00
http:10203.00
http:13458.32
http:17416.00
http:13108.34
http:16881.00
http:13034.74
http:16712.00
http:13051.60
http:16783.00
http:12574.10
http:15927.00
http:12467.11
http:15348.00
http:12258.24
http:15082.00
http:11404.11
http:14701.00
http:12059.45
http:14521.00
http:12166.15
http:14315.00
http:12089.89
http:14512.00
http:11937.92
http:14155.00
http:11955.95
http:14038.00
http:12172.35
http:14425.00
http:12512.13
http:14595.00
http:15038.00
http:12861.83
http:15230.00
http:13170.22
http:15608.00
http:10281.00
http:13153.24
http:16390.00
http:11373.00
http:14,591.68
http:17121.00
http:11659.00
http:14352.34
http:16548.00
http:10884.00
http:17878.00
http:11034.00
http:13197.80
http:17110.00
http:11551.00
http:15614.51
http:18669.00
http:12648.00
http:15721.89
http:18826.00
http:11648.00
http:15465.20
http:18785.00
http:11796.00
http:14929.10
http:18966.00
http:12037.30
http:16597.93
http:20504.00
http:12209.00
http:16441.67
http:20252.00
http:12651.00
http:16879.20
http:20633.00
http:13969.00
http:17532.01
http:21431.00
http:14218.00
http:17900.93
http:21619.00
http:14386.00
http:18476.80
http:21923.00
http:15643.00
http:19035.92
http:22808.00
http:15474.00
http:19668.73
http:23219.00
http:15569.00
http:19075.71
http:22903.00
http:14639.00
http:18734.24
http:21861.00
http:14999.00
http:18860.30
http:22159.00
http:13836.00
http:17741.20
http:21298.00


GPT-M Generation Planning Toots-Marginat Cost Analysis Module
 
C.Yermoli/Hagler,8aitty Inc. 
- Arlington, VA., USA
 
Release: 930202 Polish Power Grid Company - PPGC - Warsaw
 

PERIOD= 1
 
PERIOD PEAK LOAD (MW)= 

PERIOD MEAN LOAD (MW)= 

PERIOD BASE LOAD (MW)= 

PERIOD LOAD FACTOR= 


TARGET PEAK LOAD (MW)= 

TARGET MEAN LOAD (MW)= 

TARGET BASE LOAD (MW)= 

TARGET LOAD FACTOR= 


PEAK LOAD OF SELECTED WEEK (MW)= 

MEAN LOAD OF SELECTED WEEK (MW)=

BASE LOAD OF SELECTED WEEK (MW)=

LOAD FAC'OR OF SELECTED WEEK= 


PEAK LOAD AFTER OEAK SCALING (MW)=

MEAN LOAD AFTER PEAK SCALING (MW)=

BASE LOAD AFTER PEAK SCALING (MW)=

,OAO 
FACTOR AFTER PEAK SCALING= 


PEAK LOAD OF REPRESENTATIVE WEEK= 

MEAN LOAD OF REPRESENTATIVE WEEK= 

BASE LOAD OF REPRESENTATIVE WEEK= 

LOAD FACTOR OF REPRESENTATIVE WEEK= 


MEAN LOAD ACCURACY (PERCENT)= 


DAILY REPORT
 
DAY 1 PEAK= 
DAY 2 PEAK= 
DAY 3 PEAK= 
DAY 4 PEAK= 
DAY 5 PEAK= 
DAY 6 PEAK= 
DAY 7 PEAK= 

17845.13 MW MEAN= 

18239.83 MW MEAN= 

18248.69 MW MEAN= 

17930.36 MW MEAN= 

17599.91 MW MEAN= 

15149.28 MW MEAN= 

11540.25 MW MEAN= 


18966.00
 
13203.43
 
8652.00
 

.6962
 

18248.69
 
13838.44
 
8324.77
 

.7583
 

15325.92
 
13203.77
 
10258.85
 

.8615
 

18248.69
 
15721.83
 
12215.28
 

.8615
 

18248.69
 
13850.23
 
9993.54
 

.7590
 

99 9149
 

14437.00 MW BASE= 
 10601.04
 
15208.04 MW BASE= 11538.63
 
15244.98 MW BASE= 
 11637.66
 
14826.55 MW BASE= 11534.30
 
14804.35 MW BASE= 11507.45
 
11912.29 MW BASE= 10780.19
 
10518.43 MW BASE= 
 9993.54
 

http:10518.43
http:10780.19
http:11912.29
http:11507.45
http:14804.35
http:11534.30
http:14826.55
http:11637.66
http:15244.98
http:11538.63
http:15208.04
http:10601.04
http:14437.00
http:13850.23
http:18248.69
http:12215.28
http:15721.83
http:18248.69
http:10258.85
http:13203.77
http:15325.92
http:13838.44
http:18248.69
http:13203.43
http:18966.00
http:11540.25
http:15149.28
http:17599.91
http:17930.36
http:18248.69
http:18239.83
http:17845.13


GPT-M Generation Planning Toots-Marginal Cost Analysis Module

C.YermoLi/Hagier.BaiLty Inc. 
- Arlington, VA., USA
 
Release: 930202 Polish Power Grid Company - PPGC - Warsaw
 

PERIOD= 2
 
PERIOD PEAK LOAD (MW)= 

PERIOD MEAN LOAD (MW)= 

PERIOD BASE LOAD (MW)= 

PERIOD LOAD FACTOR= 


TARGET PEAK LOAD (MW)= 

TARGET MEAN LOAD (MW)= 

TARGET BASE LOAD (MW)= 

TARGET LOAD FACTOR= 


PEAK LOAD OF SELECTED WEEK (MW)=

MEAN LOAD OF SELECTED WEEK (MW)= 

BASE LOAD OF SELECTED WEEK (MW)= 

LOAD FACTOR OF SELECTED WEEK: 


PEAK LOAD AFTER PEAK SCALING (MW)=

MEAN LOAD AFTER PEAK SCALING (MW)= 

BASE LOAD AFTER PEAK SCALING (MW)= 

LOAD FACTOR AFTER PEAK SCALING= 


PEAK LOAD OF REPRESENTATIVE WEEK= 

MEAN LOAD OF REPRESENTATIVE WEEK= 

BASE LOAD OF REPRESENTATIVE WEEK= 

LOAD FACTOR OF REPRESENTATIVE WEEK= 


MEAN LOAD ACCURACY (PERCENT)= 


DAILY REPORT
 
DAY I PEAK= 23519.24 MW MEAN= 

DAY 2 PEAK= 23699.59 MW MEAN: 

DAY 3 PEAK= 22860.79 MW MEAN= 

DAY 4 PEAK= 22919.33 MW MEAN= 

DAY 5 PEAK= 22265.53 MW MEAN= 

DAY 6 PEAK= 19591.18 MW MEAN= 

DAY 7 PEAK= 16161.54 MW MEAN= 


23219.00
 
17161.02
 
10203.00
 

.7391
 

23699.59
 
18072.82
 
10414.18
 

.7626
 

20707.42
 
17200.16
 
13833.05
 

.8306
 

23699.59
 
19685.54
 
15831.89
 

.8306
 

23699.59
 
18087.43
 
13838.88
 

.7632
 

99.9192
 

19285.22 MW BASE= 14591.26
 
19745.92 Mu BASE= 
 15894.90
 
19035.97 MW BASE= 15453.80
 
19093.84 MW BASE= 15549.53
 
18701.76 MW BASE= 15544.79
 
16287.49 MW BASE= 
 14696.94
 
14461.82 MW BASE= 
 13838.88
 

http:13838.88
http:14461.82
http:14696.94
http:16287.49
http:15544.79
http:18701.76
http:15549.53
http:19093.84
http:15453.80
http:19035.97
http:15894.90
http:19745.92
http:14591.26
http:19285.22
http:13838.88
http:18087.43
http:23699.59
http:15831.89
http:19685.54
http:23699.59
http:13833.05
http:17200.16
http:20707.42
http:10414.18
http:18072.82
http:23699.59
http:10203.00
http:17161.02
http:23219.00
http:16161.54
http:19591.18
http:22265.53
http:22919.33
http:22860.79
http:23699.59
http:23519.24
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LOAD DURATION CURVE 
FOR PERIO I
 
WEEK POINT % PEAK % TIME
 

1 1 
 .0000 100.0000
 
1 2 
 .5476 100.0000
 
1 3 
 .5728 

1 4 .5979 

1 5 .6230 

1 6 .6482 

1 7 
 .6733 

1 8 .6984 

1 9 .7236 

1 10 .7487 

1 11 .7738 

1 12 .7989 

1 13 .8241 

1 14 .8492 

1 15 .8743 

1 16 .8995 

1 17 .9246 

1 18 .9497 

1 19 .9749 

1 20 1.0000 


PEAK LOAD (MW) = 

BASE LOAD (MW) = 

WEEKLY ENERGY (MWH) 

LOAD FACTOR (%) 


.9226
 
.8452
 
.7798
 
.6012
 

.5238
 

.5238
 
.5238
 
.5238
 

.5238
 

.5060
 

.3869
 

.3155
 

.2798
 

.2560
 

.2024
 
.1250
 

.0714
 

.0000
 
18248.70
 

9993.50
 
2326839.00
 

75.90
 

http:2326839.00
http:18248.70


CT-M Generation PLanning Tools-Marginal Cost Analysis Module
 
C.Yermoti/Hagler,Saitty 
Inc. - Arlington, VA., USA
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- PPGC Warsaw 

LOAD DURATION CURVE FOR PERIOD 2
 
WEEK POINT % PEAK % TIME
 

2 1 .0000 100.0000
 
2 2 .5839 100.0000
 
2 3 .6070 .9048
 
2 4 .6302 .8631
 
2 5 .6533 .7917
 
2 6 .6764 .6190
 
2 7 .6995 .5179
 
2 8 .7226 .4940
 
2 9 .7457 .4940
 
2 10 .7688 .4940
 
2 11 .7920 .4643
 
2 12 .8151 .4345
 
2 13 .8382 .3571
 
2 14 .8613 .3036
 
2 15 .8844 .1964
 
2 16 .9075 i488
 
2 17 .9307 .0952
 
2 18 .9538 .3655
 
2 19 .9769 J3357
 
2 2U 1.0000 .1000 

PEAK LOAD (MW) = 23699.60 
BASE LOAD (MW) = 13838.90 
WEEKLY ENERGY (MWH) 3038688.00 
LOAD FACTOR (%) = 76.32 

http:3038688.00
http:13838.90
http:23699.60
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APPENDIX 4.4: THEORY OF EXPECTED MARGINAL AND PRODUCTION COSTS 

ALGORITHM AND DERIVATION 

Consider a system of generating units numbered I to N in order of increasing variable cost.For unit j, call the rated capacity Rj, the probability of failure (forced outage rate) Fj, and thevariable cost Cj. Partial unit failures ,re ignored here for simplicity, but they lead to astraightforward generalization of the algorithm. The following notation will be useful also: 

MC = marginal cost of energy generation 

LOL = loss of load (load exceeding available capacity) 

LOL = 	 no loss of load 

subscript for a marginal cost of loss of load = 	 for a system including only the first 
j units 

(L) argument for a marginal cost or probability = as a function of load L 

P[LOL] = probability of LOL, often written LOLP (implicitly a function of L) 

E[X Y] = expected value of X given (conditional on) Y. 

Note that we consider instantaneous LOLP and MC here, not period quantities, which are
 
averages over the hours in a period.
 

Because of uncertainty in the availability of each unit, it is uncertain which unit would be at

the margin for any given load.

Indeed, it is possible that no 
unit would be at the margin because the load is too great to bemet. Rather than include this case in the expected marginal cost by means of a cost ofunserved energy, we exclude it b) defining the quantity of interest as a conditional marginal
 
cost:
 

CMC(L) = E[MCL) ILOL '. 

The corresponding conditional marginal cost for the first j units is 

CMCj(L) = E[MC/ L) ILOLj]. 

RCG/Hagler, Bailly, Inc. 



4.4.2 THEORY OF EXPECTED MARGINAL AND PRODUCTION COSTS 

CMCj(L) is undefined for L high enough that LOLPJ(L) = 1, because then the condition that 
load is met is impossible. 

For recursion, we would like an expression fo! CMCjl,) in terms of CMCj.1(L). Any
expectation can be expanded by conditioning on whether or not an event occurs [reference
such as Sheldon Ross's intro, probability text]. Let us expand CMCj(L) by conditioning on
whether or not the event LOLj., occurs, and temporarily supress notation of dependences on
 
L for simplicity:
 

CMC: = E[MCIILOLj" = P[LOL L 6Lj ] E[MCj ILOLj_ ,I L ] 
+ (1- P[LOLII! !-j ] ) E[MCiwu LOLU ] (1) 

If LOLj., occurs, unit j is at the margin because we are given that LO- does not occur.
Therefore the first expected marginal cost on the right above is Just C.The second is CMCj.I,because the condition LOLj is made irrelevant by the condition LOL,..
The first probability above can be found using the definition of conditional probability, as 
follows: 

P[LOL _,1 ILOL,] =P[LOL_1 , LOI/P[WOLI
 
(P[LOLj 1] - P[LOLj]) I (1 - P[LOL])
 

because the joint event [LOL,.,, LOL] is the event that the jth unit is at the margin: it isneeded to meet the load and succeeds in meeting it. The probability of this event is the
reduction in LO.P when the jth unit is added. Defining ALOLP as this reduction: 

ALOLP = P[LOL_1] - P[LOLJ], 

RCG/Hagler, Bailly, Inc. 



4.4.3 
THEORY OF EXPECTED MARGINAL AND PRODUCTION COSTS 

equation (1) gives 

CMC LOLP A LPj CMCl 

I PLOL. )) ill 1 - P(WL )
 
- [ALOP, 
 C. + (1 - L _,) CMCJJ] / (1 - P[LOLI]). 

Defining fu ther 

MCOJ = (1 - P[LOLj) CMC (also implicitly a function of L), 

gives the simple recursive formula 

Mco = Mco., + ALOLPJ C. (2) 
MCOi may be interpreted as the marginal cost of the first-j-units system, if the unservedenergy cost were zero (at load L, not conditional on this load being met). This can be seenby coniditioning MCOj on the three possible events that unit j is above the margin (load is met
ty a previous unit), at the margin, and below the margin (load is lost). 
 The resultingconditional-expectation expansion gives the two terms of equation (2), with the term for the
zero-cost third event dropping out.
 

The initial, empty-system condition for MCO1(L) is 

MCOo (L) = O for al] L 
(3) 

because the unserved energy has no cost. From this starting point we can apply equation (2)
recursively for j = 1... N and finally compute. 

CMCN (L) = MCO.N (L) / (1 - P[LOL (L)]), (4) 

The recursion requires the LOLPs for a system with j = I,..., N units.
These may be calculated recursively (Baleriaux and Booth 1977) together with MCOj. 
 Thisrecursion uses the conditional probability expansion resulting from conditioning on whetheror not unit j is available (giving the first and second terms below respectively): 

KCGE~agrer,_Ta-~yInc. 



4.4.4 
THEORY OF EXPECTED MARGINAL AND PRODUCTION COSTS 

P[LOLj(L)] = (1-F) P[LOL_,(L-Rj)] + F1 P[LOL_1 (L)]. 

The following rearrangement, in terms of the LOLP reduction when unit j is added, is more 
convenient here: 

ALOLPJ(L) = (1-F) [LOLPj1-(L) - LOLP_ (L-R,)],
 
LOLPj(L) = LOLPjI(L) - ALOLPj(L).
 

The initial, empty-system condition is (5) 

LOLPo (L) = [ 0iL- J0 
1 else 

(6) 
because any positive load cannot be met. Equations (2) to (6) are the basis for the followingalgorithm, which is implemented in Fortran in the appendix with a step size for discretizing
the functions of load. 

RCG/Hagler, Bailly, inc. 



4.4.5 
THEORY OF EXPECTED MARGINAL AND PRODUCTION COSTS 

Algorithm to find CMC(L) for 0 < L < System Capacity 

Initialize empty generationsystem: 
cumcap ,- 0
 
LOLP (0) *--0, MCO(0) - 0
 
Loop over units to build system: 
For units j =I to N:
 

Read Rj, Fj, Cj.
 
Initialize new states needed: 
For load levels L such that cumcap < 1 < cumcap + capj: 

LOLP(L) .- 1, MCO(L) 0 
cumcap ,- cumcap + cap,

Loop backward over load levels to update LOLP(L) and MCO(L):
For load levels L = cumcap down to 0
 
ALOLP 4- (1-F1) [LOLP(L) - LOLP(max(O,L-R-))]
 
LOLP(L) -- LOLP(L) - ALOLP
 
MCO(L) ,- MCO(L) + ALOLP C,


Scale MCO(L) to CMC(L) and return it: 
MCO(L) / [1-LOLP(L) if LOLP(L) d I

Return { undefined else for 0 < L < cumcap 

RCG/Hagler, Bailly, Inc. 



Appendix 4.5 
Short-Run Marginal Cost Analysis 



APPENDIX 4.5.1
 
YEAR 1993
 



POLISH POWER GRID COMPANY
 
HOURLY MARGINAL COST AND RELIABILITY ANALYSIS FOR 1993
 



GPT-N Generation Ptanning Tools-Narginat Cost Anatysis Modute
 
C.Yermoli/Hagler,8sitly 
Inc. - ArLington, VA., USA

Release: 930201 PoLish Power Grid Company 
 PPGZ Warsaw
 

UNIT AVAILABLE 

CAPACITY 


MW 

1 160.50 

2 160.50 

3 160.50 

4 160.50 

5 160.50 

6 160.50 

7 289.00 

8 289.00 

9 289.00 


10 289.00 

11 289.00 

12 289.00 

13 289.00 

14 289.00 

15 289.00 

16 289.00 

17 289.00 

18 289.00 

19 160.50 

20 160.50 

21 160.50 

22 160.50 

23 160.50 

24 160.50 

25 160.50 

26 160.50 

27 160.50 

28 96.30 

29 96.30 

30 85.10 

31 85.10 

32 26.50 

33 26.50 

34 26.50 

35 26.50 

36 59.00 

37 59.00 

38 59.00 

39 59.00 

L.0 32.10 

41 32.10 

42 32.10 

43 32.10 

44 32.10 

45 45.00 

46 45.00 

47 160.50 

48 160.50 

49 '60.5u 

50 ,63.50 


51 160.50 

52 160.50 

53 160.50 

54 "60.50 

55 "L8.50 

56 368.50 

57 160.50 

58 160.50 

59 160.50 

60 160.50 

6i 1o0.50 

62 160.50 

63 160.50 

64 160.50 

65 160.50 


FAILURE VARIABLE
 
RATE COST
 
% Cents/Kwh
 
10.60 1.56
 
10.60 1.56
 
10.60 1.56
 
10.60 1.56
 
10.60 1.56
 
10.60 1.56
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
12.10 1.72
 
12.10 1.72
 
11.20 1.78
 
11.20 1.78
 
10.00 1.78
 
10.00 1.78
 
10.00 1.78
 
10.00 1.78
 
15.80 1.80
 
15.80 1.80
 
15.80 1.80
 
15.80 1.80
 
13.00 1.92
 
13.00 1.92
 
13.00 1.92
 
13.00 1.92
 
13.00 1.92
 
12.30 1.93
 
12.30 1.93
 
9.50 1.99
 
9.50 1.99
 
9.50 1.99
 
9.50 1.99
 

9.50 1.99
 
9.50 1.99
 
9.50 1.99
 
9.50 1.99
 
30.00 2.00
 
30.00 2.00
 
7.10 2.00
 
7.10 2.00
 
7.10 2.00
 
7.10 2.00
 
7.10 2.00
 
7.10 2.00
 
7.10 2.00
 
7.10 2.00
 
10.80 2.07
 



66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

37 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 


100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 


160.50 

160.50 

160.50 

160.50 

160.50 

160.50 

160.50 

160.50 

144.50 

144.50 

144.50 

144.50 

80.30 

80.30 

160.50 

160.50 

160.50 

160.50 

160.50 

160.50 

160.50 

160.50 

160.50 

160.50 

160.50 

152.50 

152.50 

152.50 

152.50 

152.50 

152.50 

82.70 

82.70 

82.70 

82.70 

82.70 

82.70 

82.70 

84.30 

84.30 

84.30 

84.30 

84.30 

94.30 

72.20 

72.20 

72.20 

36.10 

36.10 

36.10 

32.90 

32.90 

32.90 

32.90 

32.90 

40.10 

40.10 

40.10 

40.10 

34.50 

34.50 

34.50 

34.50 

34.50 

34.50 

34.50 

40.10 

40.10 

40.10 

15.30 

15.30 

15.30 


10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

2.30 


13.40 

13.40 

13.4U 

13.40 

16.20 

16.20 

11.60 

11.60 

11.60 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

10.70 

10.70 

10.70 

10.70 

10.70 

10.70 

11.90 

11.90 

11.90 

11.90 

11.90 

11.90 

11.90 

11.60 

11.60 

11.60 

11.60 

11.60 

11.60 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.70 

10.70 

10.70 

10.70 

10.70 

11.80 

11.80 

11.80 

11.80 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

11.80 

11.80 

11.80 

15.70 

15.70 

15.70 


2.07
 
2.07
 
2.07
 
2.07
 
2.07
 
2.07
 
2.07
 
2.09
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.12
 
2.12
 
2.12
 
2.12
 
2.12
 
2.12
 
2.24
 
2.24
 
2.24
 
2.24
 
2.24
 
2.24
 
2.24
 
2.26
 
2.26
 
2.26
 
2.26
 
2.26
 
2.26
 
2.42
 
2.42
 
2.42
 
2.42
 
2.42
 
2.42
 
2.52
 
2.52
 
2.52
 
2.52
 
2.52
 
2.53
 
2.53
 
2.53
 
2.53
 
2.68
 
2.68
 
2.68
 
2.68
 
2.68
 
2.68
 
2.68
 
2.7
 
2.76
 
2.76
 
2.82
 
2.82
 
2.82
 



138 

139 

140 


LOAD 

MW 


0. 

1000. 

2000. 

3000. 

4000. 

5000. 

6000. 

7000. 

8000. 

9000. 


10000. 

11000. 

12000. 

13000. 

14000. 

15000. 

16000. 

17000. 

17160. 


15.30 15.70 2.82 
15.30 15.70 2.82 
15.30 15.70 2.82 

LOSS OF LOAD EXPECTED
 
PROBABILITY MARGINAL COST
 

Cents/Kwh
 
.OOOOOOE+O0 
 .0000
 
.OOOOOOE+O0 
 1.5720
 
.O0OOOOE+OO 
 1.5720
 
.OOOOOOE+O0 
 1.5779
 
.OOOOOOE+O0 
 1.6723
 
.840779E-44 
 1.7517
 
.111497E-35 
 1.9465
 
.156454E-28 
 1.9920
 
.273742E-22 
 2.0039
 
.702480E-17 
 2.0503
 
.297934E-12 
 2.0897
 
.228393E-08 
 2.1099
 
.334876E-05 
 2.1208
 
.952298E-03 
 2.1975
 
.507525E-01 
 2.3949
 
.480783E+00 
 2.6187
 
.963411E 00 
 2.7463
 
.999997E+00 
 2.8155
 
.I00000E01 
 2.8200
 



GPT-M Generation Planning TooLs-Marginat Cost Analysis Module
 
C.Yermoti/Nagier,Baitly 
Inc. - Arlington, VA., USA
 
Release: 930201 Polish Power Grid Company 
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PERICO 1 HYDROCONDITION 1 
HOURLY LOADS INMW 

TOTAL HYDRO ENERGY AVAILABLE (AV.MW) 


HOUR 1 MON 2 TUE 3 WED 
1 9540.7 10484.8 10605.8 
2 9520.2 10410.0 10494.5 
3 9487.9 10346.2 1U433.0 
4 9504.0 10297.1 10389.0 
5 9582.7 10231.0 10310.7 
6 9886.0 10365.9 10430.8 
7 12826.6 13895.8 14035.0 
8 15125.0 16010.2 16110.4 
9 15534.7 16567.1 16721.7 

10 15354.0 16473.4 16752.8 
11 15850.2 16853.1 16707.9 
12 16061.0 16911.2 16874.1 
13 15360.5 16099.3 15951.0 
14 13264.6 13807.0 13798.8 
15 13401.8 14108.2 14004.5 
16 13524.6 14419.6 14201.0 
17 13540.0 14431.2 14240.6 
18 13463.3 14191.4 14116.7 
19 14267.3 14922.5 14867.6 
20 16131.4 16647.5 16742.9 
21 16684.4 17101.7 17111.1 
22 15024.6 15686.8 15776.0 
23 13212.8 13765.7 14037.5 
24 10493.5 10625.1 10692.8 
PERIOD 1 HYDROCONDITION 1 

4 THU 
10588.7 
10435.2 
10403.5 
10315.7 
10227.5 
10316.6 
13549.9 
15435.4 
15935.9 
15833.6 
16155.0 
16186.9 
15400.0 
13483.0 
13548.7 
13685.0 
13636.1 
13437.5 
14276.2 
16144.5 
16774.5 
15359.8 
13342.2 
10492.3 

5 FRI 
10473.6 
10342.1 
10306.9 
10287.8 
10205.9 
10312.2 
13586.5 
15583.8 
16156.2 
15975.3 
16199.3 
16229.3 
15364.9 
13209.6 
13443.9 
13685.8 
13689.2 
13663.9 
14297.2 
15986.0 
16425.1 
15306.9 
13489.1 
10338.1 

6 SAT 
10131.7 
10061.6 
10060.9 
10011.5 
9842.9 
9626.2 
10002.8 
10216.0 
10386.5 
10562.9 
10632.8 
10651.6 
10458.3 
10100.9 
10122.2 
10117.8 
10060.7 
10076.1 
10335.3 
13412.5 
13833.7 
13682.1 
10480.9 
9872.1 

7 SUN 
9501.9 
9333.9 
9332.3 
9321.3 
9225.6 
9019.3 
9181.7 
9297.2 
9353.6 
9459.6 
9492.3 
9486.9 
9372.1 
9179.0 
9171.9 
9112.7 
9130.5 
9204.6 
9386.2 
9905.7 

10232.3 
10179.5 
9773.2 
9562.5 

TOTAL HYDRO MW 
HOUR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1 MON 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
874.9 
1294.9 
1114.9 
1614.9 
1814.9 
1114.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
1894.9 
2434.9 
774.9 
474.9 
474.9 

2 TUE 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 

1774.9 
2323.0 
2234.9 
2614.9 
2674.9 
1854.9 
474.9 
474.9 
474.9 
474.9 
474.9 
674.9 
2414.9 
2854:9 
1434.9 
474.9 
474.9 

3 WED 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
1874.9 
2474.9 
2514.9 
2474.9 
2634.9 
1714.9 
474.9 
474.9 
474.9 
474.9 
474.9 
634.9 
2494.9 
2874.9 
1534.9 
474.9 
474.9 

4 THU 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
1194.q 
1694. 
1594.9 
1914.9 
1934.9 
1154.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
1894.9 
2534.9 
1114.9 
474.9 
474.9 

5 FRI 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
1334.9 
1914.9 
1734.9 
1954.9 
1994.9 
1114.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
1734.9 
2174.9 
1054.9 
474.9 
474.9 

6 SAT 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
-74.9 
474.9 

7 SUN 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
74.9 

474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
474.9 
174.9 
.74.9 
474.9 

848.4000000
 
TOTAL HYDRO ENERGY DISPATCHED (AV.MW) 848.3997000
 



GPT-M Generation Planning Toots-Marginat Cost Analysis ModuLe
 
C.Yermoli/Hagter,BaiLty Inc. 
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PERIOD 1 HYDROCONDITION 1
 
THERMAL LOADS IN MW
 

HOUR 1 MON 

1 9065.8 

2 9045.3 

3 9013.0 

4 9029.1 

5 9107.8 

6 9411.1 

7 12351.7 

8 14250.1 

9 14239.8 


10 14239.1 

11 14235.3 

12 14246.1 

13 14245.6 

14 12789.7 

15 12926.9 

16 13049.7 

17 13065.1 

18 12988.4 

19 13792.4 

20 14236.5 

21 14249.5 


2 TUE 3 WED 

10009.9 10130.9 

9935.1 10019.6 

9871.3 9958.1 

9822.2 9914.1 

9756.1 9835.8 

9891.0 9955.9 

13420.9 13560.1 

14235.3 14235.5 

14244.1 14246.8 

14238.5 14237.9 

14238.2 14233.0 

14236.3 14239.2 

14244.4 14236.1 

13332.1 13323.9 

13633.3 13529.6 

13944.7 13726.1 

'956.3 13765.7 


13716.5 13641.8 

14247.6 14232.7 

14232.6 14248.0 

14246.8 14236.2 


22 14249.7 14251.9 14241.1 
23 12737.9 13290.8 13562.6 
24 10018.6 10150.2 10217.9 
PERIOD 1 HYDROCONDITION 1
 

HOURLY LOLP
 
HOUR 1 MON 2 TUE 3 WED 


4 THU 5 FRI 6 SAT 7 SUN
 
10113.8 9998.7 9656.8 9027.0
 
9960.3 9867.2 9586.7 8859.0
 
9928.6 9832.0 9586.0 8857.4
 
9840.8 9812.9 9536.6 
 8846.4
 
9752.6 9731.0 9368.0 8750.7
 
9841.7 9837.3 9153.3 8544.4
 
13075.0 13111.6 9527.9 
 8706.8
 
14240.5 14248.9 9741.1 8822.3
 
14241.0 14241.3 9911.6 8878.7
 
14238.7 14240.4 10088.0 
 8984.7
 
14240.1 14244.4 10157.9 9017.4
 
14252.0 14234.4 10176.7 9012.0
 
14245.1 14250.0 9983.4 8897.2
 
13008.1 12734.7 9626.0 8704.1 
13073.8 12969.0 9647.3 8697.0 
13210.1 13210.9 9642.9 8637.8 
13161.2 13214.3 9585.8 8655.6 
12962.6 13189.0 9601.2 8729.7 
13801.3 13822.3 9860.4 8911.3 
14249.6 14251.i 12937.6 9430.8 
14239.6 14250.2 13358.8 9757.4 
14244.9 14252.0 13207.2 9704.6 
12867.3 13014.2 10006.0 9298.3 
10017.4 9863.2 9397.2 9087.6 

4 THU 5 FRI 6 SAT 7 SUN

1 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 
2 .0000000 .0000000 .0000000 .COOOOOO .0000000 .0000000 .0000000 
3 .0000000 .0000000 .00000 0 .0000000 .0000000 .0000000 .0000000
4 .0000000 .0000000 .000O000 .0000000 .0000000 .0000000 .0000000

5 .0000000 .0000000 .000(000 .0000000 .0000000 .0000000 .0000000
6 .0000000 .OOOOCOO .0000000 .0000000 .0000000 .0000000 .0000000 
7 .0000482 .0077530 .0131778 .0018177 .0021385 .0000000 .00000008 .1278591 .1439558 .14',6777 .1350764 .1411073 .0000000 .0000000 
9 .1375100 .1479595 .146"'132 .1447556 .1464077 .0000000 .0000000
10 .1323400 .1464162 
 146;624 .1429441 .1449714 .0000000 .0000000

11 .1422939 .1464442 .1451024 .1460815 
.1474152 .0000000 .0000000
 
12 .1471612 .1459587 .2467009 .i93970 .14 
9109 .0000000 .0000000

13 .1342631 .1469442 .1436385 
.1352970 .1355700 .0000000 .0000000
 
14 .0004776 .0054415 .0052614 .0013438 .0003638 .0000000 .0000000
 
15 .0009225 .0172107 .0117688 .0018082 .0011227 .0000000 .0000000

16 .0016230 .0485385 .0238302 .0032763 .0032875 .0000000 .0000000
 
17 .0017387 .0502946 .0272645 .0026545 .0033351 .0000000 .0000000

18 .0012278 .0230541 
.0177364 .0010894 .0029940 .0000000 .0000000
 
19 .0298156 .1204096 .1147401 
.0306995 .0329005 .0000000 .0000000
 
20 .1450447 .1449892 .1490363 .1485703 
.1479237 .0009697 .0000000
 
21 .1494295 .1487236 .1459340 .1467993 
.1494773 .0060587 .0000000
 
22 .1243644 .1440678 .1427303 .1340550 .1343260 .0032358 .0000000
 
23 .0003695 .0045949 .0133029 .0006955 .0013817 .0000000 .0000000

24 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000
 



GPT-M Generation Planning Toots-Marginal Cost Analysis ModuLe
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PERIOD 1 HYDROCONDITION 1
 
HOURLY LOLP AS PERCENT OF THE WEEKLY LOLP OF 
= .708548E+01


HOUR 1MON 2 TUE 3 WED 4 THU 5 FRI 6 SAT 7 SUN 
1 .00000 • .00000 .00000 .00000 .00000 .00000 .00000 
2 
3 

.00000 

.00000 
.00000 
.00000 

.00000 

.00000 
.00000 
.00000 

.00000 

.00000 
.00000 
.00000 

.00000 

.00000 
4 
5 

.00000 

.00000 
.00000 
.00000 

.00000 

.00000 
.00000 
.00000 

.0000 

.00000 
.00000 
.00000 

.00000 

.00000 
6 
7 

.00000 

.00CS8 
.00000 
.10942 

.00000 

.18598 
.00000 
.02565 

.00000 

.03018 
.00000 
.00000 

.00000 

.00000 
8 
9 

10 
11 
12 
13 
14 
15 
16 

1.80452 
1.94073 
1.86776 
2.00825 
2.07694 
1.89490 
.00674 
.01302 
.02291 

2.03170 
2.08821 
2.06643 
2.06682 
2.05997 
2.07388 
.07680 
.24290 
.68504 

2.04189 
2.09884 
2.06567 
2.04788 
2.07044 
2.02722 
.07426 
.16610 
.33632 

1.90638 
2.04299 
2.01742 
2.06170 
2.10849 
1.90950 
.01897 
.02552 
.04624 

1.99150 
2.06631 
2.04604 
2.08053 
2.04518 
1.91335 
.00513 
.01584 
.04640 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
17 
18 
19 
20 

.02454 

.01733 

.42080 
2.04707 

.70983 

.32537 
1.69939 
2.04629 

.38479 

.25032 
1.61937 
2.10340 

.03746 

.01537 

.43327 
2.09683 

.04707 
.04225 
.46434 

2.08770 

.00000 

.00000 

.00000 

.01369 

.00000 

.00000 

.00000 

.00000 
21 
22 

2.10895 
1.75520 

2.09899 
2.03328 

2.05962 
2.01440 

2.07183 
1.89197 

2.10963 
1.89579 

.08551 

.04567 
.00000 
.00000 

23 
24 

.00522 

.00000 
.06485 
.00000 

.18775 

.00000 
.00982 
.00000 

.01950 

.00000 
.00000 
.00000 

.00000 

.00000 



GPT-M Generation Planning TooLs-MarginaL Cost AnaLysis Module
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PERI(D 1 HYOR,OCONDIT1ON 1
 
HOURLY MARGINAL GENERATION COST IN S/MWH
 

HOUR 
1 

1 MON 
2.05 

2 TUE 
2.09 

3 WED 
2.09 

4 THU 
2.09 

5 FRI 
2.09 

6 SAT 
2.08 

7 SUN 
2.05 

2 2.05 2.09 2.09 2.09 2.09 2.08 2.04 
3 
4 

2.05 
2.05 

2.09 
2.08 

2.09 
2.09 

2.09 
2.09 

2.09 
2.08 

2.08 
2.08 

2.04 
2.04 

5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 

2.06 
2.07 

2.14 
2.46 
2.47 
2.46 
2.47 
2.47 
2.47 
2.17. 
2.19 

2.08 
2.09 

2.27 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.26 
2.32 

2.09 
2.09 

2.30 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.25 
2.29 

2.05 
2.09 

2.21 
2.46 
2.47 
2.47 
2.47 
2.47 
2.47 
2.20 
2.21 

2.08 
a 09 
2.22 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.17 
2.20 

2.07 
2.06 

2.07 
2.08 
2.09 
2.09 
2.10 
2.10 
2.09 
2.08 
2.08 

2.04 
2.03 

2.03 
2.04 
2.04 
2.05 
2.05 
2.05 
2.05 
2.03 
2.03 

16 
17 
18 
19 

2.21 
2.21 
2.20 
2.35 

2.39 
2.39 
2.33 
2.46 

2.34 
2.35 
2.32 
2.46 

2.23 
2.23 
2.20 
2.35 

2.23 
2.24 
2.23 
2.36 

2.08 
2.08 
2.08 
2.09 

2.03 
2.03 
2.04 
2.05 

20 
21 

2.47 
2.47 

2.47 
2.47 

2.47 
2.47 

2.47 
2.47 

2.47 
2.47 

2.19 
2.26 

2.07 
2.08 

22 
23 

2.46 
2.17 

2.47 
2.25 

2.47 
2.30 

2.47 
2.18 

2.47 
2.20 

2.23 
2.09 

2.08 
2.07 

24 2.09 2.09 2.10 2.09 2.09 2.07 2.06 
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SUMMER SEASON - MAY TO OCTOBER
 
MORNING PEAK PRICING PERIOD
 

NO. OF WEEKLY HOURS= 
 30.00
 
AVERAGE WEEKLY MARGI",:L COST (CENTS/KWH)= 2.45
 

SUMMER SEASON - MAY TO OCTOBER
 
EVENING PEAK PRICING PERIGO
 

NO. OF WEEKLY HOURS= 
 15.00
 
AVERAGE WEEKLY MARGINAL COST (CENTS/KWH)= 2.46
 

SUMMER SEASON - MAY TO OCTOBER
 
OFF PEAK PRICING PERIOD
 

NO. OF WEEKLY HOURS= 
 123.00
 
AVERAGF WEEKLY MARGINAL C03T (CENTS/KWH)= 2.14
 



GPT-M Generation Planning Tools-Marginal Cost Analysis Modute
 
C.Yermoti/Hagier,Bailty Inc. 
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UNIT AVAILABLE FAILURE VARIABLE
 
CAPACITY RATE 
 COST
 

MW % Cents/Kwh
 
1 190.10 10.60 
 1.56
 
2 190.10 10.60 
 1.56
 
3 190.10 10.60 1.56
 
4 190.10 10.60 1.56
 
5 190.10 10.60 1.56
 
6 190.10 10.60 1.56
 
7 342.20 16.30 1.57
 
8 342.20 16.30 
 1.57
 
9 342.20 16.30 
 1.57
 

10 342.20 16.30 1.57
 
11 342.20 i6.30 1.57
 
12 342.20 16.30 1.57
 
13 342.20 16.30 1.57
 
14 342.20 16.30 
 1.57 
15 342.20 16.30 1.57 
16 342.20 16.30 1.57 
17 342.20 16.30 1.57 
18 342.20 16.30 1.57 
19 190.10 10.50 1.71 
20 190.10 10.50 1.71 
21 190.10 10.50 1.71 
22 190.10 10.50 1.71 
23 190.10 10.50 1.71 
24 190.10 10.50 1.71 
25 190.10 10.50 1.71
 
26 190.10 10.50 
 1.71
 
27 190.10 10.50 1.71
 
28 114.10 12.10 1.72
 
29 114.10 12.10 
 1.72
 
30 100.80 11.20 
 1.78
 
31 100.80 11.20 1.78
 
32 31.40 10.00 1.78
 
33 31.40 10.00 1.78
 
34 31.40 10.00 
 1.78
 
35 31.40 10.00 1.78
 
36 86.70 15.80 1.80
 
37 86.70 15.80 1.80
 
38 86.70 15.80 1.80
 
39 86.70 15.80 1.80
 
40 38.00 13.00 1.92
 
41 38.00 13.00 1.92
 
42 38.00 13.00 1.92
 
43 38.00 13.00 1.92
 
44 38.00 13.00 1.92
 
45 53.20 12.30 1.93
 
46 53.20 12.30 1.93
 
47 190.10 9.50 1.99
 
48 190.10 9.50 1.99
 
49 190.10 9.50 1.99
 
50 190.10 9.50 1.99
 
51 190.10 9.50 1.99
 
52 190.10 9.50 
 1.99
 
53 190.10 9.50 1.99
 
54 190.10 9.50 1.99
 
55 467.10 30.00 
 2.00
 
56 467.10 30.00 
 2.00
 
57 190.10 7.10 2.00
 
58 190.10 7.10 2.00
 
59 190.10 
 7.10 2.00
 
60 190.10 7.10 
 2.00
 
61 190.10 7.10 
 2.00
 
62 190.10 7.10 2.00
 
53 190.10 7.10 2.00
 
64 190.10 7.10 
 2.00
 
65 190.10 10.80 2.07
 



66 190.10 

67 190.10 

68 190.10 

69 190.10 

70 190.10 

71 190.10 

72 190.10 

73 190.10 

74 171.10 

75 171.10 

76 171.10 

77 171.10 

78 95.10 

79 95.10 

80 190.10 

81 190.10 

82 190.10 

83 190.10 

84 190.10 

85 190.10 

86 190.10 

87 190.10 

88 190.10 

89 190.10 

90 190.10 

91 180.60 

92 180.60 

93 180.60 

94 180.60 

95 180.60 

96 180.60 

97 97.90 

98 97.90 

99 97.90 


100 97.90 

101 97.90 

102 97.90 

103 97.90 

104 99.80 

105 99.80 

'00 99.80 

1)7 99.80 

18 99.80 

109 99.80 

110 85.60 

I11 85.60 

112 85.60 

113 42.80 

114 42.80 

115 42.80 

116 39.00 

117 39.00 

118 39.00 

119 39.00 

120 39.00 

121 47.50 

123 47.50 

123 47.50 

124 47.50 

125 40.90 

126 40.90 

127 40.90 

128 40.90 

129 40.90 

130 40.90 

131 40.90 

132 47.50 

133 47.50 

134 47.50 

135 18.10 

136 18.10
137 18.10 


10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

10.00 

2.30 


13.40 

13.40 

13.40 

13.20 

16.20 

16.20 

11.60 

11.60 

11.60 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

11.70 

10.70 

10.70 

10.70 

10.70 

10.70 

10.70 

11.90 

11.90 

11.90 

11.90 

11.90 

11.90 

11.90 

11.60 

11.60 

11.60 

11.60 

11.60 

11.60 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.70 
10.70 

10.70 

10.70 

10.70 

11.80 

11.80 

11.80 

11.80 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

11.80 

11.80 

11.80 

15.70 

15.70
15.70 


2.07
 
2.07
 
2.07
 
2.07
 
2.07
 
2.07
 
2.07
 
2.09
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.11
 
2.12
 
2.12
 
2.12
 
2.12
 
2.12
 
2.12
 
2.24
 
2.24
 
2.24
 
2.24
 
2.24
 
2.24
 
2.24
 
2.26
 
2.26
 
2.26
 
2.26
 
2.26
 
2.26
 
2.42
 
2.42
 
2.42
 
2.42
 
2.42
 
2.42
 
2.52 
2.52
 
2.52
 
2.52
 
2.52
 
2.53
 
2.53
 
2.53
 
2.53
 
2.68
 
2.68
 
2.68
 
2.68
 
2.68
 
2.68
 
2.68
 
2.76
 
2.76
 
2.76
 
2.82
 
2.82
2.82
 



138 

139 

140 


LOAD 

MW 


0. 

1000. 

2000. 

3000. 

4000. 

5000. 

6000. 

7000. 

8000. 

9000. 

10000. 

11000. 

12000. 

13000. 

14000. 

15000. 

16000. 

17000. 

18000. 

19000. 

20000. 

20980. 


18.10 15.70 2.82 
18.10 15.70 2.82 
18.10 15.70 2.82 

LOSS OF LOAD EXPECTED
 
PROBABILITY MARGINAL COST
 

Cents/Kwh
 
.OOOOOOE+00 
 .0000
 
.OOOOOOE+O0 
 1.5624
 
.OOOOOOE+O0 
 1.5720
 
.OOOOOOE+O0 
 1.5723
 
.OOOOOOE+00 
 1.5911
 
.OOOOOOE+00 
 1.6931
 
.700649E-44 
 1.7352
 
.323025E-37 
 1.8795
 
.338450E-31 
 1.9859
 
.860862E-26 
 1.9941
 
.589842E-21 
 2.0048
 
.117532E-16 
 2.0414
 
.722484E-13 
 2.0780
 
.143360E-09 
 2.1023
 
.947417E-07 
 2.1114
 
.211626E-04 
 2.1236
 
.159100E-02 
 2.1858
 
.393454E-01 
 2.3305
 
.311004E*00 
 2.5189
 
.816179E+00 
 2.6693
 
.994827E+00 
 2.7597
 
.100000E+01 
 2.8200
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PERIOD 2 HYDROCONDITION 1
 
HOURLY LOADS INMW
 

TOTAL HYDRO ENERGY AVAILABLE (AV.MW) 


HOUR 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 MON 
13162.8 
13064.6 
13043.4 
13149.0 
13490.3 
14114.2 
17908.0 
19348.6 
19543.7 

2 TUE 
14327.8 
14168.6 
14136.7 
14130.6 
14355.7 
14689.4 
18711.6 
20068.0 
20201.2 

3 WED 
13945.5 
13830.2 
13757.4 
13792.1 
13975.9 
14274.6 
17791.9 
19126.5 
19225.1 

4 THU 
14042.4 
13889.6 
13838.2 
13860.6 
14060.6 
14395.6 
17912.4 
19185.3 
19286.2 

5 FRI 
14013.8 
13904.6 
13841.1 
13837.8 
14044.3 
14304.6 
17683.3 
18983.2 
19025.7 

6 SAT 
13698.8 
13642.6 
13614.7 
13542.3 
13559.1 
13427.2 
13729.2 
13931.4 
14158.1 

7 SUN 
12764.8 
12553.1 
12555.1 
12596.7 
12685.8 
12519.7 
12600.6 
12561.8 
12463.1 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

19322.8 
19695.5 
19866.9 
19309.8 
17844.4 
18189.8 
19367.6 
20995.6 
22006.2 
22033.2 

19895.4 
20034.1 
20080.9 
19311.6 
17839.3 
18258.5 
19571.9 
21109.8 
22040.9 
22222.2 

19119.9 
19016.1 
19128.4 
18498.4 
17088.4 
17438.8 
18442.6 
20091.8 
21061.1 
21353.1 

18972.5 
19184.6 
19207.6 
18570.3 
17252.8 
17530.2 
18609.5 
20110.1 
21030.5 
21411.8 

18660.3 
18737.1 
18668.7 
17947.3 
14858.6 
16993.2 
18194.4 
19590.4 
20581.0 
20734.6 

14353.1 
14456.5 
14439.7 
14161.1 
13899.0 
14052.8 
14413.9 
16993.0 
17951.4 
17775.6 

12572.6 
12624.2 
12655.6 
12544.5 
12425.7 
12481.0 
12796.5 
13408.3 
13924.7 
14119.5 

20 
21 
22 
23 
24 

21942.4 
20128.5 
17586.3 
14819.8 
14504.0 

21972.6 
20126.7 
17827.7 
14867.6 
14576.8 

21148.8 
19459.2 
17183.1 
14585.5 
14182.2 

21181.0 
19479.8 
17097.4 
14512.1 
14203.4 

20510.0 
18881.9 
16879.1 
14359.4 
13834.6 

17961.3 
14764.2 
14359.3 
13747.6 
13128.3 

14359.6 
13874.6 
13437.5 
13140.0 
12894.6 

PERIOD 2 HYDROCONDITION I 

HOUR 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

TOTAL HYDRO MW
I MON 2 TUE 3 WED 
1849.9 1849.9 1849.9 
1849.9 1849.9 1849.9 
1849.9 1849.9 1849.9 
1849.9 1849.9 1849.9 
1849.9 1849.9 1849.9 
1849.9 1849.9 1849.9 
1849.9 2329.9 1849.9 
2949.9 3669.9 2729.9 
3149.9 3809.9 2829.9 
2929.9 3509.9 2729.9 
3309.9 3649.9 2629.9 

4 THU 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
2789.9 
2889.9 
2589.9 
2789.9 

5 FRI 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
2589.9 
2629.9 
2269.9 
2349.9 

6 SAT 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 

7 SUN 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 
1849.9 

12 
13 
14 

3469.9 
2909.9 
1849.9 

3689.9 
2929.9 
1849.9 

2729.9 
2109.9 
1849.9 

2809.9 
2187.8 
1849.9 

2269.9 
1849.9 
1849.9 

1849.9 
1849.9 
1849.9 

1849.9 
1849.9 
1849.9 

15 
16 
17 
18 
19 

1849.9 
2969.9 
4609.9 
5609.9 
5649.9 

1869.9 
3189.9 
4709.9 
5649.9 
5829.9 

1849.9 
2049.9 
3709.9 
4669.9 
4969.9 

1849.9 
2209.9 
3709.9 
4649.9 
5029.9 

1849.9 
1849.9 
3209.9 
4189.9 
4349.9 

1849.9 
1849.9 
1849.9 
1849.9 
1849.9 

1849.9 
1849.9 
1849.9 
1849.9 
1849.9 

20 
21 
22 
23 

5549.9 
3729.9 
1849.9 
1849.9 

5589,9 
3729.9 
1849.9 
1849.9 

4749.9 
3069.9 
1849.9 
1849.9 

4789.9 
3089.9 
1849.9 
1849.9 

4109.9 
2489.9 
1849.9 
1849.9 

1849.9 
1849.9 
1849.9 
849.9 

1849.9 
1849.9 
1849.9 
1849.9 

24 1849.9 1849.9 1849.9 1849.9 1849.9 1849.9 1849.9 
2439.0300000
 

TOTAL HYDRO ENERGY DISPATCHED (AV.MW) 2439.0320000
 



GPT-M Generation Planning Toots-Marginal Cost Analysis ModuLe

C.Yermoti/Hagter,Baitty 
Inc. - Arlington, VA., USA
 
Release: 930201 Polish Power Grid Company 
- PPGC - Warsaw
 

PERIOD 2 HYDROCONDITION 1
 
THERMAL LOADS IN MW


HOUR 1 MON 2 TUE 3 WED 4 THU 5 FRI 
 6 SAT 7 SUN
1 11312.9 12477.9 12095.6 12192.5 12163.9 
11848.9 10914.9

2 11214.7 
 12318.7 11980.3 12039.7 12054.7 11792.7 
10703.2
3 11193.5 12286.8 11907.5 11988.3 11991.2 
 11764.8 10705.2
4 11299.1 12280.7 
 11942.2 12010.7 
 11987.9 11692.4 
 10746.8
5 11640.4 12505.8 12126.0 
 12210.7 12194.4 
 11709.2 10835.9

6 12264.3 
 12839.5 12424.7 12545.7 12454.7 11577.3 
 10669.8
7 16058.1 16381.7 15942.0 
 16062.5 15833.4 
 11879.3 10750.7

8 16398.7 16398.1 16396.6 
 16395.4 16393.3 12081.5 
 10711.9
9 16393.8 16391.3 
 16395.2 16396.3 
 16395.8 12308.2 
 10613.2
10 16392.9 16385.5 16390.0 
 16382.6 16390.4 
 12503.2 10722.7
11 16385.6 16384.2 
 16386.2 16394.7 
 16387.2 12606.6 
10774.3
12 16397.0 16391.0 16398.5 16397.7 
 16398.8 12589.8 
 10805.7
13 16399.9 16381.7 16388.5 
 16382.5 16097.4 12311.2 10694.6
14 15994.5 15989.4 
 15238.5 15402.9 13008.7 12049.1 10575.8
15 16339.9 16388.6 15588.9 
 15680.3 15143.3 12202.9 10631.1
16 16397.7 16382.0 
 16392.7 16399.6 16344.5 12564.0 10946.6
17 16385.7 16399.9 
 16381.9 16400.2 
 16380.5 15143.1 
 11558.4
18 16396.3 16391.0 16391.2 16380.6 16391.1 
 16101.5 12074.8
19 16383.3 16392.3 
 16383.2 16381.9 
 16384.7 15925.7 
 12269.6
20 16392.5 16382.7 16398.9 
 16391.1 16400.1 
 16111.4 12509.7


21 16398.6 16396.8 16389.3 
 16389.9 16392.0 12914.3 
 12024.7
22 15736.4 15977.8 15333.2 
 15247.5 15029.2 12509.4 11587.6

23 12969.9 13017.7 12735.6 12662.2 
 12509.5 11897.7 
11290.1
24 12654.1 12726.9 12332.3 12353.5 11984.7 
 11278.4 11044.7
 
PERIOD 2 HYDROCONDITION 
 I
 

HOURLY LOLP
 
HOUR I MON 
 2 TUE WED 4 THU 5 FRI 6 SAT 
 7 SUN
1 
.0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000

2 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000
3 
.0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000
4 
.0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000
5 
.0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000
6 .0000000 .0000002 .0000000 .0000000 .0000000 .0000000 .0000000

7 .0153660 .0401009 .0123287 .0154921 .0099426 .0000000 .0000000
8 
.0524496 .0560296 .0492984 .0502163 .0465810 .0000000 .0000000
9 .0541339 .0559927 .0508008 .0516501 .0474688 .0000000 .0000000
10 .0520341 .0555044, .0490555 .0461476 .0389578 .0000000 .0000000

11 .0548470 .0557116 .0470903 .0501915 .0408543 .0000001 .0000000
12 .0556687 .0558998 .0493683 .0505970 .0393445 .0000001 
.0000000

13 .0520176 .0516731 
.0345888 .0364153 .0165213 .0000000 .0000000
14 .0136359 .0135039 .0025365 
.0038295 .0000005 .0000000 .0000000
15 .0253475 .0280677 .0059066 .0072213 .0019727 .0000000 .0000000
16 .C526400 .0540894 .0331486 .0378065 .0255490 .0000001 .0000000
17 .C559558 .0562417 .0557267 .0561114 .0541781 
.0019717 .0000000

18 
 .0561692 .0560626 .0560666 .0558532 .0560616 .0166456 .0000000
19 .0559075 .0560887 .0559055 
.0558794 .0559353 .0119441 .0000000
20 .0560928 .0558954 .0562216 .0560646 .0562398 .0169495 .0000000
21 
 .0560937 .0560561 .0533716 .0535610 .0443938 .0000003 .0000000
22 .0C31384 .0132085 .0032264 .0025959 .0014409 .0000000 .0000000
23 .000004 
.0000006 .0000001 .0000001 .0000000 .0000000 .0000000
24 .0000001 .0000001 .0000000 .0000000 .0000000 .0000000 .0000000
 



GPT-M Generation Planning Tools-Marginat Cost Analysis Module
 
C.Yermoti/Hagler,Baitly Inc. 
- Arlington, VA., USA
 
Release: 930201 Polish Power Grid Coffpany - PPGC - Warsaw
 

PERIOD 2 HYDROCONDITION 1
 
HOURLY LOLP AS PERCENT OF THE WEEKLY LOLP OF 
= .330385E+01
 

HOUR 
1 

1 MON 
.00000 

2 TUE 
.00000 

3 WED 
.00000 

4 THU 
.00000 

5 FRI 
.00000 

6 SAT 
.00000 

7 SUN 
.00000 

2 .00000 .00000 .00000 .00000 .00000 .00000 .00000 
3 
4 
5 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
6 .00000 .00001 .00000 .00000 .00000 .00000 .00000 
7 
8 
9 

.46509 
1.58753 
1.63851 

1.21376 
1.69589 
1.69477 

.37316 
1.49215 
1.53762 

.46891 
1.51993 
1.56333 

.30094 
1.40990 
1.43677 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
10 
11 
12 
13 

1.57495 
1.66009 
1.68496 
!.57445 

1.67999 
1.68626 
1.69196 
1.56403 

1.48480 
1.42531 
1.49427 
1.04692 

1.39678 
1.51918 
1.53145 
1.10221 

1.17916 
1.23657 
1.19087 
.50006 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
14 
15 
16 
17 

.41273 
.76721 
1.59329 
1.69365 

.40873 

.84954 
1.63716 
1.70231 

.07677 
.17878 
1.00333 
1.68672 

.11591 

.21857 
1.14432 
1.69836 

.00002 

.05971 

.77331 
1.63985 

.00000 

.00000 

.00000 

.05968 

.00000 

.00000 

.00000 

.00000 
18 
19 

1.70011 
1.69219 

1.69688 
1.69768 

1.69701 
1.69213 

1.69055 
1.69134 

1.69686 
1.69303 

.50382 

.36152 
.00000 
.00000 

20 
21 

1.69780 
1.69703 

1.69183 
1.69669 

1.70170 
1.61543 

1.69694 
1.62117 

1.70225 
1.34370 

.51302 

.00001 
.00000 
.00000 

22 
23 

.24633 
.00001 

.39979 

.00002 
.09766 
.00000 

.07857 

.00000 
.04361 
.00000 

.00000 

.00000 
.00000 
.00000 

24 .00000 .00000 .00000 .00000 .00000 .00000 .00000 



GPT-M Generation Planning Toots-MarginaL Cost Anatysis Module
 
C.Yermoti/Hagler,BaiLty Inc. 
- Arlington, VA., USA
 
Release: 930201 Polish Power Grid Company -
 PPGC - Warsaw 

PERIOD 2 HYDROCONDITIOI 1
 
HOURLY MARGINAL GENERATION COST IN S/MWH


HOUR 1 MON 2 TUE 3 WED 4 THU 
 5 FRI 6 SAT 7 SUN

1 2.06 2.09 2.08 2.08 
 2.08 2.08 2.04
 
2 2.05 2.09 2.08 2.08 2.08 2.07 
 2.03

3 2.05 2.09 2.08 2.08 2.08 2.07 
 2.03
 
4 2.06 2.09 2.08 2.08 2.08 2..7 
 2.03
 
5 2.07 2.09 2.08 2.08 2.OP 
 2.07 2.01.
 
6 2.09 2.10 2.09 2.09 2.09 
 2.07 2.03
 
7 2.21 2.25 2.19 2.21 2.18 2.08 2.03
 
8 2.26 2.26 2.26 2.26 2.26 2.08 
 2.03
 
9 2.26 2.26 2.26 2.26 2.26 2.09 
 2.03
 

10 2.26 2.26 2.26 2.25
2.25 2.09 2.03
 
11 2.26 2.26 2.25 2.26 2.25 
 2.09 2.03

12 2.26 2.26 2.26 2.26 2.25 2.09 
 2.04
 
13 2.26 2.26 2.25 2.25 2.21 
 2.09 2.03
 
14 2.20 2.20 2.14 
 2.15 2.10 2.08 2.03

15 2.24 2.25 2.16 2.17 
 2.14 2.08 2.03
 
16 2.26 2.26 2.25 2.25 2.24 2.09 2.04
 
17 2.26 2.26 2.26 2.26 2.26 2.14 
 2.07
 
18 2.26 2.26 2.26 2.26 2.26 2.21 
 2.08
 
19 2.26 2.26 2.26 2.26 2.26 2.19 
 2.09
 
20 2.26 2.26 2.26 2.26 2.26 
 2.21 2.09
 
21 2.26 2.26 2.26 2.26 
 2.25 2.10 2.08
 
22 2.18 2.20 2.15 2.14 
 2.13 2.09 2.07
 
23 2.10 2.10 2.10 2.10 
 2.09 2.08 2.06
 
24 2.10 2.10 2.09 
 2.09 2.08 2.06 2.05
 



GPT-M Generation Planning Toots-Marginal Cost Analysis Module
 
C.Yermoti/Hagter,BaitLy Inc. 
- Arlington, VA., USA
 
Release: 930201 Polish Power Grid Company 
- PPGC - Warsaw 

WINTER SEASON - NOVEMBER TO APRIL
 
MORNING PEAK PRICING PERIOD
 

NO. OF WEEKLY HOURS= 
 30.00
 
AVERAGE WEEKLY MARGINAL COST (CENTS/KWH)= 2.25
 

WINTER SEASON - NOVEMBER TO APRIL
 
EVENING PEAK PRICING PERIOD
 

NO. OF WEEKLY HCXURS= 
 25.00
 
AVERAGE WEEK' 
 ,ARGINAL COST (CENTS/KWH)= 2.26
 

WINTER SEASCN - NOVEMBER TO APRIL
 
OFF PEAK PRICING PERICO
 

NO. OF WEEKLY HOURS= 
 113.00
 
AVERAGE WEEKLY MARGINAL COST (CENTS/KWH)= 2.10
 

\X2
 



APPENDIX 4.5.2
 
YEAR 1997
 



POLISH POWER GRID COMPANY
 
HOURLY MARGINAL COST AND RELIABILITY ANALYSIS FOR 1997
 



GPT-M Generation Planning Tools-Marginal Cost AnaLysis Module
 
C.Yermoii/Hagter,Baitty Inc. - Arlington, VA., USA
 
Release: 930201 


UNIT AVAILABLE 

CAPAC:TY 


MW 

1 160.50 
2 160.50 
3 160.50 
4 150.50 

5 160.50 

6 160.50 

7 160.50 

8 160.50 

9 289.00 

10 289.00 

11 289.00 

12 289.00 

13 289.00 

14 289.00 

15 289.00 

16 289.00 

17 289.00 

18 289.00 

19 289.00 

20 289.00 

21 160.50 

22 160.50 

23 160.50 

24 160.50 

25 160.50 

26 160.50 

27 160.50 

28 160.50 

29 96.30 

30 96.30 

31 85.10 

32 85.10 

33 26.50 

34 26.50 

35 26.50 

36 59.00 

37 59.00 

38 59.00 

39 59.00 

-0 59.00 

.1 32.10 

42 32.10 

43 32.10 

44 32.10 

.5 32.10 

46 32.10 

47 45.00 

48 160.50 

49 160.50 

50 *60.50 

51 160.50 

52 160.50 

53 160.50 

54 160.50 

55 1!0.50 

56 368.50 

57 368.50 

58 289.00 

59 289.00 

60 289.00 

61 289.00 

62 289.00 

63 289.00 

64 160.50 

65 160.50 


Polish Power Grid Company - PPGC Warsaw 

FAILURE VARIABLE
 
RATE COST
 
% Cents/Kwh
 
10.60 1.56
 
10.60 1.56
 
10.60 1.56
 
10.60 1.56
 
10.60 1.56
 
10.60 1.56
 
10.60 1.56
 
10.60 1.56
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
16.30 1.57
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
10.50 1.71
 
12.10 1.72
 
12.10 1.72
 
11.20 1.78
 
11.20 1.78
 
10.00 1.78
 
10.00 1.78
 
10.00 1.78
 
15.80 1.80
 
15.80 1.30
 
'5.80 	 1.80
 
.80 1.80
 

15.80 1.80
 
13.00 1.92
 
13.00 1.92
 
13.00 1.92
 
13.00 1.92
 
13.00 1.92
 
13.00 1.92
 
12.30 1.93
 
9.50 1.99
 
9.50 1.99
 
7.50 1.99
 
9.50 1.99
 
9.50 1.99
 
9.50 1.99
 
9.50 1.99
 
9.50 1.99
 

30.00 2.00
 
30.00 2.00
 
10.80 2.00
 
10.80 2.00
 
10.80 2.00
 
10.80 2.00
 
10.80 2.00
 
10.80 2.00
 
7.10 2.00
 
7.10 2.00
 



^
66 160.50 7.10 2.C
 
67 160.50 7.10 2.0,
 
68 160.50 7.10 2.00
 
69 160.50 7.10 
 2.00
 
70 160.50 7.10 2.00 
71 160.50 7.10 2.00
 
72 160.50 10.80 
 2.07
 
73 160.50 10.80 
 2.07
 
74 160.50 10.80 2.07
 
75 160.50 10.80 
 2.07
 
76 160.50 10.80 
 2.07
 
77 160.50 10.80 2.07
 
78 160.50 10.80 
 2.07
 
19 160.50 10.80 2.07
 
8li 144.50 13.40 
 2.11
 
81 144.50 13.40 2.11
 
82 144.50 13.40 
 2.11
 
83 144.50 13.40 
 2.11
 
84 80.30 16.20 
 2.11
 
85 80.30 16.20 
 2.11
 
86 160.50 11.60 2.11
 
87 160.50 11.60 
 2.11
 
88 160.50 11.60 2.11
 
89 160.50 11.70 
 2.11
 
90 160.50 11.70 
 2.11
 
91 160.50 11.70 2.11
 
92 160.50 11.70 
 2.11
 
93 160.50 11.70 
 2.11
 
94 160.50 11.70 
 2.11
 
95 160.50 11.70 
 2.11
 
96 160.50 11.70 
 2.11
 
97 152.50 10.70 2.12
 
98 152.50 10.70 
 2.12
 
99 152.50 10.70 2.12
 

100 152.50 10.70 
 2.12
 
101 152.50 10.70 2.12
 
102 152.50 10.70 
 2.12
 
103 82.70 11.90 2.24
 
104 82.70 11.90 
 2.24
 
105 82.70 11.90 
 2.24
 
106 82.70 11.90 
 2.24
 
107 82.70 11.90 
 2.24
 
108 82.70 11.90 2.24
 
109 82.70 11.90 
 2.24
 
110 84.30 
 2.602.26 
I11 84.30 11.60 2.26
 
112 84.30 11.60 
 2.26
 
113 84.30 11.60 
 2.26
 
114 84.30 11.60 
 2.26
 
115 84.30 11.60 2.26
 
116 36.10 0.40 
 2.42 
117 36.10 10.40 2.42
 
118 36.10 10.40 
 2.42
 
119 32.90 10.70 2.52
 
120 40.10 fl.80 
 2.53
 
121 0.10 1.80 
 2.53
 
'22 40.10 !1.80 
 2.53
 
123 40.10 11.80 
 2.53
 
124 34.50 10.40 
 2.63
 
125 34.50 10.40 
 2.68
 
126 34.50 '0.40 
 2.68
 
127 34.50 10.40 2.68
 
128 34.50 10.40 
 2.68
 
129 34.50 10.40 2.68
 
130 34.50 10.40 
 2.68
 
131 40.10 11.80 2.76
 
132 40.10 11.80 
 2.76
 
133 40.10 11.80 
 2.76
 
134 15.30 15.70 
 2.82
 
135 15.30 15.70 
 2.82
 
136 15.30 15.70 2.82
 
137 15.30 15.70 2.82
 



138 

139 

140 

141 


LOAD 

MW 


0. 

1000. 

2000. 

3000. 

4000. 

5000. 

6000. 

7000. 

8000. 

9000. 


10000. 

11000. 

12000. 

13000. 

14000. 

15000. 

16000. 

17000. 

18000. 

18680. 


15.30 15.70 2.82 
15.30 15.70 2.82 
109.50 12.00 4.64 
109.50 12.00 4.64 

LOSS OF LOAD EXPECTED
 
PROBABILITY MARGINAL COST
 

Cents/Kwh
 
.OOOOOOE+00 .0000
 
.OOOOOOE00 
 1.5633
 
.OOOOOOE+00 1.5720
 
.OO0ClE+OO 1.5737
 
.OOOOOOE+00 
 1.6389
 
.OOOOOOE+OO 1.7348
 
.698982E-40 1.9166
 
.806423E-33 1.9905
 
.139853E-26 
 1.9950
 
.439135E-21 
 1.9967
 
.287344E-16 2.0156
 
.434628Eo12 2.0667
 
.162636E-08 2.1009
 
.155262E-05 2.1134
 
.375056E-03 2.1485
 
.218539E-01 2.3331
 
.285566E+00 
 2.8211
 
.854229E+00 
 3.5173
 
.998909E+00 4.2893
 
.1000OOE-01 4.6370
 



GPT-M Generation Planning Toots-Marginat Cost Analysis Module
 
C.YermoLi/Hagier,Baitty Inc. 
- Arlington, VA., USA
 
Release: 930201 Polish Power Grid Company 
- PPGC - Warsaw
 

PERIOD 1 HYDROCONDITION 1
 
HOURLY LOADS IN MW
 

HOUR 
1 

1 MON 
10668.6 

2 TUE 
11853.2 

3 WED 
12002.1 

4 THU 
11981.2 

5 FRI 
11839.3 

6 SAT 
11414.9 

7 SUN 
1061K.0 

2 
3 

10642.4 
10601.0 

11760.8 
11681.8 

11865.1 
11789.1 

11791.9 
11752.6 

11676.7 
11633.0 

11327.2 
11326.4 

10403.0 
10400.9 

4 10621.7 11620.8 11734.7 11643.9 11609.2 11264.5 10386.7 
5 
6 
7 

10722.3 
1* 06.7 
14196.9 

11538.6 
11706.2 
15205.0 

11637.7 
11786.5 
15339.7 

11534.3 
11645.1 
14881.0 

11507.4 
11639.6 
14915.5 

11052.4 
10780.2 
11253.6 

10262.8 
9993.5 

10205.8 
8 
9 

10 
11 

16370.5 
16757.9 
16587.0 
17056.3 

M7207.6 
17734.3 
17645.6 
18004.7 

1702.3 
17880.4 
17909.8 
17867.4 

16664.1 
17137.3 
17040.6 
17344.5 

16804.4 
17345.7 
17174.6 
17386.5 

11520.0 
11731.6 
11949.4 
12035.3 

10355.5 
10428.4 
10564.7 
10606.7 

12 
13 
14 
15 
16 
17 

17255.6 
16593.2 
14611.1, 
14740.8 
14857.0 
14871.6 

18059.6 
17291.9 
15124.1 
15408.9 
15703.4 
15714.4 

18024.6 
17151.6 
15116.3 
15310.8 
15496.7 
15534.1 

17374.6 
16630.5 
14817.7 
14879.8 
15008.7 
14962.5 

17414.8 
16597.4 
14559.1 
14780.7 
15009.5 
15012.6 

12058.4 
11820.4 
11376.5 
11403.1 
11397.5 
11326.2 

10599.8 
10452.2 
10202.3 
10193.0 
10115.8 
10139.1 

18 
19 
20 
21 
22 
23 

14799.0 
15559.3 
17322.2 
17845.1 
16275.5 
14562.2 

15487.6 
16178.9 
17810.3 
18239.8 
16901.7 
15085.0 

15416.9 
16127.0 
17900.5 
18248.7 
16986.1 
15342.1 

14774.7 
15567.8 
17334.6 
17930.4 
16592.6 
14684.6 

14988.8 
15587.6 
17184.7 
17599.9 
16542.5 
14823.4 

11345.4 
11668.2 
14751.0 
15149.3 
15005.9 
11848.3 

10235.6 
10470.5 
11131.6 
11540.2 
11474.6 
10964.3 

24 11863.9 12025.9 12109.0 11862.3 11671.7 11089.3 10696.5 
PERIOD 1 HYDROCONDITION 

TOTAL HYDRO MW 
HOUR 
1 

I MON 
629.7 

2 TUE 
629.7 

3 WED 
629.7 

4 THU 
629.7 

5 FRI 
629.7 

6 SAT 
629.7 

7 SUN 
629.7 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

629.7 
629.7 
629.7 
629.7 
629.7 
629.7 

'169.7 
1549.7 
1389.7 
11149.7 

629.7 
629.7 
629.7 
629.7 
629.7 
629.7 
2009.7 
2529.7 
2449.7 
2809.7 

629.7 
629.7 
629.7 
629.7 
629.7 
629.7 

2109.7 
2689.7 
2709.7 
2669.7 

629.7 
629.7 
629.7 
629.7 
629.7 
629.7 
1469.7 
1929.7 
1849.7 
2149.7 

629.7 
629.7 
629.7 
629.7 
629.7 
629.7 
1609.7 
2149.7 
1969.7 
2189.7 

629.7 
629.7 
629.7 
629.7 
629.7 
629 
629.7 
629.7 
629.7 
629.7 

629.7 
629.7 
629.7 
629.7 
629.7 
629.7 
629.7 
629.7 
629.7 
629.7 

12 
13 

2U49.7 
1389.7 

2849.7 
2089.7 

2829.7 
1949.7 

2169.7 
1429.7 

2209.7 
1389.7 

629.7 
629.7 

629.7 
629.7 

14 629.7 629.7 629.7 629.7 629.7 629.7 629.7 
15 
16 
17 
18 

629.7 
629.7 
629.7 
629.7 

629.7 
629.7 
629.7 
629.7 

629.7 
629.7 
629,7 
629.7 

629.7 
629.7 
629.7 
629.7 

629.7 
629.7 
629.7 
629.7 

629.7 
629.7 
629.7 
629.7 

629.7 
629.7 
629.7 
629.7 

19 629.7 969.7 929.7 629.7 629.7 629.7 629.7 
20 
21 
22 
23 
24 

2129.7 
2649.7 
1069.7 
629.7 
629.7 

2609.7 
3048:4 
1709.7 
629.7 
629.7 

2709.7 
3049.7 
1789.7 
629.7 
629.7 

2129.7 
2729.7 
1389.7 
629.7 
629.7 

1989.7 
2409.7 
13( 9.7 
629.7 
629.7 

629.7 
629.7 
629.7 
629.7 
629.7 

629.7 
629.7 
629.7 
629.7 
629.7 

TOTAL HYDRO ENERGY AVAILABLE (AV.MW) 1026.6000000
 
TOTAL HYDRO ENERGY DISPATCHED (AV.MW) 1026.5980000
 



GPT-M Generation Planning Toots-Margina Cost Analysis Module
 
C.YermoLi/Hagter,BaitLy Inc. 
- Arlington, VA., USA
 
Release: 930201 Polish Power Grid Conany -
PPGC - Warsaw
 

1 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000
 

PERIOI 1 HYDROCONDITION 1 

HOUR 
1 
2 
3 

THERMAL LOADS INMW 
1 MON 2 TUE 3 WED 
10038.9 11223.5 11372.4 
10012.7 11131.1 11235.4 
9971.3 11052.1 11159.4 

4 THU 
11351.5 
11162.2 
11122.9 

5 FRI 
11209.6 
11047.0 
11003.3 

6 SAT 
10785.2 
10697.5 
10696.7 

7 SUN 
9989.3 
9773.3 
9771.2 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

9992.0 
10092.6 
10477.0 
13567.2 
15200.8 
15208.2 
15197.3 
15206.6 
15205.9 
15203.5 
13981.4 
14111.1 
14227.3 
14241.9 
14169.3 
14929.6 
15192.5 
15195.4 
15205.8 
13932.5 
11234.2 

10991.1 
10908.9 
11076.5 
14578.3 
15197.9 
15204.6 
15195.9 
15195.0 
15209.9 
15202.2 
14494.4 
14779.2 
15073.7 
15084.7 
14857.9 
15209.2 
15200.6 
15191.4 
15192.0 
14455.3 
11396.2 

11105.0 
11008.0 
11156.8 
14710.0 
15192.6 
15190.7 
15200.1 
15197.7 
15194.9 
15201.9 
14486.6 
14681.1 
14867.0 
14904.4 
14787.2 
15197.3 
15190.8 
15199.0 
15196.4 
14712.4 
11479.3 

11014.2 
10904.6 
11015.4 
14251.3 
15194.4 
15207.6 
15190.9 
15194.8 
15204.9 
15200.8 
14188.0 
14250.1 
14379.0 
14332.8 
14145.0 
14938.1 
15204.9 
15200.7 
15202.9 
14054.9 
11232.6 

10979.5 
10877.7 
11009.9 
14285.8 
15194.7 
15196.0 
15204.9 
15196.8 
15205.1 
15207.7 
13929.4 
14151.0 
14379.8 
14382.9 
14359.1 
14957.9 
15195.0 
15190.2 
15192.8 
14193.7 
11042.0 

10634.8 
10422.7 
10150.5 
10623.9 
1089C.3 
11101.9 
11319.7 
11405.6 
11428.7 
11190.7 
10746.8 
I0773.4 
10767.8 
10696.5 
10715.7 
11038.5 
14121.3 
14519.6 
14376.2 
11218.6 
10459.6 

9757.0 
9633.1 
9363.8 
9576.1 
9725.8 
9798.7 
9935.0 
9977.0 
9970.1 
9822.5 
9572.6 
9563.3 
9486.1 
9509.4 
9605.9 
9840.8 
10501.9 
10910.5 
10844.9 
10334.6 
10066.8 

PERIOD 1 HYDROCONOITION 1 
HOURLY LOLP 

HOUR I MON 2 TUE 3 WED 4 THU 5 FRI 6 SAT 7 SUN 

2 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000

3 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000
4 .0000000 .0000000 .0000000 .0000000 .C'O00 
 .0000000 .0000000
 
5 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000

6 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000
 
7 .0000862 .0065832 .0105336 .0018629 .0021420 .0000000 .0000000

8 .0644677 .0851213 .0856226 .0728380 .0767744 .0000000 .0000000

9 .0771456 .0894238 .0879978 .0852834 .0864385 .0000000 .0000000


10 .0708600 .0881627 .0891116 .0816526 .0855083 .0000000 .0000000
 
11 .0837989 .0885768 .0887952 .0862889 .0868829 .0000000 .0000000
12 .0866817 .0903808 .0885732 .0877519 .0880938 .0000000
 
*3 .0717879 .0866368 .0848059 .0725869 .0724279 .0000000 .0000000

14 .0005936 .0048247 .0046852 .0014364 .0004714 .0000000 .0000000
15 .0010402 .0133578 .0095174 .0018538 .0012309 .0000000 .0000000
 
16 .0016890 .0342510 .0179051 .0030990 .0031085 .0000000 .0000000

17 .0017925 .0353958 .0202185 .0025844 .0031470 .0000000 .0000000
 
18 .0013289 .0173749 .0137287 .0012003 .0028664 .0000000 .0000000

19 .0219233 .0595840 .0566391 .0225208 .0239790 .0000000 .0000000
 
20 .0858111 .0890662 .0880272 .0873951 .0844753 .0010859 .0000000

21 .0885048 .08821U4 .0890873 .0891999 .0873473 .0053004 .0000000

22 .0620990 .0788644 .0812197 .0716966 .0689661 
.0030659 .0000000

?3 .0004780 .0041609 .0106219 .0008179 .0014707 .0000000 .0000000

24 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000
 

\,A
 



GPT-M Generation Planning Tools-MarginaL Cost Analysis Module
 
C.Yermoli/HagLer,9aitty Inc. 
- Arlington, VA., USA
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PERIO 1 HYDROCONDITION 1
 
HOURLY LOLP AS PERCENT OF THE WEEKLY LOLP OF 
= .416200E+01
 

HOUR 
1 
2 
3 
4 
5 

1 MON 
.00000 
.00000 
.00000 
.00000 
.00000 

2 TUE 
.00000 
.00000 
.00000 
.00000 
.00000 

3 WED 

.00000 

.00000 

.00000 

.00000 

4 THU 
.0000.00000 
.00000 
.00000 
.00000 
.00000 

5 FRI 
.00000 
.00000 
.00000 
.00000 
.00000 

6 SAT 
.00000 
.00000 
.00000 
.00000 
.00000 

7 SUN 
.00000 
.00000 
.00000 
.00000 
.00000 

6 
7 
8 
9 

10 

.00000 

.00207 
1.54896 
1.85357 
1.70255 

.00000 

.15817 
2.04520 
2.14858 
2.11827 

.00000 

.25309 
2.05724 
2.11431 
2.14107 

.00000 

.04476 
1.75007 
2.04909 
1.96186 

.00000 

.05147 
1.84465 
2.07685 
2.05450 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
11 
12 
13 

2.01343 
2.08269 
1.72484 

2.12822 
2.17157 
2.08161 

2.13347 
2.12814 
2.03762 

2.07325 
2.10841 
1.74404 

2.08752 
2.11662 
1.74022 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
14 .01426 .11592 .11257 .03451 .01133 .00000 .00000 
15 
16 
17 
18 
19 

.02499 

.04058 

.04307 

.03193 

.52675 

.32095 

.82294 

.85045 

.41746 
1.43162 

.22867 

.43020 

.48579 

.32986 
1.36086 

.04454 

.07446 

.06210 

.02884 

.54110 

.02958 

.07469 

.07561 

.06887 

.57614 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
20 
21 
22 
23 
24 

2.06177 
2.12649 
1.49205 
.01148 
.00000 

2.13998 
2.11942 
1.89487 
.09997 
.00000 

2.11502 
2.14049 
1.95146 
.25521 
.00000 

2.09983 
2.14319 
1.72265 
.01965 
.00000 

2.02968 
2.09868 
1.65704 
.03534 
.00000 

.02609 

.12735 

.07366 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 



GPT-M Generation Planning Toots-Marginal Cost AnaLysis Module
 
C.YermoLi/HagLer,Bailty Inc. 
- Arlington, VA., USA
 
Release: 930201 Polish Power Grid Company 
- PPGC - WArsaw 

PERIO0 1 HYDROCONDITION 1
 
HOURLY MARGINAL GENERATION COST IN S/MWH


HOUR 1 MON 2 TUE 3 WED 4 THU 5 FRI 6 SAT 7 SUN
1 2.02 2.08 2.08 2.08 2.08 2.36 2.02 
2 2.02 2.07 2.08 2.07 2.07 2.05 2.01
3 2.02 2.07 2.07 2.07 2.07 2.05 2.014 2.02 2.07 2.07 2.07 2.07 2.05 2.01 
5 2.02 2.06 2.07 2.06 2.06 2.04 2.016 2.04 2.07 2.07 2.07 2.07 2.02 2.00
7 2.13 2.23 2.26 2.18 2.18 2 05 2.00
8 2.44 2.47 2.47 2.45 2.45 2.06 2.019 2.45 2.49 2.49 2.47 2.47 2.07 2.01
10 2.44 2.48 2.49 2.46 2.47 2.08 2.01
11 2.46 2.50 2.49 2.47 2.47 2.08 2.0212 2.47 2.50 2.50 2.48 2.48 2.08 2.02
13 2.45 2.47 2.47 2.45 2.45 2.08 2.0114 2.15 2.22 2.22 2.17 2.15 2.06 2.00
15 2.16 2.28 2.26 2.18 2.17 2.06 2.00
16 2.18 2.37 2.31 2.20 2.20 2.06 2.00
17 2.18 2.38 2.32 2.19 2.20 2.05 2.00
18 2.17 2 30 2.28 2.17 2.20 2.05 1.0019 2.32 2.-; 2.43 2.33 2.33 2.07 2.01 
20 2.47 2.49 2.49 2.47 2.46 2.16 2.0421 2.49 2.50 2.51 2.50 2.48 2.22 2.06
22 2.44 2,,5 2.46 2.45 2.44 2.20 2.0623 2.15 2.21 2.26 2.16 2.17 2.08 2.0324 2.08 2.08 2.09 2.08 2.07 2.04 2.02 



GPT-M Generation Planning Toots-MarginaL Cost Analysis Module
 
C.Yermoli/Hagter,Baitty Inc. 
- Arlington, VA., USA
 
Release: 930201 Polish Power Grid Company 
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SUMMER SEASON - MAY TO OCTOBER
 
MORNING PEAK PRICING PERIOD
 
NO. OF WEEKLY HOURSv 
 30.00
 
AVERAGE WEEXLY MARGINAL COST (CENTS/KWH)= 2.45
 

SUMMER SEASON - MAY TO OCTOBER
 
EVENING PEAK PRICING PERIOD
 

NO. OF WEEKLY HOURS= 
 15.00
 
AVERAGE WEEKLY MARGINAL COST (CENTS/KWH)= 2.46
 

SUMMER SEASON - MAY TO OCTOBER
 
OFF PEAK PRICING PERIOD
 
NO. OF WEEKLY HOURS= 
 123.00
 
AVERAGE WEEKLY MARGINAL COST (CENTS/KWH)= 2.12
 



GPT-M Generation Planning Toots-MarginaL Cost Analysis Module
 
C.Yermoti/Hayter,BaiLty Inc. 
- Arlington, VA., USA
 
Release: 930201 Polish Power Grid Company 
- PPGC - Warsaw 
UNIT AVAILABLE FAILURE VARIABLE
 

CAPACITY RATE COST
 
MW % Cents/Kwh
 

1 190.10 10.60 1.56
 
2 190.10 10.60 1.56
 
3 190.10 10.60 1.56
 
4 190.10 10.60 1.56
 
5 190.10 10.60 1.56
 
6 190.10 10.60 1.56
 
7 190.10 10.60 1.56
 
8 190.10 10.60 1.56
 
9 342.20 16.30 
 1.57
 
10 342.20 16.30 1.57
 
11 342.20 16.30 
 1.57
 
12 342.20 16.30 
 1.57
 
13 342.20 16.30 1.57
 
14 342.20 16.30 1.57
 
15 342.20 16.30 1.57
 
16 342.20 16.30 
 1.57
 
17 342.20 16.30 1.57
 
18 342.20 16.30 
 1.57
 
19 342.20 16.30 1.57
 
20 342.20 16.30 1.57
 
21 190.10 10.50 1.71
 
22 190.10 10.50 1.71
 
23 190.10 10.50 1.71
 
24 190.10 10.50 1.71
 
25 190.10 10.50 1.71
 
26 190.10 10.50 1.71
 
27 190.10 10.50 1.71
 
28 190.10 10.50 1.71
 
29 114.10 12.10 1.72
 
30 114.10 12.10 1.72
 
31 100.80 11.20 1.78
 
32 100.80 11.20 1.78
 
33 31.40 10.00 1.78
 
14 31.40 10.00 1.78
 
35 31.10 10.00 1.78
 
36 86.70 15.80 1.80
 
37 86.70 15.80 1.80
 
38 86.70 15.80 1.80
 
39 86.70 15.80 1.80
 
40 86.70 15.80 1.80
 
41 38.00 13.00 1.92
 
42 38.00 13.00 1.92
 
.3 38.00 13.00 1.92
 
44 38.00 13.00 1.92
 
45 38.00 13.00 1.92
 
46 38.00 13.00 1.92
 
47 53.20 1.2.30 1.93
 
48 190.10 9.50 1.99
 
49 190.10 9.50 1.99
 
50 190.10 9.50 1.99
 
51 190.10 9.50 1.99
 
52 190.10 
 .50 1.99
 
53 190.10 9.50 1.99
 
54 190.10 
 9.50 1.99
 
55 190.10 9.50 1.99
 
56 467.10 30.00 2.00
 
57 467.10 30.00 2.00
 
58 342.20 10.80 2.00
 
59 342.20 10.80 2.00 
60 342 0 10.80 2.00 
61 342.20 10.80 2.00 
62 342.20 10.80 
 2.00
 
63 342.20 10.80 2.00
 
64 190.10 7.10 
 2.00
 
65 190.10 7.10 2.00
 



66 190.10 

67 190.10 

68 190.10 

69 190.10 

70 190.10 

71 190.10 

72 190.10 

73 190.10 

74 190.10 

75 190.10 

76 190.10 

77 190.10 

78 190.10 

79 190.10 

80 171.10 

81 171.10 

82 171.10 

83 171.10 

84 95.10 

85 95.10 

86 190.10 

87 190.10 

88 190.10 

89 190.10 

90 190.10 

91 190.10 

92 190.10 
93 190.10 
94 190.10 
95 190.10 
97 190.10 
97 180.60 

98 180.60 

99 180.60 

100 180.60 

101 180.60 

102 180.60 

103 97.90 
104 97.90 
105 97.90 
106 97.90 
107 97.90 
108 97.90 
109 97.90 
110 99.80 
112 99.80 
112 99.80 
113 99.80 
114 99.80 

115 99.80 

116 42.80 

117 42.80 

118 42.80 

119 39.00 

120 47.50 

121 47.50 

122 -7.50 

123 47.50 

124 40.90 

125 40.90 

126 40.90 

127 40.90 

128 40.90 

129 40.90 

130 40.90 

131 47.50 

132 47.50 

133 47.50 

134 18.10 

135 18.10 

136 18.10 

137 18.10 


7.10 2.00
 
7.10 2.00
 
7.10 2.00
 
7.10 2.00
 
7.10 2.00
 
7.10 2.00
 

10.80 2.07
 
10.80 2.07
 
10.80 2.07
 
10.80 2.07
 
10.80 2.07
 
10.80 2.07
 
10.80 2.07
 
10.80 2.07
 
13.40 2.11
 
13.40 2.11
 
13.40 2.11
 
13.40 2.11
 
16.20 2.11
 
16.20 2.11
 
11.60 2.11
 
11.60 2.11
 
11.60 2.11
 
11.70 2.11
 
11.70 2.11
 
11.70 2.11
 
11.70 2.11
 
11.70 2.11
 
11.70 2.11
 
11.70 2.11
 
10.70 2.11
 
10.70 2.12
 
10.70 2.12
 
10.70 2.12
 
10.70 2.12
 
10.70 2.12
 
10.70 2.12
 
11.90 2.24
 
11.90 2.24
 
11.90 2.24
 
11.90 2.24
 
11.90 2.24
 
11.90 2.24
 
11.90 2.24
 
11.60 2.26 
11.60 2.26
 
11.60 2.26
 
11.60 2.26
 
11.60 2.26
 
11.60 2.26
 
10.40 2.42
 
10.40 2.42
 
10.40 2.42
 
10.70 2.52
 
11.80 2.53
 
11.80 2.53
 
11.80 2.53
 
11.80 2.53
 
10.40 2.68
 
10.40 2.68
 
10.40 2.68
 
10.40 2.68
 
10.40 2.68 
10.40 2.68 
10.40 2.68
 
11.80 2.76
 
11.80 2.76
 
11.80 2.76
 
15.70 2.82
 
15.70 2.82
 
15.70 2.82
 
15.70 2.82
 



138 18.10 15.70 2.82
 
139 18.10 15.70 2.82
 
140 117.40 12.00 4.64
 
141 117.40 12.00 
 4.64
 

LOAD LOSS OF LOAD 
 EXPECTED
 
MW PROBABILITY MARGINAL COST
 

Cents/Kwh
 
0. .000000E+O0 
 .0000
 

1000. .O00000E+00 
 1.5611
 
2000. .OOOOOOE+00 
 1.5720
 
3000. .O00000E+00 1.5721
 
4000. .O000OOE 00 1.5789
 
5000. .O00000E+O0 
 1.6451
 
6000. .OOOOOOE O0 1.7243
 
7000. .122754E-41 1.8453
 
8000. .110676E-35 
 1.9779
 
9000. .272631E-30 
 1.9922
 

10000. .205746E-25 
 1.9950
 
11000. .519644E-21 
 1.9962
 
12000. .470831E-17 
 2.0058
 
13000. .161428E-13 
 2.0410
 
14000. .217555E-10 2.0794
 
15000. .117887E-07 2.1034
 
16000. .258609E-05 
 2.1127
 
17000. .227513E-03 
 2.1330
 
18000. .782415E-02 
 2.2291
 
19000. .101275E+00 2.5026
 
20000. .480160E-00 2.9921
 
21000. .905330E.00 
 3.5894
 
22000. .998465E+00 4.2347
 
22880. .100000E 01 4.6370
 



GPT-M Generation Planning Toots-Margmat Cost Analysis Module
 
C.Yermoti/Hagter,Bai~ty Inc. 
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PERIOD 2 HYOROCONDITION 1
 
HOURLY LOADS IN MW


HOUR 
1 
2 
3 
4 
5 

1 MON 
14735.4 
14617.1 
14591.3 
14718.5 
15128.2 

2 TUE 
16129.1 
15940.7 
15902.5 
15894.9 
16159.9 

3 WED 
15678.5 
15540.8 
15453.8 
15494.7 
15712.1 

4 THU 
15793.1 
15610.9 
15549.5 
15575.5 
15811.6 

5 FRI 
15758.3 
15627.9 
15552.2 
15548.1 
15792.2 

6 SAT 
15381.7 
15314.1 
15280.9 
15194.1 
15212.7 

7 SUN 
14254.7 
13995.8 
13998.3 
14048.8 
14156.3 

6 
7 

15872.0 
19541.5 

16552.8 
20313.9 

16066.0 
19425.7 

16207.4 
19543.5 

16100.3 
19322.3 

15053.2 
15416.7 

13952.1 
14052.2 

8 
9 

10 

20925.0 
21112.0 
20899.3 

21616.6 
21743.4 
21448.5 

20707.5 
20800.7 
20699.0 

20766.3 
20862.2 
20559.7 

20570.8 
20610.0 
20257.9 

15658.6 
15928.1 
16159.5 

14006.0 
13886.3 
14020.8 

11 
12 
13 
14 
15 

21257.6 
21422.4 
20886.7 
19478.7 
19811.7 

21581.2 
21626.3 
20886.2 
19472.1 
19875.8 

20599.0 
20706.9 
20101.6 
18747.3 
19084.9 

20763.4 
20785.5 
20172.8 
18907.0 
19174.5 

20331.2 
20265.2 
19571.4 
16751.1 
18656.5 

16281.8 
16262.1 
15932.3 
15619.2 
15801.5 

14083.9 
14122.0 
13985.8 
13838.9 
13906.4 

16 
17 
18 
19 

20948.3 
22519.9 
23495.6 
23519.2 

21142.8 
22627.3 
23526.8 
23699.6 

20053.2 
21645.1 
22581.3 
22860.8 

20216.0 
21664.7 
22553.8 
22919.3 

19815.3 
21162.9 
22119.2 
22265.5 

16227.2 
18652.2 
19577.6 
19411.5 

14289.3 
15025.7 
15641.2 
15873.4 

20 
21 
22 
23 
24 

23425.7 
21672.9 
19224.1 
16705.7 
16336.4 

23453.2 
21669.9 
19455.0 
16760.6 
16422.9 

22657.6 
21025.5 
18332.5 
16429.7 
15959.1 

22690.6 
21046.4 
18751.0 
16344.9 
15982.5 

22043.3 
20470.3 
18540.5 
16165.1 
15544.8 

19591.2 
16639.5 
16164.6 
15442.6 
14696.9 

16161.5 
15591.4 
15070.4 
14710.1 
14412.4 

PERIOD 2 HYDROCONDITION 4 
TOTAL HYDRO MW 

HOUR 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

I MON 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2571.6 
3971.6 
4151.6 
3931.6 
4291.6 
..51.6 
3931.6 
2551.6 

2 TUE 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
3351.6 
4651.6 
4771.6 
4491.6 
4611.6 
671.6 

3931.6 
2551.6 

3 WED 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
3751.6 
3831.6 
3731.6 
3631.6 
3751.6 
3131.6 
2551.6 

4 THU 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2591.6 
3811.6 
3891.6 
3591.6 
3791.9 
3831.6 
3211.6 
2551.6 

5 FRI 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
3611.6 
3651.6 
3291.6 
3371.6 
3311.6 
2611.6 
2551.6 

6 SAT 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 

7 SUN 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 

15 2851.6 2911.6 2551.6 2551.6 
16 3991.6 4171.6 3091.6 3251.6 
17 5551.6 5671.6 .691.6 4711.6 
18 6531.6 6571.6 5611.6 5591.6 
19 6551.6 6671.5 5891.6 5951.6 
20 6471.6 6491.6 5691.6 5731.6 
21 4711.6 4711.6 -071.6 .091.6 
22 2551.6 2551.6 2551.6 2551.6 
23 Z551.6 2551.6 2551.6 2551.6 
24 2551.6 2551.6 2551.6 2551.6 
TOTAL HYDRO ENERGY AVAILABLE (AV.MW) 

2551.6 2551.6 
2551.6 2551.6 
4191.6 2551.6 
5151.6 2611.6 
5311.6 2551.6 
5071.6 2631.6 
3511.6 2551.6 
2551.6 2551.6 
2551.b 2551.6 
2551.6 2551.6 

3246.8700000 

2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 
2551.6 

TOTAL HYDRO ENERGY DISPATCHED (AV.MW) 3246.8750000 



GPT-M Generation Planning Toots-Marginal Cost Analysis Module

C.YerlnoLi/HagLer,Railly Inc. 
- Arlington, VA., USA
Release: 930201 Polish Power Grid Convany 
- PPGC - Warsaw
 

PERIOD 2 HYDROCONDITION 
 1
 
THERMAL LOADS IN MW


HOUR 1 MON 
1 12183.8 

2 12065.5 

3 12039.7 

4 12166.9 

5 12576.6 

6 13320.4 

7 16969.9 

8 16953.4 

9 16960.4 


10 16967.7 

11 16966.0 

12 16970.8 

13 16955.1 

14 16927.1 

15 16960.1 

16 16956.7 

17 16968.3 

18 16963.9 

19 16967.5 

20 16954.0 

21 16961.3 

22 16672.5 

23 14154.1 

24 13784.5 


2 TUE 3 WED 

13577.5 13126.9 

13389.1 12989.2 

13350.9 12902.2 

13343.3 12943.1 

13608.3 13160.5 

14001.2 13514.4 

16962.3 16874.1 

16964.9 16955.9 

16971.8 16969.1 

16956.8 16967.4 

16969.5 16967.4 

16954.7 16955.3 

16954.6 16970.0 

16920.5 16195.7 

16964.2 16533.3 

16971.2 16961.6 

16955.7 16953.4 

16955.2 16969.7 

17027.9 16969.2 

16961.5 16965.9 

16958.3 16953.9 

16903.4 16280.9 

14209.0 13878.1 

13871.3 13407.5 


PERIOD 2 HYDROCONDITION 
 I
 
HOURLY LOLP
 

HOUR 1 MON 2 TLjE 3 WED 


4 THU 5 FRI 
 6 SAT 7 SUN
 
13241.5 13206.7 
 12830.1 11703.1
 
13059.3 13076.3 
 12762.5 11444.2
 
12997.9 13000.6 
 12729.3 11446.7
 
13023.9 12996.5 12642.5 
 11497.2
 
13260.0 13240.6 
 12661.1 11604.7
 
13655.8 13548.7 
12501.6 11400.5
 
16951.9 16770.7 12865.1 
 11500.6
 
16954.7 .6959.2 
13107.0 11454.4
 
16970.6 16958.4 13376.5 
 11334.7
 
16968.1 16966.3 
 13607.9 11469.2
 
16971.5 16959.6 
 13730.2 11532.3
 
16953.9 16953.6 
 13710.5 11570.4
 
16961.2 16959.8 
 13380.7 11434.2
 
16355.4 14199.5 13067.6 
 11287.3
 
16622.9 16104.9 
 13249.9 11354.8
 
16964.4 16963.7 
 13675.6 11737.7
 
16953.0 16971.3 
 16100.6 12474.1
 
16962.2 16967.5 
 16966.0 13089.6
 
16967.7 16953,8 16859.9 
 13321.8
 
16958.9 16971.7 16959.6 
 13609.9
 
16954.8 16958.7 
 14087.9 13039.8
 
16199.4 15988.9 
 13613.0 12518.8
 
13793.3 13613.5 12891.0 
 12158.5
 
13430.9 12993.2 
 12145.3 11860.8
 

4 THU 5 FRI 6 SAT 7 SUN
1 
.0000000 .0000002 .0000000 .0000000 .0000000 .0000000 .0000000
2 .0000000 .0000001 
.0000000 .0000000 .0000000 .0000000 .0000000
3 .0000000 .0000001 
.0000000 .0000000 .00000C0 .0000000 .0000000
4.00000 
 .000001 .0000000 .0000000 .0000000 .0000000 .0000000
5 
.0000000 .0000003 .0000000 .0000001 .000== .0000000 .0000000
6 .0000001 
.0000017 .0000002 .0000004 .0000002 .0000000 .0000000
7 
.0135080 .0321958 .0112320 .0135351 .0094149 .0000000 .0000000
8 
.0444574 .0496157 .0409007 .0419625 .0381646 .0000000 .0000000
9 
.0466999 .0498759 .0425617 .0435491 .0389857 .0000001 .0000000
10 .0441021 
.0490420 .0407506 .0379346 .0307981 .0000003 .0000000
11 .479560 
.0495246 .0387656 .0419248 .0326212 .0000005 .0000000
12 .0489350 .0496319 .0408891 
.0422931 .0309724 .0000005 .0000000
13 .0439067 .0438989 .0268057 .0286283 .0141106 .0000001 
.0000000
14 .0122468 .0121178 .0029207 .0041769 .0000041 
.0000000 .0000000
15 .0195073 .0210727 .0060399 .0071877 .0023562 .0O0000 
 .00C0000
16 .0447794 .0470074 .0255549 .0297345 .0195966 .0000004 .0000000
17 .0501894 .0501806 .0496754 .0497180 .0471922 .0023321 
.0000000
18 
 .0501870 .0501805 .0501910 .0501850 .0501548 .0142432 .0000000
19 
 .0501898 .0502419 .0501910 .0501899 .0501680 .0109697 .0000001
20 .0501797 .0501851 
.0501884 .0501831 .0501346 .0145224 .0000003

21 
 .0497410 .0497325 .0457530 .0459956 .0359378 .0000025 .0000000
22 .:078877 .3117861 
.0035460 .0029459 .0017695 .0000003 .0000000
23 
 .O00034 .0000042 .0000010 .00000:7 .0000003 .0000000 .0000000
24 .0000006 .0000010 .0000001 .0000001 
.0000000 .0000000 .0000000
 



GPT-M Generation Planning Toots-Marginat Cost Analysis Module
 
C.Yermoti/Nagler,oaiLty Inc. 
- Arlington, VA., USA
 
Release: 930201 Polish Power Grid Company 
- PPGC - Warsaw
 

PERI00 2 HYDROCOND|TION 1
 
HOURLY LOLP AS PERCENT OF THE WEEKLY LOLP OF 
= .285134E+01
 

HOUR I MON 2 TUE 
 3 WED 4 THU 5 FRI 6 SAT 7 SUN
 
1 .00000 .00001 .00000 .00000 .00000 
 .00000 .00000
 
2 .00000 .00000 .00000 
 .00000 .00000 .00000 .00000
 
3 .00000 .00000 .00000 .00000 .00000 
 .000,0 .00000
 
4 .00000 .00000 .00000 .00000 
 .00000 .00000 .00000
 
5 .00000 .00001 .00000 .00000 .00000 .00000 .00000
 
6 .00000 .00006 .00001 .00001 .00001 
 .00000 .00000
 
7 .47374 1.12915 .39392 .47469 .33019 
 .00000 .00000
 
8 1.55917 1.74009 1.43444 
 1.47168 1.33848 .00000 
 .00000

9 1.63782 1.74921 1.49269 1.52732 
 1.36728 .00000 
 .00000
 

10 1.54671 1.71996 1.42917 1.33041 1.08013 
 .00001 .00000
 
11 1.68188 1.73689 1.35956 
 1.47036 1.14407 
 .U0002 .00000
 
12 1.71621 1.74065 1.43403 1.48327 1.08624 
 .00002 .00000
 
13 1.53986 1.53959 
 .94011 1.00403 .49488 .00000 
 .00000
 
14 .42951 .42499 .10243 
 .14649 .00014 .00000 .00000
 
15 .68414 .73904 
 .21183 .25208 .08263 .00000 .00000
 
16 1.57047 1.64861 .89624 1.04282 .68728 
 .00001 .00000
 
17 1.76020 1.75989 1.74218 1.74,367 1.65509 .08179 .00000
 
18 1.76012 1.75989 1.76026 
 1.76005 1.75899 
 .,9953 .00000
 
19 1.76022 1.76204 1.76026 1.76022 1.75945 
 .38472 .00000
 
20 1.75986 1.76006 1.76017 1,75998 
 1.75828 .50932 
 .00001
 
21 1.74448 1.74418 
 1.60461 1.61312 1.26038 .00009 
 .00000
 
22 .27663 .41335 .12436 .10332 .06206 
 .00001 .00000
 
23 .00012 .00015 .00003 .00002 .00001 
 .00000 .00000
 
24 .00002 .00003 .00000 
 .00000 .D000 
 .00000 .00000
 



GPT-M Generation Planning Tools-Marginat Cost AnaLysis ModuLe
 
C.Yermoti/HagLer,BaiLly Inc. 
- Arlington, VA., USA
 
Release: 930201 Polish Power Grid Company 
- PPGC Warsaw 

PERIOO 2 HYDROCO~flI[T ION 1
 

HOURLY MARGINAL GENERATION COST IN S/MWH

HOUR 1 MON 2 TUE 3 WED 6 SAT
4 THU 5 FRI 7 SUN 
1 2.01 2.07 2.05 2.05 2.04
2.05 2.01
 
2 2.01 2.06 2.04 2.05
2.05 2.03 2.00
 
3 2.01 2.06 2.04 2.04 
 2.04 2.03 2.00
 
4 2.01 2.06 2.04 2.05 
 2.04 2.03 2.00
 
5 2.03 2.07 2.05 2.06 
 2.05 2.03 2.00
 
o 2.06 2.03 2.07 2.07 2.07 2.02 2.00
 
7 2.16 2.18 2.16 2.16 2.15 2.04 2.00
 
8 2.20 2.22 2.20 2.20 2.19 2.05 2.00
 
9 2.21 2.2Z 2.20 2.19
2.20 2.06 2.00

10 2.20 2.i 2.20 2.19 2.18 2.07 
 2.00
 
11 2.21 2.22 2.19 2.20 2.18 2.07 
 2.00
 
12 2.22 2.22 2.20 2.20 2.18 
 2.07 2.00
 
13 2-20 2.20 2.18 2.18 2.16 2.06 2.00
 
11. 2 16 2.16 2.13 2.13 2.09 2.05 2.00
15 2..7 2.17 2.14 2.14 2.13 2.06 2.00
 
16 2.20 2.21 2.18 2.18 2.17 2.07 2.01
 
17 2.25 2.26 2.22 2.23 2.21 2.13 
 2.02
 
18 2.26 2.26 2.26 2.24
2.25 2.16 2.05

19 2.26 2.26 2.26 2.26 2.25 2.16 
 2.06
 
20 2.26 2.26 2.26 2.26 
 2.2, 2.16 2.07
 
21 2.23 2.23 2.20 2.21 
 2.19 2.08 2.05
 
22 2.15 2.16 2.13 
 2.13 2.12 2.07 2.02
 
43 2.09 2.09 2.08 2.07
2.08 2.04

24 2.07 2.08 2.06 2.06 2.01 

2.01 
2.04 2.01
 



GPT-M Generation PLanning Toots-MarginaL Cost Analysis ModuLe
 
C.Yermoti/Hagier,eailLy Inc. 
- Arlington, VA., USA
 
ReLease: 930201 PoLish Power Grid Company 
- PPGC - Warsaw
 

WINTER SEASON - NOVEMBER TO APRIL
 
MORNING PEAK PRICING PERIOD
 

NO. OF WEEKLY HOURS= 
 30.00
 
AVERAGE WEEKLY MARGINAL COST (CENTS/KWH)= 2.20
 

WINTER SEASON - NOVEMBER TO APRIL
 
EVENING PEAK PRICING PERIOD
 

NO. OF WEEKLY HOURS= 
 25.00
 
AVERAGE WEEKLY MARGINAL COST (CENTS/KWH)= 2.24
 

WINTER SEASON - NOVEMBER TO APRIL
 
OFF PEAK PRICING PERIOD
 

NO. OF WEEKLY HOURS= 
 113.00
 
AVERAGE WEEKLY MARGINAL COST (CENTS/KWH)= 2.07
 



Appendix 6.1 
Evaluation Case Expansion for Avoided Cost Estimate 



POLAND - ELECTRICTY PRICING STUDY - 1992 
POLISH POW/ER GRID COMrANY - POLSKIE SIECI ELEKTROENERGETYCZNE
 

FILE: P4001.GSU (SEE FILE P4001.GDE FOR FULL DETAILS)
 

EVALUATION CASE EXPANSION FOR AVOIDED COST ESTIMATE
 

EXCLUDES ALL RESOURCES UNDER EVALU'ION, ,.P,SMALL HYDRO
 
AND AUTOPRODUCERS
 

LIMITED RESOURCES DENOTE "ENERGY LIMITED" AND INCLUDE ALL 
CHP, ALL H.'"ROELECTRIC AND ALL AUTOPRODUCERS.
 

ECONOMIC RESOURCES DENOTE RESOURCES DISPATCHED IN ORDER OF
 
ECONOMIC VARIABLE COSTS AND INCLUDE ALL OTHER PLANTS.
 

YEAR PEAK (MW) LOAD (GWH) ICR(X) TECR(X) EUE (M) LOLF (M)
 
1992 22024.0 125018.8 27.74 .14 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
 
RESOURCE Mw GWH CAPITAL F.O&M V.O&M 
 FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL

LIMITED 1330. 326.7 
 .0 14.4 .0 .0 14.4 .0 13.6 .0 .0 13.6
ECONOMIC 26803. 124690.6 233.1 481.8 
 .0 2465.8 3180.8 220.3 455.3 .0 2330.0 3005.6

TOTAL 28133. 125017.3 233.1 496.2 .0 2465.8 3195.2 220.3 
 468.9 .0 2330.0 3019.1
 

YEAR PEAK (PW) LOAD (GWH) ICR(X) TECR() EUE X) LOLP (M)
 
1993 2P'22.2 127117.3 27.42 .07 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST

RESOURCE mW GUW CAPITAL F.O&M V.O&M FUEL TOTAL 
 CAPITAL F.O&M V.O&M FUEL TOTAL
LIMITED 1330. 1844.4 .0 14.4 .0 
 .0 14.4 .0 25.7 .0 .0 
 25.7

ECONOMIC 26986. 125270.7 276.1 .0 2539.6
4P1.1 3296.9 
 453.2 861.2 .0 4472.5 5787.0

TOTAL 28316. 127115.1 276.1 495.5 .0 2539.6 3311.1 453.2 OR6.9 
 .0 4472.5 5812.7
 

YEAR PEAK (1W) LOAD (GWH) ICR() TECRCX) EUE (M) LOLP (M)
 
1994 22533.3 129686.5 27.85 .40 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
RESOURCE MW GWH CAPITAL F.O&M V.O&M FUEL TOTAL 
 CAPITAL F.O&M V.O&M FUEL TOTAL

LIMITED 1330. 358.9 
 .0 14.4 .3 .0 14.4 .0 36.5 
 .0 .0 36.5

ECONOMIC 27478. 129327.4 300.6 486.7 
 .0 2665.2 3452.5 679.7 1227.8 .0 6480.2 8387.7

TOTAL 28808. 129686.3 300.6 501.0 .0 2665.2 3466.9 679.7 
1264.3 .0 6480.2 8424.2
 

YEAR PEAK (MW) LOAD (GWH) '':R()TECR(%) EUE (M) LOLP (%)

1995 23006.5 133417.6 27.76 .31 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
RESOURCE MW GWH CAPITAL F.O&M V.O&H FUEL TOTAL CAPITAL 
 F.O&P V.O&M FUEL TOTAL

LIMITED 1330. 208.4 .C 14.4 .0 
 .0 14.4 .0 46.2 .0 .0 
 46.2

ECONOMIC k9062. 133?08.7 
 ,00.6 495.4 .0 2747.6 354S.6 881.9 
 1561.0 .0 8328.1 16771.0

TOTAL 29392. 133417.1 300.6 509.8 .0 2747.6 3558.0 881.9 1607.2 .0 8S28.1 10817.2
 

YEAR PEAK (MW) LOAD (GWH) ICR(%) TECR(X) EUE Mx) LOLP MX)
 
1996 23121.6 136110.1 27.91 .33 .00 .00
 

COST IN MILLIONS ACCU.ULATED DISCOUNTED COST
RESOURCE MW GWH CAPI;AL F.C&M 
 V.O&V FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL

LIMITED 1330. 204.8 .0 14.4 .0 .0 
 14.4 
 .0 54.8 .U .0 54.8

ECONOMI: 28245. 135905.0 276.1 
 197.1 .0 2777.6 .550.8 1047.7 1859.5 .0 9996.1 12903.3

TOTAL 29575. 136109.6 276.1 :11.5 .0 2777.6 
3565.1 1047.7 .0 9996.1
1914.3 12958.1
 

YEAR PEAK (MW) LOAD (GWHI ICRC%) TECR.%) EUE (M) LOLP CM)

1997 23699.6 139720.5 27.97 .42 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
RESOURCE MW GWH CAPITAL F.O&M V.O&M FUEL TOTAL CAPITAL 
 F.O&M V.O&M FUEL TOTAL

LIMITED 130. 173.9 .0 14.4 
 .0 .0 14.4 .0 62.5 .0 .0 62.5

ECONOMIC 28999. 139546.6 288.4 505.3 .0 2864.5 
 3658.2 1202.3 2130.4 .0 11531.9 14864.7
 
TOTAL 30329. 139720.4 
 288.4 519.7 .0 2864.5 3672.6 1202.3 2192.9 .0 11531.9 14927.2
 

YEAR PEAK (MW) LOAD (GWH) ICRCX) TECR(X) EUE (M) LOLP CX)
 
1998 24221.0 143430.9 26.80 .13 .00 .00
 

COST IN MILLIONS ACCUiULATED DISCOUNTED COST
RESOURCE MW GWH CAPITAL 
 F.O&M V.O&M FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL

LIMITED 2080. 1124.0 134.7 22.5 .0 
 .0 '57.1 64.5 73.3 .0 .0 
 137.7

ECONOMIC 28632. 142305.5 
 288.4 496.1 .0 2987.7 3772.2 1340.4 2367.9 .0 12Y62.2 16670.5

TOTAL 30712. 143429.5 423.0 518.5 .0 -987.7 3929.3 2441.2
1404.8 .0 12962.2 16808.2
 



YEAR 

1999 

PEAK (MW) LOAD (GWH) ICR(X) TECR(%) EUE ()
24802.3 147090.5 LOLP (%)
26.67

RESOURCE .00 .00
MW 
 OWH CAPITAL
COST IN MILLIONS 

.22 

F.O&5
LIMITED V.O&M
2080. FUEL TOTAL
1088.3 CAPITAL
134.7 F.O&M
ECONOQ4C 22.5 .0 V.O&M FUEL
29336. 146001.2 .0 157.1 TOTAL
325.2 122.0
503.9 82.9
TOTAL .0
31416. 147089.4 459.8 

.0 3136.7 3965.8 1479.3 .0 204.9
526.4 2583.3
.0 3136.7 .0 14303.0 18365.6
4122.9 
1601.4 
 2666.2 
 .0 14303.0 18570.5
YEAR 
PEAK (MW) LOAD (GH)ICR(%) TECR(X)
2000 25323.1 'i51066.7 EUE () LOLP (%)
26.33
RESOURCE .00
MW .00
1W 
 CAPITAL

COST IN MILLIONS 

.10 

F.O&M
LIMITED V.O&M
2080. FUEL
1050.4 TOTAL CAPITAL
134.7 22.5 F.O&N
ECONOMIC .0 V.O&M FUEL
29916. 150014.3 .0 157.1 TOTAL
349.7 173.4
510.1 91.4
TOTAL 
 31996. 151064.7 .0 3293.1 4153.0 1612.8 

.0 .0 264.8
484.4 532.6 2778.0
.0 3293.1 .0 15559.7 19950.5
4310.1 
 1786.2 
2869.4 
 .0 15559.7 20215.4

YEAR 
 PEAK (MW) LOAD (GH) ICR(%) TECR(X)
2001 25399.1 EUE (M) LOLP (%)
149072.5 
 26.55
RESOURCE .00
l;' COST IN MILLIONS 

.36 .00
OWN 
 CAPITAL
LIMITED 206jj. F.O&M V.O&M ACCUMULATED DISCOUNTED COST
FUEL
1023.9 134.7 TOTAL CAPITAL 
 F.O&M
ECONOMIC 22.5 .0 V.O&M FUEL
31-j62. 148048.3 .0 157.1 219.3 TOTAL
368.1 99.1
509.2
TOTAL .0 3276.2 .0
32142. 149072.2 4153.5 .0 318.4
502.8 1738.2
531.7 2951.5
.0 3276.2 4310.6 .0 16676.1 21365.8
1957.5 
 3050.6 
 .0 16676.1 21684.2
 
YEAR 
PEAK (MW) LOAD (GWN) ICR(%) TECR(X)
2002 EUE MX) LOLP (%)
25983.3 153184.0 
 26.42
RESOU;,CE .35 .00
MW LIMIED COS7 IN MILL.IONS .OU
GWH 080.CCUMUAE
CAPITAL 
 F.O&M
LIMITED 2080. V.O&M FUEL TOTAL ACCUMULATED DISCOUNTED COST
986.1 134.7 CAPITAL D ISC M E
22.5 F.O&M V,O&M L T
ECTONOIC .0 FUEL OA
30767. 152197.6 411.7 .0 157.1 260.3 TOTAL
 

524.2 105.9
TOTAL .0
.0 3493.2
32847. 153183.6 4428.4 1863.3 .0 366.2
545.7 546.6 3111.0
.0 3493.2 .0 17738.8 22713.1
4 35.5 2123.6 
3216.9 
 .0 17738.8 23079.3
YEAR 
 PEAK (MW) LOAD (GWN) ICR(%) TECR(%)
2003 EUE () LOLP (%)
26580.9 157638.6 
 26.30 
 .02
RESOURCE .00
MW COST IN MILLIONS .00
Gil CAPITAL
LIMITED F.O&M V.O&M ACCUMULATED DISCOUNTED COST
2080. FUEL
960.3 TOTAL
134.7 CAPITAL
22.5 F.O&M
ECONOMIC .0 V.O&M
31492. 156675.0 .0 157.1 296.8 FUEL TOTAL
560.5 112.0
541.0
TOTAL .0 3603.5 .0 .0
33572. 157635.4 4705.1 2015.6 408.9

695.2 3257.9
563.5 .0 3603.5 .0 18717.7 23991.2
4862.2 
2312.4 
3370.0 
 .0 18717.7 24400.0
YE)AR 


2004 
PEAK (MW) LOAD (GH) ICR(%) TECRCX) EUE MX) LOLP (%)
2719?.3 161978.9 
 26.80
RESOURCE .00
MW GWN COST IN MILLIONS 

.11 .00
CAPITAL 
 F.O&M
LIMITED 2080. V.O&M FUEL TOTAL ACCUMULATED DISCOUNTED COST
914.5 134.7 CAPITAL
ECONQIC 22.5 .0 F.O&M V.O&M FUEL
32399. 161062.3 .0 157.1 TOTAL
849.6 329.5
tCTAL 553.1 117.5
.0 3594.7 .0
34479. 161976.8 984.3 4997.4 2221.6 .0 447.0
575.6 3392.1
.0 3594.7 .0 19589.5 25203.2
5154.5 
 2551.1 
 3509.6 
 .0 19589.5 25650.2
 
Yl.AR 
 PEAK (MW) LOAD (GWH) ICR(%) T[CR(%)
2005 2 817.7 166435.5 EUE CX) LOLP (X)
27.06
PESOURCE .00
MW GWH COST IN MILLIOhS 

.09 .00
C-'ITAL 
 F.O&M
LIMITED 2080. 879.3 V.O&M FUEL TOTAL ACCUMULATED DISCCJNTED COST
134.7 22.5 .0 
CAPITAL F.O&M V.O&M 
 FUEL
ECONO ,IC 33266. 165554.3 1089.3 .0 157.1 358.7 TOTAL
122.3
561.2 .0
TOTAL .0 3605.0 .0
35346. 166433.6 5255.4 2457.5 481.0
1223.9 3513.6
583.6 .0 3605.0 .0 20370.2 26341.3
5412.6 
2816.2 
 3635.9 
 .0 20370.2 26822,3
YEo.1 
 PEAK (MW) LOAD (GWH) ICI(%) TECR(X)
2006 28,57.5 171011.3 

EUE () LOLP (%)
27.16
COST IN MILLIONS
RESOURCE 03 .00
MW .00
GHN CAPITAL F.O&M ACCUMULATED DISCr)UNTED COST
LIMITED V.C&M
2080. FUEL TOTAL
823.8 CAPITAL
134.7 F.O&M
ECOW!MIC 22.5 V.O&M
.0 rUEL
34106. 170185.O .0 TOTAL
1266.5 157.1 384.7
TOTAL 573.8 126.7
361a6. 171008.8 .0 3680.5 5520.8 .0 .0 511.4
1401.2 2702.4
596.2 3624.5
.0 3680.5 5677.9 .0 21081.8 27408.7
3087.1 
 3751.2 
 .0 21081.8 21920.1
 
YEAR 


2007 
PEAK (NW) LOAD (GH) IC (X) TECR(Vt) EJE C) LOLP (%)
29112.0 175709.7 
 27.17 
 .04
RESOURCE .00
MW GH COST IN MILLIONS .00
CAPITAL 
 F.O&M
LIPITED 2080. V.O&M FUEL TOTAL ACCUMULATED DISCOUNTED COST
777.8 CAPITAL
134.7 F.O&M
ECONOMIC 22.5 .0 V.O&M FUEL
34942. 174929.3 .0 157.1 TOTAL
1278 8 407.9
592.3 130.6
TOTAL .0
37022. 175707.1 .0 3821.4 5692.5 2923.1 .0 538.5
1413.4 614.7 3726.8
.0 3821.4 .0 21741.5 28391.4
5849.6 
3331.1 
 3857.3 
 ,0 21741.5 28929.9
 



YEAR. PEAK (MW) LOAD (GWH) ICR(X) TECR(X) EUE (X) LOLP (X)
 
2008 29781.6 180533.6 27.32 .08 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
 
RESOURCE MW GWH CAPITAL F.O&N 
 V.O&N FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL

LIMITED 2080. 710.7 134.7 22.5 .0 .0 157.1 428.7 134.0 
 .0 .0 562.7
 
ECONOMIC 35838. 179820.8 1381.3 609.9 .0 3910.7 
5901.8 3136.0 3820.8 .0 22344.3 29301.1
 
TOTAL 37918. 180531.5 1515.9 632.3 .0 3910.7 
6:58.9 3564.7 !954.8 .0 22344.3 29863.8
 

YEAR PEAK (MW) LOAD (GWH) ICR(%) TECR(X) EUE (%) LOLP (M)

2009 30466.6 185219.7 27.61 .09 .00 .00
 

COST jN MILLIONS ACCUMULATED DISCOUNTED COST
 
RC JRCE MW GWH CAPITAL F.O&M V.O&M FUEL TOTAL CAPITAL F.O&M V.O&M FUFL TOTAL

LIMITED 2080. 681.2 134.7 22.5 .0 
 .0 157.1 447.2 137.1 .0 .0 584.3
 
ECONOMIC 36798. 184536.5 1620.9 624.3 
 .0 3933.4 6178.6 3359.1 3906.7 .0 22885.6 30151.4
 
TOTAL 38878. 185217.7 1755.6 
 646.7 .0 3933.4 6335.8 3806.3 4043.8 .0 22885.6 30735.7
 

YEAR PEAK (MW) LOAD (GWH) ICR(X) TECR(X) EUE (M) LOLP CX)
 
2010 31167.3 190025.8 27.82 .16 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
 
RESrA)RCE w. GWH CAPITAL 
F.O&M V.O&M FUEL TOTAL CAPITAL F.O&N V.O&M FUEL TOTAL
 
'INITED 2080. 629.6 134.7 
 22.5 .0 .0 157.1 463.8 139.9 .0 .0 603.6

ECONOMIC 37758. 189394.9 1804.3 638.7 .0 4018.7 6461.7 3580.8 3985.2 
 .0 23379.4 30945.4

TOTAL 39838. 190024.5 1938.9 661.1 .0 401b.7 6618.8 
4044.6 4125.1 .0 23379.4 31549.0
 



Appendix 6.2
Base Case Expansion for Avoided Cost Estimate 



POLAND - ELECTRICTY PRICING STUDY - 1992 
POLISH POWER GRID COMPANY - POLSKIE SIECI ELEKTROENERGETYCZNE
 

FILE: P400O.GSU (SEE FILE P400O.GDE FOR FULL DETAILS)
 

BASE CASE EXPANSION FOR AVOIDED COST ESTIMATE
 

LIMITED RESOURCES DENOTE "ENERGY LIMITED" AND INCLUDE ALL
 
CHP, ALL HYDROELECTRIC AND ALL AUTOPROOUCERS.
 

ECONOIIC RESOURCES DENOTE RESOURCES DISPATCHED IN ORDER OF
 
ECONOMIC VARIABLE COSTS AND INCLUDE ALL OTHER PLANTS.
 

YEAR PEAK (MW) LOAD (GWH) ICR(X) TECR(X) EUE (M) LOLP (M)

1992 22024.0 125018.8 32.96 1.05 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST

RESOURCE MW GWH CAPITAL F.O&M V.O&M 
 FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL

LIMITED 7041. 14630.2 .0 60.0 7.2 .0 67.2 
 .0 56.7 6.8 .0 63.5
ECONOMIC 22243. 110388.6 .0 413.4 
 .0 2037.6 2451.1 .0 390.7 .0 1925.4 2316.1
 
TOTAL 29284. 125018.8 .0 473.4 7.2 2037.6 2518.3 
 .0 447.3 6.8 1925.4 2379.5
 

YEAR PEAK (MW) LOAD (GWH) ICR(X) TECR(X) EUE MX) LOLP MX)

1993 22222.2 127117.3 31.75 .14 .10 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST

RESOURCE MW GWH CAPITAL F.O&N V.O&M 
 FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL
 
LIMITED 7091. 16477.8 .0 60.0 7.2 .0 
 67.2 
 .0 107.3 12.9 .0 120.2

ECONOMIC 22186. 11514.3 30.7 
 409.1 .0 2078.1 2517.9 25.9 735.8 .0 3678.6 4440.3
 
TOTAL 29277. 126992.0 30.7 469.1 7.2 2078.1 2585.1 25.9 843.1 12.9 3678.6 
4560.5
 

YEAR PEAK (MW) LOAD (GWH) ICR(%) TECR(X) EUE M%) LOLP (%)

1994 22533.3 129686.5 31.49 .08 .14 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
RESOURCE MW GWH CAPITAL 
 F.O&M V.O&M FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL
 
LIMITED 7191. 15658.3 .0 60.0 
 7.2 .0 67.2 .0 152.5 18.3 .0 170.8

ECONOMIC 22438. 113847.8 42.9 411.1 .0 2161.1 2615.1 
 58.2 1045.5 .0 5306.5 6410.2

TOTAL 29629. 129506.2 42.9 471.1 7.2 2161.1 2682.3 58.2 1197.9 18.3 
 5306.5 6581.0
 

YEAR PEAK (MW) LOAD (GWH) ICR(X) TECR(X) EUE MX) LOLP MX)
 
1995 23006.5 133417.6 31.45 .32 .03 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST

RESOURCE MW GWH CAPITAL F.O&M V.O&M FUEL 
 TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL
LIMITED 7341. 16494.7 .0 
 60.0 7.2 .0 67.2 .0 192.8 23.2 .0 216.0

ECONOMIC 22902. 116881.6 418.0
36.8 .0 2211.1 2665.9 83.0 1326.6 .0 6793.6 8203.2
 
TOTAL 30243. 133376.3 36.8 478.0 7.2 2211.1 2733.1 
 83.0 1519.4 23.2 6793.6 8419.2
 

YEAR PEAK (MW) LOAD (GWH) ICR(%) TECR(X) EUE (X) LOLP X)
 
1996 23121.6 136110.1 31.89 .93 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST

RESOURCE MW GWH CAPITAL F.O&M V.O&M FUEL TOTAL CAPITAL V.O&M
F.O&M FUEL TOTAL

LIMITED 7531. 17786.9 .0 60.0 7.2 
 .0 67.2 .0 228.8 27.5 .0 256.3

ECONOMIC 22965. 118323.3 6.1 417.9 .0 2199.2 2623.3 86.7 1577.6 .0 8114.3 9778.5

TOTAL 30496. 136110.2 6.1 477.9 7.2 2199.2 2690.5 86.7 1806.4 27.5 
 8114.3 10034.8
 

YEAR PEAK (MW) LOAD (GWH) ICR(%) TECR(%) EUE CX) LOLP CX)

1997 23699.6 139720.5 31.77 1.62 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
RESOURCE MW GWH CAPITAL F.O&M V.O&M FUEL TOTAL 
 CAPITAL F.O&M V.O&M FUEL TOTAL

LIMITED 7871. 20024.4 .0 60.0 
 7.2 .0 67.2 .0 261.0 31.4 .0 292.3
 
ECONOMIC 23359. 119696.0 420.7
.0 .0 2216.5 2637.2 86.7 1803.1 .0 9302.7 11192.5
 
TOTAL 31230. 139720.4 .0 480.7 7.2 2216.5 2704.4 
 86.7 2064.1 31.4 9302.7 11484.9
 

YEAR PEAK (MW) LOAD (GWH) ICR(X) TECR(X) EUE (X) LOLP (%)

1998 24221.0 143430.9 32.34 1.50 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
RESOURCE mW GWH CAPITAL F.O&M V.O& 
 FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL

LIMITED 9061. 23892.4 134.7 68.1 7.2 .0 
 209.9 
 64.5 293.6 34.8 .0 392.8

ECONOMIC 22992. 119538.5 
 .0 411.5 .0 2211.2 2622.7 86.7 20L0.1 .0 10361.3 12448.1
 
TOTAL 32053. 143430.9 134.7 479.5 
 7.2 2211.2 2832.6 151.1 2293.7 34.8 10361.3 12840.9
 



YEAR PEAK (MW) LOAD (GWH) ICR(X) TECR(X) EUE (^) LOLP X)
 
1999 24802.3 147090.5 30.54 .23 .06 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
 
RESOURCE MW GUH CAPITAL F.O&M V.O&M 
 FUEL TOTAL CAPITAL F.O&N V.O&M FUEL TOTAL
 
LIMITED 9161. 24516.8 134.7 68.1 7.2 .0 209.9 122.0 
 322.6 37.9 .0 482.6
 
ECONOMIC 23216. 122478.5 12.3 
 412.1 .0 2289.7 2714.0 91.9 2176.3 .0 11339.9 13608.1
 
TOTAL 32377. 146995.3 146.9 430.2 7.2 2289.7 2924.0 
 213.9 2498.9 37.9 11339.9 14090.7
 

YEAR PEAK (MW) LOAD (GWH) ICR(X) TECR(X) EUE (M) LOLP (%)

2000 25323.1 151066.7 29.83 .08 .11 .00
 

COST N MILLIONS ACCUMULATED DISCOUNTED COST
 
RESOURCE MW GWH CAPITAL F.O&N V.O&N 
 FUEL TOTAL CAPITAL F.O&N V.O&M FUEL TOTAL
 
LIMITED 9681. 27952.1 134.7 68.1 7.2 .0 209.9 173.4 
 348.6 40.6 .0 562.7
 
ECONOMIC 23196. 122941.2 6.1 409.3 
 .0 2293.0 2708.5 94.3 2332.5 .0 12215.0 14641.8
 
TOTAL 32877. 150893.3 140.8 477.4 7.2 2293.0 2918.4 
 267.7 2681.1 40.6 12215.0 15204.5
 

YEAR PEAK (MW) LOAD (GWH) ICR(%) TECR(X) EUE X) LOLP (X)
 
2001 25399.1 149072.5 29.78 .77 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
 
RESOURCE 
 MW GWH CAPITAL F.O&M V.O&N FUEL TOTAL CAPITAL F.O&M V.OM FUEL TOTAL
 
LIMITED 9981. 29954.9 
 134.7 68.1 7.2 .0 209.9 219.3 371.8 43.1 .0 634.2
 
ECONOMIC 22982. 119117.6 6.1 403.0 
 .0 2210.7 2619.8 2469.8
P6.4 .0 12968.3 15534.5
 
TOTAL 32963. 149072.5 140.8 471.1 7.2 2210.7 2829.8 
 315.6 2841.6 43.1 12968.3 16168.7
 

YEAR PEAK (MW) LOAD (GWH) ICR(X) TECR(M) EUE (M) LOLP (M)
 
2002 25983.3 153184.0 28.88 .32 .03 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
 
RESOURCE mw GWH CAPITAL F.O&M V.O&N FUEL TOTAL CAPITAL F.O&M 
 V.O&M FUEL TOTAL
 
LIMITED 10281. 31906.4 134.7 
 68.1 7.2 .0 209.9 260.3 392.5 45.3 .0 698.1

ECONOMIC 23207. 121234.2 24.5 410.8 .0 2300.6 2735.9 
 103.8 2594.8 .0 13668.2 16366.8
 
TOTAL 33488. 153140.5 159.2 478.8 7.2 2300.6 2945.8 2987.3
364.1 45.3 13668.2 17064.9
 

YEAR PEAK (MW) LOAD (GWll)ICR(X) TECR(M) EUE (X) LOLP (%)
 
2003 26580.9 157638.6 28,04 .04 .14 .00
 

COST IN HILLIONS ACCUMULATED DISCOUNTED COST
RESOURCE MW GWH CAPITAL F.O&N V.O&M FUEL TOTAL CAPITAL V.O&M
F.O&M FUEL TOTAL
 
LIMITED 10581. 33884.4 134.7 68.1 7.2 
 .0 209.9 296.8 411.0 47.3 .0 755.1
 
ECONOMIC 23452. 123529.7 36.8 420.4 .0 2384.4 2841.6 
 113.8 2709.0 .0 14315.9 17138.7
 
TOTAL 34033. 157414.1 171.5 488.5 7.2 2384.4 3051.5 410.7 3120.0 
 47.3 14315.9 17893.8
 

YEAR PEAK (MW) LOAD (GWH) ICR(%) TECR(X) EUE (%) LOLP M%)

2004 27192.3 161978.9 27.83 .40 .03 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
 
RESOURCE MW GWH CAPITAL F.O&M V.C&M FUEL TOTAL CAPITAL V.O&M
F.O&M FUEL TOTAL
 
LIMITED 10881. 35785.4 134.7 68.1 7.2 
 .0 209.9 329.5 427.5 49.0 .0 806.0
 
ECONOMIC 23879. 126141.8 67.5 425.3 .0 2502.2 2995.0 130.2 
 2812.1 .0 14922.8 17865.1
 
TOTAL 34760. 161927.2 
 202.1 493.4 7.2 2502.2 3204.9 459 7 3239.7 49.0 14922.8 18671.1
 

YEAR PEAK (MW) LOAD (GWH) ICR(M) TECR(X) EUE (M) LOLP (%)
 
2005 27817.7 166435.5 26.99 .12 .1: .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST

RESOURCE MW GUH CAPITAL F.O&M 
 V.O&M FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL
 
LIMITED 11181. 37808.7 134.7 68.1 7.2 .0 
209.9 358.7 442.3 50.6 .0 851.5
 
ECONOMIC 24146. 128415.6 85.9 424.4 .0 2584.9 3095.2 11,S.8 
 2904.0 .0 15482.5 18535.4
 
TOTAL 35327. 166224.2 220.6 492.5 
 7.2 2584.9 3305.1 507.4 3346.3 50.6 15482.5 19386.9
 

YEAR PEAK (MW) LOAD (GWH) ICR(%) TECR(X) EUE MX) LOLP MX)
 
2006 28457.5 171011.3 26.88 .54 .00 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST
RESOURCE MW GWH CAPITAL F.O&M 
 V.O&N FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL
 
LIMITED 11481. 39720.3 134.7 68.1 7.2 
 .0 209.9 384.7 455.4 52.0 .0 892.1
 
ECONOMIC 24626. 131291.1 
 110.4 431.6 .0 2710.7 3252.7 170.1 2987.5 .0 16006.7 19164.3
 
TOTAL 36107. 171011.4 245.1 499.7 
 7.2 2710.7 3462.7 554.8 3442.9 52.0 16006.7 20056.4
 

YEAR PEAK (MW) LOAD (GWH) ICR(%) TECR(X) EUE MX) LOLP CM)
 
2007 29112.0 175709.7 26.28 .06 .16 .00
 

COST IN MILLIONS ACCUMULATED DISCOUNTED COST

RESOURCE MW GWH CAPITAL F.O&M 
 V.04M FUEL TOTAL CAPITAL F.O&M V.O&M FUEL TOTAL
 
LIMITED 11781. 41688.6 134.7 68.1 7.2 .0 209.9 
 407.9 467.2 53.2 .0 928.3
 
ECONOMIC 24,82. 133743.0 154.5 442.9 .0 2688.3 3285.7 196.8 
3063.9 .0 16470.7 19731.5
 
TOTAL 36763. 175431.6 289.1 
 511.0 7.2 2688.3 3495.6 604.7 3531.1 53.2 16470.7 20659.8
 



YEAR 

2008 

PEAK (MW) LOAD (GH) Ct(%) TECR() EUE X) LOLP (%)
29781.6 180533.6 
 25. 
 .09
RESOURCE LIMITD .13 .00
MW 4608 1281.
GWH CAPITAL

COST IN P!LLIONS .2LIMITED F.O&' V.O&M FUL TO ACPITAL
12081. 43608.6 134.7 FUEL TOTAL CAPITAL D.ICV OMNTE
68.1 F.O&M L TOTST
ECONOMIC 7.2 V.O&1 FUEL
25398. 136685.0 .0 209.9 TOTAL
428.7
98.2 453.3 477.7
TOTAL 54.3
.0 2821.2
37479. 180293.6 3372.6 .0 960.7
232.8 211.9
521.4 3133.8
7.2 2821.2 .0 16905.6 20251.3
3582.6 
 640.6 
3611.5 
 54.3 16905.6 21212.0
YEAR 
PEAK (MW) LOAD (GWH) ICR(X) TECR(%)
2009 30466.6 185219.7 EUE MX) LOLP (%)
25.58
COST IN MILLIONS .05
RESOURCE LIMITED .13 .00
MW 123ATED
GWH CAPITAL ACCLMULATED DISCOUNTED COST
F.O&M
LIMITED V.O&M
12381. 45539.2 FUEL TOTAL CAPITAL DSO&
134.7 F.O&M
ECONOMIC 68.1 V.0&M E FU
7.2 FUELL TOTST
25878. 139431.9 .0 209.9 TOTAL
200.7 447.2
460.5 487.1
TOTAL 55.3
.0 2868.0 .0
38259. 184971.0 3529.2 989.6
335.3 239.6
528.6 3197.2
7.2 2868.0 .0 17300.3 20737.0
3739.1 
 686.8 
3684.2 
 55.3 17300.3 21726.6
YEAR 


2010 
PEAK (MW) LOAD (GWH) ICR(X) TECRCX) EUE X) LOLP (%)
31167.3 190025.8 
 25.42
COST IN MILLIONS .07 .00
RESOURCE .12
MW 
 GWN CAPITAL F.08j ACCUMULATED DISCOUNTED COST
LIMITEO V.0O&M
12851. FUEL
48822.0 TOTAL CAPITAL
182.1 F.O&M
ECONc 69.9 V.O&
IC 26238. 140978.3 7.2 .0 259.2 FUEL TOTAL
353.3 469.6
TOTAL 465.9 495.6
39089. 189800.3 .0 2809.0 3628.2 56.2 .0 1021.4
283.0
535.4 535.8 3254.4
7.2 2809.0 .0 17645.4 21182.8
3887.4 
 752.6 
3750.1 
 56.2 17645.4 22204.3
 



Appendix 7.1 
Network Investment Plan 



wNvt-UTMEMT- riC~WV.ft vtP~m (as OrDL'frnoFrTV9 

No. Year o! Foreign Voltage Spent In To spend In years
investment commission Cost (%) Leve; 1992 1993 1994 1995 1990 1997 1998 1999 2000 2001 2002 

12 ____ 3 4 5 8 9 10 1 12 13 147 Const. 400.V sgl-crc GdaA*k - Olsztyn line S 18 71993 20% VHV 98.0 40.0I1 COn-t. 400kVsgl-crc Nur - Narew line 1993 20% VHV 98.0 17.010 Con st..0OkV Sg-circ. Miosne - Nur line °1993 20% VHV 135.0 10 .042 Conat. 220kV sgi -circ Wrzosowa - Jachlm6w line 1994 20% VHV55 Cnsl. 390400kV Sgl-crc Miku-Owa - Kesdorf (Germany) line 1995 20% VHV 20.0 28 028 Ext. and mod of U-4 400/220kV Grudzlc $/a 1995 35% VHV 50.0 81.051 Const. 400k xsgl-crc. Miku'owe - Bablion line 1995 20% VHV
43 Const 220kV egl-ciro. KrojnIk - Pomorzany line 57.0 
1998 20% VHV


18 Consl 400kV dtbl-circ Ostrw - Plewlska line 
10.0 250
 

1998 20% VHV 120.0 250.0 186.019 Const. 4p0kV dbl-crc Dobrzeai - Wlelopole line 1998 20%
13 Const 

VHV 150.0 3000 150.0400kV dbl-circ. Bros'hcin - Os.w lirn 1996 20% VHV
20 Conat 400kV 9gl--circ Doorzei - wltbodtice line 1997 20% VHV 
200 0 3270
 

50 Ccnst ,4001'v cbl-crc 

90.0 2000 158.0Kralnik - Neuennagen (Germany) line 1997 20% VHV52 Const. 40CkV sgi-circ. Kroano - Lemleszany (SiovaJida) line 1998 20% VHV
22 Const. 4t0kV sgl-cire wiebodzlce - Czarne line 1999 

420 50.0 50.0

20% VHV

33 Const. 220kV sgl-crc OI-ztyn - M'tlu - Olsztyn I line 2000 20% VHV 
80.0 138.0
 

24 Ext 75014011/1 10kV Wida'lek s/s 2000 
 27.0
 
25 Const. 4001 V sgi-circ Wido'ka - Mokre line 0.0
 

35% VHV 

2000 20% VHV

45 Cons 220kV single circuit Glinki - Rec'aw line 70.0 1800 1440
2000 20% VHV29 Const 400kV sgi-cjrc E'k - Nerew line 350 440
 
53 Consl 400kV sgl-circ E3k - Alylus (LItuania) line 500 140.0 140.0
 

2001 20% VHV 
2001 20% VHV
54 Bacx to back HV DC In 750140011 OkVWIde'ka a 80.0 120.0 120.0
2002 35%


Const. 400kV agl-circ. OIzlyn - E'k lino 
VHV 7000 7000 700.0 7000
31 700.0 7000 

2002 20% VHV 
8 Ext. 400/1 10kV Gdwisk B'onla a/* 800 200.0 198.0

1992 35% HV 13.08 Const. 400/1 1OkV Olsztyn M'tk 9/s 1992 35%9 Ext. 400/220/1lOkV MI'oana s/s 
HV 

1993 35% HV 230 52.012 Const. 400/110kV Narew Ws 1993 35% NV 102.0 64.027 Ext. 220/110kV Elk s/1 1093 35% HV s035 Ext. 22011 0kV Zglerz Antonlew s/ 2.0 
1993 35% HV 20.0 14.040 Reactor Instaliation In 400/I 0kV P'ock */a 1994 35% HV41 Ext. 220kV Wrzosowa s/s 1994 

7.0 18.0 
35% HV

38 Const. 400/110kV Mocisks a/% 
14.0 

1994 35% HV38 Ext. 220/1 10kV s/s In Kozlenlce Pow.r Piant 1995 35% HV14 Const. 400/1 I OkV Ostr5w s/s 5.0 
1995 35% HV 
 50.0 85.037 Const. 220/110kV Sled!ce s/s 82.0 
1995 35% HV15 Ext. 400/I 0kV Pasikurowice a/s 

180 80.0 40.0 
1995 35% HV 20.0 40.0 30039 Conet. 220/1 10kV Kawiczyn s/s with 220kV Ine Incoming 1998 35% HV 10.0 20.0 18.018 Ext. 400/I1OkV Dobrze* Wsa 1990 35% HV47 COnst. 220/110kV Pomorzany &/a 1998 35% HV 1S0 24048 Ext. 220/11 0kV Krignik as 1998 35% HV17 Ext. 400/220/1 IOkV Plewlska s/s 5.0 
1998 35% HV21 COnat. 403/220/11 0kV wiebodzice 9/ 40.0 54,0
1997 35% HV
49 Const 220/1 lOkV Wrzenl a/:- 50.0 120.0 43.01997 35% HV

23 Ext. 400/11 0kV CZams s/s 240 39.0
1999 35% HV 

5.0 5.032 Ext. 4001110kV Olsztyn - M'tW s/s (220kV 5/s) 2000 35% HV34 Ext. 220/1 10kV O0sz"yn I s/5 2000 35% HV 
48.0 80044 Cons!. 220/1 10OkVRec'aw s/s 2000 35% NV 50 

48 Ext. 220/I 10kV GiInki s/s 150 2402000 35% HV28 Conit. 400/11 0kVMokre s/s and mod, of the 220kV 9/a 2000 35% HV
30 COnlt 400/11 OkV E-k s/s 200 50.0 5002001 35% NV3 Const. fiber optic wire telecomm systems on existing HV lines 2002 84.0 100.070% HV 200.0 250.0 250.0 1400 140.0 1400 140.0 1400 140.0 140.0 

PSE INVESTMENT PROGRAM 

TOTAL 494.0 
 5850 1558.0 22080 19930 428.0 3850 14190 1811.0 1400.0 3380 
VHV 3310 153.0 1079.0 1894.0 1810.0 208.0 200.0 1181.0 1243.0 11800 198.0 
HV 183.0 427.0 477.0 512.0 383.0 222.0 185.0 2580 38a 0 240.0 140.0 

http:riC~WV.ft


DISTRIBUTION P ;V'RK INVESTMENTB
 
WnITHOUT FLATlON & VC)
 

TOTA POiStan Date or Lwngtr (0^9 1991IZ STlI/ - TOTAL PROECT COT I-
HV: (10^912Z1oqy 4/ I ....t 220 KV Coln MVA 19.3

Cornis'n-T~ AL LOCAL------ TOTAL LOCALconsir TOTAL FCEIGN_ TO FCNEIGNIGN TOA- FW TOTAL FOREIGNWLUn -.- -FRIN---- I OA LOCAL110kv 1991 1992 283 1981 1884
I1 koI Lkm 297 28A4 232.4 _80 1522 11821992 1993 280 1990 188O 380 00 O0 0.0294 2m55110kI Lin"9 2299 358 1150 11501993 I9r.4 290 2030 00 1508 1150 3501728 305 2750 2381110kv Lkw 389 00 00 001994 1993 1191 119.1290 2030 1720 305 0.0 
110kW Lk-k 2750 238.1 3 9 001993 19g 430 3010 2559 00 00 00 00 00452 4070110kv Lknm 331 547 00 031998 1997 430 3010 2!59 452 00 00 00 00
110k Lki 4078 353.1 547 00 00 001907 1990 440 00 00 00
3080 2618 482 4173 3813 560
110kv LknIM1. 00 00
1998 19 00 00
430 3150 2878 473 00 00
110kV Lknm 4a88 395 573 00
low 00 00209 450 3150 2a78 47.3 00 00 00
4208 389.5 573 00
110kV Iknrm 00 00
2000 2001 450 00 0.0 .0
3150 2578 
 473 4208 389.5 573 00 
 00 00 00 00 
 0.0
 

MV: 1 to 8anKV
/1 110kv/MV 1992 1992 18 3760 3213 507 5121 4434$/a 110 kv IMV 887 5121 4434193 1993 19 3D"0 3392 a 7 00 00 00
/sI 1CO. IMV 1994 19.4 19 3090 

509 540.8 4a80 7"25 00 00 00 5408 4880 7253392 !29 5408 48803/3 110 W/MV 725 00 00 001995 995 20 4200 3570 00 00 00130 5890 4927 703vs 110kv/ 00 00199l IP1l93 18 00 00 00 003M0 2858 504 455,2 3841
/I 110kvI/MV 81 1 00 00 00
1997 1997 17 3570 3035 530 00 00 00
/s 110 kv /MV 4837 4188 849 001 g8 199 17 00 00 00 00 003570 3035 538 4837 4188sis110IN / MV 849 00 00 001999 low9 00 0017 3570 3035 538 4837 4108 849 00
l/AI110kv/MV 00 002000 2000 18 3780 3213 587 00 00 00 005121 4434B/s 110 kv/ MV 8 7 002001 2001 00 00 00 0018 3780 3213 587 005121 4434MV Ovo&mad Lwns 1992 19w9 1047 

(,.7 00 00 00 00 001032 1557 00275 2482 2149 333
O tmW 2482 2149
MV "%A 113 333 00
1903 1080 1830 1807 00 00

MVOv-hemd L, 284 2561 2217 344 00 00
1904 1994 1030 1003 00 2581 221.7 3.441532 270 2442
IV O43wtwm Lkn. 211.4 328 00 00
1905 1995 1070 1873 15a2 281 00 00 00 00
2537 2198
WrV M Lkne 340 00 00 001990 1998 1700 00 00 00
2975 2529 
 448 4030 36490 541
MVvC fet4 Lkas 00 00
19g7 19 7 1700 00 00 00 00
2975 2529 
 448 4030
MV Ox"w I Len" 3490 541 00 00
l99 1928 1700 297.5 2529 448 

00 00 00 00
4030 3490
O 541 00
I4MV lt*4d Lk, 00 00
199 I9M3 1870 292.3 2484 438 00 00 00

MV Owlx lw kLi 3859 342.8 531 00
2000 2000 1730 3028 2573 454 

00 00 00 00 00
4102 35.1
MLVO D-.*W Lkjn 2001 530 00 00 00
2001 1730 3028 2573 00 00 00
45.4 410.2 3551 550
MV C4.klM0 00 00
1992 1992 877 00 00 00 00
4385 3727 
 058 56
MV Cabiu 514.4 797 5" 1 5144
1993 lo 797 00
870 4350 3898 053 00 00
5893 5103
IV Ci1411 721 001994 1Q94 870 4350 398 853 
00 00 5893 5103 79.1
59 510.3 791 00
MV Cg_;, 19 00 00 00 00109 030 405-50 3053 00ap 8 8300MV Cat.I11 5454 845 00 00 001998 1998 1300 8500 5525 975 00 00 00

MAVCat Is 8808 782.5 1182 001907 1097 1400 7000 5950 1050 0483 
00 00 00 00 00mV Cw km B21.1 1272 00 0019 1 go 1C 00 00 00 00498 7000 5950 1050 9483 I1.1 1272LMV Ca ka 00 00 00 0019ow 1990 1400 7300 00 00(905 1095
M16VC~,JI Ge0 8583 1327 002000 2000 1440 7200 8120 1080 00 00 00 00 00MV C0Am 9754 8"44 1300 00 00 00 00
2001 2001 1440 7200 8120 1080 00 009754 8448 1309 00 00 00 00 00 00 



(WT'THOU(T INFI ATIO I & CC- TOTAL PROJECT COST 1/ f TOTAL PROJECT coSTStan 	 Da. or L~tlV (10-g 191Zloy) I (10'n 1992 Zloty) 4/ - II - 1992 -0C1-Js'n 193
A TOTAL LOCAL 2/FOREIGN 3 TOTAL LOCAL FOREIGNL TOTAL LOCAL FOREIGN 

I TOTAL LOCAL FOREIGN 
LV: Lem than2/s IKVMV/LV 	 t992 1992 3347 2988 2538"/sMV / LV 	 448 4045 3503 5431Gm3 19GO ZZ-.0 3028 	

4045 3503 5.43 00 00 002574 454 4103 3552 550s" MV / LV 	 00 00 00 41031994 1994 31.8T 3077 2810 	 3552 550 
/ MV/ 	 462 4189 381.0 559LV 195 1 QV5 3190 3128 20t57 489 

00 00 00 00 00 00
Ws LIV / LV 4235 387 588 0019;-5 111 3290 3224 2741 484 	

00 00 00 00 00 
I/9 VV / LV 	 4388 378 2 5 8 00 00 00 00197 1997 3350 3283 	 00 00279.1 422 44483 	 385.1 597MV / LV 	 00198 1998 3400 3332 2832 00 	

00 00 00 00 00 
"/s MV/ LV 	 4514 3008 008 00 00 00 001o9 l1w 3450 3381 2874 507 	 00 004580 308 81 5ls FAV / LV 	 00 00 00 002000 2000 3510 3440 2924 	 00 00518 4W0 403.5 825IWsMV/LV 	 00 00 002001 2001 3510 3440 2924 	 00 00 0.0518 4880 /J',5 825LV OvtrseadLines 	 00 00 001992 19 2289 	 00 00 003602 3113 !P49 40a2LV OveisoLt Irm 1993 1998 2280 	

4298 88 4982 4298 W8 003 48 3101 L.,7 4042 4279 883 	
00 00

LV Overhead Llnes 	 00 00 001994 1994 2220 3552 3019 4942 427.9 ea..,, 
LV Ovehd Liers 1905 

533 481 2 4188 848 00 00 00 00 00 00199m 2320 371 2 3155 557 502.9LV Ove.hed Lke 	 4354 875 001990 1G95 2050 3250 2788 492 	
00 00 00 00 004444LV Overhead L.sL 	 3547 598 001997 '297 	 00 00 00200 -208 2802 	 00 00494 4485 3808LV Overhead Lines 	 599 00 001998 	 00 00 001 28 2080 3328 2829 	 00499 4509 3904LV Overhead Lines 	 005 00 001999 low9 2100 3360 	 00 00 00 002858 504 4552 3.41 81 1 00LV Ovrheed Lines 	 00 00 002000 2000 2110 3378 2,70 508 	 00 00 

LV Overhead Lines 2001 	 4574 380 81 4 00 00 002001 2110 3378 2870 508 	 00 00 004574 3900 81 00LV Cables 	 4192 1992 2097 4404 3743 08 I 560 	
00 00 00 00 00

5180 800LV Cables 	 sp8 5188 800 0019GIO 1993 218O 	 00 004538 3858 880 6145 532.1LV Cable 	 8251994 1994 2220 4M02 	
00 00 00 8145 5321 825:83 999 831 8LV Cables 	 5409 847 00 00 00 001995 1935 2280 4788 	 00 004070 718 848.7 581.0 870LV Cables 	 00 00 0019W I,10 2320 4872 4141 	 00 00 00 

LV C17Jeis 	 731 880.0 5715 8881997 1997 2370 497,7 4230 747 6743 	
00 00 00 00 00 005 88 905LVCabes 	 00 00 001998 19068 2400 5040 4284 00 00 00 

LV Cables 758 8828 501.2 918 00 0019 19w 2430 	 00 00 005103 4338 785 891.3 510.8 	 00 
LV Cables 	 92 8 00 00 002000 2000 2480 5208 4427 	 00 00 0078.1 7058 810.9LV Cables 	 947 00 002001 2001 	 00 00 002480 5208 442,7 78.1 7058 	 008109 94.7 00 00 00 00 00 00 

TOTAL OISTRIBILMN NfrNCVK COSTS 
VHtV 35012.5 31984.0 48185 31189 27002 4188 31748 27492 4254 
Kv 	 0.0 0.0 00 00 00 00 00 00 003597.1 3114.4MV 	 4828 207.1 231 1 3 0 290 2340 358 
LV 	 18840.0 14407.3 2232.8 1354.4 11727 181 7 13859 12000 188015875.5 13572.3 2103.2 1497.3 12984 2009 15190 13152 203835 12.5 31004.0 4818.5 31189 27002TOTAL PSE NE'TORK COSTS	 

4188 31740TOA 	 2749.2 4254 
HV 4940 1233 3708 5850 251 1 3340 

3310 O 2 2848 1580 31.8 128 4 

183 0 57.1 1080 4270 2195 2078 
TOTAL SYSTEM NETWORK COSTS 

33912.5 3104.0 48185 38129 2823 5 7894 37590 30002 7593
HV
mV 0.0 0.0 00 331,0 88 2 2848
LV 	 3597.1 3114.4 482.8 4301 282 1580 31 8 12841420 80a8 4535 

LV 	 18840.0 14407.3 2232.8 135.44 11727 
2432 

1817 1385 9 12000 1880158755 13572.3 21032 1497.3 12984 2009 15190 13152 203835912.5 31084.0 48185 38129 28235 7894 37598 30002 7593 
NOTES: 

1/ Total Project Costs forDlstrlbutlon Co. Investment3 estimated by Power Engtneeering Institute n 199 1 Prics 
2/ LOCAL - Total cost of local materials and labor In billionZloty.

Local costs Incurred evenly throughorut period. IncludingStartand Commmswnig Years3/ FOREIGN - Foreign exchange pan at total eost In bIllion Zloty.
Foreign Oaae of Distrilbutlion Co. Investm. s3tinmed to rpre-,ent 15 0% of total project cost In 1991 Zloty.4/ 1991 Price estimates translated to 1992 Prices with the fOllowvwj aJmrpllons 

Foreign Inflatlon Rate 4.0% 
Domestic Inflation Rate 38.0% 
1991 Exchange Rate (ZI/$) 11500 
1W2 Exchtarge Rate (ZI/$) 13400 



(WmiTHOUiTIWLATION & E3C, 

-7 o2O LTCL FCEIG TOTAL LOCAL FOFIGN TOTAL LOCAL FCOREIGNLOes TOTAL -110k LOCAL. FOREIGNTTF00 0 00 00 00 00110 L
QI00 'V 00 00 0000 0010IWVNLines 00 00 00 00 00 0000 00 O 00 0000 00 00 00 00 C 0 O O 0110 W Lines 1580 1191 309 
000 00 00 00 00 00 00O 00 O 0000 00 00 00It0kV Linea 00 00 00 001191 1191 00 0000 1500 1191 309 00 0000 00110 kV Lines 00 0000 00 00 00 00 00 001705 1705 0000 2313 1705 547110 WV Line 00 0000 00 00 00 00 00 00 

110 V Lies 
00 00 00 17a5 17a.5 00 2313 178500 on 00 00 00 547 00 00 0000 0.0110 WVLn.. 00 00 1800 180000 ou 00 2300 100 

1 I10kV Linea 00 00 
00 00 0.0 00 0.0 00 50 

00 00 00 00 00 00 
00 00 1847 1847 00O0 0.0110 kV Lina 0.0 00 00 00 0000 00 00 00 00 0000 00 0.0 00 00 00 00 00 00 00 00 

MV. I to 50 KV 
ss I/1( kV/MV 00 00 00 00 00 00 00" I ItkV/ MV 00 00 00 0000 00 00 00 00 00 00 
"I 

00 00 0.0 00 00 00I kv/ V 00 005400 O0 00400 725 00 00 00 00 
00 00 

/tI(, k%0/MV 0.0 00 00 0000 00 00 0000 5d980 4927 7413 00 0000 00z/ 111('V/MV 00 00 00 0000 00 00 0000 00 0000 00s/z 110 kV/MV 4552 394.1 611 Cu 00 0000 00 00 0000 00 00 00 0000 00s/s 110 kV /MV 00 00 4837 4188 6,49CO 00 00 00 00 00 0000 00s/ 1t0kv /M.V 00 00 00 0000 00 00 00 00 4837 4188 04900 00 00 00Sts 110 kv /MV 00 00 00 00 00 00 0000 00 00 00 0000 00s,'%110 kv / 00 00 00 00 
00 00 00 00 00 CO 00 000Y 00 00 00MV O"veilh Lines 00 00 00 00 0000 00 00 00 00 00 

00 00 00 0000 O0mVD-ine Linest 00 00 00 00 0000 00 00 00 00 0000 00 00 00mVOven Ie's 2442 2114 00 00 00 00 00 00320 00 00 00MVOwrhi Lnes 00 00 00 0000 00 00 0000 2537 2198 340 00 00 00.Ne.3w 00 00 00 00-. Llrne 00 0000 00 00 00 00 00 0000 00 4030 3490 541MVOvefhe Lines 00 00 0000 00 00 00 00 00 0000 00MV OD,g 00 00nge Linea 00 00 00 4030 3490 54100 00 00 0000 00 0000 00 00 00 00 00PUVoverhad LSO 4030 3490 54100 00 00 00 00 00 00 00 00MV OveIw Iti8jeg 00 00 00 00 0000 00 00 00 00 0000 00 00MVOverhead Lies 00 00 00 0000 00 00MV Cal 00 00 00 00 00 0000 00 00 00 00 00 0000 00 00 00 00 00 00 00MV Cables 00 00 00 00 n000 00 00 00
CO0 00 00 00
00 00 
 0.0 00
9V Cal 00 00
5893 5103 791 00 00 00 00
00 00 00
00 00 
 00 00
RV Cables 00 00 
 00 00
00 00 00 00
00 0300 5454 845 
 00 00
MV Cables 00 00 00 00
00 00 00 00 00 00 00
00 00
MV Cables a.0 7d2.5
00 00 00 1182 00 00 00
00 00 00 00
00 00 00
00 00
MV C4ilm" 9483 8211 1272 00
00 00 00
00 00 
 00 00 
 00 0.0
MV Cables 00 00 00 00
00 00 00 00 9483 1211 1272
00 00 
 00 00
MV C1bi. 00 00 00 00
00 00 00 00
00 00 00 00
00 00 
 00 O0
MV Cables 00 00 00 00
00 00 00 00
00 00 00
00 00 
 00 00 00 00 
 00 00 00 00 00
 



(WTTHO .' IN:FLATlON & IDC) 

K-TO _ OCA-LC/T.L EIGN TOTAL LOCAL. FOREIGN TOTAL LOCAL FOREIGN I TOTAL LOCAL FOREIGNI TOTAL LOCAL FCEGNLV: Leas M'an I KV 
" MV I LV O0 00 00 00 00 00 00"/MV / LV 00 00 00 00 0000 00 00 00 00 00 00 00 

00 00 0000 00" MV/ LV 00 00 004109 3010 559 00 00 00 0000 008/s MV / LV 00 00 00 
0.0 00 00 00 00 00 00 004235 3887 5a8 00 00sla MV / LV 00 00 00 00 00 

00 00 00 00 00 00 00 
/ MV /LV 00 4308 3782 5a0 0000 00 00 00 00 00 

00 00 00 00 00
" MV/ LV 00 00 0.0 00 4448 3651 507 0000 00 00 00 0000 00 00 00 009;s WV/LV 00 00 00 00 00 00 00 4514 308 60000 00 00 00 00/i MV / LV 00 00 00 00 

00 00 00 00 00 000) 00 00 0.0 00 00 00 00 00 00%IsMV/LV 00 00 00 00 00 00 
LV Overhead Lines 00 00 00 00 00 

00 00 00 00 00 00 00 00 00 0000 00 00iV Ovelt, Lne 00 00 00 00 0000 00 00 00 00 00 00 00 00 00 
LV Ovetheasd Lnm 00 00 004812 4108 48 00 00 00 00 00 00 0000 00LV OvwtwW LInes 00 00 00 

00 00 00 00 00 00 005029 4354 875 00 00LV Overhd Lines 00 00 00 00 0000 00 00 00 00 00 00 
LV Overt1dLines 00 00 00 

00 4444 384.7 500 00 00 00 00 00 0000 00 00 00 00LV Ovc w~ac Lin" 00 4485 380 599 0000 00 00 00 0000 00 00 00 00LV Overtead L es 00 00 00 00 00 00 4509 3904 00500 00 00 00 00' V Oveald Lines 00 00 00 00 00 0000 00 00 00 00 00 00 0000 00 00 00 00LV Overhead Lines 00 00 00 00 0000 00 00 00 00 00 00 COLV Cables 00 00 00 00 00 0000 00 00 00 00 00 00
LV Cables 00 00 00 00 0000 00 00 00 00 00 00 0000 00 00 00 00LV Cables 631 8 5409 847 00 

00 00 00 00 0000 00 00 00 00LV Cables 00 00 00 00 00 0000 00 8407 s1al 870 00 00
LV Cables 00 00 00 00 0000 00 00 00 00 00 0.000 00 000 571.5 880 00LV Cables 00 00 00 00 0000 00 00 00 00 00 0.0 00LV CAbles 00 00 00 00 

00 0743 5838 905 00 0.0 0000 00 00 00 00LV Cables 00 0000 00 00 00 00 00 
00 0820 501.2 91.000 00 00L'VCaal 00 00 00 00 00 00 00 00 

00 00 00 00 00 00 
LV Cables 00 00 00 00 00 00 00 00 0000 00 0.0 00 00 00 00 00 00 00 00 00 0.0 

TOTAL )1STRIBU ION NETWORK COSTS 31788 27523 4285 33902 29171 4431 3087.9 3103.0 4-348 30125VHV 33015 511000 00 00 00 00 O0 00 
3841.5 33280 5149 

HV 00 00 00 00 002750 23a 1 00 00 
MV 309 332.5 2958 309 407.8 353.1 U47 

00 
13741 11897 4119 357.2 547 421.4 305.41844 14527 12577 500

LV 1949 17389 1505.5 2333 18350 15808 2402 1835015297 13245 15088 24822052 15751 13138 2113 1541.2 1334.4 2008 15850ck 13555 210131788 27523 4205 33902 1505 I 13724 212.72917.1 4431 3087.9 3190.0 4648 3a125 33015 511o 30415 33208 514.9TOTAL PSE iETV MK COSTS 1550 5028 9733 22000 7197 14804 19830VHV 8101 13830 4280 1079 2601 305010790 3283 140 21837507 10940
iV 4530 1241 1 10100 427.0 11830 2000 412 18484770 2545 2228 5120 2000 400 16002007 2453 3830 1831 2000 2220 1207 953 1550 1008 55.3 

TOTAL SYSTEM rNETWORK COSTS 47348 33350 13995
VHV 

558 2 3mas 7 19295 5M0 9 W03 1 10778 42405 34894 771 1 4206510790 3283 34734 733 17507 10940 4330 1241.1 10100 427.0HV 7520 4928 2595 11830 2000 41.2 1848 2000 400 10008445 5 23 2a2.2 7908 5501MV 2547 15339 4839 1500 586413741 11897 472.1 11421844 14527 12577 1949 17389LV 1505.5 2333 10350 1508a 248215297 13245 2052 15751 13838 211.3 15412 18350 158 248.213344 2008 15850Ck 13555 210147348 33350 13908 55082 15831 13724 212.73387 19295 5809 35031 1877.8 42405 34094 771 1 42055 34734 733.1 



CWNTHOT N;FLATION L KDC) 

TOTAL LC--aL TOTAL FCREIGN TOTAL __LOCAL FOREIG 
LinV~ 
110Ukes WN 

11 N 
10 W Lk 
110 W UnLe 
10 W L ie i 

k. 

00 

0 
00 
00 

0 

00 

0 
00 
00 

0 

00 
0 
00 
00 
O0

0 

00 
00 
00 
00 
00

0 

00 
00000 
00 
00 
000 

00 
00 
00 
00 
000 

00 
0 

00 
00 
00000 

00 
00 
00 
00 
000 0 

0 
0 

00 
00 
00 

IkVkm00110 WVUnLrt1OWi 
112 

I 1O WULro 
11000 

O0407O0 
420 

18.47 

00 
O0 

1847 

1847 
00 

00
O0 

57)'3 

00 
00 

000O0 
00 

2420 
1547 

000
O0 
00 

1847 
1847 

000O0 
00 

573 
00 

000O 
00 

00 
2420 

0.000.0 
00 

00 
184.7 

000O00 
O00 

O0 
573 

MVI to 0 KV3/3 110 kv//Mv 
Sig I 0 kV/MV 
.I' 110 kV/MV 

919 110 W / V 
2/2 110 kV / MV 

0kV/MV
1110kV/MV 
S/3110KV/ MV 

00 
00 
00 
00 
00 
000 
00 

0837 

00 
00 
00 
00 
00 
00 
00 

4108 

00 
00 
00 
00 
00 
00 
00

649 

00 
00 
00 
00 
00 
00 
00
00 

00 
00 
00 
00 
00 
00 
0000 

00 
00 
00 
00 
00 
00 
0000 

00 
00 
O0 
00 
00 
00 
0000 

00
00 
00 
00 
00 
00 
0000 

00
00 
00 
00 
00 
00 
O000 

aSi110 kV / v O0 0 0 5 2 1 4 43 4 87 0 0 0 00 
5/2 110 
S/V(I 

W 'MV 
ti'L i.s 

A83 710kV/MV400 00 
0 0 

00 00 
0 

00 00
0 

00 00
O0 

00 000 
00 0040 00521430000 87000 

MV O' 'ldLins 
MV Ov.eracl Line8 

0000 
00 

0000 
00 

0000 
00 

0000 
00 

0000 
rO0 0000 

00 00200 
00 00300 

00 007O0 
O00 

MV0 
M0t 
MVOvel lw: Lkne 

Overe 
MVao.~i,00 

Cvewmw m 
MVOeeks00 

MVMV Ov.aeed Lk. 
MV CNvmiI d 
MVMV0Cmc 
LOWCabw~e 

00 
00 

3059 

003,59 
0,0 
000 

O0 

00 
00 
00 

00 
00C 
00 

342 
O 
0

00 
O 

00 
00 
00 

53 
00 
00 
00 

53 1
0 
0

00 
0 

00 
00 
00 
0 
00 

00 
0000
04102 
0 

00 
O 

00 
00 
00 
0 
00 
00 
00 

00051 
0 

00 
O 

0 
00 
00 
0 

00 
00 
00 

000 
0 

00 
0 

00 
00 
00 
0 

00 

00 

000000 
0 
00 
O 

00 
00 
00 
00 

055 

00 

000000 
00 

00 
0 

00 
00 
O0 
00 

500 

00 

00000 
0 0 
O0 
O00 

mv cab ton 
MV Cabweo 
LONC41blo 
wvCable 

00 
0000 
O0 

00 
88 

O0 

O00 
00 
O7
00 00 

00
00 

O 
00 
0000 
O 

00 
0000 
0 

00 
000000 
O 00 

0000 
0 0 

O00 

O00 

M iI00M(VCabl8MV CabLma 
WV Cables 

00Geg 0 
00 

0000ma5 3 
00 

00001327 
00 

0050000 
9754 

8440000 
a44 a 

1090000 
1309 

900000 
00 

008400 
00 

001000 
00 

0O/.)0 00 00 00 00 00 975%4 a.44a 130.9 



(WITtiOUT INFLATION & IDC) 

TOTAL LOCAL FOREIGN TOTAL LOCAL Fop .GN TOTAL LOCAL FOREIGN 
LV: Less a I KV 

$IsMV /LV
2/2 MV/LV 
s/MV/LV 
2/2 MV /LV 
s/sMV I LV 
/aMV I LV 
/S MV /L 
/,MV / LV 

slaMV/LV 
s MV/LV 

LV Ovclhed Lines 
LV Uverhoad Lines 
LV Ovmhead Lkm 
LV Overhed L.nes 
LV Overhead Lines 
LV Overead Lines 
LV Ovedeed Lineos 
LV Ove'rad Lines 
LV Overhed Lines 
LV Overead L ne 
LV Cables 
LV Cables 
LV Cables 
LV Cables 
LV Cables 
LV Cables 
LV Cables 
LV Cables 
LV Cab 
LV Cables 

00 
0.0 
00 
OO 
00 
0.0 
0.0 

Ai8.0 
o 
0.0 
O. 
0.0 
0.0 
00 
00 
0.0 
0.0 

4552 
00 
00 
O0 
00 
0.0 
00 
0.0 
0.0 
00 

091.3 
00 
0.0 

00 
00 
00 
0.0 
O0 
0.0 
0.0 

30.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 

-j".1 
o.0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 
0.0 
00 

501.0 
0.0 
0.0 

00 
0 
0.0 
0.0 
0.0 
0.0 
0.0 

6l.5 
00 
0.0 
0.0 
0.0 
0.0 
00 
00 
0.0 
0.0 

61.1 
00 
00 
0.0 
00 
00 
0.0 
0.0 
0.0 
00 
0.8 
0.0 
0.0 

00 
0.0 
0.0 
00 
0.o 
00 
0.0 
00 

480.0 
oo 
0.0 
00 
0.0 
0.0 
0.0 
0.0 
00 
0,0 

457.4 
00 
00 
0.0 
00 
00 
00 
0.0 
00 
0.0 

7056 
0.0 

00 
0.0 
00 
0.0 
00 
oo 
00 
0.c 

4035 
0.0 
0.0 
0.0 
0.0 
O0 
0.0 
0.0 
00 
00 

3960 
00 
00 
00 
O0 
0.0 
O0 
00 
00 
0.0 

610.9 
0.0 

00 
00 
00 
0 C 
0, 
00 
00 
00 

E2.5 
00 
00 
0.0 
00 
0.0 
00 
0.0 
0.0 
00 
,314 
00 
00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.7 
0.0 

00 
00 
00 
0.0 
00 
0,0 
0.0 
0.0 
0.0 

456.0 
00 
0.0 
00 
3.0 

0.0 
00 
0.0 
0.0 
0.0 

-;57.4 
00 
0.0 
0.0 
0 0 
0.0 
0.0 
00 
0.0 
0.0 

705.6 

0.0 
00 
0.0 
0.0 
0.0 
0o 
0.0 
0.0 
0.0 

403.5 
0.0 
00 
0.0 
03 
0.0 
0.0 
0.0 
00 
00 

296.0 
0.0 
0.0 
0.0 
00 
0.0 
0.0 
0.0 
0.0 
0.0 

810.0 

00 
0,0 
0.0 
0.0 
0.0 
00 
0.0 
0.0 
0.0 

02.5 
0.0 
0.0 
0.0 
O0 
00 
00 
0.0 
00 
00 

61.4 
0.0 
00 
00 
0.0 
0.0 
00 
0.0 
0.0 
0.0 

94.7 

TOTAL DISTR;BUTION NETWORK COSTS 
V-V 
HV 
MV 
LV 
ck 

3899 
00 

426.8 
18668 
1604.6 
3699.9 

3378.7 
0.0 

369.5 
1817.9 
1389.3 
Z376.7 

523.3 
0.0 

57.3 
250.7 
215.3 
523.Z 

3953.4 
0.0 

4268 
1897.7 
16290 
3953.4 

34230 
0.0 

362.5 
1643.1 
1410.4 
3423.0 

530.4 
0.0 

57.3 
254.6 
218.6 
530.4 

378C,7 
0.0 

242.0 
1827.7 
162.0 
3768.7 

32382 
0.0 

184.7 
1843.1 
1410.4 
3238.2 

530.4 
0.0 

57.3 
254.6 
218.6 
530.4 

TOTAL PSE ET 
VHV 
HV 

K COSTS 14190 
1181.0 
256.0 

4785 
337.2 
1303 

U42.5 
823.8 

118. 

1811.0 
12430 
356 0 

532.6 
354.8 
177.8 

1078.4 
88.2 

190.2 

1400.0 
4.180.0 

240.0 

470.0 
337.0 
133.0 

820.0 
a23.0 
107.0 

TOTAL SYSTEM N'ETWORK COSTS 
VHV 
HV 
MV 
LV 
ck 

53189 
1181.0 
684.8 

186.6 
1804.8 
5318.9 

353.2 
337.2 
508.8 

1617.9 
1389.3 
3853.2 

14858 
823.8 
170.0 
250.7 
215.3 

146.8 

55841.4 
12430 
7948 

1897.7 
18290 
E-584.4 

3055.6 
354 . 
547.3 

1843.1 
1410.4 
3955.6 

1600.8 
88.2 

247.5 
254.8 
2188 

16088 

5164.7 
1100.0 
482.0 

1897.7 
1829.0 
5168.7 

3708.2 
337.0 
317.7 

1043.1 
1410.4 
37082 

1400.4 
823.0 
184.3 
254.6 
218.6 

1450.4 



Appendix 7.2 
Basic Planning Assumptions 



PSE/POLISH POWER GRID 15-Jun 12:40 PM 

BASIC PLANNIING ASSUMPTIONS 

Macroeconomic Assumptions: 

Year of Study 1992 
Last P!anning Year 2001 
Planning Peserve Margin 20.0% 
Discount Rate 1/ 12.0% 
Conversion Factors: 

Forvign 2/ 1.00 
Standard (SCF) 3/ 1.00 
Local Labor 4/ 1.00 

Exchange Rate (tysZI/US$) 5/ 13.400 

A3sumptions for Marginal 
CftPac'yCost .Calculations: 

GENERATION 
PEAKER METHOD "NEXT PLANT" I 

I TRANSMISSION & DISTRIBUTION 6/ 
VHV HV MV LV 

Marginal Plant 
Life (years; 
O&M and A&G (% of capital cost) 
T&D Construction Lag (years) 
Year 3eneration Required 

C-TURB 
20 

4.50% 
-

1997 

LIGNITE 
30 

1.87% 
-

2001 

40 
2.0% 

2 

40 
2.0% 

2 

25 
2.5% 

1 

25 
2.5% 

1 

Capital Cost: 
Foreign (tys.;,W) 4332.7 3556.8 
Local Matenals 1083.2 20155.4 
Lo,,al Labor 4/ 0.0 0.0 

Assumptions for Marginal 
EneryYCost Calculations: PEAK-

SUMMER SEASON 8/ 
1 PEAK- 2 MID-PK OFF-PKI 

i 
PEAK- I 

WINTER SEASON 8/ 
PEAK-2 MID-PK OFF-PKi 

Marginal Plant 
Heat Rate (BTU/kWh) 
Fuel Used 
Fuel Cost (L;SS/unit) 7/ 
Heat Content (MMBtu/unit) 
Variable O&M (S/MMF3tu) 
Utilization of Plant on Peak (%) 

C-TURB 
12000 

Gas 
3.86 
1.00 

0.000 
100% 

1.00 
0.000 

0% 

COAL 
13289 

Coal 
2.12 
1.00 

0.000 

COAL 
9984 

Coal 
2.12 
1.00 

0.000 

C-TURB 
12000 

Gas 
3.86 
1.00 

0.000 
100% 

1.0) 
0.000 

0% 

COAL 9/ 
18700 

Coal 
2.12 
1.00 

0.000 

COAL 
9734 

Coal 
2.12 
1.00 

0,000 

1/ Estimates of the opportunity cost of capital range from 10 to 15 percent.
 
2/ Taxes/Duties excluded from cost streams; no adjustment.

3/ Based on discussion with IBRD and USAID economists.
 
4/ Unskilled labor was not separaed in the cost rtreams.
 
5/ Unless otherwise noted, all currency expressed in thousand Zloty - tysZI

6/ Network defined as: VHV (220 kv & above), HV (60-220 kV), MV (1-60 kV), LV (below 1 kV).
7/ Assumed econcmic fuel costs: $/MM~tu tysZl/GJ 

Coll 2.12 26.94 
Lignite 1.61 20.47 
Mazout 2.18 27.61 
Gas 3.86 49.05 

di/The Summer season includes 6 months. May through October. 
Winter Peak hours 4 p.m. to 9 p.m.; Mid-peak hours 7 a.m. to 1 p.m. 
Summer Peak hours 7 p.m. to 10 p.m.; Mid-peak hours 7 a.m. to 1p.m.

9/ Dummy heat rate assigned to reflect actual system operating costs. 



PSE/PCUIH POWER GRID 
GRID SALES AND LOSS FORECAST 

GROSSYEAR 
ENDING 

PEAK 
(MW) 

GEN 
(GWh) 

LOAD 
FACTOR 

-----
TOTAL 

CONSUMPTION BY VOLTAGE LEVEL 
GEN VHV HV 

(GWh) 
MV 

1,2-------
LV 

AVERAGE LOSSES BY VOLTAGE LEVEL (GWh) 3/ - -
STN USE VHV HV MV LV 

1992 
1993 
1994 
1995 
1998 
1997 
1998 
1999 
2000 

22024 
22224 
22528 
22975 
22989 
23570 
24077 
24680 
25173 

125100 
127100 
129700 

133200 
135300 
138900 
142600 
146300 
148600 

648 
05 3 
85.7 

68.2 
87.2 
67.3 
67.6 
07.7 
87.4 

102825 
105175 
108191 

112300 
113858 
116833 
119889 
122742 
125000 

4352 
4400 
4430 

4500 
453C 
4578 
4618 
4859 
4700 

3200 
3200 
3300 

3300 
1o0 
1900 
1900 
1900 
1900 

28229 
28158 
28146 

28410 
29049 
29742 
30451 
31153 
31837 

24943 
25471 
20102 

27051 
27685 
28329 
29010 
29884 
30151 

41901 
43945 
40193 

49040 
50506 
52084 
53711 
55347 
56813 

8988 
9129 
9315 

9585 
9738 

10018 
10304 
10593 
10781 

1840 
1745 
;883 

1548 
1824 
1671 
1720 
1758 
1749 

4179 
3985 
3778 

3512 
3689 
379 
3908 
4017 
3972 

2241 
2128 
2028 

1883 
1978 
2035 
2094 
2154 
2129 

5229 
4960 
4727 

4394 
4315 
4749 
4887 
5025 
4980 

200' 25279 150400 67.9 128187 4719 0 32373 30908 58188 10900 1818 4125 2212 5100 

1/ Consumption at generation includes pumping in hydro plants plus heat generation auxilliary use minus seff-producer supply to grid; consumption at VHV includes net exports.2/Flows are subsequently converted in the model as consumption demand by applying ihe system load factor.3/Average network losses by voltage level have boen estimated based on the following allocation of total losses at a percent of net generation:
TOTAL VHV HV MV LV 
11.1% 1.5% 3.4% 1.8% 4.3% 

PSE/POUSH POWER GRID
 
AVERAGE AND PEAK LOSS FACTORS (FRACTION OF INCOMING)
 

YEAR -- STAION USE------ VHV - --------- HV - --------- MV- --------- LV-ENDING AVERAGE PEAK AVERAGE PEAK AVERAGE PEAK AVERAGE 
 PEAK AVERAGE PEAK
 

1992 0 072 0.072 0.018 0022 0.039 0052 0.030 0040 11111 0.1471993 0.072 0072 0 015 0020 0.037 0.048 0.028 0.037 0.101 1.134194 0.072 0.072 0.014 0.019 0.034 0045 0.028 0.034 0.093 0.1221995 0.072 0.072 0.013 0.017 0.031 0040 0.023 0.030 0.082 0.1081996 0.072 0.072 0.013 0.017 0.031 0.041 0.023 0.030 0.084 0.1091997 0.072 0.072 0.013 0.017 0.031 0.041 0.023 0.030 0.084 0.108199 0.072 0.072 0.013 0.017 0.031 0041 0023 G030 0.083 0.1081999 0.072 0.072 0.013 0.017 0.032 0.041 0.023 0.030 0.083 0.1082000 0.073 0.073 0.013 0017 0.031 0040 0.023 0.029 0.081 0.1052001 0.072 0.072 0.013 0.017 0.031 0040 0.023 0.030 0.081 0.105Average 0.072 0.072 0.014 0.018 0.033 0.043 0.025 0.032 0.088 0.115 

PSE/POLI3H POWER GRID
 
DEMAND AND LOSS FORECAST AT TIME OF SYSTEM PEAK (MW)
 

YEAR PEAK STATION GEN----------- VHV -..-
 .....------------------- MV-----------ENDING USE CONSUM LOSS LV----PEAK CONSUM LOSS PEAK CONSUM LOSS PEAK CONSUM LOSS PEAK 
1992 22024 1582.0 768.2 4297 192461 563.4 9705 177123 49698 5097 122328 4391 2 11539 6687.71993 22224 1596.2 709.4 4032 19454.9 559.5 911 1 179843 49238 4794 12581,3 44537 10890 7038.71994 22528 16179 772.9 380.1 19757.2 
1995 22978 16500 778.3 3495 

5732 8594 18324.0 4888.8 453.0 129828 4533.8 1031 9 7417.1202019 589.3 790.5 188422 4900.8 417.6 135238 46884 
 9543 79031
1998 22989 1854 2 771 2 358.2 20205.1 322.8 8104 19071 9 4935.7 428 2 13709 0 4700.5 979.1 8028.51997 23570 1899.6 778.(- 387.9 20728.2 3224 832.2 19571 8 5047.0 4398 14084 8 4807.3 10058 8271.9lg8 24077 1739.7 779.7 375.5 211824 3208 849.5 20012.1 5141.5 4490 1A421 81999 24680 4898 1 10271 8498.41785.5 7852 385 1 217039 3203 871.2 205125 5251.0 4805 14801 0 5003.4 10536 874392000 25173 1828.4 798.2 3838 221885 321 9 888.4 209763 5359.2 459 1 15157 9 51075 10508
2001 25279 1832.1 793.2 393.6 22259.7 0.0 89995
890.6 21369.1 5441.2 470.9 154570 5194.6j 1078.1 9184.4 

TOTAL 

22475 
21025
 
21509
 

20900
 
21842
 
22267 
22911
 
23557
 
23600
 

24213
 



PSEPOLISH POWER GRID 
GENERATION CAPACITY COST - PEAKER AND "NEXT PLANT" METHODS (tysZI/KW) 

ASSUMPTIONS PEAKER METHOD "NEXT PLANT" 

Marginal Plant 
Life (years) 
O&M and A&G (%of capital cost)
Year Generation Required 
Capital Cost: 
Foreign (tysZ]/KW) 
Local Materials 
Local Labor 4/ 

C-TURB 
20 

4.50% 
1997 

4332.7 
1083.2 

0.0 

LIGNITE 
30 

1.87% 
2001 

355C.8 
20155.4 

0.0 

CAPACITY COST (discounted to study year) 
Market Price 
Border Price 

3073.09 
3073.09 

8550.86 
8550.86 

PSE/POLISH POWER GRID 
RANKING OF GENERATING PLANTS BY VARIABLE COST - 1997 

GENERATING PLANT GROUPS 

BASE HYDRO 
COMB. HEAT AND POWER 2/ 
LIGNITE-FIRED 
COAL-FIRED STEAM 1 
COAL-FIRED STEAM 2 
COMBUSTION TURBINES 
PUMPED STORAGE 

TYPE 

HYDRO 
CHP 
LIGNITE 
COAL-1 
COAL-2 
C-TURB 
P-STOR 

MEGA-
WATTS 
(MW) 1/ 

80 
5901 
8791 

11652 
2292 
240 

1890 

ANNUAL 
USE 

Hrs/Yr 

8760 
2597 
7579 
5948 
284 

6 
1420 

VARIABLE COST 
S/KWh tysZI/KWh 

...... 
- -

0.0163 0.2187 
0.0203 0.2725 
0.0226 0.3029 
0.0464 0.6214 

- -

HEAT 
RATE 

Btu/KWh 

-

10118 
9582 

10652 
12000 

-

FUEL 
COST 
$/MMBtu 

-

1.61 
2.12 
2.12 
3.86 

-

VAR. O&M 
(%FUEL 
COST) 

-

0.0% 
0.0% 
0.0% 
0.0% 

-

VARIABLE 
O&M 3/ 

S/KWh 

-

0.00000 
0.00000 
0.00000 
0.00000 

-

1/ Installed capacity. 
2/ Megawatt capacity includes 1290 MW autogeneration. 
3/ Based on PSE practice, all O&M is treatd as a fixed ccst. 

ASSOCIATED FUEL SAVINGS - "NEXT PLANT' METHOD 

- - - UNIT TYPE- - -
NEW DISPL 

COST (tysZI/KWh) 
NEW DISPL 

HRS/YR SAVINGS 
(tysZVKW) 

LIGNITE 
COAL-1 
COAL-2 

COAL- 1 
COAL-2 
C-TURB 

0.2187 
0.2725 
0.3029 

0.2725 
0.3029 
0.6214 

5948 
284 

6 

320.01 
8.64 
1.91 

TOTAL FUEL SAVINGS (tysZVKW/Yr) 330.56 



----------------

PSE/PCI ISH POWER GRID
 
N-%TORK CAPACITY COSTS (tyaZI MIL!ION) 

Y,,R - VHV COSTS --- -- HV COSTS .. .-.MV COSTS-
ENDING TOTAL FOREIGN - LV COSTS -LOC MaL LOC Labor TOTAL FOREIGN LOC Mal LOC Labor TOTAL FOREIGN LOC Mat LOC Labor TOTAL FOREIGN LOC Mat LOC Labor 
1992 33100 26480 8820 000 43015 
 1l 98 28819 000 135440 18172 117288 000 
 149732 20090 129842
1993 15800 12640 3180 000 090684 243 18 45348 000 138593 

000
 
18595 119990 000
1994 107000 75070 32830 151900 20381 131519 000
000 75202 25945 492.57 000 1374.08 184.38 118972 000 152970 20524
1995 169400 132440 0.00
1241.05 45295 000 
 84450 28220 58230 
 000 145268 19491 125775 
 000 157509 211.33
1996 181000 118300 42700 000 79079 25488 136375 000
 

1997 
53812 000 1738.85 23331 150555 000 154122 208.79 133443
20600 18480 41.20 000
000 63389 15001 483 88 
 000 183504 24021
199 158883 000 158558 21006 135552 000
20000 160.00 4000 
 000 58838 11424 47214 
 000 183504 24821 158883 000 158509
1999 1100 82380 33720 000 21268 137241 00088475 17598 5c880 000 188a57 25071 1817882000 1243 888 20 000 180459 21529 138930 0.0035480 000 79475 

2001 
24748 54730 000 1897.70 25482 184308 000 182895 219e58 1410391100 82300 33700 000000 482.01 16428 
 317.75 000 1897.70 25482 164308 000 102895 21858 141039 000 

PSE/POLISH POWER GRID
 
AVERAGE INCREMENTAL NETWORK CAPACrTY COSTS BY VOLTAGE LEVEL (tyZI MILLION)
 

VHV NETWORK --------------
 HV NETWORK....--------

YEAR --- PEAK MW--
 - ---- INVESTMENTCOST --- --- PEAK MW--- -- - -INVESTMENTCOSTENDING TOTAL DISCOUNTED ----MARKET BORDER DISCOUNTED TOTAL DISCOUNTED MARKET BORDER DISCOUNTED
 
1992 000 0.00 33100 33100 33100 000 
 000 43015 43015 430151993 20879 188.42 15800 15800 14107 27202 24288 89884 89684 822001994 302.28 24096 107900 107900 880.17 34032 271.30 75202 75202 599511995 44475 31657 109400 189400 120578 51758 38840 
 84450 84450 801.10
2106 318 202 
 181000 181000 1023L18 
 229 73 14600 79079
1997 79079 50258521 05 29588 20600 20eOC 11689 49984 28351 83380 63389 359891908 45824 231 15 20000 20000 101 33 44053 22319 58838 58838 297081999 2150 23590 118100 118100 52510 
 50038 22835
2000 482.58 18883 124300 124300 

68475 88475 309.7550203 46379 18732 74 75 79475 320992001 9322 33.62 118000 118000 41831 
 39289 141.88 48201 48201 17382
Lagged Total 1542.70 (1994 -2001) 4304 58 (1992-99) 1847 73 (1994-2001) 372182 (1992-99)AVERAGE INCREMENTAL VHV CAPACrTY COST/KW = 279029 AVERAGE INCREMENTAL HV CAPACITY COSTKW = 201428 

--------------- MV NETWORK --.-
 LV NETWORK- -------------YEAR --- PEAK MW--- ---- INVESTMENTCOST --- --- PEAK MW- - - - - - INVESTMENTCOST--ENDING TOTAL DISCOUNTED -MARKET BORDER DISCOUNTED TOTAL DISCOUNTED MARKET BORDER DISCOUNTED
 
1992 000 0.00 135440 135440 135440 
 000 000 149732 149732 1497.321993 34852 31117 138593 138593 123744 35102 31341 151900 151900 1358251994 401.45 320.03 137408 1374t08 109541 37838 30164 152970 152970 121947
1995 54105 38511 145288 145268 103397 48805 34508 157509 157509 1121121996 184.19 11705 173885 173885 110507 12535 7988 154122 154122 979471907 378.79 21380 183504 133504 104125 
 24339 13810 
 158558 150558 88835
1998 33883 17085 
 183504 163504 92989 
 22448 11373
1999 37935 158509 158509 80305
17180 186857 188857 84525 
 24759 11200 
 180459 180459 72584
2000 35893 14418 189770 189770 768 45 
 25559 10323 
 182895 162895 85791
2001 299.13 10787 
 189770 189770 68433 18488
LaggedTotal 1941.44 (1993-2001) 

807 162895 162895 58742
940893 (1992-00) 157441 (1993-2001) 
 924877 (1992-00)
AVERAGE INCREMENTAL MV CAPACITY COST/KW = 484038 AVERAGE INCREMENTAL LV CAPACITY COST/KW = 587443 



PSE/POLISH POWER GRID 
SUMMARY OF CAPACITY COSTS 

GENERATION: PEAKER METHOD 'NEXT PLANT'CAPITAL COST (yZI/"W) 3974.27 11058.38 
(adjuliad to Io. prices end forreserve 
magin and Stiao loes atpeak)


CAPITAL COST PER YEAR (tIyZlW/Yr) 
 532.07 1372.83ASSOCIATED FUEL SAVINGS fyaZI/I/yr) - 358.25
(adjusald to local prices and forstaoi loIes)


CAPITAL COST NET OF FUEL SAVINGS (tyAZl/KWIYr) 532.07 
 1016.58O&M COST PER YEAR (tyZI/W/Yr) 179.04 206.38TOTAL CAPITAL COST PER YEAR (tyaZI/KW/ ) 711.11 1222.94CAPACITY COST PER MONTH 59.26 101.91 

TRANSMISSION & DISTRIBUTION. VHV HV MV LV
CAPITAL COST (1ysZI/KW) 
 2790.29 2014.28 4848.38 5874.43 
(aduabd b. local p ices)


CAPITAL COST PER YEAR (tysZl<WNr) 
 338.47 244.34 617.91 748.99O&M COST PER YEAR (tysZI/lW/Wr) 55.81 40.29 121.18 140.88TOTAL CAPITAL COST PER YEAR (tysZl/KW/r) 394.28 284.02 739.07 895.85CAPACITY COST PER MONTH 32.88 23.72 61.50 74.65 

PSE/POLISH POWER GRID 
STRICT LONG RUN MARGINAL COST BASED TARIFF BY VOLTAGE LEVEL 

MARGINAL CAPACITY COST (tyaZl/COINCIDENT KW/MONTH): 

GENERATION TRANSMISSION & DISTRIBUTION TOTAL MARGINAL CAPACITY COSTPEAKER METHOD 'NEXT PLANT'. VHV HV MV LV TOTAL. PEAKER METHODVHV *NEXT PLANT'60.38 103.80 3288 32.88 93.21HV 130.8683.08 108.44 3433 2372
MV 58.04 121.10 10.4965.14 112.03 35.40 2450 61.50 121.55 180.70LV 233.5973.83 128.83 40.08 27.70 69.82 74.65 212.05 285.89 338.68 

MARGINAL tNERGY COST (ti&ZI/Kh): 1/
SUMMER SEASON 2/ WINTER SEASON 2/ ANNUAL AVERAGE 2/PEAK MID-PK OFF-PK PEAK MID-PK OFF-PK PEAK MID-PK OFF-PK'GEN 0.870 0407 0.308 0.870 0 573 0298 0.170 0.490 0.302(Adjuted to local prices and forstabon losses)
VHV 0.882 0415 0310 


HV 
0882 0584 0.303 0.882 0499 0.3050.713 0433 0321 0,713 0810 0.313 0.713 0.522 0.317MV 0,738 0 448 0329 0.738 0830 0.321 0.738 0539 0.325LV 0.832 050 0381 0.832 0712 0.352 0.832 0.809 0.350 

1/Energy Cost derved dractly from basic asumptions regarding marginal plant. het ate.
 
fuel coat, fuel hest content, and variable O&M.
 

http:11058.38


PSE/POLISH POWER GRICSTRICT LONG RUN MA RGIAL L.U;I BASED TARIFF BY TARIFF CLASS 
TOTAL MARGINAL COST/MONTH DEMAND- BULK H 1/1992 CURRENTSERVICE COINCI-TARIFF CLASS LOAD ENERGY SHARESVOLTAGE DENCE CAPACITYFACTOR ENERGYPEAK MID- PEAK TOTAL CHARGEtysZI/KW tysZ]/KWh SALES YIELDDISTRIBUTION COS. tysZI/KWh SHAREHV 1.00 GWh tysZI/KWh0.65 020 028 121.10 0.4533 0.7085BULK SYSTEM AVERAGE 36% 50434 33398

028Equivalent tysZI/KWh 
0.20 

121.10 04533 0.7085
% of System Average 50434 0.33980.2552 0.4533 0.7085 

36% 64% 100% 

PSE/POLISH POWER GRIDSTRICT LONG RUN MARGINAL COST BASED TARIFF BY TARIFF CLASS - RETAIL 
SERVICE COINCI - LOAD ENERGY SHARESTARIFF CLASS VOLTAGE DENCE FACTOR PEAK MID- PEAK 

INDUSTRIAL HV 076 0.60 016 027MV 0.54 0.42 0.18 031LV 0.48 0.31 0.18 0.31TRACTION HV 086 0.48 0.19 0.30MV 0.86 0.48 0.19 0.30COMMERCIAL MV 0.63 0.49 0.20 0.32LV 045 0.25 0.20 0.32AGRICULTURAL MV 054 0.38 0.20 0.32RETAIL LV 0.44 0.21 0.27 0.25ST. UGHTING LV 1.00 0.50 0.21 0.04 
DISTRIBUTION COMPANY AVERAGE 

0.20 0.28Equivalent typZI/KWh 

TOTAL MARGINAL COST/MONTHCAPACITY ENERGY TOTALtysZI/KW tysZI/KWh tysZI/KWh 

92.04 0.4354 0.6455 
100.82 0.4652 0.7940
137.13 0.5203 1.1262104.15 0.4534 0.7506 
160.56 0.4671 0.9254117.62 0.4755 0.8044 
128.56 0.5323 1.2367100.82 0.4755 0.8390
125.70 0.5479 1.3679 
285.69 0.4659 1.2486 

115.18 0.4888 0.9836 

DEMAND
CHARGE 

SHARE 

33% 
41% 
54% 
40% 
50% 
41% 
57% 
43% 
65% 
63% 

H1/1992
SALES 

GWh 

14090 
8884 
1334 

67 
2178 

641 
4464 
320 

13616 
742 

CURRENT
YIELD 

tysZ/KWh 

0.3874 
0.4995 
0.7828 
0.4606 
0.4715 
0.4934 
0.7745 
0.5287 
0.6310 
0.7814 

% of System Average 0.4948 0.4888 0.9836 
46336 0.5421 

50% 50% 100. 



PSE/POLISH POWER GRID 
REVENUE RESPONSIBILITY BY CUSTOMER/TARIFF CLASS - BULK 

BILLING YEAR 1994
 
TO IAL GRID SALES (GWh) 109072
 
REVENUE REQUIREMENT
 
TOTAL (tysZl MILLION) 61408
 
AVERAGE (tysZI/KWh) I/ 0.5630
 

HI/1992 CURRENT STRICT
CUSTOMER/ SALES YIELD2/ LRMC3/
TARIFF CLASS GWh tvsZI/KWh tysZI/KWh 

DISTRIBUTION COS. 50434 0.3398 0 7085 

TOTAL BULK 50434 0.3398 0.7085 

l/ Approximate revenue target for 1994. 
2/ Estimated average current yield after tariff increase of 01/1993. in mid
3/ Escalated to 1994 prices, a 0.00% increase. 

PSE/POLISH POWER GRID 
REVENUE RESPONSIBILITY BY CUSTOMER/TARIFF CLASS - RETAIL 

REVENUE NEUTRAL REVENUE 
STRICT LRMC RESPONSIBILITY 

tysZI/KWh % CHNG tysZl/KWh % CHNG 

0.5630 66% 0 5630 66% 

0.5630 66% 0,5630 66% 

- 1992 prices. 

BILLING YEAR 
TOTAL GRID SALES (GWh) 
REVENUE REQUIREMENT 
TOTAL (tysZl MILLION) 
AVERAGE (tysZl/KWh) 1! 

H 1/1992
CUSTOMER/ 
TARIFF CLASS 

SALES 
GWh 

"A" HV 
"B' MV 
"C"(>40 kW) LV 
-C" (<40 kW) LV 

RETAIL LV 
ST. LIGHTING LV 

14157 

12023 
1334 
4464 

13616 
742 

TOTAL DC RETAIL 46336 

1994 
100441 

78846 
0.7850 

CURRENT STRICT REVENUE NEUTRAL REVENUEYIELD2/ LRMC3/ STRICT LRMC RESPONSIBILITYtysZI/KWh tysZ/KWh tysZI/KWh % CHNG tysZI/KWh % CHNG 

0.3877 0.6460 0.5156 33% 0.5156 33%
0.4949 0.8195 0.6541 32% 0.6541 32%0.7828 1.1262 0.8989 15% 0.8989 15%0.7745 1.2367 0.9871 27% 0.9871 27%0.6310 1.3679 1.0918 73% 1.0918 73%0.7884 1.2486 0.9965 26% 0.9965 26% 

0.5421 0.9836 0.7850 45% 0.7850 45% 

1/Approximate revenue target for 1994.
 
2/ Estimated average current yield after tariff increase of 01/1993. in mid-
 1992 prices.
3/ Escalated to 1994 prices, a 0.00% increase. 



PSE/IPOLISH POWER GRID
 
LRMC SENSITIVITY ANALYSIS (tysZI/Kwh)
 

DISCOUNT 
RATE 

12% 
8% 

10% 
12% 
14% 

EXCHANGE 
RATE 

13.400 
13.000 
15.000 
17.000 
19.000 

Bulk 
LRMC 

0.7085 
0.6538 
0.6807 
0.7085 
0.7370 

Bulk 
LRMC 

0.7085 
0.6890 
0.7867 
0.8844 
0.9821 

Retail 
LRMC 

0.9836 
0.8733 
0.9272 
0.9836 
1.0420 

Retail 
LRMC 

0.9836 
0.9612 
1.0728 

1843 
1.2959 

SCF 

1.00 
0.85 
0.90 
0.95 
1.00 

YEAR GEN 
NEEDED 

1997 
1996 
1997 
1998 
1909 

Bulk 
LRMC 

0.7085 
0.8193 
0.7783 
0.7416 
0.7085 

Bulk 
LRMC 

0.7C 5 
0.7244 
0.7085 
0.6943 
0.6816 

Retail 
LRMC 

0.9836 
1.1101 
1.0632 
1.0213 
0.9836 

Retail 
LRMC 

0.9836 
1.0019 
0.9836 
0.9672 
0.9526 

N 

200 
1.00 
100 
0.900 
0800 
0700 

0.500 
0.400 
0.300 
0.200 

0
13.000 

I 

15 ,r0 17.000 19.00 
COAL 
PRICE 

2.12 
1.50 
1.75 
2.00 
2.25 
2.50 

Bulk 
LRMC 

0.7085 
0.6174 
0.6540 
0.6906 
0.7272 
0.7639 

Relail 
LRMC 

0.9836 
0.8869 
0.9257 
0.9646 
1.0034 
1.0423 

RESERVE 
MARGIN 

20.0% 
15.0% 
17.5% 
20.0% 
22.5% 
25.0% 

Bulk 
LRMC 

0.7085 
0.7030 
0.7057 
0.7085 
0.7113 
0.7140 

Retail 
LRMC 

0.9836
0.9772 
0.9804 
0.9836 
0.9867 
0.9899 

1300 

1.200
1.100 
1.000 
0.9001 

0800 
0.700 

Exch-ange Pate (tysZlI$) 

I 

T&D Bulk Retail T&D % of 06000 ,-. 

1.000.90 

0.80 
0.70 
0.60 

0.70850.6963 

0.6840 
0.6718 
0.6596 

0.98360.9494 

0.9152 
0.8810 
0.8468 

74%
72% 

70% 
67% 
63% 

0.300 
0.200 
0.100 
0000 

13.000 15.000 

, 

17.00 19.000 

Note: Program must be "RUN* to update sensitivity analysis. Coal Price (IS/mm Btu) 

1.300 
1.200
1.100 
1.000| 1 

F4 

S 

0.900 
0800 
0700 
0f600 
05001 
0 400f 
0.300 
0.200 
0.100 
0.000, 

1?5 

1.00 0.90 0.80 0.70 
Scaler for T&D Inivestmnent Program 

0.60 


