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S U B J E C T .  CamDla_t;ion &amorandurn: Task Order No. 1 - Poland Private 
Technical Assistance 

In 1991, the Governnient a f  Poland began to implement a 
program to encourage private investment in the power sector. 
Several generating companies had already been transfamed i n t o  
j o l n t  stock companies, and they began to negotiate with foreign 
companies that proposed to form j o i n t  ventures with t he  joint 
stock companies and invest in the rehabilitation of their plants. 
The joint stock companies were asked to contribute the value of 

0 
their plants,  and the foreign inveetors promfeed to r a i n 8  new 
capital  on a project finance basis .  

In order ta complete a pro2ect financing, it wag essential 
that the j o i n t  venture secure a source of long-term revenue from 
the sale of power (and ntoarn, if any) in cantracca. Therefore, 
Latham & Watkins wac ankad by U.S. ATD to aaaiat the Polish Power 
Grid Company (nPSE-SAn) in the development of model power 
dolivery agreements to govern the  purahase of eleotrioity from 
the joint venturae, In faot ,  we were asked to develop eeparate 
forms for power-only and for combined heat and power plante.  In 
addition, we were requeeted to aeaiet PSE-SA in the negotiation 
of several o f  theee agreemente with five different joint ventures 
that were pursuing the rehabilitation of existing power plant8  in 
Poland. 

3imultaneousl.y, w e  were asked to represent MPEC, the 
district heating company in Krakaw, i n  its negotiations w i t h  the 
Krakow-Leg j o i n t  venture. Finally, we were asked to advise 
various ministries of the Government wi th  respect to additional 
support, including guaranties, that the foreign investors 
requeested. 
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0 
11, ~ I s e u t i v ~ ~  

Tamk Order Ns. 1 war intended Co further tB* fellawing 

* oreating a legal and contractual envir~nment in Palm4 which 
is conducive to the develapment of private power p r ~ g s c t a ;  

teaching PSE-SA the basic concepts of project finance and 
private power; 

+ assisting PSE-SA and other c~avernmental e n t i t i e s  in the 
negotiation QT the first private power agreements; and - training PSE-SA personnel in negociatlon ~ l C i l l ~ *  

Latham h Watkins was asked t o  assemble a small teaa of 
project finance lawyers to accomplish the above objectives, 
The principal members of the team were John Sachs, Dennis 
Nbrdetrcm and Paul Hunt. John Sachs served as toam loader, 

W i t h  respect to the work with PSE-SA, the Latham team 
was paired with the two departments of PgE-SA that were 
handling negotiations with private developers: the 
International Strategy ~ i v i s i o n  and the ~conomic ~ i v i s i o n ,  
Mare specifically, Latham lawyers were paired with Zygmunt 
~wanejko and Jacek Brandt* polish legal advice was provided 
by PSE-SAts in-house counsel, Hanna Nagierala, We also 
coordinated with Carlos Yermoli of RCGjHagler BailLy on 
pricing issues. 

W i t h  respect to our work with  other governmental 
agencies, we were paired with Mr. Freislar of MPEC, Mr- 
Luczkiewicz af the Ministry of- Tndustry and Trade, and Mr. 
Kalieki OF t h e  Ministry of Finance, 

Tho work under Task Order No. 1 waa basiually arganised 
in three pharaos. Tho firat phase oomencssd in 6eptember 
1991 and ~oncluded i n  June 1992, I t  entailed the 
preparation of a modal power delivery agreement whioh wae 
aon~iatent w i t h  the objeotivee of PSE-BA, the fundam8nCala 
o f  projeat finance and the requirements of Polish law. 
Approximately five t r i p e  to Poland w e r e  required to 
auoomplish this phase. 

Phase 2 cammeneed in October 1992 and cantinued until 
June 1 9 9 4 ,  Thia phase focused on the negotiation of power 
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delivery agreements between PSE-SA and the different j o in t  
ventures farmed by United Energy Partners (U.8.1, Vattenfall 
(Sweden), Coaatal Power Production (U.S.), AES/Trans@ower 
( U . 6 . )  and Infrastructure Services Inc. ( U . S , ]  to pursue the 
rehabilitation of the Krakdw-Leg, Patnow, Gorzow, Chorzow 
and Lublin Projects, respectively. We travelled to Poland 
apprcximatcly seventeen times during this period to 
accomgfish the work under this phase, 

Commencing in January 1993, the third phase overlapped 
the escona phase somewhat. The Ipurpoma of t h i s  phase was to 
advance the negotfatians af the various joint ventures with 
governmental agencies other than PGE-SA. To that end, a 
series af meetings were held with tho Ministry of Indugtry 
and Trade and the  Ministry o f  Finance beginning i n  January 
1993 with reapect to guaranteea and other forma of 
gavernmental support. Starting in ~ p r i l  1993, w e  a l m  began 
to assist NPEC in the negotiation of a ateam sales agreement 
w i t h  the Krakow-Lag j o i n t  venture. Theee meetings were 
generally scheduled at the  came time ao the meetinga w i t h  
PSE-SA for Phase 2 purposee. 

Phage 1 produced both tangible and intangibls results, 
Fire*, we prbduasd a modal power delivery aqrsament which beenme 
the akartinq point for ncgotiatiane wiCh each of the j o i n t  
ventures+ This model agreement was delivered t o  U r n s +  AXD in 
1992, but i+ w a s  aubssquently modified and replaced w i t h  n e w  
model agreements* second, we S U G E ~ ~ X ~ ~  i n  educating PSE-SA 
personnel w i t h  respect to priva%e p w s r  issues and the 
conkractunl proviaions t h a t  will be required* 

The result6 o f  Phase 2 CO~SIG~ O f  five power delivsw 
agreements in differing Qtages of negotiation, The power 
delivery agreement for the ~raxow-Leg was perhaps the furthest 
along until the  ini is try of Privatization suspended the 
negotiations concerning the Krakow-Leg project* Since that t h e ,  
the negotiations surrounding the Patnow project have overtaken 
an8 surpassed the Krakow-Leg project. Next most developed was 
the power delivery agreement for the GorZoW project ,  but t h i ~  
joint venture and the joint venture pursuing the Lublin project 
both withdrew during the l a s t  six montha, Finally, the 
AEB/Tranapower team suspended negotiations a f t e r  our initial 
meetings pending review of the price PEE-SA waa offering to gay+ 
Although these various power delivery agreements are still in a 
s ta te  of flux, we captured the essence of theso agreements - the 
common threads - in new model agreements about six months ago. 
(See Attachments A and B). In addition, through these 
negotiations, we were able to train PSE-SA in negotiation s k i l l a .  

Finally, as a result of Phase 3 ,  w e  made significant 
progress in the negotiation bF a steam sales agreement between 



MPEC and the j o i n t  venture puraing the Krakow-Leg project until 
the Ministry of PrivaCizatian Interceded. Wo also advi~ot2 tha 
Ministry af Industry and Trade and the Ministry o f  Finanae an the 
need other forms of? support raquired by private powmr projectm. 
Three mamoranda on gavavnmmnt guarantees and other implernentatian 
agreement issues w e r e  produced. (See Attaahnmnts C through E). 

Perhape the eingle biggest problem  onf fronting private 
power in Poland i e ~  the absence af is coherent Qovarmant 
poliay in Zavar o f  private power. The absence of such a 
poliay i 8  pradiotable given the cur ren t  oversupply o f  
oapaoiky and the many compelinq demands for Government 
attention and money, Neverthslcsa, without such a policy 
(and the correspending support], the private sponsors have 
found it impossible to rssolve thu political isaues an6 evan 
aoms of thr commercial iasuee. The Government, for exmple, 
has of fered  no asairstance with respect to the many permits 
and approvals required fur a private power projeat, and the 
Government has not addressed the qUe6EiOnB concerning tne 
availability o f  foreign excnange. mreover, the Government 
haa not atrered any guidance (such as an assurance of a 
pa@~-throUgh in PSE-SA'S retee) mucn less financial support 
(such as direct payments from the Government) with r e s p e c t  
to political force majeure events. Finally, the Governmsnt 
has declines to offer guarantees of the performance ( O r  even 
the  payment obligations) o f  PGE-SA. In our view, most 
private power projects in Poland will not succeed until the 
Government establishes a coherent policy that addwewee 
these issuas. 

The current state of indecision within t h e  Gavement as t o  
the wisdom of, and nethod far, privatization has also 
created a major obstacle for private power. After 
permitting the U . 8 .  partner i n  the  Krakow-Leg project to 
pursue a j o i n t  venture privatization for three years, the 
Government recently decided to wreet the project Tram the 
hands of the U . S .  partner and to hold a competition for a 
capital privatization (which another company won). The 
Government (and perhaps same of winning biddare) have not 
anly disregarded t h e  likely impact of this decision on the 
p o w e r  purchase price that will be required to support a 
project financing of t h i s  project, but the Government haa 
also overlooked tha l i k e l y  chilling effeat of thin deoision 
on the anthusinam o f  private sponcarc for other privata 
power projeata. Hare too, a caherrnt Gavsrnmant poLioy 
w h i c h  mrtablishes a proaedure for privatiaation of power 
generation would be helpful, 

S'd 



C .  rtcturina and Reuulatian 

Similarly, the on-qoinq rertructuring of the power sector 
and the poeaibility of further changae in the regulatory 
anviranment have also areated impedimenta to tho develapwont 
of private power, The Government naturally sought t o  avoid 
undertaking obligatione i n  the various agreemente that may 
be inaanai~tent with the eubeeipently impoaed rulea, and khe 
j o i n t  ventures could not aaeees the r iake  whiah they 
confronted. For mxarnple, there wae a oonsern that more 
~ t r i n g a n t  snvironmsntal laws may be anaatsd in thm future. 
Bacauae eomplianee w i t h  t h e s e  laws could be cestly, tha 
j d n t  ventures asked far proCeckion aqainnt auch increased 
caets. The Government, however, did not know if -see l a w e  
would be applied retroactively, and, if they were, it was 
unclear which governmsntal agency should offer protection. 
Such problems can be minimized if rsstructuring ia completed 
and a stable regulatory environment is established in 
advance. 

on a more concrete level, the uncertainty of the future 
pricing arrangements throughout the power sector hao 
complicateu the process and delayed the development of 
private power. PSE-SA, for example, did not wish to agree 
to a wholesale power purchase price which was higher than 
that ft could collect from the sale of power to the 
distribution companies, For their part, the joint ventures 
did nat wish to invest t i m e  and money in the negotiation of 
wnon-pricew terms in the power purchase agreement until the 
purchase price was known. Moreover, the joint ventures 
could not negotiate t h e  price of steam sales u n t i l  they knew 
what they would be paid for power. Ideally, all of these 
pricing arrangements would have been established and 
stabilized before i n i t i a t i n g  discuasians with the j o i n t  
vmtures. 

Despite cur efforts to define P8E-SArs internal position in 
advance af the negotiations with the joint ventures, it will 
nevertheless have taken aver three years to conclude the 
first private power cont rac t .  This time period could have 
been shortened w i t h  improved internal organization and 
coordination. If the Gnvernment had convened an inter-  
ministerial committee before the commencement of 
negotiations to decide upon such maSor iesuem am the 
availability of Governmant guarantiec and thn protection to 
be afforded againfat uoet increaoou caueed by changeu in 
environmenfal regulation, it might have ~ a v a d  time. 
Similarly, it would have been more efriaient i f  mul*iple 
documents - auch as the power sales aontraot, the steam 



sales contract and the implementation agreement - had been 
negotiated in parallel rather than in sequence. 

F . l i a t ~  Advice 

Finally, our experience in Poland has demonstrated the 
inportance of assembling a braad range of talents early in 
the development of a private gower project, Both the joint 
ventures and the relevant Government agencias (including the 
ministries, the generator=, the transmiseion company and the 
district heating companies) would have been wise to retain 
engineeuing, financial, legal and insurance experts - all 
with experience in international project finance - early i n  
the process. With such advice, both sides would have had 
the confidence t o  make decieians and agree on tame moro 
quickly. 
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Pdand Private Power Technical Assistance 

1. create a legal and contractual environment in P o l d  which b conducive to dx deve1opmeat of private 
power projects; 

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

3. assist PSE-SA and other governmental entities in the negotiation d the first private pawcr agreements; 
d 

4. train HE-SA personnel in negotiation skills. 



Poland Private Power Technid Assistance 

Phase 1 

El-epare a model power &livery agreement which was consistent with the objectives of PSEMA, the 
fundameds of project finance and the requirements of Fblish law, 

Phase 2 

Negotiate power delivery lyaments  b e t w m  BE-SA and five differed pint veahrres pursuing the 
rehbibtion of the existing power plants. 

Advance the negotiations of the various joint v~~ with other gwern~mntal agwies, including the 
Ministry of Industry and Trade, the Ministry of Finance, and district hating coatpstoies. 



Pdand Private Power Technical Assistance 

Praduced model power delivery agreements which were and will be used as the starting point for hture 
negotiations with joint ventures, 

Educated PSESA persomei with respect to private power issues and cclntracts. 

Negotiated power delivery agreements with five different joint ventures. 

Trained PSESA p e r s o u l  in mgotiatian skills. 

Phase 3 

Negotiated one steam sales agreement between the district heating cumpany in Krakow. 

Advised the Ministry of lndusby and Trade and the Ministry of F ' i c e  on tbe need other forms of 
sapport rapired by private power projeck 
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Poland Private Power Technical Assistance 

"Ibe Government should establish a caherent policy in favor of private power mkr in the process. 

me Gcwernment should establish the methodolagy for privathticm of power genecation in advance. 

The planned restructuring and new regulatory Framework should also t>e established in advance. 

The utility should determine the power purchase price kfo~ initiating discussions with private sponsors 

Meet'mgs of all relevant governmental agencies sbuM be convend early in the process to cmrd'ite the 
substantive positions of such agencies and tfie negotiation of their rmpective agreements (if any) with the 
private spollso~s. 

Both sides should assemble a broad range of talents - incIUd'ig enghemiing, financial, legal and 
insurance ewrts with experience in international project finance - early in the devdopmmt of the 
project. 
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SUPPORT TO PRIVATE POWER AND TARIFF REFORM 

The Power Sector in Poland 

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

The facilities are currently operated by 32 generating companies, 23 combined-heat and power 
companies, a national transmission company (Polskei Sieci Elektroenergotyczne, or Polish Power 

@ Grid Company, PPGC) and 33 distribution companies. However, as part of the energy sector 
restructuring program, these entities are expected to be reorganized into a fewer number of 
generation and distribution companies. 

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

Over the past four years, the Government of Poland (GOP) has begun to introduce sweeping legal 
and regulatory reforms to accelerate the transition to a market-oriented economy. The GOP has 
recognized the key role of the energy sector in this fbndamental transformation, both in terms of 
its importance to other sectors as well as its own investment needs. Consequently, the GOP 
initiated the Energy Sector Restructuring, Privatization, and Regulatory Reform Program. This 
program aims to liberalize energy prices, promote enterprise competition within the energy sector, 
and transform the ownership, control, and operation of state-owned enterprises in a manner 
consistent with a market mode1 of the energy sector. 

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

RCG/Hagler Bailly 



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

Electricity Pricing Study 

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

Independent Power Production 

Independent Power Production (IPP) usually relates to supply of electricity to the grid by facilities 
not under the ownership or direct control of the electric utility. In Poland, IPP would be 
developed by the private sector, and so IPP is a logical first step toward privatization of electricity 
services. Within the category of independent power there are a variety of facilities that may be 
constructed, including industrial cogeneration plants, district heating cogeneration (combined heat 
and power plants), small hydroelectric projects, renewable energy projects, and power plants that 

@ are designed exclusively to sell power to the grid. The acquisition of capacity and energy from 
IPPs is hlly consistent with the least-cost Integrated Resource Plan approach. 

The Need for TPP in Poland 

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

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

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

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

RCGMagler Bailly 



comparable to those in the U.S. or other western countries where IPP1s now operate. Various 
agencies are charged with oversight of bulk power sales or electric tariffs, but have a shortage of 
staff available to perform regulatory functions. 

The activities under this tasks were in support of the general objective to create the conditions 
needed to facilitate the development of private power in Poland and in particular assistance to 
create the institutional, legal and regulatory framework and the financial institutions and 
accounting practices needed to provide opportunities for private power. A.I.D. assistance in this 
area includes support to MOIT1s Energy Restructuring Group, the Electricity Tariff Study for 
PPGC and this task. 

Training in Pricing 

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

Assistance in IPP Price Determination 

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

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

Training and Documentation 

Training and documentation focused on the following models: 
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Generation Planning Tools (GPT) Model 

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

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

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

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

GPT-L and GPT-M Models 

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

@ of PPGC covering the following aspects: 

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

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

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

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

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

Development of a Simplified Tool for Avoided Cost Determination 

The GPT model described above is the ideal tool for detailed computation of the avoided cost of a 
specific resource to the system and therefore an excellent tool for determining the fair value of 
power offered by the private sector. However, the interpretation of results of any detailed 

@ 
generation planning model is generally at a technical level different from that of the people 
involved in negotiating power transactions and therefore a simplified formulation is desirable. 

RCGMagler Bailly 



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

Assistance in the Evaluation of Power Supply Offers 

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

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

RESULTS AND LESSONS LEARNED 4. 

@ Results 

The following results were obtained from the activity: 

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

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

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

Some of the expected results were not entirely achieved for reasons described below. 

Training in Tariff Design 

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

RCGkIagler Bailly 2"J 



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

Assistance in Private Power Pricing 

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

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

Lessons Learned 

Poland is making progress towards a market oriented power sector and A.I.D. assistance has 
contributed significantly to this end. However, progress has been slower than could be 
anticipated largely due to a readjustment of policies towards a more gradual transformation of the 
power industry. Evidence of this can be found as follows: 1) Electricity tariffs, when measured in 

1) US currency appear to follow closely the recommendations of the A.I.D. funded study however a 
growing gap between local inflation and currency devaluation may indicate a much slower 
progress. 2) Disaggregation of the generation system continues to be an objective but has been 
transformed to only partial disaggregation over the medium term. 

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

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

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

RCG/Hagler Bailly 
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S.1 WSWP S.l  INTRODUCTION 

Cele i podziqkowania Objectives and Acknowledgements 

Niniejsze studium zostalo przeprowadzone w 
rarnach Regionalnego Programu WydajnoSci 
Energii ( 180-0030) sponsorowanego przez 
Agencje Stan6w Zjednoczonych ds. Rozwoju 
Mi~zynarodowego (United States Agency for 
International Development - A. I. D. ) . Jego celem 
byla pomoc Rzadowi Polski w opracowaniu 
detalicznych i hurtowych taryf na energie 
eiektryczna w perspektywie Srednioterminowej , 
swjnych z celarni ekonomicznie sprawnego i 
s a m o f i n a n s u j S c e g o  s i e  s y s t e m u  
elektroenergetycznego. 

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. 

RCGIHagler Bailly pragnie wyrazid RCG/Haglcr Bailly, Inc. wishes to achowledge 
podziekowanie za w@prace i pomoc udzielona the assistance and cooperation received from 
przez wiele polskich i miedzynarodowych many Polish and international organizations 
organizacji w trakcie opracowywania studium, w during the execution of the study, and in 
s z c z e g 6 1 n o f c i P o 1 s k i m S i e c i o m particular, the Polish Power Grid Company, 
Elektroenergetycznym S. A., Agencji StanSw A.I.D., and the World Bank. 
Zjednoczonych ds. Rozwoju Miedzynarodowego 
oraz Bankowi s wiatowemu. 

S p d b  podejkia do studiurn Approach to the Study 

Zaplanowano, ie realizacja studium taryfowego The tariff study was planned to proceed according 
m z i e  przebiegac? w czterech gldwnych etapach: to four major steps: 

b analiza prognozy obciaienia i plan6w 
inwestycyjnych 

b opracowanie ckonomicznych koszt6w 
krarlcowych 

b prognoza wymaganych przychod6w 
finansowyc h 

w opracowanie taryf na energie elektryczna 
o strukturze opartej na ekonornicznych 
kosztach Mcowych pozwalajacych na 
uzyskanie wymaganych przychod6w 
finansowych. 

b review of load forecast and investment 
plans 

w development of economic marginal costs 
b forecast of financial revenue requirements 
b development of electricity tariffs 

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



Studium zostalo pneprowadzone w okresie od 
czenvca 1992 roku do lipca 1993 roku, w 
okresie, w ktbrym- nastapilo wiele istotnych zmian 
w o g 6 l n e j  s t r u k t u r z e  s e k t o r a  
elektroenergetycznego, w programie inwestycji w 
rozw6j i modernizacje systemu o m  w przepisach 
regulacyjn ych i podatkowych determinujac ych 
dziaianie systemu i wplywajacych na przeplywy 
pienieine w okresie Srednioterminowym. W 
wyniku tak zmieniajaego sie Srodowiska oraz z 
racji nieuchronnie ikracyjnego charakteru 
analizy, studium przybdo forme procesu 
dwufazowego. 

The study was conducted during the period June 
1992 to July 1993 and in parallel with many 
important developments regarding the corporate 
structure of the power sector, the forecast of 
investments in the expansion and modernization 
of the system, and the regulatory and fiscal- 
policies that would guide its operation and affect 
its cash flow over the medium term. As a result 
of this changing environment and of the 
inherently iterative nature of the analysis, the 
study can be best described as a twu-stage 
process. 

W fazie pienvszej, twajacej od czerwca 1992 The first stage, carried out from June 1992 to 
. roku do marca 1993 roku, przeprowadzono March 1993, examined the economic structure of 
badanie ekonomicznej struktury koszt6w i costs and projected the revenue requirements of 
dokonano prognozy co do wymaganych the system assuming no external constraints on 
pnychod6w dla systcmu, pny zaloieniu, b nie the feasibility of revaluating assets in the power @ 
b&ie iadnych barier ograniczajacych mokliwo&? sector or the feasibility of implementing tariff 
przeszacowania majatku w sektorze increases. 
elektroenergetycznym lub wprowadzenia 
podwyiek cen energii elektrycznej . 

W fazie drugiej, przeprowadzonej w o h i e  od The second stage, carried out from April to July 
kwietnia do l i p  1993 roku, wykorzystano 1993, made use of the economic structures 
struktury ekonomiczne opracowane w fade developed in the first stage. However, its 
pienvszcj. Dokonane w niej prognozy finansowe financial projections took into account a practical 
braly juz jednak pod uwagt rtalny harrnonogram schedule for asset revaluations and a program of 
przeszacowywania majatku i program gradual tariff incrtasts designed to minimize 
stopniowych podwy2ek cen aergii elektrycplj negative public and economic impact. 
przygotowany w ctlu zminimalizowania 
negatywnego wplywu spoleczneg,~ i 
ekonornicznego. . 



Organization of the Report 

Niniejsze studium skiada sie z czterech czeki. 
Pienvsza faza analizy zostala pnedstawiona w 
mech pierwszych cxkiach. CZ& I zawiera 
trzy rozdzialy, w kt6rych om6wiona zostala 
og6lna charakterystyka systemu i dokonany 
przeglad bilansu podazy i zapotrzebowania w 
Polsce. Cz& II zawiera anahze podsystemu 
wytwanania, w ktdrej zastosowane zostaly kisle 
kryteria efektywnoki finansowej i z Mrej 
wyliczono hurtowe taryfy na zakup energii 
elektrycznej od wytw6rdw. W c q k i  111 
przedstawiona zostala ekonomiczna i finansowa 
analiza podsystem6w pmsylu i rozdziah energii 
elektrycznej , w ktbrej nadal zachowane sa kisle 
kryteria efektywnoki finansowej i Mrej 
wynikiem sa hurtowe taryfy na spnedai energii 
elektrycznej do Adad6w energetycznych i 
wielkich odbiordw oraz Srednie taryfy dla 
odbiorcdw detalicznych. 

CGSC IV odpowiada ostatniej fazie an- i 
obejmuje, po pienvsze, anal& wplywu wzrostu 
cen energii elektrycznej na pols4 gospodarke. 
Po niej nastepuja d i n e  rodzaje finansowej 
analizy podsystemdw wytwanania, przesyiu i 
rozdzialu energii elektrycmej w warunkach 
r6znyc h scenariuszy ograniczd narzucon ych 
przez polityke podatkowa oraz polityczna 
mozliwoid wprowadzenia podwyick ccn energii 
elektrycznej . Opracowanie kodczy sie 
szczeglowym przedstawieniem taryf w rozbiciu na 
poziomy napid i kategorie odbiordw 
wyliczonych w oparciu o najbardziej 
prawdopodobny scenariusz pnecietnych wplyw6w 
pienieinych wynikajacych z analj. finansowej 
uwzgledniajacej narzucone ograniczenia. 

Schemat S- 1 przedstawia najistotniejsze 
powiazania rnidzy r6inymi rozdzidarni raportu. 
Dla zachowania pnejrzystoki, w podsumowaniu @ tym nie zachowano doldadnej kolejnoki 
prezentacji materialu w tekkie gl6wnym, lecz 
jed ynie zaznaczono, w kt6ryc h rozdzialach 
omawiany jest dany temat. 

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

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

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

Wszystkie wartoki pieniche zostdy wyraione w 
polskich zlotych (zl) prry poziomie cen z pdowy 
1992 roku lub w dolarach lub centach USA (c) 
przy zachowaniu kursu wymiany z pdowy roku 
1992, kt6ry wynosil 13;400 zl/USD. Analiza 
zostaia przeprowadzona w wartoiciach 
rzeczywistych. Dla wyraienia liczb w 
wartokiach bieacych inflacja w Polsce w latach 
1992 i 1993 jest szacowana na okolo 40 procent 
rocznie. 

S.2 FAZA PIERWSZA - ANALIZA BEZ 
UWZGLI$DNIANIA O G R A N I C Z ~  

Bilans podazy i zapotrzebowania 

Analizrr pmgnoq obciqicnicr (Rozddrd 2). 
Prognozowanie obciaknia w P o k e  jest zadaniem 
zloionym z powodu trwajwj transformacji 
gospodarki i b&cego jej -em braku 
ciagloici pomiedzy funkcjonalnymi 
wyznacmikami zapotnebowania w przeszloki i 
w przyszloki. Wymhem analtzy prognozy 
zapotrzebowania by10 przyjwie scenariusza 
wzrostu obciaienia dajacego pnecictny wmst 
spnedazy o 1,3 procent rocznie w latach 
1991-1995 oraz 2 proccnt roc& w okresie 
kolejnych piwiu lat. P r q ~ a  prognoza 
sprzedazy w mzbiciu ha kategorit odbiorcdw 
zostala przedstawiona na Schemacie S-2. 

Annlirrn podsyslmur w y t w d  ( R O W  3). 
~ r 6 d l a  energii w potskim systemie 
elektroenergetycnym mom zakwaiifikowac! do 
trzech kategorii: eiektrownie zawodowe, 
elektrownie przemyslowe oraz wymiana 
miedzy narodowa. GMwnym pnedmiotem 
zainteresowania niniejszego studium sa 
elektrownie zawodowe. 

All monetary values are expressed in Poiish 
Zlotys (21) at mid-1992 price levels or in US 
dollars or cents (C) at the mid- 1992 rate of 
exchange of 13,400 ZlotydUSS. The analysis 
was conducted in real terms. As a reference for 
converting to current values, local inflation 
during 1992 and 1993 is estimated to run at 
approximately 40 percent per year. 

S.2 FIRST STAGE - UNCONSTRAINED 
ANALYSIS 

Supply-Demand Balance 

Review of the L m d  FoncrrJl (Chapter 2). 
Demand forecasting in Poland is complex owing 
to the ongoing transition of the economy and the 
resulting discontinuity betwecn functional 
deterininants 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 G e n e d o n  System (Chupter 3). 
The sources of energy in the Polish power system 
can be classified into three categories: the public 
system, autoproduccrs, and the international 
exchanges. The public power system is of 
primary concern in this study. 
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@ W Mad pudsystemu wytw-ia, jako jednego 
z e lementow kra jowego  systemu 
elektroenergetycznego, wc hodza elektrownie 

. cieplne i elektrownie wodne, ktorych k z n a  moc 
zainstalowana wynosi okolo 29.600 MW. Okdo 
90 procent energii elektrycznej jest wytwanane w 
elekuowniac h parowych opalan ych weglem 
kamiennym lub brunatnym pracujacych wyiacznie 
dla krajowego systemu elektroenergetycznego, a 
10  p r o c e n t  j e s t  w y t w a r z a n e  w 
elektrocieplowniach. W systemie nie ma 
cieplnych elektrowni szczytowych, a wahania 
obciaknia q regulowane w gl6wnej miene 
popnez wy korzystanie wodn yc h elektrowni 
szczytowo-pompowych. Na schemacie S-3 
przedstawiono podsumowanie systemu. 

Dla cel6w analizy ekonomicznej oszacowano, ie 
cena wegla na granicy bedzie wynosid 1,79 
USD/GJ (dolar6w USA na gigadiul), oraz ie 
koszty transportu w kraju podwyzsza te cene do 

@ 2.01 USDiCJ (koszt alternatywny z dostawa). 
Koszt alternatywny wegla brunatnegokhemat S- 
2Schemat S-3zostal okreilony na podstawie 
moiliwoici zastapienia nim wegla kamiennego i 
oszacowany na poziornie 76 procent kosztu 
jednostla cieplnej wegla kamiemego. 

Nominalny margines rezerwy mocy systemu 
wynosi ponad 40 procent. Rzeczywista rezerwa 
ze stalych ir6del jest rz&u 28 procent, lecz 
dochodzi tutaj r6wniei wainy czynruk jakim jest 
sezonowoX zar6wno obciaienia, jak i ir6del. 
Prognozowane efektywne rezerwy mocy, przy 
zaloieniu Sredni j dyspozycyjnoki blok6w, 
zostaly wyliczone na podstawie prognomwanego 
obc ia ten ia ,  oczekiwanego rozwoju 
elektrocieplowni oraz podjetych ju t  decyzji o 
budowie nowych blok6w energetycznych lub 
wycofaniu starych. Wyliczenia te wskmja, ie 
system posiada wystarczajaca rezerwe mocy do 
okolo roku 1997, kiedy to konieczne bqlzie 
wprowadzenie nowych mocy szczytowych w 
postaci dodatkowych elektrowni szczytowo- 
pompowych, cieplnych ir6del pracujacych w 
szczycie lub jednych i drugich. Nowe moce 
pracujace w obcieniu podstawowym nie b&ce 

The generation component of the public power 
system consists of thermal and hydroelectric 
powerplants totalling approximately 29,600 
MW of installed capacity. About percent of 
Poland's power is produced in d- 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 peaiang 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 .O1 
UGJ. 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 resemes, 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 
peakmg capacity would be needed in the form 
of additional pumped storage hydroelectric, 
pealung thermal resources, or both. Base load 
capacity not currently under construction is not 
required until well into the next decade. 

i. $ /  
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jeszcze w budowie nie beda wymagane jeszcze 
przez kilka lat przyszkego dziesieciolecia. 

Punkt cieikoki podsystemu wytwarzania jest 
mocno pnesuniety w kierunku obcienia 
podstawowego, pnez co jego funkcjonowanie jest 
mniej wydajne niz byloby to mozliwe w innym 
p n  ypadku . Takie zachwianie proporcji 
komplikuje dwniez oblictenie ekonomicznych 
koszt6w kraticowych w r6znych strefach 
czasowych. Dzieje sie tak, poniewai podsystem 
musi ponosiC dodatkowe koszty poza szczytem 
dla utrzymania wystarczajacej mocy w podstawie 
koniecznej dla pokrycia obciatenia szczytowego, 
kt6re w innym wypadku mogfoby zostad pokryte 
przez ir6dta szczytowe nie pracujace w godzinach 
poza szczytem. 

The generation mix is heavily biased towards 
base load resources and this results in less 
efficient operation than otherwise possible. 
This distortion also complicates the computation 
of economic marginal costs by time pericd. 
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 
othexwise be met by p e a h g  resources that may 
be shut down during off-peal hours. 

Ekonomiczna analiza systemu Economic Analysis of the System 

Ekonomiczna arrrrlto podsystemu wytwamnia Economic Adys i s  of the Genemtion System 
( R o a i d y  4, 6 i 7). Z przcprowadzonej an* (Chapters 4, 6 and 7). The analysis of system 
niezawodnoki systemu wyIllka, ie moina reliability concluded that the following periods 
wyod~.ebniC nastqujace p r y ,  kt6rc moga zostad during the year have marked differences and 
wykorzystane do okreilenia r 6 ~ y c h  stref may be used to establish differential pricing 
czasowych w taryfach: periods: 

paidnemik-matzez October-March 
S=Yt -Y 07:Ol do 1259 Morning Peak 07:Ol to 1259 
szczyt wieczomy 16:Ol do 20:59 Evening Peak 16:Ol to 2059 
Po= szczY*m pozostale godhy  Off-Peak all other hours 

kwieciefi-Wrzesid April-September 
szczyt ranny 07:Ol do 1259 Morning Peak 07:Ol to 1259 
szczyt wieczorny 19:Ol do 2159 Evening Peak 19:Ol to 2159 
Po= SzczYtem pornstale godziny Off-Peak ail other hours 

Odpowiednie krdtkoterminowe koszty M c o w e  The corresponding short-run marginal costs are 
pnedstawiaja sic nastepujaco: as follows: 

paidziernik-mamc October-Marc h 
szczyt ranny 2,80 US c/kWh Morning Peak 2.80 US cents/kW 
szczyt wieczomy 4,64 US c/kWh Evening Peak 4.64 US cents/kW 

a 
poza szczytem 2,07 US c/kWh Off-Peak 2.07 US cents/kW 



szczyt ranny 3,97 US c/kWh 
szczyt wieczorny 4,64 US c / k W  
poza szczytem 2.12 US c/kWh 

Koszt unikniety wytwarzania w systemie zostat 
obliczony przy wykorzystaniu dyferencyjnego 
kosztu ekonornicznego pokrycia prognozowanego 
obciania z wykorzystaniem i bez wykorzystania 
aktualnych rnocy pochodzacych z 
elektrocieplowni, elektrowni pnemysiowych oraz 
e l e k t r o w n i  w o d n y c h  ( b e z  
szczytowo-pompowych). Szacuje sic, ie do roku 
2010 koszt wzroSnie z obecnej wartoki 4,73 
c/kWh do 5.23 c/kWh. 

~ g o t e n n i n o w y  ekonornicvry k o a  kmrico wy 
(Rozddni 7 ) .  Analiza dlugoterminowego kosztu 
kraricowego zostala pneprowadzona pnez 
wyliczenie dlugoterminowych koszt6w 

a Mcowych na poziomie wytwanania w r6inych 
porach dnia, kt6re to koszty nastepnie 
przeniesione do dlugoterminowych k o d w  
kraJficowych na poziomie przesylu i rozdzidu w 
rdinych porach dnia, na r6znych poziomach 
napiwia i u r6inych kategorii odbiordw. 
Schemat S-4 przedstawia hurtowe i detalicme 
dlugoterminowe koszty kmtcowe i por6wnuje je 
z obecnymi stawkami. 

Na poziomie detaliczn y m Sredni diugoterminowy 
koszt Mcowy wynosi 988 zYkWh (7,37 
cIkWh), podczas gdy obecna stawka to 542 
zlIkWh (4,M c/kWh), co daje r 6 z n i ~  82 
procent. Na poziomie sprzedazy hurtowej 
dlugoterminowy koszt M c o w y  wynosi 709 
zYkWh (5,29 c/kWh) a obecna stawka 340 
zYkWh (2,53 c/kWh), co &je r 6 h . i ~  109 
procent. 

Zaobserwowano, ie aktualnie obowiazujace taryfy 
znacznie odbiegaja od powyiszej struktury 
koszt6w i wymagaja, og6lnie mdwiac, stopniowej 
korekty w kierunku wyiszych stawek detalicznych 
na poziomie nislaego napieia w stosunku do 
stawek na napiwiu wysokim i Srednim. 

April-September 
Morning Peak 3.97 US C / k w h  
Evening Peak 4.64 US CIkWh 
Off-Peak 2.12 US c / k W  

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, 
autoprducers, and hydroelectric (except 
pumped storage) resources. The cost is 
estimated to escalate from a current value of 
4.73CIkWh to 5.23CIkWh by 2010. 

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

At retail level, the average LRMC is 988 
WkWh (7.37ClkWh) compared with a current 
yield of 542 ZlIkWh (4.04 CIkWh), or a 
difference of 82 percent. At the bulk level, the 
LRMC is 709 ZVkWh (5.29 C/kWh) against a 
current yield of 340 ZVkWh (2.53 CfkWh), 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. 
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Finansowa analiza systemu bez uwzglqdniania 
ograniczen 

Finanso wu a& podsystemu wytwurzaniu bez 
u wzgledniania ogmniczen (Rozddat 5). Analiza 
finansowa podsystemu wytwarzania opiera sie na 
szczegolowej analizie 17 pojedynczych 
elektrowni: czterech najwiekszych w Polsce 
konwencjonalnych elektrowni opaianych weglem 
brunatnym oraz 13 najwiekszych 
konwencjonalnych i kolektorowych Schemat S- 
4elektrowni na wegiel kamienny. Ta grupa daje 
96 procent calej energii wyprodukowanej w 
Poke przez elektrownie pracujace wylacznie dla 
sieci. 

Na pro% konsultanta w firmie Polskie Sieci 
Elekmenergetyczne S . A. wykonano powaine 
zadanie polegaj ace na zebraniu historyczn yc h 
danych finansowych z kaidej z tych elektrowni. 
Dane te zostaly wykorzystane do opracowania 
finansowego modelu na arkuszu kalkulacyjnym 
dla kaidej z elektrowni dla lat 1990 i 1991. 
Ceiem tego zadania bylo wypracowanie 
wiarygodnej pozycj i . wyj Sciowej dla przyszlych 
prognoz, jak r6wniez pr6ba uchwyctnia 
giebszych trend6w i wskahiMw, kt6re moglyby 
utrzymywad sic r6wniez w przyszloki. 

Wobec braku utrwalonego systemu rcgulac yj nego, 
w analizie finansowej musiano dokond kilku 
istotnych zaloied opartych badi to o opinic PSE 
S A j ako przej Sciowego ciala rcgulacyjnego, badt 
o zalecenia konsultanta. Przy~cto zaloienie, ie 
wiekszoX istniejacych elektrowni nadal b&ie 
otrzymywac! stawki za mergic elektryczna 
wyliczone na podstawie ich koszti5w produkcji, 
lecz koszty te - w gl6wnej miene pabwo - b& 
z b l i  sit w kierunku koszt6w standardowych 
opartych na ich wartoki ekonomicznej . 
Elektrownic nie pracujace wy lacznie dla sektora 
elektroenergetycznego - w szczeg6lnoSci 
eiektrocieplownie oraz ewentualne nowe i m l a  
-b& otrzymywad stawki wyliczone na podstawie 
ekonorniczn ych koszt6w uniknietych energii 
elektrycznej . 

Unconstrained Fmancial Analysis of the 
System 

Unconstm'ned FF~ncitrl Analysis of the 
Genenation System (Chcrpter 5). The financial 
analysis of the generating system is based on a 
detailed analysis of 97 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 
identijl any underlying trends and ratios that 
might be expected to continue into the future. 

In the absence of an established regulatory 
system, the financial anaiysis 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. 
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W pierwszej fazie analizy finansowej Jwiadornie 
pominieto ws~elhe potencjalne ograniczenia 
mogace stad na drodze ku peinej reformie 
svs&u Mkulacji cen opanego na moiliwych do 
przyjsia kryteriach efektywnoki finansowej. 
Naj istotniejsza konsekwencja takiego podejkia 
byia propozycja, by majatek brutto, ktdrego 
aktualna wartoid ksiegowa wynosi miedzy jedna 
trzecia a jedna dziesiata jego wartoki 
odtworzeniowej , zostal przeszacowan y do roku 
1994, o m  by przedsiebiorstwa wytwarzajace 
energie elektryczna musialy wypracowat stope 
zwrotu w wysokoki 6 procent wartoki 
przeszacowanego majatku netto. 

Kazda pr6ba przeszacowania rnajatku w 
podsysternie wytwarzania najprawdopodobniej 
bedzie sic wiazaC z koniecznoicia 
przeprowadzenia szczegdowego technicmego 
szacunku koszt6w odtworzenia majatku lub 
potencjalnych dochd6w uzyskanych z kaidej 
elektrowni. Dla celdw niniejszej anallq 
dokonano jedynie ogdlnego szacunku koszt6w 
odtworzenia majatku, por6wnujac je nastepnie z 
jego aktualna wartokia ksiegowa. Wyciagnicto 
wniosek, ze prawdopodobny wskafnik 
niedoszacowania majatku wynosi szeSC. 

Wyniki tej analizy wskazuja, ie wymagany 
doch6d dla podsystemu wytwanania w roku 1994 
bdzie wynosit Srednio 489 zYkWh (3,65 
c/kWh), czyli okdo 63 procent wiecej w 
wartoiciach rzeczywistych n i i  poziom 
przychoddw w roku 1992. 

Finanso wa analiza Polskich S iec i  
Elerhroenergetycrnych S.A. bez uwzgkdnienb 
ogmniczeri (Rozdzid 8). Analiza koszt6w 
przesytu oraz wymaganych przychod6w 
finansowych jest w zasadzie finansowa analiza 
PSE SA. Podobnie jak w przypadku finansowej 
analizy wymaganego przychodu w podsektorze 
wytwanania, celem analizy finansowej PSE SA 
bylo okreilenie wymaganego przychodu 
pomalajacego firmie na sprawne funkcjonowanie 
ng tacsrlat-h Lnm~rrvinvrh 

The first stage of the financial analysis 
explicitly ignored any potentla1 consmnts to a 
full refom of the pricing system based on 
acceptable criteria of financial. performance. 
The major consequence of this approach was 
the proposition that gross assets, currently on 
the books at anywhere beween one-third and 
one-tenth of their replacement cost, be revalued 
by 1994 and that generating companies must 
earn a 6 percent rate of return on the net 
revalued assets. 

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

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

Uncommained RnuncirJ Analysis of h e  Polish 
Power Grid Company (Clurper 8). The 
analysis of transmission costs and the required 
financial revenues is essentially a financial 
anaiysis 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. ,- 
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Spjlka PSE SA powsda w paidzierniku 1990 
roku. Dlatego dostepne dane historyczne dotycza 

. tylko jednego pelnego roku, kohczacego sic 3 1 
grudnia 199 1. Co w i w j  , wskainiki 
efektywnoki finansowej zostaly znieksztalcone 
przez fakt, ie znakomita wiekszog majatku 
przesyiowego oraz elektrownia szczytowo 
pompowa i zwiazane z tym koszty eksploatacyjne 
zosdy pnekazane PSE SA dopier0 w styczniu 
1993 roku. 

Wyniki analizy wskazuja, ie w roku 1994 Sredni 
wymagany przych6d sp6lki PSE SA bedzie 
wynosid 563 zVkWh (4,20 c/kWh), co stanowi 
wzrost o 67 procent w stosunku do poziomu 
przychod6w w roku 1992. 

finunsowa Maliur podsystemu rndkidu bcz 
uwzglednieniu ogtwticuri (Rod.& 9). Gdy 
dokonywana byta niniejsza analiza Rzad Polski 
sldanid sic ku polityce jednakowych cen 
hurtowych dla wszystkich zaklad6w 
energetycznych, pozwalajac kaidemu zakiadowi 
na wyznaczanie wlasnych cen detalicznych 
opartych o regulowany zysk ale uwzgledniajac ych 
specyficzna strukture koszt6w w kaidym 
zakiadzie. 

Analiza koszt6w rozdziatu i wymaganych 
przychoddw finansowych oraz Srednich taryf na 
poziomie odbiorc6w zakMt5w energetycznych 
zostaia oparta na skonsoiidowanym, zbiorczym 
zestawieniu kluczowych danych z rachunk6w 
wynikdw i bilans6w wsqstkich 33 zaklad6w 
energetycznych przygotowanym przez Dyrekcje 
Ekonorniczna PSE SA. Istome bylo jednak 
okredlenie rozpietoki, jakiej moina sic 
spodziewad wSr6d Srednich taryf detalicznych w 
r6znych 7attadnch energetycznych. Dlatego 
opr6cz zestawienia zbiorczego dokonano analizy 
trzech pojedynczych zaklad6w energetycznych - 
Warszawy , Gliwic i Bialegostoku, jako 
reprezentatywn ych przedstawicieli - odpowiednio 
- duiego zakladu miejskiego, Sredniego zakbdu 
miejskiego i zakladu w rejonie rolniczym. 

PPGC was formed in October 1990. 
Therefore, only one full year of historical data 
are available for the 12 months ending 
December 3 1, 199 1. Furthermore, financial 
performance ratios have been distorted because 
the bulk of the transmission assets plus the 
pumped storage plant and associated opehtion 
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/kWh) or an approximate 
increase of 67 percent above 1992 revenue 
levels. 

Unconstmined Rnancial Anuiysis of the 
LMstdbution System (Chqter 9). At the time 
this analysis was conducted, the Polish 
Government was leaning towards a policy of 
uniform bulk sales tariffs for ail distribution 
companies, allowing each company to set its 
retail tariffs based on a regulated profit but 
taking into account the specific cost structure of 
each company. 

The analysis of distribution costs and the 
required financial revenues and average tariff at 
the level of the distribution company customers 
was based on a consolidation or aggregation of 
key income statement and balance sheet data for 
the 33 distribution companies prepared by the 
Ehnomics Department of PPGC. However, it 
was relevant to determine the variability that 
can be expected among the average retail tariffs 
of different distribution companies. Therefore, 
in addition to the consolidated case, thret 
individual distribution companies were analyzed 
-- Warsaw, Gliwice and Bialystok -- which 
represent major urban, mid-size urban, and 
rural distribution companies, respectively. 



u'obec braku przepisdw regulujacych 
funkcjonowanie zaktaddw energetycznych na 
zasadach komercyjnych w momencie 

. opracowywania studium, wzieto pod uwage tny 
roine kryteria finansowe: 1) niezwiekszanie sic 
og6lnego zadlutenia, 2) 6 procent zwrotu na 
rnajatku netto, oraz 3) 100-procentowy 
wsp6lczynnik samofinansowania. Pienvsze 
kryterium zostalo przyjete jako naj bardziej 
ostrozne i zaldada, ie podsystem rozdzialu musi 
by6 w stanie finansowat odtwarzanie urzzglzeh i 
rozszerzanie zakresu uslug z wlasnych 
przychoddw . 

Wyniki zbiorczej analizy podsystemu rozdzialu 
wskazuja, ie Sredni wymagany przych6d w roku 
1994 wynidslby 785 zYkWh (5,86 c/kWh), czyli 
okolo 45 procent wiecej w wartokiach 
rzeczywistych n.2 poziom z roku 1992. 

Analiza por6wnawcza wymaganych przychoddw 
w roku 1994 dla trzech wymienionych wczeiniej 
zaklad6w energetyczn ych daje nastepujace 
wsp6lczynnila w stosunku do wyniku zbiorczego: 
Bialystok 139, Gliwice 0,99 i Warszawa 1,16. 
Dlatego, w takiej ograniczonej p r h ,  
maksymalna r6znica w wymaganych przychodach 
midzy dwoma zaidadami energetycznymi wynosi 
okolo 60 procent. 

S.3 FAZA 11 - ANALIZA WPLYWU, 
PROGNOZY FINANSOWE Z 
UW ZGLWNIENJEM O G R A N I C Z ~  
ORAZ OSTATECZNY UKLAD 
TARYF 

Do kwietnia 1993 roku dwie sprawy stawaly sic 
coraz bardziej jasne. Po pierwsze, wydawalo sic 
malo prawdopodobne, by dokonano znacmych 
postep6w w roku 1993 jeSii chodzi o realny 
wzrost poziomu cen na energie elektryczna, przez 
co proponowany poziom z roku 1994 w 
rzeczywistoki stanowilby 45 procent realnego 
wzrostu w pordwnaniu z rokiem 1993. Po 
drugie, zachodzilyby powaine przeszkody dla 
naobon  n n ~ w a c n w a n i a  maiatlcu do ieeo d n e i  

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 incrtzise 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 
WkWh (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 compames 
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 
cornparues is approximately 60 percent. 

S.3 STAGE I1 - ANALYSIS OF 
IMPACT, CONSTRAINED 
FINANCIAL PROJECTIONS AND 
FINAL TARIFF DESIGN 

By April 1993 two things were becoming 
increasingly clear. First, it seemed unlikely 
that much progress would be made during 1993 
in terms of real growth in tariff levels. 
Therefore, the proposed 1994 level would in 
effect represent a 45 percent real rate of 
increase with respect to 1993. Second, there 
would be serious constraints to a sudden 
revaluation of assets to their full replacement 
cost. Furthermore, even if assets could < ?/ /' 



wart055 odtworzeniowej , a ponadto, nawet jefli 
majstek rntjglby by6 stopniowo przeszacowany do 
pelnej wartoici odtworzeniowej , to wydawalo sit 
malo prawdopodobne, by odpisy amortyzacyjne 
dla cel6w podatku dochodowego mogly by6 
oparte na peinej wartoki odtwoneniowej . 

Okolicznoici te zostaly uwzgldnione w drugiej 
fazie studium w postaci analizy wplywu cen i 
prognozy finansowej opartej na stopniowym 
procesie pneszacowywania majatku. 

W&w wzrostu cen (Rozdzial 10) 

Dokonano oceny wplywu wzrostu cen energii 
elektrycznej na odbiordw detalicznych w Polscc 
w celu dokonania korekty ccn z ich obccnego 
poziomu do poziomu wynikajacego z peinj 
kalkulacji kosztowej . Analiza koncentrowala sic 
na wplywie zar6wno na wy&jnog ekonornicma, 
jak i na budiety domowe. 

Istnieje szereg czynnik6w komplikujacych analize 
wpl y wu wzrostu cen na poszczegblne galezie 
przemyslu w Polsce, jak na pnyklad fakt, ie 
przed 1990 rokiem wewnetrzne bodice dla 
polskiego pnemyslu byly skiemwane w zla 
strone, a c ~ s t o  redukcja koszt6w w i d a  sic z 
redukcja zysku. Szacuje sic, ie energia 
elektryczna stanowi przecittnie okdo 3,4 procent 
koszt6w w przemyae. WyciagncliSmy wiec z 
tego wniosek, ie koszty energii elektrycznej 
prawdopodobnie nie sa naj wiekszym problemem, 
przed jakim stoi obecnie polski pmmysl. 
Problemy zwiazane z prywatyzacja, zmiana cen 
produktbw, zmieniajaca sic technologia, 
przesuniwiarni w wyborze produkt6w, obnbnym 
og6lnym popytem oraz wprowadzaniem 
normalnych bodicbw rynkowych sa 
prawdopodobnie duio istotniejszt niz realna 
podwyika cen energii elektrycznej . 

2o 0 
gradually be revalued to full replacement cost, 
it was unlikely that depreciation allowances for 
income tax purposes could be based on full 
replacement cost. 

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

Impact of Tariff Increases (Chapter 10) 

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

A number of facton 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. 

Pod koniec 1992 roku szacowano, ie realna 
podwyika cen energii elektrycznej o 75 procent 
moglaby nviekszyd wydatki z budietu domowego 
n ntdn 2 F do 7 nrncent dochod6w rodzinv. z 

As of late 1992 it was estimated that a 75 
percent red increase in electricity prices could 
increase household expenditures by about 2.5 to 
3 percent of incomes. Of this, 2 to 2.25 GJfJ 



czego 2 , O  do 2,25 procent byloby bezpofrednim 
wynikiem zuiycia energii, a 0.6 procent byloby 

. zwiazane z wyzszymi cenami zywnoSci. Inne 
artykuly konsumpcyjne mialyby bardzo niewielki 
wplyw. Na tej podstawie moglo by sic w 
pierwszej chwili wydawa6, ie wplyw duiej 
pdwyzki cen energii elektrycznej na budiety 
domowe bylby mdo istotny. Jednak jeSli weimie 
sic pod uwage szybko rosnace ceny wszystkich 
rodzaj6w energii i imych artykul6w, podwyika 
ta staje sic bardziej odczuwalna. Poza tym, 
nawet 3-procentowa podwyika wydatk6w z jui 
bardzo napietego budktu domowego ma 
oibrzymie znaczenie. 

percent would be through the direct use of 
electricity and 0.6 percent through higher food 
prices. other cons"mption item; 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. 

Na podstawie dyskusji z PSE SA oszacowano, ie Based on discussions with PPGC, it was 
realna podwyika cen r&u 10 do15 procent estimated that real tariff increases on the order 
rocznie stanowi g6ma granice Sredniej mcznej of 10 to 15 percent per year represent the 
korekty cen w g6t.e akceptowalnej dla polskich maximum average annual upward adjustment of 
budiet6w domowych w obecnych warunkach prices acceptable to Polish household budgets in 
ekonomiczn ych. today's economic environment. 

Anaiiza finansowa z uwzglqdnieniem 
ogranicze6 (Rozdzial 11) 

Przeprowadzono kiLka projekcji h s o w y c h ,  
k6re uwzgl&ialy ograniczenia we wpokie cen 
energii elektrycznej i stopie pnesracowania 
majatku. Scenariusz, kt6ry mstal unany za 
najbardziej odpowiedni dla aLtualnq sytuacji w 
Poise, uwzgldnia stopniowe przeszacowanie 
majatku do jego pdnq wartoit5 odtworzeniowej 
do roku 1997, przy jednoczesnym zachowaniu 
pulapu 70 proctnt wartoki odtworzeniowej dla 
obliczenia odpis6w amortyzacyjnych dla cci6w 
podatkowych . 

Constrained Frnancial 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 
purpo=. 

Ponadto, za limit akceptacji spdecznej dla A ceiling of 15 percent on the annual rate of 
wzrostu cen na energit elektrycma uznano puiap increase in tariffs from 1994 onwards was also 
15 procent rocznie oraz przyjeto taloienie, ie w imposed as the limit of public acceptance, and 
okresie od pdowy 1992 roku do stycznia 1994 it was assumed that only a 7 percent real 
r o h  osiagniete zostanie jedynie 7 procent increase would be achieved between mid-1992 
realnego wzrostu cen. and January 1994. 



Najistotniejsze prognory finansowe oparte na tych 
zaloieniach zostaly podsumowane w schemacie 
S-5. Prognozy te pokazuja, ie otrzymany w ten 
spos6b wymagany doch6d na poziomie sprzedazy 
detalicznej wynosi 623 zl/kWh (4,65 c/kWh) w 
roku 1994, 716 zYkWh (5,34 cIkWh) w roku 
1995, a nastqmie 814 zYkWh (6,07 c/kWh) dla 
lat 1996 i 1997. 

Cda energie sprzedawana w kraju przez PSE SA 
kupuja 33 zaktady energetyczne, kt6re z kolei 
sprzedaja energie odbiorcom finalnyrn. Ceny dla 
kazdego zakladu sa korygowane w celu 
zapewnienia jednakowych cen detaliczn ych w 
calym kraju dla odbiordw finalnych. W 
paidzierniku 1992 roku Srednia cena uzyskiwana 
przez PSE SA w spnedazy hurtowej wynosila 
334,6 zUkWh, a szacuje sic, ie w lutym 1993 
roku nominalnie bedzie wynosid 38 1,4 zi/kWh 
(339,8 zYkWh w cenach z polowy 1992 roh). 

Poniiej przedstawione sa gl6wne cechy taryfy, 
kt6ra weszla w j c i e  dnia 1 stycznia 1993 roku 
(Nr. 7-U92). 

Taryfa jest oparta calkowicie na poziornie 
napisia, na jakim odbiorca pobiera 
energie, z moSliwoJcia wyboru strefy 
czasowej oferowana w Wej kategorii 
odbiordw. 

Jak w y n h  z danych na tcmat spnedaty 
w pierwszj polowie 1992 roku, taryfa 
"A" (wysokie napiee, 60 do 220 kV) 
stanowi okdo 31 procent dkowitej 
sp-. 

Odbiorcy z taryfy "B" (Srednie napiwie, 
1 do 60 kV) stanowia okdo 26 procent 
calkowitej sprzedaty. Wszyscy ci 
odbiorcy placa zar6wno za moc, jak i 
energie. 

Taryfa " C" (niskie napiwie, poniiej 1 kV) 
. . . .  -. 

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 Zl/kWh (4.65 CIkWh) for 1994, 716 
ZllkWh (5.34 CIkWh) for 1995, and 8 14 
Zl/kWh (6.07 ClkWh) for 1996 and 1997. 

Tariff Design (Chapter 12) 

All of PPGC's domestic bulk sales are to 33 
independent distribution companies, which in 
turn resell electricity to final consumers. 
Tariffs to each company are adjusted to permit 
uniform national tariffs to these end-users. 
PPGC's average yield on bulk sales was 334.6 
ZlikWh in October 1992, and is estimated to be 
a nominal 381.4 WkWh as of February 1993 
(339.8 WkWh at mid-1992 prices). 

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

Tariffs are based strictly on consumer 
semice voltage, with timcof-day rate 
options offend for each class. 

Based on billed sales data for the first 
half of 1992, tariff "A" (High Voltage, 
60 to 220 kV) represents approximately 
3 1 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. 



;L.VALIZA FINA%SOW'X Z LWZGLFDSIESIE3I OGR&VICZES 
Ograniczenie p o d v i e k  cen i stopniowe przeszacowpanie majptku 

("naj bardziej prawdopodobny wariant") 

Zalozerua: 
Podwyzka cen detalicznych: od pdo? 1992 do polo? 1994: 15 % . potem 15 470 roczme realrue 
Przeszacowanie majarku: 100% koszru odtworzenia do srycznia 1997 
Odpisy podarkowe od arnorryzacji: 70% koszru odtworrerua do stycznia 1997 
Inwesrq-cje w podsystem wynvarzania 1993-1997: 5.8 rmliarda LSD 
Stale koszry eksploatacyjne: malejace 
Finansowe kryteria dla ZE: niezaciaganie pozyczek 

r 

I PSE I 336.7 1 378.0 1 411.0 1 517.0 1 567.0 

I I -~ ~ - 
I 

SREDNIE CENY - zl/kWh (poziom cen z polo? 1992 roku) 

Estimate 
1992 

Zaktady Energeryczne 

Zaklady Energeryczne ( PSE 

Forecast 
1994 1 1995 1 1996 1 1 997 

542.1 1 623.4 [ 716.9 1 814.0 I 8 13.0 

Podsystem wywarzania 
SREDNIE CENY - centy USA/kWh (poiurn cen z pdowy 1992 roh)  

300.0 1 307.0 

Razem 

337.0 

Podsystem ymvarzania 

3.455 1 6.302 1 8.902 1 6.757 

2.21 1 2.26 1 2.48 I 3.28 1 3.63 

436.0 494.0 

BEANS POZYCZEKNIEDOB~R (NADWYZKA) GOTOWKI (miliprdy zt) 
Zaktady Energeryczne 
PSE - pianowane dtugoteminowe po2yczk.1 
gotowka 
Podsystem wparzan ia  

2 19 
10,250 

(5.520) 
34.356 

165 
4000 

(1.738) 
19.942 

WSPOLCZYNNIK SAMOFINANSOWANLA - 46 

203 
7.250 

(2.597) 
29.399 

103.0 
87.0 

Zaklady Energetycznc 
PSE 

1 99 
10.000 

(3.429) 
34.032 

WSPOLCZYNNIK DLUGU DO MAJATKU WLASKEGO (po pxzeszacowaniu) - % 

114.0 
18.8 

113.3 
11.8 

124.5 
9.5 

1 . O  
34.2 
34.2 

ZaWady Energeryczm 
PSE 
Podsystem wytwarzania 

1.8 
24.8 
28.6 

r 

ZWROT NA MAI4TKU NETI'O (po pneszacowaniu) - % 

1.4 
34.8 
34.3 

1.1 
38.9 
34.7 

2.8 
5.9 
6.0 

10.8 
, 6.1 

4.3 

18.0 
6.0 

(5.4) 

Zakiady Energetyczne 
PSE 
Podsy stem wynvarzania 
PODATEK DOCHODOWY ZA ROK - (miliardy zt) 

15.1 
6.4 

(9.9) 

3,646 
77 3 

2.338 

6.886 
77 1 

1.235 

8.055 
656 

(2,409) 

Zaklady Energeryczne 
PSE 
Podsy stem wynvatzania 

5.576 
543 

(2.664) 



EXHIBIT S-5 
CONSTRAINED BY FINAWCLAL AVALYSIS 

ranff Incroan RerulcQon and Gr8du.l A s u t  Aevarurtlon 
('most likdy cama) 

I ESTWATE . FORECAST 

I 

t 
1-1 1991 1 1995 I 19H 1997 1 

, IHCOYE TAX FOR YEAR - biYbrr a. I 
c~lm~on c ~ m ~  5 ns U O S S  S U M  3 - 1  

PSE W I  556 n1 m 1 
b m m o n  Sv8mt9n (2.lsW 2.4001 I 1 245 2m1 

-?(Y 3 455 5 302 9 #)2 



a 
z nich to odbiorcy o mocy maksymalnej 
pwyiej 40 kW lub zuzyciu energii 
wiekszym n u  80 MWh na rok (taryfa 
"C2"), stanowiacy okdo 3 procent 
calkowitej sprzedaiy . ' Druga klasa to 
odbiorcy zuzywajacy rnniej nii 40 kW lub 
80 MWhJrok (bez gospodarstw 
domowych), kt6rzy stanowia w 
pnybliieniu 11 procent calkowitej 
spnedazy. Tylko pienvsza z powyiszych 
klas ponosi oplaty za moc. 

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

ChoC obecne klasy taryfowe nie klasylikuja 
odbiorcdw w tradycyjny spos6b, klasyfikacji 
takiej m o d  dokonac? na podstawie stnrktury 

& f obowiazujacej w roku 1992 (Nr 7-2/9 1). 
WyIllka z niej, ie okdo 52 procent cakowitej 
sprzedazy przypada na sektor przemyslowy. 

Na pdstawie naj bardziej prawdopodobnego 
scenariusza finansowego oraz na podstawie 
smktury kosztbw Mcowych opracowanej w 
anahzie ekonomicznej pnygotowano szczeg6lowe 
taryfy na rok 1994, kt6rc sa pnedstawione w 
schemacie S-6. 

b Polski system eleklroenergctyczny ma 
doSC d m  margines rczerwy mocy 
wynikajacy z bardzo niskiego wzrostu 
zapotrzebowania w ciuu kilku ostatnich 
lat. Jednak nawet w warunkach 
skromnego wzrostu gospodarczego system 
bedzie wymagad dodatkowych mocy 
szczytowych jui w roku 1997, by m6c 
pokonad problemy eksploatacyj ne 
zwiazane z duiym proprcjonalnym 
udziaiem mocy podstawowej . Ponadto, z 

customers with maximum demand above 
40 kW or consumption over 80 
MWhJyear (tariff "C2"), which account 
for about 3 percent of total d e s .  The 
second is non-residential customers 
consuming less than 40 kW or 80 
MWhJyear (tariff "C 1 "), which 
comprise approximately 1 1 percent of 
total sales. Only the former group is 
a s & d  a demand charge. 

b Residential and small farm customers 
(tariff "Ga) 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. 7-2/91). This 
reveals that approximately 52 percent of total 
final sales go to the industrial sector. 

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

S.4 CONCLUSIONS AND 
RECOMMENDATIONS 

Conclusions 

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



Schemat S-6 
Udziai w pnychodach wedhrg klasy odbiorcbw i taryfy 

okna kisty udziai w 
stawka LRMC* ~ n ~ c h o d a d  

Klasa taryf &kwh zUkWh ZY kWb k aniany 

Sprzedai hurtowa 340 709 376 11% 
Sprzedai detaliczna 

"A" 388 660 416 7% 

"B" 495 867 547 11 96 
"C" (>40 kw) 783 1.202 759 -3 96 
"C" (<40 kw) 775 1.250 789 2% 
Odbiorcy detalicni ("Gw ) 63 1 1.315 830 3196 

OSwietlenie ulic 788 1.249 788 0% 

1 ~rednio odbiorcy detaliczni 542 988 623 15 96 

LRMC - dlugoterminowy koszt W c o w y  



Exhibit Sb 
Revenue Responsibility by Class and Tariff Design 

Curreat Strict Revenue 
Yield LRMC Respond bility 

Tariff Class ZIlkWh ZlfiWtr ZI/kWh 5% m e  

Bulk Sales 340 709 376 11% 

Retail Sales 

" A w  388 660 416 7% 

"B" 495 867 547 11% 

"C" (>40 kw) 783 1,202 759 -3 % 

"Cw (<40 kw) 775 1,250 789 2% 
Retail ("G") 63 1 1,315 830 31 96 
St. Lighting 788 1,249 788 0% 

Average Retail 542 988 623 15 5% 



harmonogramu modernizacj i sy stemu 
wynikaja wielkie naklady inwestycyjne, 
kt6re sa konieczne dla osiagni~ia 
am bitn ych cel6w w zakresie sprawnoki 
eksploatacyjnej i ochrony Srodowiska. 

w Polskie elektrownie sa obecnie zbyt slabe, 
by wzi& na siebie duie obcienia 
finansowe; wynika to glbwnie z b a r b  
niskiej wartoki ksiegowej ich majatku w 
stosunku do prawdopodobnego kosztu 
odtwomnia. Przeszacowanie majatku do 
jego przyblitonej wartoki odtworzeniowej 
oraz przyznanie rozsadnie atrakcyjnych 
st6p zwrotu od majatku netto daloby 
przychody finansowe koniecme dla 
zaspokojenia wiekszoki potrzeb, lecz 
wiazaloby sie to z naglym wzrostem cen 
energii elektrycmej w roku 1994. W 
cenach stal ych (czyli nie uwzgledniajac 
inflacji) wzrost wynibslby okolo 45 
procent w por6wnaniu ze Srednirni cenami 
z roku 1992. 

b S topniowe przeszacowanie majatku jest 
uwaiane za bardziej prawdopodobne i 
daloby przecietny wnost cen nie wiekszy 
nii 15 procent kaidego roku, a ceny 
osiagndyby stabilny poziom w roku 1996. 
W celu pokrycia potrzeb systemu pny 
niiszych przychodach zc spnedazy w 
latach 1994 i 1995 podsystem 
wytwanania musialby zaciagnad poiyczki 
na sumc okolo 2,9 miliarda USD. Takie 
zaloienie stanowilo podstawe dla 
okreSlenia poziomu ccn detalicznych dla 
roku 1994, a struktura taryf zostala oparta 
na szacunkowym koszcie Mcowym 
uslugi Swiadczonej r6inym klasom 
odbiorc6w. 

w Zdecydowana wiekszoSC duiych 
elektrowni cieplnych powinna nadal 

. . . . 

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

b 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. 

b 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 

b The bulk of the large thermal generating 
plants should continue to be 
-------*nA nn thr ~ P P ~ P  nf their 
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CHAPTER 1: ~TRODUCTION 

1.1 STLDY BACKGROUND AND OBJECTIVES 

As Poland changes from a centrally planned to a free market economy. the government is 
beeinning - 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 
venical and horizontal disaggregation of a tightly integrated system of powerpiants. 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 acheving h s  objective 
is the rationalization of both the levels and suucture of electricity pricing. Thls will provide 
buyers and sellers of electricity with the correct signals to make economically optlrnal 
investment and consumption decisions. 

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

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

1.2 OVERVIEW OF THE POLISH POWER SYSTEM 

1.2.1 The Power System and Electricity Market 

The Polish power industry was virtually destroyed by the end of World War I1 and was 
developed to its current form during the period 1950-1990. However, because of Poland's 
difficulties in obtaining financing and access to western technologies during that period, the 
characteristics of its electric system are substantially different from those of modem systems 
of comparable size in western countries. 

R c G J H ~ ~ I ~ ~ .  B a ~ ~ i y ,  Inc. 



LUTRODCCTIOS 

a By the end or' 1990. Poland had 394 power and combined heat and power (CHP) stations 
n.ith a total installed capacity of about 32.000 MW. This included 220 industrral CHP 
statlons. 5 5  publiclv owned thermal plants. and 119 hydroelectric powerplants. Out of the 
2.000 .LIW or' h>drorlrctric capacity. 1.500 MW are instailed in five pumped storage plants 
with little net generation. Virmally 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 710 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 38 companies involved in the 
distribution of power and heat in Poland. 

Poland's power consumption patterns have been changing drastically since 1988. with a 
crow lng 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 5.000 
GWh. or about 3 percent of final sales. 

1 . 2  Power Sector Reform 

The Polish Government, in agreement with the World Bank, has prepared and implemented a 
wide restrucruring 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 thmgs, the program envisages the 
following: 

b reorganization of all ligmte m m g  enterprises and lignite-fired power stations 
into three regional organizations. 

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

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

RCGl Hagler. Bailly. Inc. 



w cornrnercialization and privatization of enterprises auxiliary to the power 
industry 

b 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 plamng, 
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 admmstration 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: 

b Part I Supply and Demand Review 
b Pan I1 Generation System 
w Pan 111 - Transmission and Dismbution System 
b Pan 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 suucnue of the repon is that Part I 
does not necessitate any assumptions about external constraints such as the feasibility of 
revaluating the power sector's assets and the feasibility of elecmcity tariff increases; Parts I1 
and 111 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 &us introductory 
chapter and a review of the two extreme points of the power market, namely the demand for 
power and power generation resources. The demand for power is reviewed in Chapter 2 

~ C G I  Hagler. Badly, Inc. 



~ [ h  rzsjx;: tc7 both tot31 sales and the d~strlbution of pouer demand b consumer groups and 
~al tage  I e~e l s  The generation system is r e v l e ~ e d  In Chapter 3 and mcludss the m a n  
assumptions rqarding the evolutton of the generatlon system. the adequacy of the j>stem to 
meet demands for pouer. and the pr~nciples for the sale of bulk power from generanno 
companies. 

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

In Chapter 3 the generation system is examined from the point of view of the Polish 
economy and includes a simulation of the system based on economic price levels. This 
chapter has two major outputs. The first is the forecast of production. by plant. for the 
1993-2000 period: the second is the analysis of the system reliability and marginal production 
costs for two specific 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 generatlon to be an attractive commercial industry. It is emphasized 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 I1 ends with Chapter 6 in which the economic principles established to strucrure 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. 

Part III: Transmission and Dishbution System. This pan of the report brings the results 
of Part I1 all the way down to the final consumer by first considering the structure of 
marginal costs at the transmission and distribution level. in Chapter 7 .  The financial analysis 
is separated into two chapters. Chapter 8 deals with the revenue requirements of the Polish 
Power Grid Company and Chapter 9 with the revenue requirements of distribution 
companies. Again, these forecasts of revenue requirements do not yet include any external 
considerations and are therefore called "unconstrained financial forecasts. " 

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

RCG Hagier. Balil). Inc. 



INTRODUCTION 1.1 

living - in Poland. The results are incorporated in Chapter 1 1. where new financial forecasts 
arc 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 cariff 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 
beeinnine - of each chapter. showing the position of the subject matter being discussed and its 
relation to the rest of the study. 

RCGI Hagier. Baiily, Inc. 
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REVIEW OF THE LOAD FORECAST 2-14 

mapping forecast sales by voltage. To approximate the disaggregation, we first calculated 
, the historical percentage share of final sales occurring at each voltage. The shares at each 

voltage for the year 1991 were then applied to future years to disaggregate final sales over 
the entire study period. 

This assumption of constant consumption shares by voltage level is a simplification. The 
gradual movement of the -nomy 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. 

m m a g l e r ,  Bully,  Inc. 



Exhibit 2- 1 : Basic Economic Data 

Real GDP 
Year (bn Zl 1 987) 

Average Rates of Growth: 
1980-91 -0.9% 
1 980-85 0.1 % 
1985-89 2.7% 
1989-91 - 9.8% 

Population GDPICapita 
(million) (tysZI 1987) 

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

'Poiand Intmabional Economic Report 1991 192 



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 othenvise captures real growth in 
periods of dramatic inflation, is not known. 

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

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

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

b 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 

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

While these problems arc 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 nports 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. 



Exhl i t  2 - 2 
Republic ot Poland: Historical Generation and Consumpl~on (GWh) 

TOTALSALES 

N6hrrotk Louw 
% d Lwxwninp 

RmphO Ln Hydro Plnb 
Wl - Roducw b Old ( ) 

Nf3 GENERATION 

GR3SS GENERAM (GWh) 
Lmd F r k n  

MAXIMUM DEMAND (MW) 

OTHER PRODUCER6 

S.H - Producr Fdory U r  
Wl- Roducr Sup& to aid  
O(hrsup&bGdd 

NET GENERATKIN 
* h U w  

%dhmmhg 
GROSS GENERAM (GWh) 

Lsd Fmkn 
MAXIMUM DEMAND (MW) 

TOTAL Gf'U)SS GENERATION 

lsee 

63779 
5627 
34546 

103952 
7796 
7833 

103915 

13812 
1 1  7% 

3059 
524 

120262 

2027 
BZDO 
J l m  

131588 

7695 
524 
34 

8253 
453 

5.2% 
6708 
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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 reducuon in consumpuon. 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. Residentla1 sales' share of total saIes 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 determine their structure. The financial revenue 
requirement (WkWh) is defined as total annual costs (i.e., recovery of capital costs, O&M 
costs, self-financing requirements, and rate of return) divided by total sales. If expected 
sales are overestimated, the average revenue requirement will be understated. Given today's 
climate of uncertainty, a conservative (lower) forecast is prudent. If the forecast proves too 
conservative, over-recovery of revenue can be easily corrected by delaying the need for 
future tariff increases. 

Because tariffs are set only for a year or two in advance, identifymg the stwrure 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 awan of thret different foretasting studies developed in Poland since 1990. These 
were prepared by: 

The Polish Academy of Sciences (PAS) 



0 Fxhibil 2 3 ~ ~ - ~ 

Fbpublic of Pohnd: Hislaical Saks and Conaumplion Stuues b y  Customat Class (GWh) 

INDUSTRY 

TRACTION 11 

STREET LIGHTS 

COMMERCIAL 

FARMS 

RESIDENTIAL 

HV 
MV 
LV 

Tohl 

HV 
MV 
Total 

MV 
LV 
Total 

MV 
LV 
Total 

TOTAL FINAL SALES 8930 1 
HV 
MV 
LV - 

CONSUMPTION SHARES OF TOTAL SALES 

INDUSTRY 
TRACTION 
COMMUNAL 

S t w l  hghts 
Commetcial 
Farms 
Residentid 

TOTAL 

Avetage Annual Rate (96) I 
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m e  Polish Power Grid Company (PPGC), Department of Development . The Ministry of Industry (MOI) as published by the OECDIIEA. 

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 1 (Optimistic 
Growth). These forecasts all assume fairly rapid average real economic growth over the next 
decade. Similarly, the low scenarios from all three studies are representative of Scenario 2 
(Rapid Recovery to Steady Growth). These forecasts assume slow or negative economic 
growth in the near term with rapid recovery to steady, stable growth thereafter. The 
underlying macroeconomic assumptions for these two scenarios are compared in Exhibit 2-4. 

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

The individual forecasts reviewed within each scenario are compared briefly in the following 
paragraphs. Exhibit 2-5 compares their respective projections of total domestic generation 
requirements, adjusted to base year 199 1. 

- 
analysis. and an associated electricity demand forecast was not developed. 

RcC~I Hag~er,  Badly. Inc. 



Exhibit 2-4 
Summary of Macroeconomic Assumptions by  Scenario 

SCENARIO 1 : Optimistic Growth 

Economic Growth Rate 
(% per year) 

PASIPSE MOI 

Apartment Construction 
(units per year) 

PAS/PSE MOI 

SCENARIO 2: Rapid Recovery to Steady Growth 

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

PASIPSE MOI PAS/PSE MOI 

Notes: (1) Scenario 1 includes 'High' PASlPSE and 'Medium' M01 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 

PAS High PSE High (Variant 11) 
Year TWh % TWh Yo 

SCENARIO 2: Rapid Recovery to Steady Economic Growth 

PAS Low 
Year TWh % 

PSE Low (Variant I) 
TWh Yo 

MOI Variant II 
TWh Yo 

MOI Variant I 
T Wh % 

SCENARIOS 3: Slow Recovery to Steady Growth 

End - Use Trends 
Year TWh % 

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 h e  forecasts shown in Exhib~ts 
presented in Appendix 1.1. 



REVIEW OF THE LOAD FORECAST 

Scenario 1: Optimistic Growth 

Economic growth assumptions are shown in Exhibit 2-4. The PASIPPGC 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 untd 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 ( + 1-0.4 percent). 

Income elasticitia 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 .O, 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 expiain. 

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 
PASIPPGC 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 untd 1996, with more rapid growth thereafter. Salts 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 PUNNING 

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 forccasu (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 rccent forecast (Daxmber 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 nectssary to disaggrtgate the recommended 
load foncast by voltage level and by customer class. Following PPGC convention, we have 
allocated find sP1# by the following distinct strvice voltage levels: 

VHV 220 kV and above 
HV 61 to220kV 
MV lto60kV 
LV bclcrw 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 finai sales by customer category 
(e.g., rtsichtial, commercial, industrial) or tariff class. Thus, then is no clear bass for 
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Exhibit 2 6 
Cornpaison of Generalion Requirements Faecasls (GWI,) 

SCENARIO I : OPTIMISTIC GROWTH 

PSE Variant 11 (High) 134696 137200 142700 148300 154200 157377 161854 167HM 173309 1 76400 179993 3 2% 2 7% 
growth rale (%) 1 -  4.0% 3- 4 0 %  2 1% 2.8% 3 7% 3 2% 18% 2.0% 

SCENARIO 2: RAPID RECOVERY TO STEADY GROWTH 

PSE Vmianl I (Low) 134696 133200 135200 137800 141300 143400 147000 150700 154400 158300 156400 1 3% 18% 
q o h  rele (%) -1.1% 1.5% 1.9% 2 5% 1.5% 2.5% 2 5% 2 5% 2 5 %  -12% 

SCENARIO: SLOW RECOVERY ANO SLOW W W T H  

End - Use Trends 134696 132459 130618 129593 132253 131776 136510 142721 148511 154071 157107 - 0 4 %  3 6% 
01 owth relo (%) -17% - 1 4 %  - 0 8 %  21% -01% 3.6% 4 6% 4 1% 3 7% 2 OX 

Comparison of Generation Forecasts 
- . - . -. - - 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 

I 1 Scenario 1 Scenario 2 ... Scenario 3 



TOTAL SALES 

T O T M  CiAOs8 GENERATKM 91 
PSE F a d  41 
Car- hdDl Uud 51 

T O T M  UXiMUM 0- (P8E) U 
k n u l L P d F r ( o r 7 1  
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mapping forecast sales by voltage. To approximate the disaggregation, we first calculated 
the historical percentage share of final sales occurring at each voltage. The shares at each 
voltage for the year 1991 were then applied to future years to disaggregate final sales over 
the entire study period. ' 

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

Exhibit 2-8 presents the base case load forecast disaggregated by voltage level and customer 
class. 
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CHAFTER 3: REVIEW OF THE GEXFUTION SYSTEM 

3.1 OWCTTVES AND APPROACH 

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

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

Th.~s 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 wen 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 prim at the generation level. 

3.2 EXlSTING SYSTEM 

3.2.1 ThePo~Publ i cPower  System 

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

The generation kmponent 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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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 d, and many of these plants arc also used in a 
cogeneration cycle to supply heat to local district heating networks. Thermal plants arc 
classified into one of three categories depending in the extent of the cogeneration process and 
the steam path between boilen 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 "professionala 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 arc shared between the power and heating 
sub-secton. 

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 of these plants -- Belchatow, Patnow, Turow, Adamow and Konin -- are the only plants 
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in the system fued with lignite or "brown coal" and are among the country's largest and 
most economic powerplants. Thus, while lignite plants contribute roughly one-thud 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 (boil=-turbine-generator) of the 
ten blocks installed in Pamow are currently fuelled with NO. 6 residual fuel oil or "mazout," 
but there are plans for converting these to bum lignite. 

Collector Grid Plants 

There is no clear technical difference between a collector grid plant and a CHP plant. In 
both cases, the stcam from several boilers is used partly for power and partly to maintain 

@ 
temperature and pressure in a district heating network. Also, some boilers may k 
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 p d u c t  of a 
collector plant is power, whde the pnmary product of a CHP plant is heat. As such, 
collector plants would be expected to remain controlled by the power sub-sector through 
either ownershp or regulatory authority, while CHP plants would be controlled by the heat 
sub-sector. 

There arc 7 collector gnd 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. 

Combined heat and power plants (CHP) supply a substantial quantity of heat to district 
heating networks in wmpanson to the heat used to supply electricity to the grid. 
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 any CHP plants in Poland are built for district heating and only subsequently retro-fitted to 
prduce 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 piants, CHP plants are generally small with three notable exceptions: the 
Sieherty, 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 cumntly has a nominal reserve margin of about 35 percent. In addition, up 
to 1,290 MW arc available as surplus power from autoproduccn, bringing the nominal 
reserve to over 40 percent. Eliminating non-hn resource such as autc+produccr surplus 
and including deratings in the existing system brings the total firm rcscrve margin down to 
about 27.5 percent. 

On a monthly basis, currmt reserve margin levels fluctuate between 15 and 40 percent due to 
the monthly variations in peak demand, CHP capacity, and the capacity undergoing planned 
maintenance. It appears 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 GENEUTION 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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Repowering - the addition of capacity to an existing machlne by changes in the 
turbine or generator. 

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

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

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

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

In most large systems, these additional changes are small. In Poland, the relatively low 

@ demand growth rate expected for the medium term and the introduction of tight 
environmental control standards are likely to make these changes, collectively called 
" mcdernizations, " 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. 
Thls further limits the need for addtional capacity in system grid plants. 

Fuel Issues 

Two critical issues affecting the cost of power in Poland arc 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 nectssary to displace lignite or coal as a baseload resource. 

Poland's cual sector is in crisis. As many as half the nation's coal mines are facing potential 
shut down because production costs arc higher than internal subsidized prices, and in some 
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cases, border prices. The lignite sector faces mounting environmental standards that threaten 
to reduce its margin of competitiveness. 

Power Sector Restructuring Issues 

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

3.3.2 PPGC Generation Expansion PIan 

Ln December 1991 the Polish Power Grid Company (PPGC) issued a npon 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 cumnt 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 199 1 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 thest scenarios (Scenario Ic) consists of a combination of low load growth and low 
availability of natural gas. This scenario was used as a working assumption for this study; 
minor changes were made to Scenario Ic to reflect the results of the review of the load 
forecast reported separately (Chapter 2), new information on the generation system obtained 

m a g l e r ,  Bully, Lnc. 
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luring the data collection effam, and small differences in modelling the conmbution of 
different resources to meet the load. 

Comments to PPGC Expamion Pian 

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

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

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

PPGC assumed that the Czorsztyn hydroelectric power plant (92 MW) will be 
added by 1995 and that the Mloty pumped storage hydroelectric project (750 
MW) will be completed by 1999 followed by another pumped storage project, 
Roznow 11, also of 750 MW. The assumption regarding the Mloty project was . 

retained for the purposes of dus study because it appears that tfus 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. 

F 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 mainmned, but the cost of h s  power is 
determined differently, as wdl be discussed later. 

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

m t H a g i c r ,  Bully,  Inc. 
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the already committed @Ole project. This is a 370 MW lignite-fired unit (Belchatow 11) 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 xmario, the installed 
capacity reserve margin in the generation system wdl fluctuate W e e n  an estimated 28 and 
33 percent during the period 1993-2000. 

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

Another useful measure of system adequacy is the effective thermal capacity reserve margin, 
which is obtained as the difference between total effective thermal capacity and the peak load 
to be carried by the thermal system. Effective capacity of a thermal generating unit is the 
maximum continuous rating (MCR) reduced by the fraction of time that such MCR is 
expected to be unavailable for maintenance or repair. 

In Poland, effective thermal reserve margins are forecast to fluctuate between 8 and 14 
percent. Effective reserve m a r p s  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 

PPGC assumes an extensive plan of rehabilitation in existing power units for the purposes of 
life extension, efficiency and reliability improvements, and also environmental compliance. 
According to these plans, between 1992 and 2000 there wdl be a total of 2,865 M W  of 
capacity undergoing some form of rehabilitation. This includes the conversion to lignite of 
two units of the Patnow plant, which is currently burning residual oil (mazout), and an 
extensive plan of modernization of many of the existing 200 MW units. PPGC estimates that 
all these modernizations will include the addition of flue gas desulfurization devices (FGD) 
plus improvements in efficiency and reliability. The cost has been estimated by PPGC at US 
b800ikW or $2,292 million. 
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3ecause of the wide spectrum of possibilities and objectives in the rehabilitation of generating 
mits, PPGC has indicated that, during the update of the expansion .plan that is now 

underway, special emphasis will be placed on the analysis and ranking of economically 
'easible rehabilitation alternatives. 

The bulk of the investment in modernizations will take place after 1994 and will thus not 
iirectly 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 
?stablishment of a ,forecast of financial revenue requirements (Chapter 5) capable of 
recovering medium-term investments consistent with the emission standards by 1997 and with 
the most likely modernizations not directly related to compliance with emission standards. 

Modernizations for Compliance with m i o n  Targets 

As part of this study, the emission standards set by the Polish Government and the current 
level of compliance by different plants w m  reviewed in an effort to estimate the extent of 

vestments in environmental controls required for full compliance. Some of the existing @ timates of the benefitlcost 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 
detads 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 S2OOIkW and most of existing capacity will need NOx emission 
controls at an estimated cost of S100IkW. Further, about 465,000 tondyear of dust need 
controhg, at an estimated cost of $45 to f70lkW. The total estimated cost for bringing the 
system into full compliance with 1997 emission standards is 86.1 billion. 

Modernizations Not Directly Aimed at Environmental Compliance 

A review was made of studies conducted recently to assess the nceds, costs and benefits of 
modernization of the largest coal-find plants. Altcmative efforts in modernization include 
the following major components: svam turbine, generator and excitation system, boiler and 
auxiliaries. For each of these components, several options wen examined and ranked 
according to an objective function that includes consideration of reduced heat rate, increased 

@ailability rate, increased net output. and reduced operating and maintenance cost. 
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From the review of these studies, it was determined that out of approximately 30 individual 
types of improvements, four are sufficiently attractive to undertake in most large (120 MW 
and above) generating units. These are: 

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

w Replace entire low-pressure turbine. 

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

Replace boiler ducts in start-up systems. 

The cost varies with different types of units, but it is estimated that a package including these 
improvements could cost approximately $9.6 mdlion 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 noncnvironmentai modernization were 
incorporated into the financial analysis of individual plants (Chapter 5) by comparing 
estimated needs with specific rehabilitation investment plans. 

3 A.2 New 'Generation Capacity 

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

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

The 750 MW Mloty pumped storage project is estimated to require investments of S684/kW, 
of which SSl/kW has already been spent and S633kW remains to be disbursed, or $475 
million. 
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PPGC estimated the capid cost of gas tu rb in~  at .$YOikW. 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 h s  
study. The pricing of CHP power wlll 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 %1,33O/kW. This value is also considered reasonable for 
large plants with adequate environmental control facilities. 

3.5 OPERATING COSTS ASSUMPTIONS 

3.5.1 Opention and Maiitenance Costs 

The operation and maintenance (O&M) costs of powerplants must include salaries, @ rnmntenance 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 smct 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 effon to develop detaded guidelines for such a standardization, 
pamcularly 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., per 
unit of energy produced), in others they are rrported as fued costs (i.e., 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 quivaient 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 USS/kW-Year 
Western Europe: 10 to 58 USSJkW-Year 
US and Canada: 11 to 40 USWkW-Year 
Australia: 13.6 USSIkW-Year 
Japan : 77.5 USSIkW-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 necessuy 
signals. 

Within Polish piants then 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 f l5lkW-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 bascload generation, this availability 
remains too uncertain to be considered in a medium-tcrm analysis. Thus, traditional fuels - 

(lignite and coal) are the only fuels considered for baseload operation. Natural gas is 
assumed to be available for peakmg operation since this mode demands modest quantities of 
fuel and the only alternative fuel for pcalang units, diesel oil, is exceedingly expensive. 



Exhibit 3.2 
Operation and Maintenance Costs 

40 60 

USSIKW per Year 
RCGIHagler, Bsilly, Inc. 



REVIEW OF THE GENERATION SYSTEM 3.15 

Economic Price of Coal 

There is a wide variation in coal prices both in Poland and in the international market. For 
the purposes of an economic analysis, internal market prices are not relevant. Instead, the 
economic cost t.6 the Polish economy must be computed on the basis of the world market 
price of coal delivered to the Polish border Mown 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 ail 
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 Poiand (CIF port of unioading). The 
expected 1W 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 31.79 $/GJ1. 

PPGC ha. calculated the non-subsidized cost of coal used at each generating station in 199 1 . 
Exhibit 3-4 reports these values for the five largest coal plants. The weighted average cost 
of coal, excluding transport cost, is 1.24 SIGJ. Increasing this value by domestic inflation to 
1992, the resulting economic cost of coal is 1.72 SIGJ. 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 SIGJ. 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 coai stations.* The resulting average delivered economic cost of coal applied for this 
study is 2.01 SIGJ. 

Exhibit 3-6 reports the finvlcial costs of coal and lignite (i.e., contract prices with subsidies) 
delivered to the five largest generating stations of each type. W a k d  to 1992 prices, the 
average cost of delivered coal is 1.53 StGJ. 

As noted above. PPGC h.s u l c u i d  all  of &cge costs exclusive of subsidis, duties. and taxes. 

mGl'~ag1er. Bully, k. 
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Iixhibil 3.4 
Non-Subaidbed (dl of Cual and 1,ignile by I'bnt 
PPGC 13timalu for 1991 
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Exhibit 3.5 
Non-Subsidized Share of Transport to Total Cost of Coal for Largest Plants 
PPGC Estimates for 1991 

Coal Stabon 

EC Rybnlk 9 252 404 349 25.531 4 2 9 a  6.3% 

EC K o m ~ c o  7 996 393.656 61 427 455.083 ' 15.6% 

EC Pormna 7 173 294 974 48 051 343.025 16 3% 
- - - 

EC Doha Odra 6- 390 814 80726 471% 207% 

EC JawotaK, 111 6.302 278.450 28.000 306.350 1O.m 

EC O8Udd. 2.- 282.9a1 67333 350.201 23- 

EC LaPska 4 286 413 504 13 272 426 776 3 2% 

EC Stalowa W d a  1.356 31 8.780 62.445 381.225 19.6% 



Exhibil 3.6 
Subsicli;Led (ilal of Coal and Lignite by I'lnnl 
P K C  Iislima~ca for 1991 

El. Bekhalow 
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Eslimated 1992 Rice 11 

11 1991 pricesesaibled by 
2/ Foreign exchanp rale assumed 

38% (reported annual inhlion from 1991 to IYYL) 
13.400 1ysZI / $ 
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Economic Price of Lignite 

Due to its low heating value per tonne and high sulfur content, lignite does not have a well 
defined international trading value. As noted above, PPGC has caiculated the cost of fuel 
exclusive of subsidies for all lignitc-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 WGJ. 

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 unit. in Poland, and domestic gas 
availability is limited. Although many options are being studied, no long-term international @ supply agmrnents are in place. Further, no formal gas utilization study has been prepared. 
Given the limited availab~lity of gas, it is reasonable to assume that it WLU 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 r a r  averaged 87 percent of distillate and 159 
percent of mauxlt on a heat equivalent basis fmm 1986 through 1990. Applylng these 
percentages to our projected oil product pnces, a gas price of 3.27 S/GJ based on m m u t  
and 3.36 SIGJ based on distillate is obtmed. Thus, an average gas price of 3.32 S/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 rdease of emissions and the disposal of ash 
from power plants. At present, this is not a proxy for the actual economic cost of reducing 
such emissions. Rather, it is a form of tax or internal uansfer within the economy. 



Exhibit 9.7 
CONSTANT PRICE FUEL FORECAST (1 992 PRICES) 
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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 based on economic marginal costs will be 
addressed as part of the next section. 

3.6 GENERATION SYSTEM STRUCTURE IN 1994 

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

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

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

CHP plants and some collector grid plants will be independently owned or 
under the authonty of distnct heating or distribution uthties 

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

pumped storage hydroelectric plants owned and operated by PPGC. 

Regardless of their ownerdup, all plants dehvering power to the high-voltage grid (1 10 kV 
and above) will be under central dispatch control and subject to PPGC's pricing system. 
However, any utility or power plant may be allowed to contract directly with a distribution 
company when such power transfers occur outside the high-voltage grid. 

3.7.1 Current System and Isues 

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 

m a g l e r ,  Bully.  hc. 
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is moving towards a system in which a majority of costs arc stan-, thereby 
simplifymg 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 nonessential 
capacity is the fraction of available capacity in excess of capacity ordered by mml 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 nonessential capacity. However, it is unclear whether a similar type of 
negotiation wdl take place for the aggregated non-essential capacity of each generating 
utility . 

3.7.2 Recommended Principies 

The ideal pricing system for a fully d e c e n m  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 powa and the grid 
buys what it needs from the cheapest source. An alternative form of valuebased 
compensation is avoided cost pricing. Here, the gnd calculates the least cost of producing 
power and offers to pay that price to the generators. 

A pure value-bad system is possible in Poland and may be desirable at some future time. 
However, it does not a p p r  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 
lcvels. 

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

m t ' ~ n ~ i e r ,  BuIly, Inc. 
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computation of avoided costs usee the same simulation p r d u r e ,  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 differenbated 
pricing. These costs were also used to define the marginal cost corresponding to different 
pricing periods during that week. 

4.2 GENERATION RELIABILITY ANALYSIS 

The marginal cost of power generation fluctuates with the hourly demand for two reasons: 

the generating units typically are dispatched in order of increasing energy cost 
the hgher the load, the more likely it is that it cannot be met by all avdable 
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, miff 
periods are based on a generation reliability analysis reflecting the capacity component only. 

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

4.2.1 Loss of Load Probability 

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

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. 

m a g l e r  , Ball1 y , Inc. 



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 m h n g  recommendations for bulk power tariffs: 

b The forecast of power producrion by plans baed on economic load dzsparch 
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). 

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

b 7 % ~  PMem of marginal cosu of the generaring system during the year and during 
diferem tinus of rhc wek 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. 

b 73e avoided cost of central hear and power (CHP) power to the power system 
compured through dferemial 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 systcm, 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 mrgmal costs need to be determined. 

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

b 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 h s  study, reliability was analyzed over the forecast l d s  for the year 1997, with the 
forecast load shape based on the historical 1991 data summanzed in Exhibit 4-2. 

Within each day, LOLP is related directly to the loads, after they arc adjusted for energy-limited 
generation such as pumped storage. The relation between LOLP and load shows increasing 
sensitivity as the load increases ( h s  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 
199 1 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 arc significantly lower than weekday loads, as shown in Exhibit 4- 
3. The LOLP rcsuits confirmed thest 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 perids rather than changes in overall reliability, 
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Exhibit 4.3 
Average Demand by TOD for Weekdays vs. Weekends in 1991 

* Demand excludes pumping load and autoproducer self-load. 

Exhibit 4.4 
Recommended Rating Periods and Their LOLPs 

Season 

Winter = 
October- 
March 

Summer 
= Aonl- 

Mornine Peak Evenine Peak Combined Peak Oft-Peak 

7am- 1 pm 4pm-9pm Morning + Remainder of 
weekdays: weekdays: evening periods: week: 

186% 395 % 281 % 12.7% 

7am- 1 prn 7pm- lOpm Morning + Remainder of 
weekdavs: weekdays: evening periods: week: 

258 % 318% 278 % 34.2 % 

Note: percentages are period LOLPs as a percentage of annual average LOLP. and their 
weighted average using period l e n g h  as weights equals 1004b. except for rounding error. 



Exhibit 4.2 
Average Demand by TOD for each Month of 1991 

(a) January-June 

(b) July-December 

* Demand excludes pumping load and autoproducer self-load. 
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Step 1 - Load Duration Curve Adjustment 

The model uses two load duration curves, one for summer and one for winter, obtained from the 
analysis of historical loads in 199 1. The load duration curves are expressed in non-dimensional 
form; that is, they do not show hours or MW, but merely the fraction of time that a certain 
fraction of the peak load is exceeded. As such, these load duration curves can be used for.any 
peak load, but the load factor (i.e., the ratio between mean load and peak load for each season) 
will always be the same as it was in 1991. As discussed in Chapter 2, the forecast includes 
changes in load factor that need to be addressed when forecasting the production of the 
generating system. Thus, the first step is to adjust the load duration curves to meet the load 
factor forecast for each year and season of the simulation. 

Step 2 - Dispatch of Energy Limited Resources 

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

0 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 sewed and the cost of meting 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 energyh. 
Thus, its production is at least pamally 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. Thc load served by these resources is simply subtracted from the load duration 
curve, creating a "residual' load duration curve to k supplied from the economically 
dispatchable rrsourccs. 

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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4-7 0 
because the monthly LOLPs are approximately equal across the year (due to the muntenance 
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 17-2/92, Electnciry SWW 031 1 ,  Warsaw 1992). However, the on-peak penods 
of Exhibit 4-4 exclude weekends and are somewhat broader. Also, minor monthly vanations 
among evening on-peak periods wittun each season are ignored for simplicity. 

4.2.4 Sensitivity Analyses 

Nine sensitivity cases were studied, including the following: 

b different load years 
w addition and substraction of 500 MW of base load 
b load forecast uncertainty included 
b lower forced outage rates in generating units 
b no pumping loads included 
b tustorical 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 costs to them 
should be reviewed. The computer software tadored for this analysis (see Appendix 4.1) can 
simplify such reviews. 

4.3 SlMULATION 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 Generation Planning Tools (GFT). 

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: 



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. 

b 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 arc closely linked to the assumptions made 
in connection with economic cost standards, as discussed in Chapter 3. Tbesc include: 

w 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. 

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

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

4.3.2 Results of the Simulation 

A detailed report of the simulation is presented in A p p d i x  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 tfie 
modelling assumptions. Nevertheless, this is only included as a reference and it is not nsessary 
for the understanding of the results, 

RC~tMagler, Baily,  Inc. 
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convolution. The rules of probabilistic convolution determine that the production of any unit  r 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 Maor Features of the Simulation 

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

Hydroelectric Resources 

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

Autoproducers 

Autoproducer load was netted out of the load f o m t .  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 bdng 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-limiM 
resource with base and peak load components. 
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The output file (Section A.4.2.2 of Appendix 3.2) contams the results of summer and winter for 
each year of the 1993-2000 period. The output for each season and year is organized according 
to Steps 1, 2 and 3 described in Section 4.3.1. The last step shows the entire stack of 
generating units as they are dispatched with progressively less capacity factor and higher vanable 
costs. A sample of that output is reprodud in Exhibit 4-5 to illustrate the source of two pieces 
of information that will be discussed later in the analysis: 

c The production of each unit is obtained from this output and aggregated bv 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 f o r d  outage rate, and the variable production cost of each unit are 
utilized in the development of a table of marginal cost as a function of load level. 

4.4 ANALYSIS OF SHORT-RUN MARGINAL COSTS 

The short-run marginal cost (SRMC) is the cost of supplying one increment of energy without 
any change in the available capacity of the system. When calculated for a system in dynamic 
equilibrium between load growth and capacity additions, the SRMC becomes the energy 
component of the marginal cost of generation and, together with the capacity cost and system 
losses, constitutes the long-run marginal cost (LRMC), which is discussed in Chapter 7. 

The objective of this analysis was to define the SRMC for the pricing periods that were 
determined through the reliability analysis described above in Section 4.2. The year 1997 was 
selected as a basis for determining LRMC because it is the year when any pricing policies will 
begin to impact upon the long-term evolution of the system. The analysis was carried out for 
1997 and also for 1993 in order to illustrate any differences between the system today and the 
anticipated characteristics in 1997. 

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

One of the challenges of the SRMC analysis was 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 in d e a l  in Section 4.2.2. 
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4.3.1 Selection and Adjustment of Hourly Loads 

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

Peak Week of the Season 

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

Week that Approximates Seasonal Load Factor 

This week has the advantage of being the best approximation to the most representative load 
@ pattern during the s a w n .  Again, it must be examined for anomalies and it is unlikely that it 

will bring about the full range of SRMC that may be experienced during the season. 

Average Week 

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

Adopted Week 

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

Step 1 GFT-L examines the historical loads of one year, in this case 1991. It mm them by 
season and records the peak load, mean load, base load, and load factor of each week. 
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Step 2 GPT-L receives as input, for each season, the peak load, mean load and base load of the 

target year for SRMC computation. In this case, the target year was 1997 (also 1993). 

Step 3 GPT-L receives as input a criterion for week selection in each season. This may be any 
one of the following: peak week, waronal load factor week, a parucular 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 nondimensional load duration curves for each 
season. 

A detailed output of the model GPT-L for the analysis of the years 1993 and 1997 is shown in 
Appendix 4.3. In Exhibits 4-6 to 4-8, some relevant results are shown. Exhibit 4-6 shows the 
average week for winter and summer of the historical year 1991, while Exhibits 4-7 and 4-8 
show the adjusted average weeks for each season in the years 1993 and 1997, respectively. 

4.4.2 Identification of the Generating System 

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

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

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

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

Expected Short-Run Marginal Cost Model GPT-M 

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

Step I GPT-M will read the stack of 'sonornically 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 ~1. 1 1  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 umform 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 Margird Costs 

The full output of the GPT-M analysis for the years 1993 and 1997 is presented in Appendix 
4.5. In Exfubit 4-9, the expected marginal cost function is shown for both years and Exhibit 4- 
10 shows the hourly marginal costs for 1993. Exhibit 4-1 1 presents the average of those hourly 
marginal costs for 1993 and 1997 for each of the pricing periods recommended in Section 4.2. 



ECONOMIC ANALYSIS OF THE GENERATION SYSTEM 
4-21 . 

In this case, the list or "stack" as it is commonly called, is directly obtained from the slmulauon 
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  ample of the stack of generating units is shown in 
Exhibit 4.5; the entire stack is availabie in Appendix 4.2 for each season and year in the perid 
1993-2OOO. 

4.4.3 Computation and Allocation of Short-Run Marginal Cost 

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

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

At Hagier, 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 computarion. 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 alI possible system conditions weighted by their rrspective probabilities) m w n a l  
cost as a function of the load level to be served. 
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Exhibit 4-11 

Probabilistic Analysis Short-Run hlmgid Casts (US Cents/kWh) 

1 Sumnvr Avemge 
Morning Peak 2.20 2.45 2.33 

I Evening Peak 

I Off-Peak 

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 genmtion system has adequate (i.e. close to least cost) proportions of 
peahng, intermediate load and base load units. However, the Polish power system does not 
have now and will not have achieved by 1997 such optimum generation mix but will have 
excessive base load capacity and insufficient pcalang capacity. 

When a generation system has insufficient peahng capacity it may be necessary to carry excess 
capacity in operation or as spinning nscrve during the off-peak hours in order to have that 
capacity available to rn- the higher loads of the peak period. This constraint results in 
increased cost during the off-ptak hours and apprcntly lower costs during the peak hours. The 
analysis canied out above is mmct as far as depcting the true marginal cost of off-peak 
operation but it under#timata the marginal cost of ptahng optration by not accounting for the 
additional off-peak cost i n c u d  to be able to meet peak loads. 

An approximation to the additional marginal cost of a peahng operation with insufficient peahng 
capacity can be obtained by allocating to the peak hours the d i f f m c e  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 peahng operation. 
MCp = apparent marginal cost of peaiang operation 
-MCb = marginal cost of normal base operation 
P = hours of p d m g  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 pealang 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 wdl 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 4-1 1 are adjusted as shown in Exhibit 

Exhibit 4-12 

Adjusted Short-Run Marginal Costs (US CenWkWh) 

Morning Ptak 2.80 3.97 3.39 



ECONOMIC ANALYSIS OF TRE GENERATION SYSTEM 
4*27 a 

4.5 MARGINAL COST AND AVOIDED COST 

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

4.5.1 Average Incremental Revenue Requirements 

The Short Run Marginal Cost discussed above is, by definition, only the marginal cost of energy 
since the SRMC is the cost of producing an increment of power with the same capacity. Ln 
Chapter 7, the SRMC is then combined with an independent estimate of the marginal wst of 
capacity to obtain the Long Run Marlgnal 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 prcxxss 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, o f t .  obtained by advancing all load levels 
by one year. Long run capacity and energy costs arc then abtained by allocating all incremental 
fued costs to the increments of capacity and all variable costs to the increments of energy. 

Since the least cost expansion of the system seeks a wmpromise between low investment and 
low operating costs it is inevitable that some of the incremental fixed costs arc not solely derived 
from the need of incremental capacity but result from the nced to lower operating costs and thus 
arc truly energy costs. The AICR method thus needs to inclu& this comction. 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 rncthod was used to estimate the m r n i c  avoided cost of non- 
disptachable rtswr#s as described below. 

4.5.2 ~ifferentinl Revenue Requirements 

As will be discussed in Chapter 6 it is o h  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 wst 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 



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

Clearly, the cost of sewing a small increment of load (AICR) is related to the cost of replacing a 
small decrement of resources (DRR). However, in the case of the AICR the increment of load 
has the system l d  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 repiaced 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 wiU be used to estimate the avoided cost of nondispatchable 
resources in the Polish power system. 
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CHAPTER I :  L?iCONSTRAINED FLNASCIXL ..LV.ALYSIS OF THE GEXERATION 
SYSTEM 

5.1 OBTECTI\XS ;LVD APPROACH 

This chapter presents the results of an analysis of the financial performance and future 
financial revenue requirements of the Polish generating system. The objective of this 
analvsis 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 compames to PPGC based on the long- 
Nn marginal cost structure for the entire system (Chapter 7). 

It  is important to stress here that the financial forecast developed in this chapter corresponds 
to a scenario of unconstrained tariff increase and instant asset revaluation. In Chapter 11, 
these results are subjected to different assumptions in order to arrive at a financial forecast 
that is constrained by the need to- limit.rhe 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 dam. 
followed by the adoption of a financial criterion to be met. Last, the forecast revenue 
requirements were determined. 

5.2 HISTORICAL FINAYCIAL REVIEW AND AYALYSIS 

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 thls 
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 mflation (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 repiacement 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 3 1. 1991. the long-term debt of the Polish generation system amounted to 
2.653 B.Z1 (1 B.Z1 = 1 billion Zlotys = 1,000,000,000 Zlotys), most of whlch is associated 
with the relatively new Belchatow lignite plant. This debt is 7 .3  percent of the stated (and 
greatly undervalued) equity of 36,567 B.21. - 

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. m s  would be even 
more apparent if the assets (and hence, depreciation expense) had been revalued in line with 
inflation. 

5.3 ADOPTED CRITERIA, ASSCMPTIONS 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 profit4riven 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 exampie, to a 4.0% return for electricity generation in the UK, 
6.0 5% in Egypt and 8 .O% in certain African countries). 

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

The revalued net assets are based on 1992 price levels. Accumulated depreciation is also 
adjusted to 1992 price levels and based on the remaimng 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: 

All values are projected at mid-1992 price levels and the corresponding 
exchange rate of 13,400 21 equals US $1.00. 

D Fuel cost (including transportation) is projected at the economic prices for coal 
and lignite discussed in Chapter 3, equivalent to 29.970 Z1JK.J (Zloty per 
kilojoule) of coal. 

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

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

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

- Based on S870lkW for a coal-fimd piant without emission control equipment and before interest 
dunng construction. 

k G . H a g l e r .  Bul ly .  Inc. 
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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: 

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

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

t 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 mflation, and to use Energoprojekt's 
assessment for maintenance and other overhead. Then, if the resulting O&M 
level exceeded the econormc standard. the total O&M estimate was reduced by 
10 percent per year until it reached the economic standard, whch was usually 
met by 1995. 

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

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

k G . H a g l e r ,  Bully,  Inc. 
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Balance Sheet 

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

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

The critical balance sheet item. however. is fixed assets - gross and net. In addition to the 
revaluation and amortization assumptions discussed above. provision has been made for 
additions to fixed assets resulting from rehabilitation and invesunent 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 RESLZTS 

The results presented below are those for the unconstrained tariff increase and instant asset 
revaluation scenario. See Chapter 11 for results under the financial forecast constrained by 
the need to limit the 'impact of tariff increases and the feasible extent of and schedule for the 
revaluation of assets. 

5 . 4 1  Results for the Consolidated Generating System 

The revenue requirement in 1994 for the consolidated generating system, expressed at 1992 
price levels. is 489 Zl/kWh. T ~ I S  results from an average fixed charge of 97,709,000 
ZltkW-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. l b  and 5. lc. respectively. 

On the basis of a 6.0 percent return on net assets revalued to 1992 levels -- which (after an 
average SO 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.Z1 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 

RCG.Hagler. Badly. Inc. 
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Exhibit 5- 1 c 
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I t  is relevant to observe that total expenditure on Opole r in 1992 prices) will amount to 
approximately 30.000 B.21. 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 summa?. given the present combination of circumstances (a low-growth scenario. present 
surplus capacity, and an extremely favorable debt-to-equity ratlo of about 3.0 percent and 
assuming no constraints in the instant revaluation of assets. a real increase in revenues of 63 
percent above current levels would be required to finance the generation system if no 
additional long-term debt were assumed. 

5.4.2 Results by Generating Company 

Coal Plants 

The table in Exhibit 5-2 is a summary of the results for each individual plant. Using the 
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. Doha  Odra, Blacjownia, Halemba 
Group 3 Kozienice, Osuoleka. Stalowa Wola 
Group 3 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 ZlJkWh for Group 2 to 573 
Zl/kWh for Group 1 (that is. a variance of approximately 7 percent about the mean 
requirements of all coai-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 pnmary reason for the low revenue requirements of Group 2. 
and the Jaworzno 3 powerplant is the pnmary reason for the hlgh revenue requirements of 
Group 1. If the objective is to make revenue requirements as uniform as possible, then one 
option would be to move Jawonno 3 to Group 2 in exchange for Dolna Odra. 

RCL.Hagier. Baiily. Inc. 
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Exhibil 5-4b 
BALANCE SHEET - GROUP 1 
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OPERATING AND FINANCIAL RATIOS FOR GROUP 2 
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OPEf3ATING AND FINANCIAL RATIOS FOR GROUP 3 
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Exhibits-7b 
BALANCE SHEET - GROUP 4 
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OPERATING AND FINANCIAL RATIOS FOR GROUP 4 

.......... . . . . . . . .  - . . . . . . . . . . . . . . . . .  -- .. - .- 
PRO-FORMA WTUM U SH GENERATING COMPANIES 

ID80 lDOO End -- D.umkr 31 

-- 

.. - ......... 

193.063 . . . . .  - - 
382 080 ........ 

.- . P?? E' 
4o.lm ...... - . - 
85.584 -- - - - - - . - - 
83.260 - . . - . - - -- - 
-8.5% 

- -. -. - - . 
- - ~ 

. . . .  - 
.- - .  . - 

:!:ax 
- 3.0% . 

............ . -  OPERATIW RATMJB - 

!a? 1 1 ~ e ~ ~ k w h -  ....... 
233 508 10% O e w ~ ! !  Cor!! kwh . -- - 

233 544 TOW Coat/ kwh kxcl ROQ. - .- - - . . - - - . - - - - - . . - - - 
?9,* F L ~ *  C ~ Y  ~w!m . - - - -. . 

49.690 - - . - - - F u d C a t p l *  . - - - - . E@!!!FPw!m 
.... 49.706 FixadCatpkm bp'n h!&*.. . - - . . - - - - - 

1-!? Opw!tha -!!-E b S.kl:  X .-. .- 

~. ~ Opr4!!!a hm- to -!= kr.b_ - _ . - 

n SOfvc. *v.l*l: X. - - ~ - ---A 

.- _14:996 - .- - h'"o'@ -_- - _ - 

-rovrbuod - -  Ilsc .... -- . . 
4 3% .s!P*n hcow !a!&?!!. 1 X .. 

- -  

BALANCE SHEET RATIOS - - - . ----- 
16 Curant Rabo - - - - - - 

_ 04 CE!!~!&"~!!!S.I.L-ED~~~- 
22 Accb R.urv .bk  b Sakr -dryr - -- - -- -- - - - - -- 

abtlo~w0 - 96 - 

-hh la ra l  - - -- - - - 
- rava lwd 

Btllmns Zloty at B r a  Yam Ricoa 

Caso. go-borbyllm-v\woup4 



FKN~YCIAL ANALYSIS OF TFIE GE!TERATIoN SYSTEM 5 .U 

Lignite Plants 

The group of Iignite piants has approximately the same amount of sales as all four generating 
companies with coal plants. It is projected that the revenue requirement for the lignite group 
will be 434 ZlIkWh in 1994, or about 19 percent lower than for cad 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.Zl by 1997, while long-term debt will increase from 3,772 B.Z1 in 
1992 to 9,945 B.Zl in 1997. Nevertheless, the total debt-toequity ratio is projected to 
increase to a very reasonable 16.6 percent by 1997. 
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administer, it is possible that a better toral power price from a generator could result if a 
two-pan tariff would facilitate better financing terms for the plant. 

Dispatch Flexibility 

The total avoided cost of energy should be the ceiling of the willineness of PPGC to pay for - 
power that would be entirely under its control. Less control or flexibilitv 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. 



6.2 COST-BASED PRICXSG 

It 1s 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-pan tariff. Fixed costs would be recovered 
through capacity sales and variable costs through energy sales. In addition. profit. calculated 
as a return on net assets. should be included in the tariff. It is recommended that most of 
this return (85 percent) be collected through capacity sales with a small pan (15 percent) 
collected through energy sales. 

6.2.1 Standard Cost Phase-Ln 

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 tlus adjustment may be eliminated by revised 
groupme 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 system at present and that it is within their managerial responsibility to decide whether to 
retire excess capacity or maintain it for future capacity sales. 

a 
RCG. Hag~er.  B a l l y ,  Inc. 
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One option is to allow the recovery of standard fixed costs wh~le not providing any return on 
assets for non-ordered capacity. This option will not provide a sigrllficant saving since the 
capacity in question generally is installed in the older plants and their return on net revalued 
assets is very small. 

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

A third option is to compute the value of the current capacity by performing a differential 
revenue requirements analysis. (A similar option is discussed later in this chapter with 
respect to CHP plants. ) 

6.2.3 Standard Fuel Cost 

We recommended that fuel costs for coal-fired conventional grid plants be recovered on the 
basis of the border price of coal of a standard quality burned at the efficiency declared by the 
plant to the central dispatch. The standard cost of lignite should be pegged to the border 
price of coal through a formula that includes the estimated additional cost of burning lignite 
at the same level of emissions as that of standardquality coal. 

It  is reasonable to use the heat rate declared by each powerplant in the formula that relates 
the acrual energy purchases to the fuel cost compensation at standard fuel price. In this 
situation. the order of merit dispatch will be strictly based on increasing heat rate for each 
type of fuel. Any increment in the declared heat rate above its actual value would simply 
result in lower energy purchases and therefore lower profit. Hence, it could be economically 
sound to allow powerplants to compete against each other in the declaration of heat rate to 
the central dispatch. 

6.2.4. Allowance for Environmental Tax Recovery 

In principle. we would prefer tbat no environmental tax be levied against plants that meet 
target emission levels set by the Polish Government and that, eventually, only plants meeting 
these targets be allowed to sell power. However, since this policy may not be within the 
conuol of the power sector, a system needs to be established to allow the recovery of these 
costs in a way that would promote fair internal prices for fuels of different qualities and 
reduce overall emissions. 

RCG, Haglcr. Bully,  inc. 
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It  is recommended that recovep of environmental costs be allowed up to the amount that 
. would be levied if the plant were burnlng 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. an\ srnissmns 
reduced below the standard will result in additional profit to the generatmg company thereby - 
giving funher incentives for clean air production. - 
Two imponant 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 anractive for any powerplant to eliminate non-recoverable emissions 
costs if requisite invesunents 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 switchmg to a cheaper (and 
dirtier) fuel will not be very anractive. In other words, the ratepayers should pay for 
investments and costs that result in actual improvement to the quality of the environment and 
nor for invesunents 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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Including environmental taxes in the dispatch could cause ligmte-fired plants to move above 
the base in the merit dispatch, significantly distonmg che mended 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 h s  activity must therefore be encouraeed. 
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 h s  characteristics are combined heat and power plants. small hydroelectric 
plants and surplus power from autoproducers. Many of these resources may sell thelr power 
directly to distribution companies at negotiated prices but in some cases power will be sold to 
the _end 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 mpply from an 
alternative source. l b s  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 (LC. capacity and capacity factor) whereas the later assumes that power 
is supplied at load factor and very small incremenrs. 

RCGiHagier. Badly. Inc. 
a 
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e 
6.4 COI\.lPLTXTIO?i OF AVOIDED COSTS FOR CHP. SMALL HYDRO .LVD 

. While the joint production of heat and power is economically efficient and should be 
encouraged. a cost based compensation for power is not recbrnrnended 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 heatlno 
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 electriciry. 

Small hydro plants and autoproducers are mostly outside the control of central dispatch and. 
at any rate. produce to little power to enease 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 convement 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 m cost than that of the true feas~ble 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 rurbine 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 

0 RCG Hagier. Baill?. Inc 
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need for capacity is defmed by a target of zero effective capaciry reserve whrch results in 
adequate installed capacity reserve levels. 

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

Capacity Additions in ,MW 

Year I Base Case I Evaluation Case 

It is stressed that the additions shown for the two plans are oniy meaningful in the context of 
an analysis of differential costs and not at all in absolute terms. For instance, the addition of 
720 MW of gas turbines in 1995 is to compensate for capacity undergoing rehabilitation. 
Similarly, the drop in peaking capacity (gas turbines) through time in favor of base load 
capacity (lignite and coal) is not really feasible. On the other hand, the reliability of these 
ideal sequences is much closer than can normally be expected of truly feasible sequences and 
thus their costs are more readily comparable. 

1995 

2000 

2005 

2010 

6.4.2 Annual Avoided Costs 

In Exhibit 6-1 it is shown, for each of these two cases, tht mual capacity and production of 
all CHP, hydro and autoproducers and the fixed cost (capital and operation) and variable cost 
(fuel) of the entire generation system. The capacity and production of hydro in the 
evaluation case corresponds to resources not being evaluated such as pumped storage 
hydroelecmc. 

Gas 
Lignite Coal Turbine 

0 0 720 

0 0 120 

0 0 1,680 

360 1.200 1,200 

E G ~ a g l e r .  Bully. Inc. 

Gas 
Ligmte Coal Turbine 

0 0 4.560 

0 0 6.840 

1,440 6,960 2.400 

2.880 4,800 6.600 



YEAR 

1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 

3ASE CASE E)(P~SION 
9NNUAL VALUES 
W P t H t A P  CHPtHiAP 

CAPACflV PRODUCTW 

EXHIBIT 6-1 

COMBINED AVOIDED COST OF CHP, SMALL HYDRO AND AUTOPRODUCERS 

FIXED 

cm1s 
M s 

473 4 
499 8 
514 0 
514 8 
484 0 
4807 
614 2 
627 1 
618 2 
61 1.9 
638.0 
660.0 
695.5 
713 1 
744 8 
800 1 
754 2 
863.9 

1071 2 

VARLABLE 
COST 9 

us 

2044 8 
2085.3 
2168.3 
2218.3 
2206.4 
2223.7 
2218.4 
2296.9 
2300.2 
2217.9 
2307.8 
239 1.6 
2509.4 
2592.1 
271 7.9 
2695.5 
2828.4 
2875.2 

2s 1 S.? 

ANNUAL VALUES - 

C I l P t H t A P  C t l P l H t A P  

CAPACITY PROOUCTKm 

FIXED 

COSTS 

us - 

729.3 
771.6 
801.6 
8 i 0:s 
787.6 
808.1 
941.5 
986.2 

1017.0 
1034.5 
1092.3 
1258.7 
1559.9 
1807.5 
1997.4 
2028.1 
2148.2 
2402.3 
2600.0 

VARIABLE 

COSTS 

Ma 

2465.8 
2539.6 
2665.2 
2747.6 
2777.6 
2864.5 
2987.7 
3136.7 
3293.1 
3276.2 
3493.2 
3603.5 
3594.7 
3605.0 
3680.5 
3821.4 
3910.7 
3933.4 
4018.7 

GENERATION AVOIDED COSTS 
ANNUAL UNIT VMUES 

ENERGY 
CTS/kWh 

2.94 
3.10 
3.25 
3.25 
3.25 
3.23 
3.38 
3.58 
3.69 
3.66 
3.83 
3.68 
3.1 1 
2 74 
2.47 
2.75 
2.52 
2.36 
2.50 
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The difference in futed costs divided by the difference in capacity is the fixed avoided cost 
per unit of capacity of each year and the difference in variable costs divided by the difference 
in production is the variable avoided cost per unit of energy of each year. The total avoided 
cost per unit of energy is the difference between all costs divided by the difference in 
production. The fixed avoided cost can. of course. also be expressed per u i t  of energy. 

6 . 4 3  Levelized Avoided Costs 

The unit annual avoided costs are rather unstable because they react to short term system 
circumstances. It is normally preferable to use levelized values over a period of time, 
generally corresponding to contract term. as a basis for a power purchase agreement. 
Sometimes part of the price is levellzed whle another part, usually the fuel component, 
remains annually variable. 

In Exhibit 6-2 the results of the two cases are shown in the form of accumulated discounted 
values for each year and the computation of unit levelized values of avoided costs is done 
using these accumulated discounted values exactly in thc same way that the unit annual 
values were used in Exhibit 6-1. This is the correct method of obtaln!np levelized unit 
avoided costs (or any levelized unit cost for that matter) and is not the same as levelizing the 
annual unit avoided costs. 

The tendency for avoided costs to increase is due to several factors. The avoided fixed costs 
per unit of capacity increase as the excess reserve in the system disappears towards 1 997/98. 
After 2000 it continues to increase as the replacement gemration becomes more mixed 
between base load and pealung plants. The variable costs vary very little and only as a result 
of different generation mix through the years and the small but constant increase in the price 
of gas. 

6.4.4 Proxy P h t  Methods 

It is often considcrrd advantageous to definc avoided cost in terms of an alternative or 
"proxy" resource. T h ,  any changes in fuel prices or other costs can be captured directly 
by the response of the proxy rtsource to the new cost mputs. 

The most likely proxy plant for compensating CHP power in Poland is a conventional coal 
frred steam plant. A reasonable agreement would involve energy payments based on the 
equivalent cost of energy produced by a coal fired steam turbine a d  capaciry payments based 
on the unit capacity cost of a coal fired steam turbine plant applied to the alternative capacity 
that the CHP system is actllally avoiding. TIE amount of "avoided capacity" can again be 

R G ~ ~ a g l e r .  Badly, Inc. 



EXHIBIT 6-2 

COMBINED AVOIDED COST OF CHP, SMALL HYDRO AND AUTOPRODUCERS 
--- 

~ A S €  CASE E%%~~sIoN 
- 

lCC_UMULATED PRESENT VALUES 
3 i P t H t A P  CHP+HtAP 

CAPACITY PROMICTKW( 

19523 1 .O- 
BASE Y E 4  

FIX W 

COST s 
U S  

473.4 
919.7 

1329.4 
16% .8 
2003.4 
2276.2 
2587.4 
287 1 .O 
3120.7 
334 1.4 
3546.8 
3736.5 
3915.0 
4078.5 
4230.9 
4377.0 
4500.1 
4625.9 

47653 
1992 

EVALUAT~ON CASE EXPANSION 
5CClJMULATED PRESENT VALUES 
C H P t H t A P  W P t H t A P  FIXED 

CAPMrTV PRODUGTUN COSTS 

M - - -- GWH us 

VARIABLE 

COSTS 

!!! 

2465.8 
4733.3 
6858.a 
8813.7 

1 0578.9 
1 2204.3 
13717.9 
15136.8 
16466.9 
17648.3 
18773.0 
19808.9 
2073 1.6 
2 1557.8 
22310.9 
23009.0 
23646.9 
24219.8 
24742.4 

CAPACITY CAPACITY ENERGY 

CTSFWh 

2.94 
3.02 
3 .O9 
3.13 
3.15 
3.16 
3.19 
3.23 
3.28 
3.3 I 
3.35 
3 3 8  
3.36 
3.33 
3.29 
3.26 
3 23 
3.20 
3 18 
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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 trmes 
of highest system cost. For instance. enerm 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. Thls mode may be interesting for new resources entering the system 
beyond 1997 but the additional complexity is not justified for existing resources. 

It is important to maintain the LRMC structure at the retail and perhaps at the bulk sales 
tariff level in order to give consumers correct signals about the cost of supplying electricity. 
At the power purchase level these signals are only relevant to vaiue based compensation 
system since the economic dispatch will assure the efficient utilization of the cost based 
resources. 

Tie-of-Day Tarin 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-ofday compensation on the variable 
portion of avoided costs. 

Thls can be structured on the basis of the hourly short run marginal costs (SRMC) discussed 
in Chapter 4 but the differential SRMC between peak and off-peak up to 1997 is fairly small, 
only 8 percent. Thus it is unlikely that a time-of-day tanff for CHP would be justified in the 
next few years. Orre gas turbines exist in the system the differential SRMC could be much 
greater and a timc-of-day tariff will certainly be advantageous. This time-of-day tanff may 
be agreed on tbe basis of the SRMC structure or by developing a two part energy proxy plant 
as discussed in 6.4.2 above. 

One-Part or Tw~Part  TarifT 

At the generation level the issue of ow-part or wo-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 

m ~ ~ a g l e r .  Bully. Inc. 
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administer. it  is possible that a bener total power price from a generator could result if a 
two-pan tariff would facilitate better financing terms for the plant. 

Dispatch Fiexibility 

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 shouid 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 resultins avoided costs would be 
slightly higher. 

RCGI Hagler, Badly.  Inc. 
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CHAPTER 7: ECONOMIC ANALYSIS - LONG-RLY LMARGEVAL 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. Thls section contains actual 
model printouts and results. Section 7.3 discusses the sensitivity of the results to alternative 
modeling assumptions. 

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 
smcture 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 fonvard looking. They consider only future costs related to 
future output, as opposed to embedded cost-of-service methods. 

The rationale for mar@ cost pricing emanates from the economic theory of efficient 
allocation of resourtxs in competitive markets. Prices that are equal to marginal cost provide 
the correct signals to decision-makers -- producers and consumers -- and should result in a 
market equilibrium at a level and pattern of electricity supply that provide for the most 
efficient allocation of scarce resources. 

Long-run marginal cost can be defined as the incremental costs of all adjustments in the 
system development plan and system operations that are attributable to an incremental 
increase in demand that is sustained indefinitely into the future. LRMC pricing emphasizes 
the trade-off beween the need to give correct signals and the importance of prices that are 

D ~ H o g l a .  Badly, LC. 
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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 electricity supply. Ignoring such effects can result in consumers 
making sub-optimal decisions with regard to long-term investments. 

7.2 LONGRUN 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 
deml 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 raring periods @eak, 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 method2 Also contained in the model are calculations of long-run average incremental 
costs (LRAIC) for various network voltage leveis 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 s e ~ c e s  (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 thesc 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 m the model in order to account for the average dutiedtaxes on 
imported equipment; this factor is assumd to be 1.00 because taxes and duties are excluded 
from all cost s m s .  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 markt wage. We have not applied this factor in Poland because Iocal 
labor was not scparattd in the cost  s t r e a m s .  After LRMCs are calculated at border prices, 

Esiinma from the scumd wtorh save as a useful point of compuisoa. As wtsd later in this 
chpm, tbe next-plat mtbod is l a  relevant for tbc curreot Polish situtioa of excess brselod upcity. 

Tbe SCF is defiDed as tbe ofticill exchange rate divided by tbe sh.dow exchange rrte (OEWSER); m 
SCF of 1.0 uoplies a shPdow exchange rate quai LO tbe market exchange rate of 13,400 Zl/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 maximizt 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: 

b marginal energy cost 
F 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 (WkWh) and capacity (WkW) costs. The results section pnsents 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 Cast 

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 marglnal 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- 
ofday COD). 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 fmt 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 h s  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 WkWh. As one gces higher up 
in the stacking order, the variabie (fuel plus other O&M) costs become progressively higher. 

Stacked immediately above the lignite units are the coal units. We have divided these into 
two groups. "Coal- 1 " includes the majority of coal-fired capacity; the variable cost of 
energy of these more efficient units is estimated to be 272.5 ZUkWh. "Coal-2" generally 
includes the oldest, smallest, and leastefficient coal-fired units, with an estimated variable 
cost of 302.9 ZUkWh. Following the coal units in the stacking order is the peak;lng energy 
from combustion turbines, with an estimated variable cost of 591.5 WkWh. 

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 u 
probabilistic basis, the units that can be expected to be at the margin at different hours of the @ day in summer and winter. These models are described in Chapter 4. Surprisingly, the 240 
MW of combustion turbine capacity installed by 1997 are not expected to provide marginal 
energy, even during peak winter hours; these units are part of the leastcost 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 iong-run marginal energy costs by season and time of day, the 
following data were reviewed: 

b projected load resource balances (MW) through the year 2006 

b system dispatch (GWh generation by fuel type) at present and projected 
for the future 

w production costing simulations for the next 15 years, focusing on the 
year 1997,' estimating the capacity utilization and average energy 
production by generating unit 

a ' We selected the year 1997 s r representative sa~psbot of system chPncteristics and conditions for the 
purpose of ~ l m ~ t r n g  long-run wgd costs. 
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b 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-laid probability (LOLP). Based on LOLP, the 
peak, mid-peak, and off-peak periods have been identified. 

These analyses, detailed in Chapter 4, are the basis for the following assumptions applied to 
estimate marginal energy costs: 

distinct seasonal difference in both supply and demand distinguish 
summer (May through October) and winter (November through April) 
periods 

b Time of day rating periods: 

-- Winter: A peak period of 4:00 p.m. to 9:00 p.m. on weekdays, and a 
rnid-peal period of 7:00 a.m. to 1:00 p.m. on weekdays, with all other 
times off-peal 

-- Summer: A peak period of 7:00 p.m. to 10:W p.m. on weekdays, and 
a mid-peak period of 7:00 a.m. to 1:W p.m. on weekdays, with all 
other times off-peak 

w 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.) 

b The following table summarizes the marginal costs derived from the 
production simulation analysis for 1997. The table identifies "proxy" 
d - f i r e d  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 hlgher in the Summer than during the 
Winter for mid-peak and off-peak rating periods. As discussed in Chapter 4, 
h s  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. 

Seasod 
Time of Day 

Summer 
Peak 
Mid-Peak 
Off-Peak 

Winter 
Peak 
Mid-Peak 
Off-Peak 

Proxy Unit 0 

Gas Turbine 
5 

Jaworzno 3 (200) 

Gas Turbine 
Jaworzno 1 (19) 

Rvbnik (200) 

Exhibit 7-2, taken from the LRMC model, summarizes the results and specific assumptions 
used in calculating marginal energy costs: heat rate, fuel types, heat content, variable O&M 
expenses, etc. for the marginal plants during on-peak and off-peak hours. The exhibit 
indicates that marginal energy costs are determined as fuel and O&M costs (per kwh) for 
operating the proxy gas turbine and coal-fired steam plants identified in the preceding table. 
The on-peak energy cost is taken as the operating cost of a combustion turbine; the mid-peak 
(morning peak) and off-peak marginal energy costs are taken as that of the coal-fired steam 
units identified above. 

By way of illustration, the border price long-run marginal costs of energy at generation 
(before losses) for peak energy (summer) and off-peak energy (winter) are given as: 

5 As r pncticrl matter. due to open&iod constraints in the system, Summer m i d - p d  m~rgbal energy 
cost fills between the operation costs of a small c o d  plant and a gas turbine (sde Chnpter 4). In the model, a 
'dummy' heat rate was ass~gned to simulate the u u r g l ~ l  cost defined thtough a productton cost s~muiat~on of 
the system m 1997. 



EXHIBIT 7 - 2 
MARGINAL ENERGY COSTS 

Assumplions lor Marginal 
Enem Cos! Celcule!&n~: 

Marginal Plant 
Heal Rate (BTUIkWh) 
Fuel Used 
Fuel Cosl (USSlunil) 71 
Heat Conled (MMBtuIun~t) 
Variable ObM (SIMMBIu) 
Utilization of Plant on Peak (O%) 

C-TURB 
12000 

Gas 
3 86 
l o o  

0000 
100% 

MARGINAL - ENERGY . - - - - - COST &sZl/K\l\lh): 1 / 
SUMMER SEASON 21 I . . PEAK . . . . . - - MID-PK - OFF-PK 

GEN 0.670 0&7 0306 
(adjusted to Local prices and for station losses) 

VHV 0.682 0.415 0.310 
HV 0.713 0.433 0.32 1 
MV 0.736 0.448 0.329 
LV 0.832 0.506 0.36 1 

COAL COAL 
13289 9984 

Coal Coal 
2 12 2 12 

100 100 l o o  
0000 0000 0000 
0% 

WINTER SEASON 81 I PEAK-, PEAK-2 MID-PK OFF-PK . . - . .  . . . . - . . . . . . - - I 
C - TURB COAL 9/ COAL 

12000 18700 9734 
Gas Coal Coal 

3 86 2.12 2.12 
1.00 1.00 1.00 . 1 .oo 

0.000 0 .ooo 0.000 0 .om 
1w/o 0% 

WINTER SEASON 21-- -- ANNUAL AVERAGE 21 

-- PEAK MID-PK --. - - OFF-PK - -- . 
PEAK MID-PK OFF-PK 

0.6% 0.573 0.w 0.670 0.490 0.302 
I 

11 Energy Costs derived directly from basic assumptions regarding marginal plant, heat rate, 
luel cost, he! heat content, and variable OLM. 
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Subsequently, these estimates are further adjusted to local pnces for our estimate of the 
LRMC of energy at generation by season and time of day,as shown in the lower pane1 of 
Exhibit 7-2.6 

Marginal Generation Capacity Cast 

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: 

w peaker ii .cthod 
w next-plant method 
b 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 asswne 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 pealang unit, and the reason any other type of generation is built is to derive the energy 
savings. The annuahxi cost of such a unit -- adjusted for reserve margin and losses, and 
appropriately discounted to today from the year it is needed -- is the marginal cost of 
generation capacity. The following equation captures this calculation: 

Mar@ Generation Caprrciry Cost (~coincidcltrKW7year) = K x - (Y-E ) 

- - 

6 
m~rw energy costs must also be ndjustrd for losses if tbs aergy IS not sold at the busbar. 
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where, 
K = annualized cost of w n g  unit (ZYkW/yr) 
RM = planning reserve margin (96) 
SL = station losses (96). 

This cost (in constant prices) is subsequently discounted from the first year in the future 
when the reserve margin constraint (or the loss-of-load probability criterion) is binding, and 
adjusted upwards for incremental fixed O&M expenses, as well as any downstream losses up 
to the point of delivery. Finally, this cost can be allocated to different rating periods in the 
study (e.g., peak, mid-peak, and off-peak) using a number of different methods. A common 
allocation method is on the basis of the contribution of each rating period to the annual loss- 
of-load probability (LOLP) . 

Under the next-plant method, it is assumed that the 1 kW load increment (decrement) will be 
met by appropriately advancing forward (deiaymg) whichever power plant is planned to comc 
on-line next. For exampie, 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 morc 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 k W  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 "Cod-1' generation for 5,948 hours, 1 kW of "Coal-2" 
for 284 hours, and I kW of gas turbine generation for 6 hours. Thus, the annual fuel 
savings that should be credited against the annuahzed 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)] ZlIkWlyear. Therefore, the marginal generation capacity cost under the next-plant 
method is i n f d  as the annualuted capital cost of the lignite plant (expressed in 
ZUkWtyear) less the fuel savings estimated as above. 

In contrast to the two methods described above, the incremental revenue requirements 
method re-optimizes the entin expansion plan and estimates the incremental difference in the 
present value of two expenditure streams. Reoptimization of the expansion plan requires the 





use of sophisticated optimization system expansion planning models.' We have employed a 
variation of this methodology to calculate the "avoided cost" of the CHP generation supplied 
to the system (w Chapter 4). 

~mplementing 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: pedang, 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 leastcost 
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 peiker. 

In practice, the pcakcr method is by far the most fhquently 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 
avdable. Because the method provides the most complex system response to meet an 
increment of new load, it is more commonly ubilized 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 peekmg capacity is not part of the system expansion plan. This method is less 
reliable than the others two. 

' For example, tbe Intenutiad Atomic Eoergy Agmcy's WASP model for optud g a r d o n  cxp~nsion 
planning, or h e  GPT modd darnbad m ch.pccr 4. S p c c i f i d y ,  thrse model runs ue W U ~  as foUowa. 
Run 1 umcqmm& to optmmng tbc system gmerrt~on expansioa plan to tbe bsseld forecast. Model Run 2 
rmptimioes tbe system expmmioa plan w~th tbe peak Icmd foreust used in Run 1 incremeated by tbe equivalent 
of one year's l a d  gmwth.  Finally, Run 3 is a productioa sunulition (e-g., WASP in r 'prr-spscificd p.thwsyO 
mode) to estimate tbe N cmts .aaocirtal witb tbe l o d  forecast wad in Run 1, but unit stagmg derermured m 
Run 2. Thus, LRMC for paentian crprity can be cetirmrrsd by dcuhting the following quantity .nd 
leveliring it: 

a wberr: CR, is the crpitd investmnt a s s w i d  with model run i (i = I ,  2. 3). FC, is the h i  @reduction) Mst 

assaciatui with the expansion plan modtl run I ,  and DMW is tbe mtgawrtt knmwtal diffmace in peak load 
between Ruas 1 and 2.  
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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, 'or the 
purposes of companson, we have also estimated generation capacity cost using the next-plant 
method. For this purpose, the first baseload plant added to the system in the least-cost 
expansion plan (a lignite plant in the year 2001) provides the only reasonable proxy. As 
noted above, the results of this method are not reliable and are only provided as an 
illustration. 

Exhibit 7-4 depicts key input assumptions and results for the LRMC model for the marginal 
generation capacity cost calculation. At an exchange rate of Z1 13,400 to US $1.00 and a 
standard conversion factor of 1.0, the border pries discounted back from the year the 
capacity is required, are 3,073 TysZI/kW for a peaker plant9 and 8.55 1 T~SZULW'~ 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 pries 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 Zl per incremental kW, is then annuitized over the life of the facilities, 
resulting in the annuitized capacity cost, expressed in ZYkWIyear. 

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. 



~ a r ~ ; n a l  Plant 
Lfe (years) 
38M and A8G (% of ~ a ~ l t a l  cost) 
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Ca~l ta l  Cost: 

Fore~gn (tysZI/KW) 
Local Materials 
Local Labor 4 

CAPACITY COST (d~scounted to ~ W d y  year) 
Marnet Pr~ce 
9oroer Prlce 

C-TURB 
20 

4 50% 
1997 

4332.7 
1083.2 

3.0 

3073.09 
3073.09 
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RANKING OF GENERAflNG PLANTS BY VARIABLE COST - 1997 
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The schematic representation is a simplification adopted to facilitate more coherent modeling. 
Of course, electricity is generated at many points in the network, and more detaded power 
flows can be used to determine specific point to pint  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. 

Foreasts of energy consumption by voltage level are shown in Exhibit 7-7. These 
allocations were derived from PPGC's forecast of sales and peak demand for the national 
grid (see Chapter 2). System peak loads are derived from total sales by applying a system 
load factor because peak load forecasts are not available by voltage. 

The model also requires estimates of peak and average loss coefficients at each voltage level 
as a percent of incoming load. Based upon discussions with PPGC's msrnission 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 1 1.1 
prcent). 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 h a  = 
Average k s  

.3 + (.7 x L a d  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 

l 1  A coasolida&cd investmat pro- by voltage level for the distribution compPnies is not available. 

a Since the best availabic invest-t progrpm for the disbbutim compan~es is a 'rcquircmats' plan, there 1s 
some concern that it may o m t a f e  a reai~st~c mvestmnt progrpm. Tbe impoct of a lower investment prognm 
on estimated LRMCs IS cons~derad m the s e n s ~ t ~ v ~ t y  d y s l s  of Sectton 7.3.  



EX) IIBIT 7 -6 
NETWORK CAPACITY COSTS (tysZI MILLION) 

YEAR 
ENDING 

YEAR 
ENDING 

-------  -VHV COSTS - -- - - - - - - 
TOTAL FOREIGN LOC Mat. LOC Labor 
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EXHlBlT 7 - 9 
DEMAND AND LOSS FORECAST AT TIME OF SYSTEM PEAK (MW) 
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adjusting for generation consumption (heat generation auxiliarv use and hvdro pumping) of 
769 MW and VHV nenuork losses of 403 MW, results in a VkV peak oi  19.455 M W .  Of 
this amount, 560 MW of load is supplied at th~s 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 91 1 MW. In this manner, the power baiance is sequentiallv derived to 
arrive at an estimated LV network peak of 7,038 MW. 

Exhibit 7-10 shows the calcu~ation of separate LRAICs for the four voltage levels. 
Incremental peak loads are calculated from Exhibit 7-9, whereas incremental expenditures are 
calculated from Exhibit 7-6. These costs are subsequently annualized over their respective 
lifetimes, and then adjusted to local prices and for incremental O&M expense as shown in 
Exhibit 7- 1 1. 

Results 

Estimates of marginal generation capacity cost and network capacity cost (expressed as 
ZYcoincident kW) arc summanzed in Exhibit 7-1 1. In the model and the foregoing 
discussion, both capacity and energy wsts arc calculated at border prices. In order to 
estimate the long-run marginal cost as seen by the customer, these border prices must be re- 
expressed in terms of local pnces (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- 1 1 makes these adjustments, annuahzes 
investment costs, adds in an appropriate factor for annual O&M (including administrative and 
general expenses), and esnmates a capacity cost per month for generation and network at 
each voltage level. To illustrate, the marpal  generation capacity cost (peaker method) is 
59.26 TysZVcoincident kWimonth. 

Similarly, Exhibit 7-1 1 derives the margind cost of network capacity (Wcoincident 
kW/month) at each voltage level. These costs range from 27.70 TysWkWlmonth at HV to 
74.65 TysWkWlmonth at LV. 

Exhibit 7-12 presents estimates of strict long-run marginal costs by voltage level. To 
illustrate, marginal capacity costs (generanon plus network) using the peaker method range 
from 93.21 TysZYcoincident kW/month for load served at VHV to 285.69 TysWcoincident 
kW/month for LV load. Similarly, average annual marginal energy costs at LV are 428 
ZVkWh during the peak hours and 356 ZlkWh during off-peal hours. These costs are 
progressively lower (reflecting reduced losses) as service is takm 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 a h  typ of customer, and the split of total 
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AVtfWGE INCHEMENTAL NETWORK CAI'ACIIY COSlS UY VOL 1 AGt 1 EVE1 (IysZI MILLION) 

- - - -  - VtiV NE TWOAK 
YEAR PEAK MW INVESIMEN I COST - - 

LNOING TOTAL DlSCOUNrED MARKEl BOIUER DISCOUNTED 

1992 0 0 0  000  331 00 331 00 
1993 20879 18642 15800 15800 
1994 302 26 240.66 107900 107900 
1995 444 75 31857 169400 169400 
1996 3 18 2 02 161000 161000 
1997 521 05 29566 20600 20600 
1998 456 24 231 15 20000 20000 
1999 521 50 23590 116100 116100 
2000 46258 18883 124300 124300 
2001 93 22 3362 116000 116000 

1 a0g.d 1 o h l  1542 70 (1994 -2001) 
AVERAGE INCREMENlAL W1V CAPACITY COSTIKW - 

. - - - - - . - - - MV NETWORK - .  . - 
YEAR - - - P M K M W - - -  - - - -INVESTMENT COST - - - - 

ENDING TOTAL DlSCOUNlED MARK€f BORDER DlSCOUNlED 

1992 0 0 0  000 1354 40 1354 40 
1993 34851 31117 I385 93 1385 83 
1694 401 45 32003 137408 137408 
1995 M I 0 5  38511 I45266 145266 
1996 10418 11705 173805 173885 
1997 37879 21300 1 0 S M  183504 
1896 33683 11085 183504 163504 
1999 37935 17180 186857 1-57 
2000 35883 14418 1897 70 1897 70 
2001 299.13 10787 1897 70 1897 70 

laggod Total 1941 44 (1993 2001) 
AVERAGE WCFEMENTAL MV CAPACITY COSTIKW = 

- - I iV NE 1 WORK 
- PEAKMW - INVESIMENT COSI 

TOTAL DISCOUN 1 ED MARKE T BOHDEfl DISCOUNTED 

000  000 43015 43015 
27202 24288 69664 69664 
34032 271 30 75202 75202 
51758 36840 844 50 844 50 
22973 14600 790 79 79079 
49964 28351 63389 633 89 
440 53 223 19 58638 58638 
50038 226 35 684 75 684 75 
463 79 18732 794 75 794 75 
39289 141 68 48201 48201 

1847 73 (1994 2001) 
AVERAGE INCHEMEN IAL HV CAPACITY COSTIKW - 

- LV NE IWOAK - .  . 
- - PEAK MW - - -  - INVESTMENT COST 
TOTAL DISCOUNI kD MARKET BORDER DISCOUNTED 



t X I  1IBIT 7 -- 1 1 
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 (tysZl/KW/Yr) 

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

PEAKER METHOD "NEXT PLANT" 
3974 27 1 1058.38 

VHV t iV  MV LV 
2790 29 201 4 26 4846.36 5874.43 
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energy between peak and off-peak. Applying the coincidence factors results in an estimate of 
total marginal capacity cost per month for each customer class." These results are shown 
for PPGC's sales to distribution companies in Exhibit 7-13, and for distribution company 
final sales in Exhibit 7-14. In these exhibits, marginal energy cost is a weighted average of 
peak, mid-peak and off-peak costs. The class load factors are used to express capacity costs 
in terms of kwh." The final line of each exhibit derives average system-wide strict LRMC 
estimates for PPGC and the consolidated distribution companies, respectively. 

The strict LRMC values by tariff class shown in Exhibits 7-13 and 7-14 establish an 
economic benchmark for the purpose of evaluating the extent of distortions in the present 
tariffs. In the case of PPGC, the average" LRMC is 708.5 ZUkWh in comparison with an 
estimated current average tariff yield (mid-1992 prices) of 339.8 ZUkWh. For the 
distribution compames, the average LRMC is 987.9 ZUkWh in comparison with an average 
tariff yield of 542.1 ZVkWh. 

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 disuibution company average LRMC tariff to changes 
in the following variables: 

I11 arriving at these asaampcms, tbe study t a m  members f b t  reviewed d d y d  the load rrseuch 
data denved from auveys cud& by tbe W m t e  of Power Engmcmg (JEN/KPtoviu) rod coasolidntcd 
tpnff class btllrng data compiled by PPGC for the p s t  two y a m .  We identified class lod hckm and 
coinc~dmce W from d bourly 1 0 4  shqm est~rrmed for a c h  mff class. Furtba. tbe billing m r d s  
provided an radcpandmt edmura  of ckss l o d  f.cmrs. Wbae wadable data w m  insufficieot, the .ssumpt~ons 
made ue dso coaditioosd upon tbc team members' expenaxe and judgrrmt. In tbe & s a ~ ~  of comprehensive 
~ti00.1 laad resarch d.tr. our e s t h ~ ~ ~  of cokidarce factors u e  i n t e a t i d y  conservative; undmstkmtion 
of coincidarce kton  would trmslate directly into uDdercoUdoa of mmua for customers not metered oa a 
coincident demand basis. 

" To avoid unnscess~ry coafusioa, tbe printed table h w s  strict W C s  for tbe p d e r  h o d .  For 
compuntive purposes. parallel results for tbe 'next-plant' method appear in the model sprrrdsheet to the right 
of these printed data. A complete pmtout of tbe LRMC model results is cmulaed in Appendix 5.2. 

" We~ghted by billed d e s  by tariff class recorded for the first half of 1992. 



ExhlbH 7 13 
SlRICT LMJG RUN MARGINAL COST BASED TARIFF BY TARIFF C U S S  - BULK 

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

DISTRIBUIION COS. HV 1 .00 0.65 0.20 0.28 

&)I K SYSTEM AVERAGE 0.20 0.28 
Equivalmt tysZI1KWh 
% oi Syaterri Avofago 

ErhibH 7.- 14 
STfUCT LONG 

TARIFF CLASS 

RUN WRGWAL COST BASED TARlFF BY T A W F  CLASS - RETAIL 

SERVICE CONCI - LOAD ENERGY SHARES 
VOLTAGE DENCE FACTOR PEAK MID - PEAK 

lNDUST RIAL HV 
MV 
LV 

TRACTlOEl HV 
MV 

COMMERCIAL MV 
LV 

AGRICULTURAL MV 
RHAIL LV 
ST. LIGHTING LV 

DISTRIBUTION COMPANY AVEfMGE 
EquivaIont tyaZl1KWh 
% of Syabm Avaaga 

TOTAL MARGINAL COST/MONTH DEMAND H1/1 992 CURRENT 
CAPACllY ENERGY TOTAL CHARGE SALES YIELD 
tyrZIIKW tydllKWh tysZllKWh SHARE GWh tyaZllKWh 

121.10 0.4533 0.7085 36% 50434 0.3398 

TOTAL MARGINAL COST/MONTH 
CAPACITY ENERGY TOTAL 
ty.ZI/KW lyrZ1IKWh WdIKWh 

DEMAND 
CHARGE 

SHARE 

H 111992 CURRENT 
SALES YIELD 

GWh IyrZIIKWh 
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Variable Sensitivity Range 

Discount Rate 8% - 14% 
Standard Conversion Factor 0.85 - 1.0 
Foreign Exchange Rate 13000 - 19000 ZYUSS 
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 WS (mid-1992) to 19,000 ZVkWh, the retail (distribution 
company) LRMC incremes h m  988 to 1.302 ZllkWh. Alternatively, a reduction in the 
total T&D investment program by 20 percent would reduce the retail LRMC from 988 to 919 
ZVkWh. 

The LRMC is also sensitive to changes in the discount rate and the price of coal. A 2 
percent increase (decrease) in the discount rate used in project analysis effectively increases 
(decreases) the retad LRMC by about 6 percent. A coal price rise from $2.12 to $2.50 per 
MMBtu ($2.01 to $2.37 per GI) mcreases the average retad LRMC from 988 to 1,047 
ZVkWh. 

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 q u i d .  

We did not calculate the sensitivity of LRMC to changes in projected load growth that might 
occur as a result of required electricity tariff increases. There are two major reasons not to 
do so. First, no reliable Poland-specific price elasticity data are available from which to 
estimate demand response. Second, any demand response will require a revised investment 
program in order to calculate the LRAIC of network capacity. In the absencc of this 
information, tariff planning should continue based on the PPGC Scenario II ("lown) load 
forsast. 



ExhibH 7-15 
L W  SENSITIVITY ANALYSIS (tymZVKWh) 

DlSCOCElT h l k  Relail 
RATE LRMC L M C  

12% 0.7085 09879 
8% 06!j38 08768 
10% 06607 0.931 1 
12% 0.7085 0.9879 
14% 0.7370 1.0468 

EXCHANGE &Ik R.Ml 
RATE LFtMC L W C  

13400 07085 09878 
13000 06890 08655 
15000 07867 lono 
17000 08844 11800 
19000 09821 13023 

COAL &Jk 
PRICE LRMC 

212 07085 
150 06174 
175 06540 
200 06906 
2 25 0 7272 
2 50 0 7638 

TLD Bulk R.WI T&D%ol 
I N V S M T  L M C  L W C  C ~ p r  Cab 

100 07085 09879 74% 
090 Of3963 09536 7296 
OW) 06840 09193 70% 
070 06718 O M 0  67% 
060 06596 08507 63% 

SCF 

100 
0 85 
O W  
095 
1.00 

YEAR GEN 
NEEDED 

1997 
1886 
1997 
lese 
1 998 

RESERVE 
MARGIN 

200% 
15 0% 
17 5% 
200% 
22 5% 
25 0% 

Bulk 
LRMC 
0 7085 
0.8193 
0.7783 
0.7416 
0.7085 

&Ik 
LRMC 
0.7085 
0 7244 
0 7085 
06943 
0.681 6 
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LXCONSTRM3TD FIN.LVCL4.L .LVALI'SIS OF THE POLISH PO\.'ER GRID 
C031PAh-Y 8.2 

8.3.1 Transfer of Assets 

In projecting the results for 1993-1997. PPGC's fixed assets were revalued and ~ncreased 
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 

.bet At 1990 Book Value At 1992 Revaluation 

Lines > 100 kV 4.163 24,644 

Subtotal 7.165 37.651 

@ 1 ,toraze plants 3.339 19.556 

The revalued depreciation amounted to 5 2  percent of the revalued gross book value. It was 
assumed that the asset transfer represented an e q u i ~  contribution to PPGC. 

8.3.2 Financial Criteria to be Met 

The key financial target to be acheved by PPGC was assumed to be the same as for the 
generating companies: 6.0 percent return on ner 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 21 to the CS dollar. 

RCGI Hagier, Bui ly  , Inc. 
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C0MP;LVY 8.3 

F The financial forecast was developed at m~d-1992 prlce levels and exchange 
rate of 13.400 21 to the US dollar. 

w The purchase price of electricit); is the weighted average of the selling price b) 
the system power plants -- 1.e.. -189 ZlikWh in 1994 and the "avoided cost" 
that would be paid to the CHP plants. assumed to be 603 Zl/kWh. or -1.5 US 
cents/kWh. as discussed in Chapter 4 .  

F The PPGC capital investment program is the program provided by the PPGC 
Investment Planning Department. 

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

w The costs for 1993 and future !ears are based on the 1992 budget plus costs 
associated with the transferred assets. as developed by Energoprojekt. 

System losses overall are assumed to be approximately 2.5 percent. which 
comprises approximately 1.8 percent in the transmission network and 
approximately 0.7 percent in pumped storage. 

The results presented in thls section are those for the unconstrained tariff increase and instant 
asset revaluation scenario. See Chapter 11 for results under the f m c i a l  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 Ef ib i t s  8-3a. 8-3b, and 8-3c, the income statement, balance sheet and financial 
performance ratios of PPCC are shown. 

Based on the average purchase price to the generating companies of 489 ZlIkWh forecast for 
1994 and the avoided cost to CHP piants estimated at 603 ZllkWh, the revenue requirement 
that PPGC needs to provide a return of 6.0 percent on its revalued net assets is 563 Zl/kWh. . 

All these are expressed at 1992 price levels. 

Considering the mid-1992 average bulk purchase sale price of 337 Zl/kWh. this represents a 
real increase of 67 percent. 

RLG. Hagier. B a i l y .  Inc. 
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HEVENUE AND COST OF SALES OF PFYX 

eJ Case psebas\pse001 
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1: rhibil 8- 3) 
I3Al ANCE Sl E E  T - 

AC I I IA l  I 1W1 SKlE SlECl F l  f K1 fY ) f  NC f3G1 IYCZN 1 
ASSt  1 S 

Flxod Assets 

Caplal  Assets 

Gross FtxedAss&ls 

Flus 11 aislet s 01 GI 1c1 horn I K s  

Flus lraralers o l  f\rrnfmd Sltwaye 

l o h l  A d p l m d  G t o a  f ~ x a d  h r e b  

I'lrm l\evJuatron lo 19W 

Flus Revdualon aHer 1992 

Revalued G m s  rmed Assels 

l ess Accurnulaled Deper la1 o 

Oelrec~atwn or1 lraralers 

f lavalmd I)ep e r ~ a l ~ ~ r ~  

D e p e c u t w ) ~ ~  or1 Hevalualton 

l o l r l  Accurnulalsd Depoc ta tmnn  

Nel f wed Assels 

Cap~lal  Wotk In R o g r s s  

Advat~co Payn~er~ts 

Patents h ltcenaas 

Ftnanci J Inves l rnenb 

Shares In other Compan~es 

Long Term kcou r i t s  Rece~vabh 

Cwren t  & ? o h  

C1ventorws 

Accounts Receivable 

Incoma Tax Racewabb 

Oltwr Accounts Rece~v&la 

Cash a l  Bank and on Oeposrl 

T O M  C u r o n l  A s s o b  

TOTAL ASSETS 
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Exhibit 8- 312 
I INANClAl  I'LHFOAMANCE I3AI IOS - I'I'GC 

C A I  1 I S K I  S I C  I I I K N L Z N  E S l l M A I E  FORECAS 1 

1891 1 Year 1 nd --- I )ecerntwr 31 1807 

2 R'X, 

5 O ' X ,  

5 1 1  0 

571 U 

5 B W  

3 5% 

2 ?'% 

3 02 

W 8% 

6 72 

2 0 5  

0 92 

.i i f l 'k ,  

I K ) M t S I K  S A I L S  
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Sates Hewerlue(ZI) Afirlual Growlh % 

Avorapo I v l H  ZlPwh 

Averags Energy Tarrn n h w h  

AW C a p  Tatrn - '000 ZIIMWlnio 

INCOME RATIOS 

Dp kuor rw l  Nel  Assels % 

Bt W H E  Irarmler o l  Assets/Costs 

AT I E R  Trarnlsr  o l  A s a e b / C o r b  

Op I r ~ c o r y  @Her Dep'111 Sdk6 % 

BEFORE Irmsler  of AssshlCosls 

AkTE f i  Trarnlsr  o l  A s a o b / C o a b  

Nol I r~cor r~e l  Total EqtMy % 

BEFORE Ttars lu of AsselslCosls 

AFTER Traraler o l  Asseb/Cosls 

C A S H  FLDW R A l I O S  

Oebt Sarwhy Ratm 

BEFORE Tramler of AsselslCosk 

S o n  Fincwmp flatlo 
BEFORE T r @ ~  of +sets_/Costs 

BALANCE StiEET RAI IOS:  

Curant  R a e  

Cash at Bank to Sales monlhs 

Accts Rece~vaMe to Sales rnonlhs 

Debl to Equity Ralro % 

BEFORE Traralw of AsselslCosk 

AF 7 ER Tramler of AssekICosk 

Ropc ted  

Case psebas\pse001 
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CHAPTER 9: CNCONSTEWIXED FLVAYCIAL AYALYSIS OF THE 
DISTRIBCTION SYSTE-M 

9.1 OBJECTTt'ES .AND APPROACH 

In this chapter, the financial requirements for the total distnbution system and the resulting 
average - system-wide tariff at the distribution level are developed with an emphasis on 1994. 
AS was done with the generating system in Chapter 5 and the transmission grid in Chapter 8. 
the objective was to determine the revenue requirements of the disu~bution system so that 
this system can become a viable commercial activity. 

AS in Chapter 5. the financial forecast of Chapter 9 corresponds to a scenario of 
unconstrained tariff increase and instant asset revaluation. In Chapter 1 1, these results are 
subjected to different assumptions in order to arrive at a financial forecast that is constrained 
by the need to limit the impacts of tariff increases and by the feasible extent of and schedule 
for the revaluation of assets. 

It is the Polish Government's policy to adopt uniform bulk sales tanffs for all disuibution 
companies and allow each company to set its retail tariffs based on a regulated profit but 
according to the specific cost suucture of each company. It is relevant to the objectives of 
this srudy to determine the variability that can be expected among the average retail tariffs of 
different distribution companies. Therefore, in addition to the consolidated case, three 
individual distnbution companies were analyzed -- namely Warsaw, Gliwice and Bialystok -- 
which represent major urban. mid-size urban. and rural distribution companies. 

The analysis of distribution costs and the required financial revenues and average tariff at the 
level of the distribution company customers was based on a consolidation or aggregation of 
key income statement and balance sheet data for the 33 distribution companies. 

The consolidation was prepared by the Economics Department of PPGC from the "F-02" 
accounting returns from the individual distribution companies. 

The analysis of 1989-1992 includes high-voltage lines and substations that were carried on 
the books of the distribution companies before being transferred to PPGC in January 1993. 

RCG, Hagler. Badly, Inc. 
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9.2 HISTORICAL F3X.L.SCI.U REVIER' ,LVD .l'liALYSIS 

it should be noted that the 1989-1992 analysis includes high-voltage transmission assets. 
Thus. in 199 1. distribution losses shown at 1 1 .65 percent include losses attributable to 
transmission. which are estimated at approx~mately 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: 

In 1990 and 1991, the ratios of operating mcorne to sales (after allowing for depreciation 
based upon the 1990 PSO (Polish Statistical Oftice) asset revaluation were 10.4 percent and 
8 . 1  percent. respectively. T b s ,  in rum. amounted to an operating income to net assets 
rerurn of 3.4 percent and 3.9 percent, respmtwely. 

Average Selling Tariff 
(ZlIkWh) 

Average Purchase Cost 
(ZVkWh) 

Ratio (percent) 
L 

It is worth noting that consistency has been maintained in these ratios despite the massive 
inflation that has occurred between 1989 and 1 W-. 

9.2.2 Balance Sheet Ratios 

1989 

19.9 

n.a. 

n.a. 

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. Badly. Inc. 

1990 

213.4 

135.3 

157.7 

1991 

354.0 

221.7 

159.7 
1 

1992 
(-4 

542.1 

339.1 

159.9 
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At least three different financial criteria are possible for the distribution system. They 
correspond to different levels of risk and different possibilities- of financing, and result in 
different revenue requirements. 

Criterion A - No Net Increase in Overall Debt 

This criterion requires that there be no net change in borrowing or indebtedness over the 
1993- 1997 period (a four-year period), although short-term borrowing to smooth out 
fluctuations is allowed in the intervening years. This criterion means that all capital 
expenditures plus all working capital increases must be paid for from cash flow, taiung - 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 hlgher 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 capitai 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-fmancing 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 workzng capital (that is, 
increases in accounts receivable and inventories). In other words, a self-financing ratio of 
100 percent would mean that only the cost of fixed capital expenditure is paid for from 
mternal cash flow. Increases in working capital could still be financed by increased bank 
borrowing. 

RCGI Hagler. Badly, Inc. 



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 rhe "F-02" statements for the distribution companies 

c 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 CS 
$1.00 equals 13 .W Zlotys). 

Energy purchase costs were ~nput from the results of the financial analysis of 
the transmission grid in Chapter 8. 

b Operating costs for 1992 and subsequent years were based on 1991 costs 
(adjusted for the transfer of transmission assets) plus an mflation 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. 

w Annual depreciation expense was computed at 5.0 percent of average gross 
fixed assets in service. 

Interest expense (net of mflat~on) was computed at 11.0 percent per annum. 
based on average outstandmp debt. 

w From 1993 onwards. cap~tal expenditure was assumed to be the sum of two 
components: 1) a component proponional 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. 

Worlung capital is based on 2.0 months' sales in accounts receivable. l h s  is 
hgher than in the past; however. as the economy becomes increasingly 
privatrzed. it is likely that the uend will be towards an increase in average 
outstanding receivables (which were just under 1 month in 1991). 

R c ~ ~ ~ a g i e r .  Bully.  tnc. 



L3CONSTRiKED FZNllVCWL XYXLSSIS OF THE DISTRIBLTIOS SYSTE31 9.6 a 
To avoid fluctuations over the period 1993-1997 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 RESLZTS FOR THE CONSOLIDXTED DISTRIBLTION SYSTE31 

Exhibit 9-1 shows a balance of energy sales and purchases tor 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 ZYkWh for the penod 1994- 
1995. This represents the required average retail tariff at pnce levels of 1!392 and is 
equivalent to 5.9 US centslkwh. Compared with the mid-1992 average retail tariff. this 
represents a real increase of 45 percent. Using this criterion. the operating and financial 
ratios for the consolidated system are shown in Exhibit 9-Zc. 

The operating and financial ratios of the consolidated distribution companies using the 6 
percent return on net assets criterion are presented in Exhibit 9-Zd. Using this criterion, the 
forecast revenue requirements at the retail level would be 847 ZlikWh in 1994, or a 56 
percent increase from mid- 1992 levels. 

The operating and financial ratios of the consolidated distribution companies using the 100 
percent self-financing ratio criterion are presented in Exhibit 9-2e. Using this cntenon. the 
forecast revenue requirements at the retail level would be 739 ZlIkWh 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. 

RCci. H a g e r .  Baliiy. Inc. 
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P R O  -FORMA 

. - .... 

. . r FORECAST .. , 
W! End .I= W-!?-bE !! 1. 200P 1 

- - -- --A 

~ F S  ~kd -@80e: - .- 

rrurrnbbn (z l!Okv)& SI141bm _ 

w--- _ - -- - 

sublre."! --- 
3tu F e d _  Z T.3@ hi.!! 
4ai FlxLd lT.- ki?b - 
t U  e-0.P'-lb" -- 

N.1 F w d  6 Tanpibk A s n ~  

:+I W5-  - h-R-088 -- 
GoodwY - -- - 

l D T M .  ASSETS EMPLOYEU - -- -- - - -- 

R m u v e  for Asset Revaluabon 

Relalnod Earnings -- - Prw Ye- 

Cucent Year's Nel Income 

Zloty at B s e  Year Pcms 

se OISCOBAS\&~IO~ I 



I 
I 

Iu
 [

u
 [m

 18
 i= 

1 
is 

IS. 
I2

 I3
 I9

 I 

d
 

I 
u
 

N
O

.
 

5
3

: 





I 

! 
1 

i
i

:
 

1 
1 !

5)
5 

1.1 
1 

!f
 1: 

jg 
,

.
+

 
11 

: 
i

;
~

;
:

 
: 

I 
I 

I
;

/
;

(
 



L3CONSTR4B'ED FD;AVCIXL .LVALk'SIS OF THE DISTRIBLTIOY SI'STE\I 9.14 

9.5 SL3IMARY OF RESULTS OF THE L?('CONSTR\ISED FTSAXCIAL 
A'ALYSIS OF THE CONSOLDATED SYSTEhl 

Exhibit 9-2f shows a summary of the results of the financial revenue requirements analyses 
for the consolidated generation. transmission and distribution system. For the distribution 
system. the most strongly recommended financial criterion was used: that is. no Increase In 
overall debt. 

9.6 CASE SRDIES FOR DISTRIBCTION COILIPA.IES 

In order to study the effect of uniform bulk sales tariffs on individual distribution utilities. 
the financiai outiook of three companies was examined. The financial and operating ratios 
for the distribution company Bialystok are shown in Exhlbit 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 Dismbution 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 different 
criteria are shown in Exhibit 9-6. Because the capital investment forecasts for each of these 
comparues were not available, they were estimated on a basis that is not directly comparable 
to the forecast available for the consolidated distribution system. Thus. the results for these 
cornparues are only valid to establish relative differences among them and not in relation to 
the entire system. Nevenheless. the following conclusions are possible: 

The spreads among the average retail tariffs of these companies are 60.0 
percent, 50.2 percent, and 38.92 percent corresponding to criteria A. B and C 
above. 

As might be expected. tariffs for Bialystok (rural area) are consistently the 
highest while tariffs for the heaviest industrial area Gliwice are consistently the 
lowest. 

RCG. Hagier. Badly. Inc. 
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Exhibit 9-3. 
OPERATING AND FINANCIAL RATIOS - BIALYSTOK 

DISTRIBUTION COMPANY 
Critarion = Zoro DobI Incroarre 

........ .- . 

kCNN ACTUAL POLWH MSTRlWTKW . . . . . . . . . . . . . . . . . . . . . . . .  FOR!S!!!!T ....... 
lea0 1m1 Y e u  End -- 0.rwcrrkr-81 . 3!!!4. .. .--toor-I ....... 1W5 1 . *  - 18(# 

C u m :  DISCOBASW001 RCWHAGLER. BAlUY. Inc. 

P11e Name Q \pobopor~orhrbne9_3 wk I 

29 An 93 



Exhbit 9- 3b 
O E R A T I N G  AND FINANCIAL RATIOS - BIALYSTOK 

DISTRIBUTION COMPANY 
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Exhibit 9-4. 
OPERATING AND FINANCIAL RATIOS - GLlWlCE 
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Exhibit 9-3c 
OPERATING AND FINANCIAL RATIOS - BIALYSTOK 
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Exhibit 9-SC 
OPERATING AND FINANCIAL RATIOS - WNISAWA 

DISTRIBUTION COMPANY 
Criterion = 100% SOH Financing Ratio 
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CHAFER 10: IMPACT OF TARIFF INCREASES 0 
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 intenst. 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 1M)USTRY 

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 Poiish 
industry now is so overpowering that it is difficult to predict what cost/price structures will 
x when "normal' conditions return. Third, prior to 1990, internal incentives for Polish 
industry were perverse, and in many cases, cost reductions resulted in reduced profit.' 

Also, because electricity shortages were common, managers would take steps to reduce the 
potential damage to production that results from input shortages. If they incurred extra costs 

' For an elaboration on the iocentwes embedded in socinliLed industy in Poland, see Kharas (1991). a 
m ~ ~ a g i e r ,  Bally,  Inc. 
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to avoid shomges, they protected their a b l y  to meet production targets and were rewarded 
with increased profits. In addition, it was common to contract for much more capacity than 
was actually needed (however, capacity was seldom drawn upon). Therefore, in calculating 
the cost of electricity to an enterprise, the cost per kwh may appear to be very high. This is 
not necessarily due to having used a great deal of energy, but to spreading the capacity 
charge over the energy that was used. A more rational contract for capacity would have 
shown reduced energy costs even if the amount of energy, production and all prices . 

(including the prices of demand and energy) had remained the same. 

Last, there were no standard electricity rates prior to 1990. Firms had their own individual 
rates, even if they operated under circumstances similar to those of other firms in the same 
industry.' Similar problems with other inputs make most cost/price data prior to 1991 
irrelevant. 

Since 1990, Polish industry has been in disequilibrium, making it difficult to determine 
"normal" costrprice relationships. Some of the dimensions of the disequilibrium include: 

r 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 M y  established operating rules, nor are their 
managers operaung under private incentives. Furthermore, i n d u s ~  lags other 
sectors in privatization. As of September 1992, pnvate 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 indusuy. 

r Roper revaluation of industrial assets has not been completed. Thus, actual 
capital costs cannot be determined. 

r International tmk has ban liberalized, and many firms are responding (o 

international prices for the first time. However, most are only beginning (o 

adjust their production to compete in freer markets and full adjustment will 
take time. 

' To illusvuc the range of elect~icity nta facing Potirb induty,  consider the avenge ma per kwh, as 
experienced in 1990.91, as reported by GUS. F u L r  and E ~ g y  Staist ia  (October 1992). Table 2(67) reports 

a the costs per k W h  for 22 industries. The average cost was 441 ZllkWh, but the standard deviation was 83 21. 
Therefore, 95 percent of industrid electrical energy wsts would have fallen in the 293 ZI to 547 21 m g e .  
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w For political reasons, h s  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 cumnt production levels. Wages are kept 
under control by an "excess wage tax," which applies to all employment in 
public enterprises and government. In general, as production has been cut 
back, labor forces have been reduced by much less. 

This last point probably affects the pattern of recorded electricity in production. If firms 
respond to reduced demand by cutting back production but not employment, then the use of 
resources that support employees may be reduced by less than output is reduced. Excess 
employment wastes not only labor. but it also wastes the resources that support labor. In the 
case of electricity, as the same number of employees go through a scaled-back or slowed- 
down set of activities to produce less output, the amount of electricity consumed is not likely- 
to drop by as much as output. Electrical devices will still be operated simply to keep the 
excessive number of workers "working. * Under these circumstances, it is likely that as 
output drops, the electricity input per unit of output increases. 

Exhibit 10.1 illustrates this phenomenon using data for 23 industrial branches over the period 
1987-1991. For each industry it shows kwh per million zlotys of value added, in constant 
1990 zlotys. It also shows real valuoadded 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 k w h  to value-added ratio should rise most where value-added per 
employee has fallen most, whch also appears to be the case. For example, in coal mining 
and fuels production, the ratio has risen about 60 percent and 100 percent, respectively. At 
the same time, value-added per employee in coal (the most notorious case of maintaining 
employment despite demand conditions) has fallen by about 40 percent and in fuels by 60 
percent. In indusq 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 incr&ngly 
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 

m a g l e r ,  Ballly, Inc. 



ELEClRICITY AND EMPLOYMEhT IN POUSH INDUSTRY 
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EXHIBIT 10- 1, page 2 
ELECTR.tCITY AND EMPLOYMENT IN POLISH INDUSTRY (coat.) 

ELECTRICAL, & ELECTRICAL 
MACHINERY 

kWHlV A 154 138 13 1 124 119 

V A/Empl. 34.6 40.5 41.9 42.7 39.8 

CHEMICUS 

kWh/VA 446 425 495 57 1 5% 

VAIEmpl. 106.5 115.9 103.0 82.0 62.6 

CON!SI'RUCTION MATERIALS 

GLASS 

k W h N  A 215 200 245 3 29 350 

V AIEmpl 52.4 57.1 50.3 37.5 34.9 - - - - --- - - 

CERAMICS 

k W V A  144 149 156 189 228 

VAIEmpl. 43.7 49.2 49.4 38.5 3 1.5 

11 WOOD 

1) VAIEmpl. 31.7 35.6 46.5 33.4 25.4 

11 PAPER 

I VAIEmpl. 

TEXTILES 

k W W V  A 176 162 154 222 203 

VA/EmpI. 44.3 50.7 52.7 31.4 30.3 

11 CLOTHING 

LEATHER GOODS 

k Wh/V A 54 50 55 68 6 1 

VAIEmpl. 31.4 34.8 30.1 24.3 23.5 



ELECTRICITY AND EMPLOYMENT IN POLISH INDUSTRY (cat . )  

SOURCE: Ministry of Industry and Trade. Energy Information CMter, CHARAKTERYS TYKI 
ENERGO-EKONOMICZNE GALEZI I BRANZ PRZEMYSLM (1992) 
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under "normalw 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 t 0 . k  so. 

The data in Exhibit 10-2 can be used to indicate the importance of electricity in total industry 
costs. Column 1 shows the number of kwh per million zlotys of output sold in 1991 for 
main industries. Because data on the actual electricity rates paid by each industry are not 
available, the average price paid by the industrial sector in 1991 (342 ZlIkWh) was used. If 
all industries paid the average price, then electricity cost as a percentage of sales is the figure 
shown in column 2. If all industries had exactly zem profit in 1991, then costs and sales 
would be equal and column 2 would approximate the percentage of electricity cost to total 
cost. For industries that were not profitable (a common event in 1991), the figures in 
column 2 overstate the importance of electricity in total cost, and vice versa. Also, if it is 
correct to assume that electricity intensity increases in the process of keeping employment 
artificially high, then the figures in column 2 would again over-state electricity costs as a 
percentage of the totaL3 

The data in Exhibit 10-2 indicate that electricity accounts for about 3.4 percent of industrial 
costs on average. There are some industries, notably heavy industries, where the proportion 
is higher. The non-ferrous metal industry includes aluminurnwhich is highly electricity 
intensives4 Some chemicals are particularly electricity (and energy) intensive, and among 
construction materials, the main cement production techniques used in Poland are very 
electricity intensive. Nevertheless, electricity costs as a percentage of total costs are not high 
for the most part. The range is generally from about 1 percent to 5 percent of the total, but 
some industries exceed this. 

Partial corroboration of these figures comes from a survey of selected industries based on 
1990 conditions (column 3). These figures are generally higher than the first set, but they 
include cogeneration. The food industry is of particular concern when assessing the welfare 
of households (see below). Separate information on the food processing industry for 1992 

An additional factor m y  cause these figures to overstate electricity as r perceatage of total cost. The 
original source obtains its data from firms that arc relatively large (over 50 employees). If s d l e r  finns arc 
less electricity-intensive in their production technology and if  these smaller firms were included in the cW, the 
figures in column 2 would be lower. 

4 The only aluminum firm has a relatively constant demand of 120 MW. Electricity costs account for 
about 26 percent of total costs marding to a representative of the firm. 
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ELECTRICIT( COST Ih' TOTAL COST 

k WhIProduct 
Sold m 

mrliion ZI. 
1991 

INDUSTRY OVERALL I 100 

Coai 189 

Fuel 42 

Electnc Energy 269 

Electricity Eiectnc~tv u 
Cost u 46 of R of Total Cost 
Product sold (A)  

1991 

11 Metal 58 2.0 4.4 

- - -  

Transportation Equipment 48 1.6 4.4 

Electrical Machinery 7 1.3 3.3 
b 

Glass I 9 7 2.8 

/ ~ c n r m c r  i 78  i 2.7 

I/ wood 

Paper ! 237 8.1 

Textiles I 65 2.2 

Cloth~ng I I5 0.5 

Leather Goods 1 17 0.6 

F d  1 23 0.8 2.1 

Feed 28 1.0 

Printing 21 0.7 

Other 6 7 2.2 3.6 

Source: Some as Table 12.1 except A. W c h  IS the results of a questionire administered by GUS for the 
Mmistry of Industry and Trade. 1990 
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reveals that the overall energy costs (which include electricity) for the first 6 months of 1992 
averaged only 2.6 percent. 

Summary 

Electricity costs are probably not the largest problem facing Polish industry at this time. The 
problems associated with privatization, changing product prices, changing technology, shifts 
in product choice, depressed aggregate demand, and the installation of normal market 
incentives tend to make the problem of rising real electricity prices seem rather slight. 

World Bank (1992) studies illustrate the institutional problems remaining and the incentives 
still lacking before industrial firms can operate on a market basis. State-owned industries 
(the majority) have been slow to adjust and their output still appears to be in decline. 
Mining, some chemicals, cement and aluminum production are intensive in the use of 
electricity. For them, electricity pricing is a major concern, but in these cases, opportunities 
for energy conservation can be easily identified (Pasierb, 19%). Of greater concern to most 
f m s  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 Updare, 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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@ were held with rcved spxialists in various aspects of agricultural and food production. 
. ~ l s o ,  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 confm 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 sewed by a very weak distribution system that 
was installed shortly after World War K5 Many farms would like to install increased 
numbers of electricallydriven devices, but overly loaded distribution systems do not permit 
it. Distribution companies receive many requests for incrravd 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 w~thout  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 nt r d  electrification. Some mml distribution systems w e n  
upgraded in the 1970s. but those improvemeats w e n  Plmd d y  pt serving state faxms. Most state farms are 

now bankrupt. About 80 percent of all farms arc pnvite and .re 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 Zl 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 spxial 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,' the 

Three sou- were used here. GUS (1992a) is r statistical yearbook for gened &ta through 1991. 
GUS (1992b) provides detailed household information, including &to on income and expenditures, through 
1991. GUS (1993) provides abbreviated data, similar in coverage to GUS (1992b). but reported qunrtedy, 
through the third quarter of 1992. Data from GUS documeats ue consistent across documents. 

To abbreviate, the notation 'ycar:qunrter* will be used (e.g., the first quarrer of 1992 is 1992:l). 

m a g l e r ,  Bully, Inc. 
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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 hou~eholds.~ The 
stratification separates households into four categories: 

Employees. Where the head of household works in business and trades, 
including work in state organizations. About 42 percent of all households 
surveyed fall in this category. This group is divided into two classes: wage 
earners and saiaried workers. 

Employeeslfarmers. 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 h s  group. 

Farmers. Where the household's primary income is from farming. Eleven 
percent of households arc farmers. 

Retirees and pensioners. Households in this group receive the largest part of 
their income from pensions, although they may also work in one of the other 
categories. Thmy-six percent of households fall in this group. Retired 
persons fall in the other categories if their income from work exceeds their 
income from retirement. 

Exhibit 10-3 shows a summary of data on households and their 1991 incomes from the GUS 
documents. All data on incomes and expenditures are stated in thousand zlotys, or kilo- 
zlotys (kZ) unless otherwise specified. Households averaged 3.1 persons; households of 
retirees were smaller than average (1.9 people) and those on farms were larger. All income 
figures shown are net of taxes and include social benefits. While there was some variation in 
average household income across the groups, the variation is largely a function of the 
number of people in the household. Per-household monthly net income averaged 2,929 

but ranged from 1,816 kZ for retirees to 4,391 kZ for employedfarmers. 

For P description o f  the survey and -ling tcchque, sae GUS (1992b). pages xxiii - xxx. 

About $266, given average exchange rates for the period. Average per v i t a  net income was about 
$1,130 per year. 

RCGiHagler. Bully, hc. 
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SOVICE. GUS 1lm) 0.216. !.p.arsil. 
*-A -. 0.213. ~ p . n m Q  
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Very little variation in income exists in per capita terms. Per capita incomes on f m s  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 tens. Some inequality exists 
within categories. Within employee households, GUS distinguishes between wage and salary 
earners. Average per capita incomes within salaried households (1,177 kZ per month) 
exceeded those of wage-earning households (858 kZ) by about 37 percent. However, this 
per capita inequality is offset by the fact that wageemployee 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 employedfarmer 
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 nonelectrical 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 h e a ~ g  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 propomon of income spent on eiectricity is generally 
about 2 percent, although it may range up to 2.8 percent for households of retired persons. 

Similar conclusions are reached ~f uui l ty  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" (Gl) applies to 

lo  This exhibit identifies 'savings.' which are defined as income minus the expenditures that have b e a  
specified. Sow families have debts, and debt service must corn out of 'savings.' In other cases. inter- 
household transfers or pfts are d e ,  wtuch would affect the swings category. These cases are labelled 
'savings" but are not savings as n o d l y  calculated. Rnther, they represent an amount of income left over 
after n o d  expenditures that may be d for other purposes, some of which may include saving. It may also 

a be possible that households have not recorded all expenditures (a common occurrace with surveys of thrs type). 

m a g l e r ,  Bailly, Inc. 
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@ about 9.7 million customers. Within that rate class, 1992 average energy consumption was 
1,675 kwh per customer. Average revenue per kwh in that class was Z1 61 9. 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 "employeesn was about 4,400 kZ per month for the same period. I 1  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 (Fl) indicate that farm 
customers spent about 100 kZ per month. GUS data indicate that farm household incomes 
were around Z1 4 million per month. Electricity would have occupied about 2.5 percent of 
farm household income. l2 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 fam 
production conditions in Poland estimate that only about 20 percent of eiectricity 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 elecmcity for household uses. 

In both cases, where household types can be associated with a rate class (as in the case of 
employees with G1 and fanners with Fl), average electric energy consumption for the rate 
class declined between 199 1 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 nonnal expectations about short-run price elasticities. 

I' The GUS data do not cover 1992:4. The income referred to here is for the period 1991:4 through 
1992:3. Thus, the utility data and the GUS data almost mntch up, but not quite. 

l2 It is not very clear wbere 'employeelf~nner' or 'retired/pensioner' households fall within electric rate 
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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 199 1 and 1992, but only through lW2:3. The GUS data are 
expressed in current zlotys of the quarter in which they occur. Unfortunately, quarter-to- . 

quarter inflation is high enough that simply adding the last four quarters together gives an 
under-estimate of expenditures in zlotys at the end of period. Simple quarter-tquarter 
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 l992:3. l3 

As of 1992:3, "employeew household energy expenditures had reached an average of about 
7.2 percent of income, up from about 5.3 percent in 1991 and from as low as about 3 
percent in the late 1980s. Energy expenditures required an even greater share of pensioner 
income, about 11.8 percent in 1992:3 up from 9.8 percent in 1991. Further, it is worth 
noting that average total expenditures of pensioners actually exceeded their household income 
in late 1992. 

Because these data do not separate expenditures on electricity from those on other energy 
resources, the price increases that have occurd 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 "mal and other fuels"; thus, price increases are 
known. For coal and other fuels we assumed that prices increased about in line with 

l3  For example, food expenditures for the 1991:4 quarter .re adjusted u p w d  by the amount of inflation 
occurring in f a d  items during each of the subsequent quatcrs, 1992:l-3. a 



Exhibit 10-5 

Monthly Average Household Budgets, 1 992:3 
('000 ZI of 1 992:3) 

@ A. Employees' Households 

Per Capita Household % of Income 
i 

Total Expenditure 1221.8 4325.2 86.4 i 

Food 51 3.5 1 181 7.8 I 36.3 1 
Alcohol,Tobacco 1 37.0 1 131.01 2.6 1 
Clothlnq 88.0 1 31 1.5 1 6.2 1 
Hous~ng 139.5 i 493.8 1 9.9 1 
Health 57.2 1 202.5 1 4.0 1 
EntertatnmUEduc. 125.5, 444.3 i 8.9 1 
Transp,Commun. 94.6 I 334.9 I 6.7 1 
Energy 102.4 : 362.5 I 7.21 
Other 64.1 1 226.9 1 4.5 1 

I I 
Savings 191.8 1 679.0 I 13.6 l 

, 
Total Income 141 3.6 I 5004.2 1 100.0 

8. Retired Persons and Pensioners Households 

Per Capita Household 
1 

Total Expenditure 131 3.9 : 2525.3 ' 100.9 1 

Food 646 8 1 243.1 49.7 1 
Alconol.Tobacco 35 0 67.3 2.7 1 
Clothmq 64 6 124.2 5.0 / 
Housmq 148 3 285.0 ' 11.41 
Heaith 77 6 149 1 6.0 1 
EntertanmUEduc. 70 2 134.9 5.4 1 

Transp.Commun. 65 6 126 1 5.0 1 
Energy 154 1 296 2 11.81 
Other 51 7 99 4 4.0 1 

1 

Savmgs -11 8 -22.7 -0.9 
I I 

Total Income 1302.1 1 2502.6 1 100.0 

Source: GUS (1 993). 
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inflation, i.e., by 40 percent. During 1992, the cost of heat and hot water to households was 
. increased in nominal terms by about 169 percent. Heat prices increased by 158 percent and 

hot water by 180 percent, while electricity and gas prices rose by 42.5 percent and 89.6 
percent, respectively. 

Meanwhile, household incomes were increasing in nominal terms about in line with inflation 
(44 percent). Thus, as the price of electricity was rising, its proportion of energy 
expenditures was falling" slightly since electricity price increases kept pace with the general 
inflation rate, while other energy forms had price increases exceeding inflation. By the third 
quarter of 1992, electricity probably represented about 30 percent of the "employee" 
household energy budget expenditures and about 2.2 percent of household income. For the 
pensioner household, electricity may have represented only about 22 percent of energy 
expenditures, but about 2.6 percent of the total household budget. 

After 1992:3, GUS data are not available, but the scheduled 1993 price increases for 
electricity, gas, and heat & hot water are known. (In the absence of more detailed data, we 
again assume that coal and other fuel prices keep pace with inflation.) These data, also 
reported in Exhibit 10-6, permit us to approximate the contribution of electricity and other 
types of energy to the household budget as of the end of 1993. While other fuels (notably 
heat & hot water) will experience even greater price increases, retail electricity prices will 
..;crease more rapidly than inflation through 1993. Electricity is expected to consume a 
rising share of the total budget, in the range of 2.6 to 3.1 percent. Further, the statistics 
suggest that total energy expenditures will increase by about 25 percent in real terms, 
representing about 9 percent of the "employee' household budget and almost 15 percent of 
the pensioner budget. 

Two reasonable interpretations of this data are possible. They can be summarized briefly as 
follows: 

(1) Because households spend only 2.5 to 3 percent of their total income on 
eiectricity, 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. 

" This discussion assumes tha! the households in question have district heating and hot water. Both 
'employee' and 'pensioner' households arc likely to be in cities and therefore likely to be district heating 
C I L S t o M T S .  





IMPACT OF TARIFF INCREASES 10.21 

(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 perunt of a pensioner household 
budget by 1994, Of course, households must also adjust to some dramatic 
price increases outside the energy s t o r .  

Households would also be affected indirectly if electricity price increases were passed on to 
producers of the other things that households consume. Most important in the household 
budget is food. Fortunately, food production in Poland is not parucularly electricity 
intensive (see the discussion above on industry). About 2.2 percent of the costs of food are 
attributable to electricity inputs. If real electricity prim to fwd  producers increased by 75 
percent as well, given that food occupies about 35 percent of the household budget, 
expenditures on food would increase by about 0.6 percent. 

Transportation may also be important since most people commute to work on electric trains. 
Evidence suggests that only a very small part of a typical household budget is spent on 
electrically driven, public transportation. According to GUS data only about 1 percent of the 
budget is spent on passenger transport and about another 1 percent on freight. Since only 
5.6 percent of the rail system's costs are for electricity, the impact of electricity price 
increases on households, acting through the rail system, would be negligible. 

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 &ta upon which they arc based a n  very weak. Furthermore, much 
depends upon what happens to household incomes as electricity prices rise, and on how 
households reallocate their expenditures. 

The impact of a large electricity tariff increase on household budgets may at first appear 
negligible. Taken in the context of a rapidly rising prices in all sources of energy and in 
other sectors of the economy, the adjustments appear more burdensome. Further, even a 3 
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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. Books arc issued once per 
year and are based upon forecast consumption. At the end of each year, adjustments ant 
made for consumption that was different than the forecast and for rate changes that occurred 

@ during the year.17 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 yearend can give the impression that conservation doesn't pay. 

' In 1992:3, GUS data indicpte that the household budget of retired persons and pensioners 
(representing 36 percent of all households) exceeded monthly income by almost 1 percent. 

l6 In light of the pol i t id  WIT of electric miff inc- and the difficult economic position of many 
low-income famiiies in Poland. oae optlon to consi&r 1s a rsidcntid tariff with two or t h e  r a~e  block. 
Given the penan of resideatid electnc consumptloa m Poland, such a step may give relief to lower-income 
families witbout affecting average hrmlres very much. The amount of electric energy consumad by the lowest 
consumption group is so s d  thai the revenue loss ~ssociottd wth 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. Tius ophon is discussad in more d w l  m Chapter 10. 

" This c ra t t s  a fio.ncid problem for the eatire utility system. Cumt ly ,  generators bill PPGC every 
five days, but settle accounts monthly. PPGC does the spm for distribution companies. However, distribution 
compmes experieoce a lag in receiving revenue, since they collect from ad-users based on forecasts, with a 
large adjustment in the bill at the end of the year. Paymnt booklets arc is& y u r  round, so some crtch-up 
payments are received at all times. However. wbeo tariffs arc increasing rapidly, the resulting revenue 
increases trickle into the distribution compmes over the course of a year. Yet the distribution companies must 
settle wounts  with PPGC monthly. 

m E l a g l e r .  Badly, Inc. 
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Furthermore, customers may not know how much they are consuming month to month 
because their bi-monthly payment gives them no guidance. Finally, even the utihty 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 ser~ice.'~ Without this information, it is not likely 
that rational decisions can be made about electricity consumption. 

Conclusions 

Electricity expenditures represent a small portion of the average household budget in 
percentage terms. Expenditures related to all energy requirements, however, represent a 
more significant share of income. Statistical data suggest that if electricity were the only 
good needing a significant real price increase, this increase could be passed to final 
consumers without damaging household welfare. Unfortunately, electricity is only one of 
many goods in need of real price adjustments. Therefore it is reasonable that policy-makers 
call for gradual real price adjustments as the electric sector moves steadily toward tariffs 
which provide for full financial cost-recovery. 

Based on discussions with PPGC management, which in turn reflect PPGC discussions with 
the Government, we believe that real tariff increases on the order of 10 to 15 percent per 
year represent the maximum acceptable average annual upward adjustment of prices in 
today's economic environment. Thus, although the pure financial evaluation presented in 
Chapters 8 and 9 identifies the need for greater tariff increases, it is recommended that 
financial leverage be employed to "phase inn tariff adjustments gradually over several years. 

" It is not uncommon for meters to be unrepd for as long as two yeus. 

l9 Racently, a Polish rescptrh foundation rttemptd to solicit i n f o d o n  about energy consumption from 
individuals in focus group settings. Pmple wen psked about how much they wen spading on electricity. 
Responses were over twice what one would have expected from other information. This exercise revded tbat 

people could only guess what they spent on electnctty. 
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CHAPTER 11: CONSTRAINED F'INANCIAL ANALYSIS a 
In Chapter 9 it was concluded that if revenues at retail Ievel 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 deveiop a 
perception of the range of results that can be expected. 

11.1 CONSTRAINED CASES 

It is appropriate to refer to the financial analysis completed in Chapter 9 as the unconstrained 
analysis in the sense that is not affected by limitations external to the power sector. The cases 
to be studied in this chapter are all constrained by combinations of the following: 

a ceiling on the red 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 - Tarif'f 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 pubIic 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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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 - Tax-if'f Increase Restriction and Grsdual Asset Revaluation 

Based on discussion with PSE it appears that a gradual revaluation is possible and it has been 
assumed that, by 1997, gross assets could be valued at 100 percent of their replacement cost 
while depreciation allowance may be limited to only 70 percent of revalued gross assets. 

Case 3 is considered to be the most likely scenario and therefore sensitivity analysis with respec.t 
to major uncertainties are made keeping the same constraints. Two cases were considered: 

Case 3a - High Capital Investments in the Genenation System 

The analysis described far estimates that the system will need approximately six biUion 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 CONSTIUINTS 

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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llo3 e 
.' out in Chapter 5. Therefore, the financial forecasts for 1994-1997 presented in this section are 

less accur& than those presented for the unconstrained caw. 

However, in order to allow for clear comparison against the unconstrained case, completed in 
Chapter 9 the results for this case are first presented, in Exhibit 11.1 in the same form as that 
will be used for the constrained cases. 

11.3 RESULTS OF THE ANALYSIS OF FINANCIAL CONSTRAINTS 

Case 1 - Tariff Increase Restriction Only 

The results of this analysis are shown in Exhibit 11.2 where it can be observed that average 
retail tariffs in 1994 are 15 percent higher than 1992 levels and increase an additional 15 percent 
by 1995. After 1995 only a 10.9 percent increase is requlred 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 WkWh to 351.0 ZlIkWh. 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-toequity 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. 

m / H a g i e r .  Bailly, Inc. 
1. 



Exhibit 11 -1 
NON-CONSTRAINED CASE 

Asrumpbonr: 
F w d m i n c r . . u : N o m u n t  
A u a t  RrJJuhm: 10096 d ropluunontcat by JMuvy 1994 

a T u  dtowvre from Doprcabcl: 10096 ui @runont cost by Anuuy 1994 
Invu8n.ntr in ~ m t . t i o n  1993 - 1997: U S  5.8 billion 
F w d  LDU* CM*: doerwring 

Rnmcul critwia fw DCs: no bonowiq 

i I ESTIYATE I FORECAST 
1 l0oz 1 1BM 1 19215 ! 1SW 1 Q97 

AVERAGE TARIFF8 - Z11lrWh (at mid 1 W2 prim I d s )  
D m u b o n  Com- 542.1 1 785.0 1 7W.O 1 795.0 SO5 0 

1 PSE 336 7 1 563.0 1 557.0 1 559.0 571 0 

j GonuabonSys~m 300.0 1 M . 9  I 467.2 ! 490.6 501.2 , 

REfURN ON NET ASSETS (mdud) - X 

Dmmbubon C o m p ~ w r  0.0 I 1.5 1 2.3 1 1.7 

, PSE 6.1 1 5.9 1 6 0 1  5 9  / 
G.rwtabon S p w  7.2 1 6.8 I 7 0  1 7 1 

1 AVERAGE T A W 8  - US curh/kWh (d d d  lDOZ prkr W) 
Dmtnbubon Compvwr  I 3.99 5.77 I 5.77 I 5.85 5.92 

PSE 248 1 4.14 1 410 1 4 1 1  4.20 1 
Gmta ten  Sworn 2.21 I 3.9 I 3.58 I 3 6 1  ' 371 I 

I 
I NET 80R#3WING / CASH DEFICIENCY (SURPtUS) (billbru zbly) 

Dmtnbubon C o m p ~ v  1 (9.434)l (9.256)l (9 489) / (1 0.081 1 

I lHCOUE TAX R#l W - Wbnr Zl. I 
Dmtnbubm C a p r r r  1 355 2.172 1 2.51 1 2 363 1 

PS E 632 1 543 1 505 4.54 

Gonulaon Sys- 28% 1 2.945 3.255 I 3.803 

Toid 4882  1 5 6 6 0 1  6.271 6.620 

NOTE: Income a ud t r h  paiben d m  *an h R u e  c u m  m chap* 1 - 1 1. 
M. i kcvu ch.prt.  1 - 11 hd m s u n o d  uut rwdrubon d D r u n k r .  1992. 

PSE -- Rogrvnmd LTD I 1 4.000 

Cwh I (3.769) 

File : g:\pd\ropodoxhibinell - 1 .wkl 

7.250 
(6.578) 
(2.387) -.lion Sysun I 782 

10.000 
(9.007) 

(4 .W)  

10.500 

(1 1 .6SQ 

(7.995) 



Exhibit 11 -2 
CONSTRAINED CASE 1 

Tariff Increase Restriction only 

hsmi FWdu8ba-1: 100% of roplacmont c a t  by January 1994 

Tax allowance from Doproclabon: 100% of r.piecm.nt cost by January 1994 
Invrirn.ntll In gumralion 1993 - 1997: U S  5.8 bill~on 
F i x d  Oprabon Cosm: d u r w i n g  
FIW~J crit.ri. for DCs: M borrowing 

, ESTWATE I FORECAST 
I 

1002 I 1994 r 1 9 H  I 1 O M  1997 

1 AVERAGE TARIFFS - ZllkWh (at mid 1992 prka 1 . 4 ~ )  
' Dmbibubon Canpmlw 542.1 623.4 716.9 795.0 795.0 
, PSE 336.7 , 438.0 465.0 i 545.0 571 0 

I Gmration Systun I 300.0 j 351 .O 385.0 475.0 504.2 
I 

' AVERAGE TARtFFS - US wts/kWh (d mid 1992 pri- kwl.) 
Drntr~bubcm C o m p m u  3 99 450 5 27 5 85 5 85 

PSE 248 1 3 22 1 3 42 4 01 4 2 0  

Gonumeon Sysmrn 2.21 2.50 203 3 49 3 71 

M I 3  BORROWING / CASH DEFICIENCY (SURPLUS) (billions daty) 

Dombubon C o m p u r l r  1 (10.223)1 (10.203)l (10.220)( (1 0.369)J 
PSE - - ~roqnvnrnd LTD 4.000 1 7.250 10.000 1 10.250 I 

I Cash (4.039) 1 (6 968)! (9.033) 1 (1 1 6548 
I G.rwrmnSystm 147501 18.582' 18780' 16 041 

SELF-FlNANClNG RATIO - % 1 
Dmtnbubon Comprnv I 1145 1 124.7 1 1 1 1  9 I 10401 
PS E  390 1 244 1 2 9 2 '  997 1 

DEBT-TO-mum (mvrlurd) wno - m 
Dmlmbubon Com~anm (7 3)' (7 0) (6 8) I (6 7) I 
PSE 13 8 24 4 32 8 33 7 

Gonorabon Systwn 4 7 5 3 7 1 7 3 

R€lURN ON NET ASS- (mJurd) - X 1 

1 
Dmtnbubon C m p u w r  (2.7)l 4 8 3 9 0 7 

PSE 6 1 6.0 6 1 59 1 
Gonoranon S y 8 m  (6 7)' (3 5) 4 6 5 8 

1 

INCOUE TAX fWR YEAR - b l l b  ZI. I 
Drtnbubon Can- 52 1 3 3 0 1  3.169 1 1 943 1 
PSE 613 1 5351 505 453 1 
Gumfaban Systun (3,6591 (2 W7)i 1.037 1 922 , 

, Totd (2.990) 1 1.233 1 4.711 ' 4.318 1 

NOTE: Income tu and cmh position d i  tr#n th. b e  car. in chsptum 1 - 11. 
Thu a b o c w  chap- 1 - 1 1  had 88rurn.a a r m  rwaluaimn a Docombr. 1992. 

File : g:\pd\r.pomexhibitW 1 - 2.wkl 



cxntun r I -3 
CONSTRAINED CASE 2 

Tariff Increase Restriction and no Asset Revaluation 

I I ESTlYATE 1 FORECAST 
1 ~ 2 l  1994 1 1OWI 10W 1997 

1 AVERkGE TARFFS - mWh (at mid 1992 priu I d s )  
Dminbuban Compvvr I 542.1 ( 623.4 ! 716.9 ' 735.0 I 743.0 

i PSE I 336.7 375.0 1 388.0 1 439.0 458.0 I 

1 314.0 338.0 1 379.0 1 393.0 I 

AVERAGE TARIFFS - US crntJlrWh (d rnid 1992 pi- 
1 

Dmtnbubon Compvuw I 3.99 1 4 5 8 '  5.27 ' 5 4 0  5 46 

PSE 2 . e  ! 2.76 1 2.93 3.23 I 3.37 
C m r a b o n  Syslwn 1 2.21 ! 2.31 / 2.49 1 2.79 I 2.159 

NET BORROWlNG I C A W  DEFICIENCY (SURPLUS) (b iubn bay) I 

Dmtnbubon C o m p m r  I I 231 ! 180 / 199 ( 16Q 

DEBT-TO-EQUITY (rmlurd) RAT10 - 9C 

Dsmbvbon C o m w n v  2.9 1 2.2 1 1.9 1 1.6 
PSE 53.9 1 95.0 1274 1 129.5 

G . r m a t m n  Systun  61 .O I 86.3 1 11 1 .O 126.3 j 

I PSE -- Proqrunmd LTD 

I C a h  

RFNRN ON NET ASSErS (mduod) - X 

Dmtnbuixm Compvwr  33.Q 46.7 1 334 ( 25.6 

PSE 5 0  1 6.6 6 3 6 4 

Cwwtaban S y n m  (13 9)l (3 4)! 5.8 5 4 1  

4,000 1 7.250 I 10.000 1 10.250 

! 

INCOME TAX FOR YEAR - bllbrr ZI. 
Dmtribuem C o m p v j r  5.955 9.300 1 6.448 I 7.958 
pSE 135 1 141 1 145 1 172 

; C1.nwcltion S y . m  19.542 1 29,431 1 39,026 1 48.01 8 
I 

Film : p:\pd\r.pommxhitrinoll - 3 . ~ 4 ~ 1  



Exhibit 11 -4 
CONSTRAINED CASE 3 

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

Assumpbow: 
Rotail tarrtl incroau: from mid - 1992 to mid - 1994. 1 5% : thm 1 5% p u  y w  In roal turns 

h 8 . 1  bvduabon: 100% of roplacmwt collt by January 1997 
. Tax dlowanco from Doprocialion: 7096 of roplacwnm coat by January 1997 

Invammt. in gonuation 1993 - 1997: USS 5.8 billion 
Fu.d Opr.tion C a a :  docruing 
Firuncial criteria for DCs: no borrowing 

ESTIUATE FORECAST 
1992 1 1094 1995 1 1998 1997 

I AVERAGE TARIFFS - Zl/kWh (at mid 1992 prica Ievds) 

I Dlstnbubon Companms 542 1 623 4 716.9 814 0 814 0 

PSE 3367 378 0 411 0 517 0 567 0 

G.rmalmn Sysdwn 3000 ' 307 0 337.0 446 0 494 0 

AVERAGE TARIFFS - US t m W W h  (d mid 1992 pr ia  kumk) 

1 Dhinbution Companv 3 99 4 58 5.27 5.99 5.99 

' PSE 2 . a  2.78 3.02 3.80 4 17 

G.rmmwn Systun 2.21 2.26 2.40 3.28 3.63 

I NET BORROWING / CASH DEFICIENCY (SURPLUS) (Mil- doty) 
1 

I Dtmbuban C m p ~ m ~  165 ' 203' 1 99 21 9 
1 PSE -- Proprammod LTD 4 0 0 0 '  7.250 10.000 10.250 

Cash I (1.738) 1 (2.591) 1 (3 429) 1 I 

C.mamn Systun I 1 19.W2 1 29.399 1 34.032 34.356 

I 

SELF-ANANCIUG RATIO - % 

I Dmlnbubon Comp.~.. I 113.3 ' 124 5 1140 103 0 

PSE 11 8 9 5 18 8 87 0 

DEBT-TO-MUFTY (rwdd) RATlO - % 

Dmbibubon Companm 1.8 ' 1.4 ' 1 . 1  1 .O 

PSE 24 8 34.8 38.9 , 34.2 

Goneraaon Systun 28.6 34.3 ! 34.7 34.2 

RETURN ON NET ASSRS (rwdwd) - % 

' Diclt~ibubon Cmpama 15.1 18.0 10.8 2.8 

PSE 6.4 6.0 6.1 5.9 

t m t a m n  Synwn (9.9) I (5.4) 1 4.3 6.0 

INCOME TAX FOR YEAR - hi#- a. 
Dmmbubon Compmu 5.576 8 055 6 886 3 646 

P S  E 543 1 656' 77 1 773 
Gmramn Syrtun I I (2564) 1 (2.409)l 1.245 1 2.338 1 

I 

j Toul I 3.455 1 6.302 1 8.9Q2 1 6.757 1 

NOTE: Incomo tar and ccuh paltion d m  horn U-H Bas0 car. in chaplH8 1 - 1 1 .  

This m b u a ~ m o  chaptns 1 - 11 had assurnd -8.1 revaluatmn at D u m b u .  1992. 
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a 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 1 1-4. 

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 zl30,000 billion. This is equivalent 
to a debt-tquity ratio of about 34%. 

A tariff of 814 zVkwh 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 1 1-5. 

All of the additional investment vnll require to be borrowed -- leading to an increase in net 
borrowing by the generating system. Net borrowing by 1997 would amount to ~173,223 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.c. 846 zl/kwh, as well as the 
highest debt for the generating system. 



Exhibit 1 1 -5 
CONSTRAINED CASE 38 

Sensitivity Analysis to High Generation Investment 

Asrumptionr: 

Roiail brilf incrome: from mid-1992 to mid-1994.15%: Umn 15% p u  yoar ~n r d  tuml  

h1.1 kva lw i ion :  100% of replacmont cort by Jmuaty 1997 

Tax Jlowenea horn Dopruiulion: 70% of r.pl.cmmt cost by January 1997 
Invwtmonfs in gmration 1993 - 1997: USS 9.0 billion 
Fixed Opratron Ccmtl: d r r w l n g  
F i m i . l  tritwi. for DC8: no borrowing 

, ESTIMATE ! FORECAST 
, I 1992 I I 994 lam i 1996 1097 

AVERAGE TARIFFS - zl/kWh (at mid 1992 prkm Imvds) 
D m f n b m  Companlr 542 1 623 4 71 6.9 824 5 846 0 

PSE 336 7 378 0 411 0 524 0 591 0 

Gonumbon Syrtun -0  307 0 337 0 454 0 5M 0 

AVERAGE TARIF?% - US cant./kWh (.t mid 1992 prro h h )  

D~stnbubon Companm 3 99 I 4 58 5 27 606 6 22 

PSE 248 2 7 8 '  3 02 3 85 4 35 

GonusWn S y ~ t u n  2 21 2 26 2 48 334 3 82 

NET BORROWING / CASH DEFICIENCY (SURPLUS) (billbru doty) 
I D~tnbu80nCompanv  i 165 1 X)3 1 173 1 173 1 

1 PSE - - Progrvnmd LTD I 
I 4.000 1 7.250 j 10.000 ' 10.250 ' 

Cash I (1.738) I (2.597) (3.389) 1 (5 483b 
Gonucmon Sysmm 33.796 1 50.709 1 64 911 73.223 

SELF-FINANCING RATIO - % 

, Dntnbmon Cornpanma 113.3 1 124.5 1 1 15.3 105 6 

PSE I 12.0 I 10.0 I 202 1 95 0 

D E B T - T O - E O U ~  (rrvrluod) a m 0  - 9~ 

Dmtnbubon Cornpan- 1.8 1.4 1.1 1 0  

PSE 24.8 ' 34.8 ! 38.9 ' 34 1 

Gumranon System 44.3 55.8 61.2 66.8 

R€WRN ON NET A S S R 3  ( r w d d )  - % J 
Drmbubon C o m p ~ m  15.1 18.0 11 1 3 2 

PSE 6 4  1 6.0 I 6 1 6 3 

Gmtsbon Syat~tn (9 2) : (5.1)! 3 9 6.0 

INCOME TAX FOR YEAR - billlo- a. I 

Dntnbuhn Companmo 5.576 8.055 1 7 030 3 931 

PSE 543 1 656 1 766 836 ' 
Gmtcmon S y a m  (3.098)l (3.323)l 229 1 1.579 1 

Totd 3.021 1 5.388 1 8.025 6.346 1 
NOTE: Incoma tax and cash position difhr from th. Bar0 caso In chaotus 1 - 11. 

Thm m bocauso chaotua 1 - 1 1  had a8surn.d assot rwdusm at D . c m b r .  1992. 



EXhlbR 11 -6 
CONSTRAINED CASE 3b 

Sensitiiity Analysis to Constant Operating Costs 

Auumptionr: 
R&ail twiN iner . r r :  from mid-1992 b mid-1994. 15%: eh.n 15% pw y . a r  tn r o d  turns 
Asset R.vdua6on: 100% of r.placm.nt cost by January 1997 

Tax dlowanco from Dopmiation: 70% of roplumnwrt c a t  by January 1997 

Invumontn in gonuabon 1993 - 1997: U S  5.8 billion 

h o d  Opration C a @ :  comtlVlt 

Rnamld e m u  for DCI: no borrowing 

t 

I AVERAGE TARIFFS - Z k W h  (at mid 1 W2 pri# Iods )  
Dntnbubon C o m p u v r  I 542.1 1 623.4 I 716.9 1 824 5 835 0 

PSE 1 336.7 1 378.0 1 411.0 1 524.0 c 583.0 I 

Guur.bon ~ys*wn m . 0  I 907.0 I 337.0 I 151.0 I 511 0 1  
I 

I ESTYIATE FORECAST 

I AVERAGE TARIFFS - US t.rrt.llrWh (d mid 1992 prk, M) 
j 

Dmhbubon Companwr I 3.99 1 4.56 5.27 1 606 6 14, 

PSE 2.48 1 2.78 1 3.02 1 3.85 , 429 1 

! Gonuawn S y a k  I 221 1 2.26 ( 2 4 8  1 3 3 4 '  376 / 
I 

1994 ! 1 0 0 5  1 19Od 1 QQ7 1 

a I 

SELF-FINANCING RATIO - % 

D t s l n b m  Canpama 113.3 1 124.5 1 115.3 1 1045 ! 

I 

1092 

, 
NET BORFIOWlW I CASH DEFICIENCY (SUFtfLUS) (blllbru zkty) 

DEBT-TO-KXI~ (mrlrwd)  mno - Q I 
D m m b m  C m w m  1.8 1 4  1 1  1 0 1  

PSE 24.8 1 34 8 38 9 341 ' 

G.cwcsbon Syaiun 30.2 ' 37.0 37 7 374 I 

Dnhbubon Compama 

PSE - - Proprunmod LTD 1 
Cmh 

Gonudon S y m  

m F 4 N  ON HET Assm (mrlwd) - X 

I D n ~ v b o n C ~ ~  15.1 / 18.0 I 11 1 1 3.0 

PSE 6 4  1 6.0 ' 6 1 6 3  1 
Cwwrabon S y a k  (1 1.5)l (6.9) I 3 5 6 0  1 

IWCOUE TAX FOR WEAR - bllbrr ZI. 
Drhbutmn Capmmn 5.576 1 8.055 I 7030 3.806 
PSE 553 1 6561 766 829 
Gmraeon S y s m  (3.1 la)/ (3.054) 1 7W 1 2 108 

ToW 3.001 1 5.657 1 8.594 6.823 

1 54 

10.250 
(5.5122 

165 ' 203 I 173 

4.- 
(1.73B) 
21.041 

7.250 
(2.597) 

10.000 
(3.389) 

31.422 36.m , 37.370 
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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 zllkwh, or within -2.5% 
to +3.5 % of the 814 zl/kwh in the recommended Case 3. 

AVERAGE RETAIL TARIFFS - ZUKWH AT MID-1992 PRICE LEVEL 

K(TG/ Hagier. Badly, Lnc. 

Non-constrained 

Case 1 

2 

3 

3A 

3B 

I 

1992 j 1994 
I 

I 

542.1 j 785.0 
I 
1 
I 

j 623.4 
I 
I 

j 623.4 
I 
9 

j 623.4 
I I 

623.4 
I 

I 

623.4 
I 

1997 1 
805.0 

795 .O 

743.0 

814.0 

846.0 

835.0 

1995 

785.0 

716.9 

716.9 

716.9 

716.9 

7 16.9 

1996 

795.0 

795 .O 

735.0 

814.0 

824.5 

824.5 
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11.4.2 Debt 

Except for Case 2, none of the alternatives results in an unacceptable debt-tmuity ratio. Even 
so, it should be recognized that the debt to be incurred- is the result of not implementini 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 mortise 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.21. at mid 1992 price levels). 

With the exception of Case 1 which combines restricted tariff increases with the maximum 
depreciation allowance for tax, all other cases result in similar tax yields. 

Non-constrained 

Case 1 

2 

3 

However, it should be noted that Case 2, which yields the highest tax revenue, is also not viable 
financially. It is the reverse of Case 1, in that it combines the lowest tariffs with the highest 
taxes (resulting from the lowest depreciation allowance due to the assets not being revalued). 

mG/Hagler ,  Bailly , lnc. 

TOTAL 

23,433 

7,272 

26,774 

25,406 

1994 

4,882 

(2,990) 

3,890 

3,445 

22,780 

24,075 

3A 3,02 1 
- - 

1995 

5,660 

1,233 

7,592 

6,302 

5.388 

1996 

6,271 

4,711 

7,920 

8,m 

1997 

6,620 

4,318 

7,372 

6,757 

8,025 

3B 3,OO 1 

6,346 

8,594 5.657 6,823 
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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 shown 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. 

m ~ ~ a g l e r ,  Ba~lly, lac. 
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CASE 3 
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CHAPTER 12: TARIFF DEIGN 

a .  
This chapter develops our recommendations for tariff restructuring. Section 12.1 presents a 
review and evaluation of existing tariffs in fight of information on the long-run marginal cost 
(LRMC) structure and financial revenue requirements as dctermincd 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- 
2/92) 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 EXLSTMC 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 
Zl/kWh in October 1992, and is estimated to be 381.4 ZYkWh as of February 1993 (339.8 
Zl/kWh at rnid- 1992 prices). 

Exhibit 12-1 summarizes the retail tariff structure that came into effect on January 1, 1993 
(No. 7-2/92). The tariffs are based strictly on consumer service voltage, with time-of-day 
rate options offered for each class. Based on billed sales data for the first half of 1992, tariff 
"A" (High Voltage, 60 to 220 kV) represents approximately 31 percent of total sales. Tariff 
"B" (Medium Voltage, 1 to 60 kV) customers account for about 26 percent of total sales. All 
of these customers pay both demand and energy charges. 

Tariff "C" (Low Voltage, below 1 kV) is divided into two classes. The first is customers with 
maximum demand above 40 kW or consumption over 80 MWhIyear (tariff "C2"), which 
account for about 3 percent of total sales. The second is non-residential customers consuming 



EXHlBIT 12-1 
MAPPING OF CURRENT (NO. 7 - 2/92) AND PREVIOUS (NO. 7 - 2/91) TARIFF CLASSES 

1 CURRENT RETAIL TARIFF (No. 7-2192) PREVIOUS RETAlL TARIFF (No. 7-U92) 
squnraknt to - > 

i TarifT Customer Seqmsnt KofSebs 11 Tarif! Cunomer Seament % of Sales 9 I ' 

I 
/ A?f HV - All non-resldenbal 0.1% A9 (3%) W Rail Transport 0.1% 

I (demand, flat energy) 

'A22 HV - All non-residenbal 1% 
(demand, energy - 2 TOD) i 

HV - All noi-residential 29% 
(demand, energy - 3 TOD) 

HV lnd ustry 

HV Industry 

I 

B2' 

MV - All non-residential 9% At 1 MV Industry 3% 1 

(demand, flat energy) A9 (97%) MV Rail Transport 5% 1 

I E l  1 MV Commercial ? % ,  

i F11 MV Large Farms 0.5% ) 
I 

1 822 MV - All non-residential 10% 
; (demand, energy - 2 TOO) 

1823 MV - All non-residential 7% 

1 (demand, energy - 3 TOD) 
I 

A21 MV Industry 9% i 
E21 MV Commercial 0.3% 
F21 MV Large Farms 

A31 MV Industry 

L 

C2 1 LV - All non-resldenhal 2 % B 1 LV l nd ustry 2% 
(demand, flat energy) I 

C22a.b LV - All non-resldenhal 1% 
(demand, energy - 2 TOD) 

C11 LV - All non-residentral 10% 
(flat energy only) 

I C12a.b LV - All non-resldentral 
(energy only - 2 TOD) 

D Street bghts 
El LV Commerc~al 

E2 LV Commercial 1x1 

G11 LV - ResidentlellSrnall Farm 23% 
(tlat energy only) 

G I 2  LV - ResidentleVSmall Farm 6 % 

(energy only - 2 TOD) 

F1 Small Farms 
G 1 Residential 

F2 Small Farms 
G2 Resldent~al 

11 Based on sales data for the first half of 1992. 
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less than 40 LW or 80 MWycar (tariff "ClW), which comprise approximately 11 percent of 
total sales. Only the former group is assessed a demand charge. 

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

Although the current tariff classes do not follow traditional customer classifications (industrial, 
commercial, residential, street lights, etc.), we know the composition of the current classes 
from the tariff s t r u c t ~ ~ ~  that was in effect throughout 1992 (No. 7-2191). For companson, 
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 "Bw) 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 MWhIyear) all also all industrial, accounting for 3 percent of - 

final sales. LV sales below 40 kW are commercial (10 percent) and s e t  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. 7-2/92) and during the last quarter of 1992 (No. 7-2/91). 

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 aiignment with the true cost of supply. Therefore, as a starting point, it 
is useful to examine the efficiency impIications of existing tariff levels vis-a-vis the marginal 
cost, as defined earlier in Chapter 7 and reproduced here in Exhibit 12-4. 

At the PPGC level, the data highlight the fact that the estimated current yield (i.e., as of the 
February 1993 tariff increase) is 381.4 Zl/kWh (339.8 ZYkWh at mid-1992 prices). By 
comparison, the economic cost of supply is 708.5 ZlIkWh (mid-1992 prices) and the 1994 
financial revenue requirement (also at mid-1992 prices) has been estimated in Chapter 8 to be 



EXHIBIT 12-2 
Retail Tariffs Effective 101 111 992 (No. 7 - Z/9 1) 

Tariff I Class - -  

A1 1 
A2 
A21 
A3 
A3 1 

A9 

8 1 
B 2 

D 

E 1 

E2 
E l  1 
E21 

F11 
F2 1 

R 

F1, G I  
F2, G2 

Service 

MV 
HV/MV 
HV/MV 
HVlMV 
HVIMV 

HVIMV 
HVIMV 

LV 
LV 

LV 
LV 

LV 
LV 
LV 
HVIMV 
HVIMV 

LV 
LV 

LV 
LV 

Customer 
Segments - 

lndustry 
Industry 
Industry 
lnduslry 
lndustry 

Transport 
Transport 

lnduslry 
lnduslry 

Street Cighls 
Street Lights 

Commercial 
Commercial 
Commercial 
Commercial 
Commercial 

Farms 
Farms 

Temporary 

ResidentialISm Farms 
Residenlial/Sm Farms 

I 
- . - - - - - . . - - - - -- - - .. . - - 

DEMAND CHARGE 
(ZIIKWlMonth) 

Contract . . . .. . - - . 
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Measured * E~XC~S ( - 
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EXHIBIT 12-4 
STRICT LONG RUN MARGINAL COST BASED TARlFF BY TARIFF CLASS - BULK 

TOTAL MARGINAL COST/MONlH DEMAND 
SERVICE CONCI - LOAD ENERGY SHARES CAPACITY ENERGY TOTAL CHARGE 

TARIFF CLASS VOLTAGE DENCE FACTOR PEAK MID - PEAK tyd/W IysZIIKWh IysZ llKWh SHARE 

DISTRIBUTION COS. HV 100 0 65 0 20 0 28 121.10 0.4533 0.7085 36% 

BULK SYSTEM AVERAGE 
Equivalenl IysZIIKWh 
% of System Avetagr 

STRICT LONG RUN MARGINAL COST RASFU lARlFF B Y  IARIFF CLASS - nETAlL 

SERVICE CONCI - LOAD ENEHGY SHARES 
TARIFF CLASS VOLTAGE DENCE FACTOR PEAK MID- PEAK 

INDUSTRIAL HV 
MV 
LV 

TRACTION HV 
MV 

COMMERCIAL MV 
LV 

AGRlCULTUWIL MV 
RETAIL LV 
ST. LIGHTING LV 

DISTRIBUTION COMPANY AVERAGE 
Equivalent tysZllKWh 
% d System Avuaga 

TOTAL MARGINAL COST/MONM DEMAND 
CAPACITY ENERGY TOTAL CHARGE 

IysfllKW tysZ1IKWh tysZIIKWh SHARE 

ti111992 CURRENT 
SALES YIELD 

GWh tysZI/KWh 

H111992 CURRENT 
SALES YIELD 

GWh tysZllKWh 
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367.0 W k W h .  At the retail (final sales) level, the estimated current yield (as January 1993) is 
621.9 ZVkWh (542.1 ZYkWh at mid-1992 prim), the strict economic cost of supply is 987.9 
ZUkWh, and the financial revenue requirement in 1994 (mid-1992 prices) has been estimated 
to be 623.4 WkWh. These data reveal a financial subsidy for all final sales on the order of 23 
7.5x1012 per year, or equivalently, about US $0.6 billion per year at an exchange rate of 
13,400 ZVUSS. 

The economic subsidy - measured as the difference between current yield and LRMC -- for 
all final sales is on the order of Z14.1~10'~ 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 pamcular tariff class "G" (including 
residential and small farm users). 

Generally spealang, 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 s e ~ c e .  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 sonomy-wide due to resource and capital mis-allmtion. 

12.1.2 Tarif'f -Residential 

The residential tariff includes domestic sales (formerly, tariffs "GIw and "G2") and small 
farms (formerly served under tariffs "F1 " and "F2 "). Larger farms (formerly, tariffs "F11" 
and "F21") are served under a separate low-voltage tariff discussed later. Tariff "G" also 
includes group accommodation facilities, such as dormitories, schools, etc. 

The residential tariff structure is a flat energy charge for alJ kwh (tariff "GI 1 "). As an 
option, a dayhight timesf day (TOD) tariff ("G 12") is available. The estimated average 
yield (as of January 1993) is 744.4 WkWh (63 1.0 ZVkWh at mid- 1992 prices), as compared 
to an economic cost of supply of 1,315.0 Zl/kWh and a revenue-neutral LRMC of 828.9 
ZUkWh. At current sales levels, these numbers imply a financial subsidy of about 21 5 trillion 
per year and an economic subsidy of about Z1 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 hoursjday, to be specified by 
. each distribution company) and low price hours (the remaining 10 houdday, including two 

mid-day valley hours). The tariffs for these two rating periods are 925 and 340 ZllkWh, 
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 11 argues that electricity costs do not impose (on average) a disproportionate burden 
on the consuming public. Nevertheiess, 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 tbe Residential Tariff 

The bill frequency analysis @FA) uthzes historical customer billing records to develop two 
summary characteristics.' The BFA provides estimates of the distribution of bills by 
consumption Ievel, e.g., the fractlon 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 tanff 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 a! any parucuta- rn!.en.al, and is estimated as the sum of all 
kilowatt-hours in bills rendered from zero consurnpuon up to that interval but only up to that 
interval. Consider, for example, the sales In hlowatt-hours at 100 kwh per month. A portion 
of the sales at 100 kWh is made up of the sum of all kilowatt-hours in bills rendered under that 

' We have not p r e p a d  n separate BFA for h s  study. Rather, we have relied on a study regularly 
prepared by the Polish Energy Information C a t e r .  
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amount. The second portion of the consolidated factor is 100 kwh in every bill rendered in 
excusofthc100kWh. 

The profiles of bills rendered and sales of electrical energy to all residential customers are 
shown in Exhibit 12-5. The data aggregate sales and bills for tariff 7-2/91 classifications 
"Gl," "G2," "Fl," and "M." 

Exhibit 125 
Residential Bill Frequency: Tariff Classes GI, G2, M, F2 

Sak Cumulative Cumulative 
Intercod Pement of Percent of 

(IWmonth) Bilk Sales (-kwh) 

Note: Zero bills not estimated. 
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The median points of rendered to customers (the point at which 50 percent of the bills are 
rendered over and 50 under) is approximately 115 k W h  per month. The median point of & 
in kilowatt-hours per month is about 250 k W h  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 identifymg these 
very large accounts to ensure that they are not rnisclassified commercial accounts. 

Under the present tariff structure, the price of electricity in the residential tariff is much lower 
than in tariff "Cl" (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 rnisclassification on the part of a large customer can be eliminated by 
making the price for non-residential customers less than or equal to that of the residential 
customers. The economic cost structure supports this realignment of tariff levels. 

As noted above, it would be possible to "soften" the shock of required residential tariff 
increases by developing a three-block tariff. The first, subsidized block, would include only 
electricity consumption associated with basic needs. To illustrate, this block might be set at 
83 kWh/month (1,000 kWh/year). The BFA indicates that approximately 36 percent of all 
bdls 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 hlghconsumption customers (e.g., over 667 kWhImonth, 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 courx, that high subsidy levels place an unfair 
burden on other consuming sectors of the economy. Electricity is an expensive good in that it 
requires substantial commitments of the nation's productive resources. Thus, subsidies, if 
necessary, should be confined solely to the poorest of the poor. 

The disadvantage of a three-block tariff is that, once established, utilities in other countries 
have found it very hard to eliminate. Thus, we would only consider this option if the burden 
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imposed by an 'unblocked' stn~cture is considered 'unfair" or politically unacceptable. 
on the analysis in Chapter 11, we do not recommend a blocked residential tariff. 

The policy of providing free electricity to employees at all lev& of the power system (the so- 
called "Energy Worker's' tariff) is inconsistent with the goal of economic efficiency pricing. 
This practice should be &ninated. The subsidy is significant in financial as well as economic 
terms; the average current yield (based on today's tariffs (7-Z92) applied to sales data for the 
first half of 1992) for the residential class is 744.4 ZlfkWh without the subsidy and 723.2 
WkWh when the energy workers' consumption is included, nearly a 3 percent decrease. 

Of course, the subsidy cannot simply be eliminated, since 'free" electricity is a component of 
current income for these workers. Rather, a special wagelsalary increase should be provided 
to every worker based on an equitable estimate of the "market value" of this subsidy. Then, 
the subsidy should be eliminated. Workers will then have the option of continuing to consume 
energy at their present rate (i.e., no change in current electricity consumption or net income), 
or they may choose to reduce consumption and apply the increased income to other needs. 

12.1.4 Tariff "Aa - 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 pomon 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 ZYkWh, (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 4 16.4 ZlfkWh. 

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 ZYkWlmonth for contract demand and 29,000 
WkWlmonth for measured demand. The basic tariff offers a flat energy charge, currently 
640 WkWh. As with other non-residential tariff classes, two optional and three time-of-day 
energy structures are offered (peak/off-peak, and peakjoff-peak(&y)/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 ("A1 1 ," "A21 ," "A31 "), traction (97 percent of "Ag"), commercial 
("El 1, " "E2 1, " "F11, " "F2 1 "). The class accounts for approximately 26 percent of total 
sales. 

In terms of structure, tariff "Bw rates largely parallel the class "A" tariffs described above. 
They incorporate slightly higher demand charges and energy charges. Optional TOD rates are 
offered. The actual tariffs are summarized in Exhibit 12-1. The current yield (January 1993) 
from this tariff is estimated to be 583.8 WkWh (494.9 WkWh at mid- 1992 prices), as 
compared to the economic cost of 866.8 Zl/kWh and a revenue-neutral LRMC of 547.0 
ZVkWh. 

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 srnaller-sized industrial customers formerly served under tariffs "Bl" and 
"B2. " 

In terms of structure, tariff "C2" rates parallel the class "A" tariffs described above, albeit at 
higher rate levels. The basic demand charge (effective January 1993) is 12,100 ZYkW/month 
for contract demand and 30,000 WkWlmonth for measured demand. The basic tariff offers a 
flat energy charge, currently 640 ZUkWh. 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 ZVkWh (782.8 
ZVkWh at mid-1992 prices), as compared to the economic cost of 1,202.0 Zl/kWh and a 
revenue-neutral LRMC of 758.5 ZllkWh. At current sales levels, these numbers imply no 
financial subsidy, but they suggest an economic subsidy on the ordr of Z1 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 be well intentioned and welcome as far as the beneficiaries are concerned - 
ultimately distort the tariff for pll customers and lead, on net, to more efficiency losses than 
can be offset by any gains to the recipients of the subsidy. 

12.1.7 Tariff "C1" - Low Voltage < 40 kW 

This class includes all non-residential low-voltage customers with maximum demand of less 
than 40 kW and annual consumption below 80 MWh. As noted in Exhibit 12-1, this new 
tariff class is composed predominantly of small to medium-sized commercial customers 
formerly served under tariffs "Elw and "E2." It also inciudes street lighting (formerly tariff 
-Dm). 

The basic tariff is a flat energy charge, currently 930 ZlIkWh. Two optional structures are 
also available, charging uthcr different peakloff-peak or daytnight rates. 

The current yield (January 1993) from this tariff is estimated to be 913.6 WkWh (774.5 
Zl/kWh at mid-1992 prices), as compared to the economic cost of 1,249.8 WkWh and a 
revenue-neutral LRMC of 788.6 ZVkWh. At current sales levels, these numbers imply only a 
modest financial subsidy, but they indicate an economic subsidy of Z14.2 trillion per year. 

12.2 REVENUE RESPONSDBILXTY 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 arc summarized in the following table. 
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The class revenue responsibility analysis as well as the subsequent tariff design described in 
the remainder of this chapter are canied out in real terms (at mid-1992 prices). Although 
tariffs are being designed for 1994, uncertainty regarding domestic inflation and the 
Z1oty:USS exchange rate make it appropriate to conduct the analysis in constant prices. 

PPGC 

DCs 

The above data show that on a total final sales basis, the financial revenue requirement of 
623.4 ZVkWh for 1994 implies an average red 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 summarks 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 smct LRhlC scaled (on a class sales-weighted basis) to exactly 
collect the financial revenue requirement. 

* based on the most lilely"consuaaoed' financial scenario developed in Chapter 12. 

19!nFirrPaciPrRrvtlutRt@mm@ 

For PPGC sales, the revenue-neu tral LRMC implies, for example,. that the average price 
(yield) from PPGC sales to all dismbution companies must be increased from 339.8 ZVkWh 
(mid-1992 prices) to 376.0 ZljkWh, an 1 I percent increase. At the retail level, the revenue- 
neutral LRMC implies a real average pnce (yield) increase of 3 1 percent for residential 
customers (from 63 1.0 ZllkN3 today to 829.8 Zlik Wh), and considerably smaller increases 
for all other tariff classes. On a total final sales basis. the average increase required is about 
15 percent. 

1994 Target Yidd 
(mian WkWh)* 

' 376.0 

623.4 

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 

Kbmagier, Bully, Inc. 

Eut.chmmtYwld 
(mib92 ZUkWh) 

339.8 

542.1 

IPrrtsstRequind 
is) ' 

11% 

15 % 



EXHIBIT 12-6 
REVENUE RESPONSlBlUrY BY CUSTOMERJlARIFF CLASS - BULK 

BILLNG YEAR 1994 
TOTAL GRID SALES (GWh) I OW72 
RNENUE REQUIREMENT 
TOTAL (tysU MILLKIN) 4101 1 
AVERAGE (tysZIIKWh) 11 0.3760 

H111992 CURRENT STRICT REVENUE NEUTRAL REVENUE 
CUSTOMER,' SALES YIELD21 LWrlC31 STRICT LFMC RESPONSlBlU'IY 
TARIFF CUSS GWh tyrZllKWh V d I I W h  IysZIIKWh %CHNG tysZIIKWh % CHNG 

DISTRIWION COS. 50434 0.3398 0.7085 0.37M) 11% 0.3760 11% 

TOTAL BULK 5043.( 0.3398 0 7085 0.3760 11% 0.3760 11% 

I I Appoxirnate revenw target fa 1994. 
21 Estirnaled avaago curmt yield a h  Wffl inseam d Q1/1993, In mld- 1992 pim. 
31 Escalated b 1994 plcea, a 000% inumw. 

RNENUE RESPONSlBlLrrY BY CUSTOMEWARIFF CLASS - RETAIL 

BILLNG YEAR 1 994 
TOTAL GRID SALES (GWh) 100441 
REVENUE REQUIREMENT 
TOTAL (tysZI MILLION) 626 15 
AVERAGE (tydIKWh) 11 0.62% 

H 111 992 CURRENT STRICT REVENUE NEUTRAL 
CUSTOMER/ SALES YlELDQl LRMC31 STRICT L M  
TARIFF CLASS GWh tysZI/KWh tydlKWh tysZVKWh % CHNG 

'A' HV 14157 0.3877 0.6599 0.4164 7% 
'8" MV 12023 0.4949 0.8668 0.5470 11% 
'C'(140kW) LV 1334 0.7828 1.2020 0.7585 - 3% 
'C ' (<40kW)  LV 4464 0 7745 1.2498 0.7886 2% 

RETAIL LV 13616 0.6310 1.3150 08298 31% 
ST. LIGHTING LV 742 0.7884 1.2486 0.7879 0% 

TOTAL DC RETAIL 46336 0.5421 0.9079 0.6234 15% 

% 
"%&, 

11 Appoximate rarenw target fa 1994. 
21 Estimated average curent yield after lariff increase 0101 11 993. in mid - 1 %Q pic-. 
31 Escalated b 1994 pice& a 0.00% in~re~so.  

RNEElUE 
RESPONSIBIU7Y 

tydl1KWh % CHNG 
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adjustments might include, for example, I )  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 parhcular 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 BULWPPGC TARTFF DESIGN 

This section develops the proposed tariff structures and levels for bulk sales-for-resale by 
PPGC to the distribution companies. 

Revenue requirement targets for this analysis were developed as described in the financial 
analysis of Chapters 8 and 9, and the sensitivity analyses of Chapter 11. Economic efficiency 
considerations in developing the proposed tariff revision were based on: 1) estimates of 
LRMC obtained as described in Chapter 7, and 2) insights obtained from the analysis of 
existing tariffs as described in the preceding section. 

At present, PPGC sells electricity to each distribution company based on a twocomponent 
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 
fmed costs of producers provid~ng 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 mnnacted 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 ZVkWh (339.8 ZlIkWh 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 twocomponent energy 
tariff or an optional coincident demand1TOD tariff, and permit end-user tariffs to be set by 

RcWHagler, Badly, inc. 
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each company subject to regulatory approval. Seftion 12.4 explorn the implications of this 
change to three different types of distribution companies. 

PPGC's objective should be to sell every kwh on a mandatory timoof-day (TOD) tariff. This 
tariff might include a scparatt 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 stmcture. Nevertheless, it should be possible to proceed in a phased manner to 
prucure and install TOD meters at each delivery pint  within the next three years, i.e., by 
yearend 1996. 

Section 12.5 describes the philosophy behind the recommended TOD tariff design with regard 
to retail tariffs; these assumptions arc not repeated hem The following table presents a menu 
of acceptable options for bulk tariffs, based on the marginal cost smcture and scaled to the 
current PPGC revenue requirement of 376 WkWh (see Exhibit 12-6). 

Note: Tariffs based on coincident demand. 

The twbpart tariff (i.e., both demand and energy charges) designs recover network capacity 

a costs through demand, while generation capacity costs are incorporated in the energy rates. 

agler. Badly, Inc. 
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(The rationale for this breakdown is discussed in Section 12.5.) The pure energy tariffs, of 
. course, recover all capacity costs through TOD energy. 

One problem with the tariff structures proposed is that they violate a basic tenet of marginal 
cost pricing, i.e., that the charge during any hour of the day should not fall below the strict 
marginal cost of off-peak energy. This result follows from the very low consol.bted revenue 
requirement ("constrainedw 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 ZYkWh), off-peak energy charges fall below their desired 
minimum. On the other hand, if they are maintained at the value of off-peak energy, the 
differential between peak and off-peak energy diminishes significantly to prevent over- 
collection of revenue. On balance, we chose to preserve the appropriate peak/off-peak 
signals; the strict marginal energy cost is collected during both peak and mid-peak rating 
periods. 

Having noted our strong preference for coincident demand metering or TOD rates which 
incorporate capacity costs, we recognize that metering constraints may delay the adoption of 
the proposed tariff structures. In the interim, it is proposed to maintain the present tariff 
design - i.e., a pure energy tariff with its capacity (ordered energy) and energy components - 
- but adjust the levels upwards to ensure that designated revenue responsibilities are attained. 
Further, it would be unfair to impose TOD tariffs on distribution company purchases until the 
companies have the right to bill end-users on the same basis. 

12.4 EFFECT OF UNIFORM BULK TARIFFS ON DISTRIBUTION COMPANIES 

Ln order to evaluate the effect of uniform bulk sales tariffs on individual distribution 
companies and, in general terms, on retail tariffs, we studied three very different distribution 
comparues. ZE Glivice serves a heavily industrialued area, with approximately two-thirds of 
fmal sales at high or medium volrage. ZE Warszawa covers a more balancd temtory, with a 
mix of customer groups. Finally. ZE Bialystok serves a relatively rural area, with nearly half 
of all the company's customers m 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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"A" 
"B" 

"C2* > 40 kW 
T i n  < 40 kW 

Street Lights 
"G" 

TOTAL 

Percent of Sales by Tarilf Class * 

Based on des  data for January through May, 1992 

ZE Warszawa 

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 smct LRMC and revenue neutral requirements vary widely among the three 
companies: 

All Distributors 

' Based on 'no increase in net borromng' cntenon. The revenue requirements are taken from the financial analysis 
of distribution companies presented in Chapter 9 ,  J.c., the unconsvruned financial analysis, which tends to magnify the 
dispersion of revenue requirements across comparues. 

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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Tariff Class 

"A" 
"B" 

"C2" >40k 
W 

"Cl" <4Ok 
W 
"G" 

, St. Lights 

Average 

Revenue-Neutral Strict LRMC by Tariff Class 

ZE Bialystok 

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 
t h~s  result is not surprising given this rural distributor's extremely high revenue requirement in 
companson 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 dism butlon 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 distribuuon 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 -speci fic revenue requirements. While the electricity sector wants 
to establish free and competitive markets, i t  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 D v  c i a  
(defined in Section 12.5 and in Exhibits 12-4 and 12-6), appropriately adjusted by 
company-specific weights (i.e., sales by class) and scaled to the company's own 
financial revenue requirements. The preliminary analysis reported above suggests that 
end-user tariffs in different distribution companies would (in general) vary within an 
acceptable range if this method were applied. At the same time, required revenues 
would be collected based on a Poland-specific estimate of marginal cost structure. 
While a clear simplification, the argument for employing this approximation of class . 

tariffs is that it is fast, low cost, and based (at the national level) or an accepted 
methodology. 

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 220 
percent, the company should be required to prepare (or have prepared) its own 
marginal cost analysis as a basis for setting tariffs. Given the probable lack of 
expertise within the company, one option would be to train one or two Polish 
consulting teams (e.g., at Energoproject and/or the Institute of Power Engineering) to 
conduct these studies based on a standardized methodology. This approach would help 
to assure consistency of results among studies for different distributors. 

12.5 FINAL SALES TARIFF DESIGN 

This section discusses the proposed restructuring of tariffs for all sales made by distribution 
companies, given the individual class revenue responsibilities developed in Section 12.2. The 
discussion proposes many separate time-ofday (TOD) tariff options. The general philosophy 
employed in setting these rates is discussed first, followed by the specific tariff designs. 
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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-lOpm weekdays), mid-peak (7m-lpm weekdays), off-peak (all other hours) 

Winter (November - April): 

peak (4pm-9pm weekdays), mid-peak (7m-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 



Exhibit 12-7 
Allocation of Marginal Cost Components for TOD Rate Design 

A. 2-pehriff ( c b m u b d d ~ )  

1. Strict m w g d  mergy cost (not to be - X X 

d j d )  

2. Coincident demrnd charge (i.e., on 
mnximum kW in peak hours only) 

a. marw cost of gcamtion crpncity W LO~p-baaci alkcaion to p d  LoU-bami 
I period. Recovered through I 

b, n n q d  costofaehvorkcapacity 100% rscovery thrwgh mergy 
- transmission (VHV, HV) cost chuge or demand cturge 

- distribution W V ,  LV) cost - X X 
1 

3. Simple d m u m  demand charge ( i s . ,  on 
maximum kW in dl hours) 

a. mvgirul cost of gcamtion capacity - LOW-brssd LOLP-bPssd 

b. marginal cost of nelwork v i t y  100% rrcovery, prefenbly 
- transmission (VHV, HV) cost through energy charge 

- distribution (MV, LV) cost Either 100% in demnnd charge or m v e d  fully 
through peak and off-peak energy charge. 

2. M s u g x n a l c a p a c i t y ~  
a. mugnnrl cost of ga tmion  uppcity r 
b. m ~ f g d  cost of network capacity 

- tr~nsmissioa (VHV. HV) cost 

- distribution (MV.LV) cost r- 

On-pePk strict 
marpal energy 

cost 

LOU-based 
shpre of 

generation 
cpppcity cost 

100% recovery 
through energy 

charge 

Recovery spread 
kwh in peak and 

Off-peak strict 
mn& energy 

cost 
-- - - - -  

LOP-based 
share of 

generation 

qlully across dl 
off p d  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 understcmd 
better than the use of a demand charge. 

b) the marginal cost of network capacity associated with transmission (VHV and/or HV) 
can be properly recovered through either the p& 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 from avoiding all costs aSSOciated with the local distribution system, 
by limiting his usage to only the off-peak hours. Other costs further up the system (i.e., 
transmission and generation capacity costs) avoided by limiting usage to the off-peak hours 
are freed to serve new load. However, local facilities not used during peak hours are of 
little or no use to serve other load. These costs could be avoided if they were to be 
included in a peak period demand charge. 

Alternatively, if a simple maximum d e d  charge is applied: 

a) the portion of the margrnal cost of generation capacity allocated by LOLP to the peak 
period should be spread across all kwh in that period. 

b) the marginal cost of network capacity related to transmission (VHV and/or HV) should 
be recovered through the peak period energy price. 

c) the local facilities cost (MV andlor 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 W n g  during the off-peak hours. While 
recovering these costs through the demand charge is desirable, this cost component alone 
may not be sufficient to justify the additional complication and expense of a separate 
demand charge. 
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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 pmtical standpoint as well, this option is largely 
irrelevant in today's metering environment, when TOD metering of energy and demand can 
be accomplished with one meter and at a cost that is not significantly different than the cost of 
TOD energy-only metering. 

We recommend a phased program of transition that replaces all simple maximum demand to 
coincident demand billing with coincident demand billing within the next three years. We 
have included simple maximum demand tariff designs in this report to cover the period of 
transition. 

12.5.3 Basis for Demand Charge 

A discussion of the appropriate use of a separate demand charge has been incorporated into the 
explanation of the peak and off-peak energy price. However, an additional discussion may be 
helpful. 

As is often the case when incorporating cost analysis into rate design, there is an inherent 
conflict between short-run and long-run considerations. In the case of generation capacity 
cost, recovering this cost through a separate demand charge may result in a more appropriate 
short-run price signal, while recovering these costs through the energy charge may give a 
more appropriate long-run price signal. (In the short run, a large portion of cost is fixed, 
while in the long run, all costs are variable.) 

Other factors to be considered when makmg the decision on the use of a demand charge 
include: 

seasonal load variations 
duration of daily peak period 
metering cost 
customer understanding and acceptance 
probability of shifting peak or off-peak period rather than reducing peak 

c 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 practicaiity must be achieved. 
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It is current Polish practice to divide the demand charge into two components -- Wntraa 
demand and measured (recorded) demand. A contract component places slightly more 
emphasis on revenue stability (i.e., the distribution company knows that ths revenue is 
coming) while a single demand charge (pncularly a coincident one) places more emphasis on 
load management objectives. While there is excess system capacity, emphasis on revenue 
stability is reasonable, We therefore recommend preserving this two-part demand charge in 
the 1994 tariffs. 

The rationale behind the contract demand charge component applied here is called "minimum 
network cost." The concept is that there are "fixedw and "variable" components to marginal 
network &pacity costs. The former costs (e.g., costs of primary feeders to customers, 
associated substation transformer capacity) should be collected even if the facilities are not 
used by the customers for which they are intended, while the latter costs are for facilities that 
can be utilized to serve other load.' 

The advantage of the twocomponent demand charge is that it is already understood by 
customers. Further, during the current perid 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 singie 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 stabhty remains a concern, a "ratchet" clause in the demand charge, whlch 
relates minimum billing demand to peak-month demand, may be applied. 

The level of the contract demand charge is taken as 50 percent of the cost of network capacity 
on the customer's own-voltage. Thus, for example, a customer served at H V  (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 conuact demand has historically exceeded measured 
demand, as summarized in the following table. 

Unfortunately. the precise share of costs that are 'fixed' 1s locotion-specific. For typical customers, we 
know tha! t b s c  costs arc certainly less than 100 p e m t  of om-voltage capacity cost, but we do not know exactiy 
how much Im. We have estimated that 50 percent of ow-voltage capacity cost should not be avoided. Note that 
the rationale for the contrnct demand charge 1s tbe =me as d~scussed above with respect to distribution network 
(MV andfor LV) capcity costs, i.e., that ccrtlm lnvestrneats m the network are user-specific local facilities that 
should not be avoided evm if a customer's peak 1s not w i t h  the peak period. 

GMagler, Badly, Inc. 
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Historical Ratio of Contract to Measured 
Demand Ratio 

Class 
1991 

Assumed in 
Jan-Jun 199f Odober 1992 thk Study 

-- - 

"A" 1.28 1 1.23 1 1.20 1 1.10 

"C2" (LV) I 2.03 1 1.98 1 1.97 1 1.60 

12.5.4 Propwed Tariff M i  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 " G 1 1 " (flat 
energy charge) and "G12" (TOD energy charge). Each option collects the class revenue target 
yield of 828.9 ZlfkWh (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 
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Exhibit 12-8 
Proposed Tariff "G" (ResidentiaI) Structure 

G11 Winter 830 
Summer 830 

Exhibit 12-9 
Typical Bi Impacts: TIviff @Gw (Residential) 
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tariff increase to residential users. When comparing the fiat-rate tariff with current rates, the 
(. proposed real increase is approximately 60 prcent (at mid-1992 prices). 

As noted in Section 12.2, if it is concluded that this rate increase would impose too great a 
burden on low-inme uwrs, 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 ") and other LV classes (tariffs "C 1 " 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. Uncextainty 
regarding these fundamental assumptions highlights the importance of and critical need for 
additional load resarch on electricity consumption patterns in Poland. 

Tariff "An - Hi@ Voltage 

This proposed tariff is to be applied for all elecmcity consumption of customers served at high 
voltage. 

Currently, tariff "A" customers (approximately 400) are given the option, subject to 
engineering constraints, of a coincident or a maximum demand charge, and a flat or TOD 
energy charge. As soon as feasible, all of these customers should be on a mandatory two-part 
time-of-day (TOD) tariff with a coincident demand charge. 

Tariff options are summarized in Exhibit 12- 10. Assuming an average class load factor of 0.6 
and representative TOD energy shares (0.17 peak and 0.27 mid-peak), these tariff structures 
would meet a class revenue responsibiIity of 416.4 Zl/kWh. The demand and energy charges 
have been aligned closely with the economic cost of supply. 
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Exhibit lZlO 
P r o m  Tariff "A" (Eigh Voltage) Structure 

Note: Tariffs baud on coincident demand. 

Typical bill impacts are illustrated in Exhibit 12-1 1. 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. 

Tuin "Au Desmmd (tpZMrWbe) 

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. Ln the intenm, 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. 
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Exhibit 12-11 
Typical Bill Impacts: T a M  "A" (High Voltage) 

The recommended tariff design is defined in Exhibit 12-12. Again, a mandatory, two-part 
TOT) 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 responsibihty of 547 ZUkWh. 
Representative bill impacts are shown in Exhibit 12- 13. 

Tariff "C2" - Low Voltage > 40 kW 

This tariff should be applied to all non-residential customers served at low voltage whose 
maximum demand is over 40 kW or whose consumption exceeds 80 GWh. These customers 
(estimated to be about 25,000) are predominantly small industries. 

Again, two-part tariffs are recommended, with a pure energy tariff option. For low-voltage 
service, it is reasonable to permit customers flexibility with regard to tariff structure 
(coincident or maximum demand charge; one, two, or three rating periods for energy 
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Exhibit 1212 
Proposed Tariff "B" (Medium Voltage) Structure 

Note: Tariffs based on coincident demand. 

J 

Exhibit 12-13 
Typical Bill Impacts: Tariff "Bn (Medium Voltage) 

m m a g l e r ,  Badly, hc. 
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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. 

TaxWnC1"-Low Voltage < 49kW 

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 miUion 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 fesponsibility 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. 
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Exhibit 1214 
Proposed Tariff "C2" (Low Voltage > 40 kW) Structure 

Winter 
Summer 

Summer 

Winter 
Summer 

Wir 
Summer 

Note: Tariffs based on simple maximum demand. 

Exhibit 12-13 
Typical Bill Impacts: Tariff "C2" (Low Voltage > 40 kW) 
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Exhibit 1216 
Proposed TadT "C1 (Low Voltage < 40 kW) Structure 

T d  *CIm I<40 kw) mukwb) 

optiPlp S s r a C o a t r m S ~  PtPL Mid-hak Off-Peals 

C 123 Winter 6.090 17.680 1.133 673 462 
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Exhibit 1217 
Typical Bill Impacts: T a m  "C1" (Low Voltage < 40 kW) 

Exhibit 12-18 
Proposed Street Lights Tariff 

Energy (ZVkWh) 1 
Option I Season I Peak I Mid-Peak I Off-Peak 1 
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At some point in the future a f k  today's excess system capacity is absorbed, 
distribution companies should consider the introduction of interruptible tariffs on, an optional 
b&s. The potential class of such customers - typically a subs& of tariff classes "A* and "B" 
- will k to be determined based upon a detailed market survey and the considerations 
outlined in the following. 

Interruptible SerYice (IS) is a demand-side option that is wideiy 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 redum the customer's bill by a specified amount each month. In regard to the daily 
operations of generation facilities, IS improves reliability and operating flexibility. In the 
longer term, IS allows the utility to build less generating capacity. A well designed IS tariff 
provides substantial benefits to both the utility and the customer. 

Under an IS tariff, the customer contracts with the utility for an amount of load the customer 
is willing to remove from the system when requested to do so. This load is then considered to 
be non-firm. The IS tariff will specify an advance notice period that may be as long as 24 
hours to as little as IS minutes. While the utility may, in some cases, have direct control over 
the customer's load, most o h  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 
pdang capacity in the generation mix. Therefore, the intermptible credit given to the 
customer should bt based on the long-run marginal cost of peakmg capacity, generally 
assumed to be combustion turbines (CT). While the credit should be based on this cost, it 
may nor equal the LRMC of a CT b u s e  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 Cl" that can run 
2,000 or more hours per ymr. In thn case, the S/kW credit for IS should be less than the 
same $/kW LRMC of a CT. 

The IS tariff should include specification of the intemption 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. 
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The IS tariff should include a substantial penalty for noncompliance. The utility has foregone 
. building capacity and paid significant amounts to the customer for the right to intermpt the a 

load. Customers must be discouraged from c o n ~ t i n g  for non-firm load and receiving credrts 
when they have little intention or ability to intermpt load. 

Since the influence of IS has a long-term impact on the utility's generation expansion plan, a 
three-year notice of contract cancellation on the part of the customer may be appropriate. 
Specification of the variws parameters of an interruptible tariff would begin with the , 

consideration and types of calculations discussed above. Once a preliminary menu of 
intemptible tariffs is developed on this basis, it is ncccssary 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 @SM) program being conducted 
for PPGC by Hagler, Bailly. 

12.7 OTHEX TARIFF CONSIDERATIONS 

The objective of this study is to identify appropriate levels and stnrctum for electricity 
pricing-of power purchases, bulk transactions and retail final salts- at the national level. The 
study cannot address the mynad 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, speciahzed billing principles such as outlined in the Price List No.7- 
2/92 (e.g., service rates, penalty provisions, and charges for reactive energy, overcurrent 
protection, and increased service rehabihty should continue to be applied in the context of 
revised tariff structures and levels. 

Having noted the limit of this study, this section contains a brief discussion of other 
considerations beyond the basic tariff class structures defined in the foregoing pages. 

Reactive Energy 

Currently, high and medium voltage (as well as some low voltage) customers can be charged 
for the consumption of reactive energy when consumed at a sub-optimal level for the system. 
The charge is billed as a percentage surcharge to the value of the active energy consumed. 
The result is a progressive scale of payments for power factors below 0.93. While this system 
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is being implemented successfully, we understand that then 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 Zl/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 set a bill reduction. Additionally, distributors will benefit 
through reduction in line losses. 

This alternative billing procedure would require additional investment in metering, but it 
would offer the advantage of a more transparent methodology with positive incentives. 

Supply Reliability 

Currently customers who q u e s t  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 may be appropriate to offer a standard "factorn, we would encourage 
negotiations with individual customers permitting charges which are more closely linked to the 
incremental cost of providing additional supply reliability. 
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Special Agreements with Customers 

Special agreements with customers are currently permitted when pamcular 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 l o d  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. 

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 shapts, coincidence factors, peak energy shares, and load factors for each tariff 
class, as well as for the typical customer segments within each class. 

there is a need to put in place a well designed and on-going load research program. This 
could be done through a contract with an organization such as the Power Engineering Institute, 
or through internal staffing. Such a program should be based upon a sample design that can 
support the development of statistically valid estimates for the types of data noted above, with 
a degree of precision that conforms to I d  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. 
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Task Completion Memorandum 

Poland - Integrated Resource Planning 

Summary Task Description 

This task was designed to provide assistance to the Polish Power Grid Company (PPGC) and 
other relevant parties in Poland to develop a process and capabilities for integrated resource 
planning (IRP), which would combine the results of load forecasting, demand-side management 
(DSM), electricity supply planning, and tariff studies. The work focused on developing 
analytical, computer modeling, and organizational capabilities that support the appraisal of 
multilateral development bank (MDB) power sector loans on an IRP basis. 

e 
Specific Goals and Objectives 

The Poland Integrated Resource Planning Task had the following goals and objectives: 

To introduce integrated resource planning as the basis for power sector planning 
in Poland; 

To assist PPGC to establish an organizational capability to carry out IRP 
activities; 

. To provide a computer model for utility planning based on IRP concepts and 
analytical methodologies; and 

To support the appraisal of MDB power sector loans on an IRP basis. 

Hagler Bailly Consulting 

Task Completion Memorandum 



Expected Outputs 

@ Activity I :  Introduce Integrated Resource Planning Model 

PPGC has an IRP model licensed and installed, with which it can incorporate available data for 
utility planning purposes to support appraisal of MDB power sector loans. 

Activity 2: Develop IRP Action Plan 

PPGC prepared an IRP Action Plan that meets the requirements of the World Bank's power 
transmission loan to the Government of Poland. 

Activity 3: Provide Management Training on IRP Issues 

Through training of relevant personnel from Polish power sector organizations, IRP has become 
a well-known topic in Poland's power sector. 

Deliverables 

As the result of the preceding activities, Hagler Bailly produced the following deliverables: 

One institutional development study was undertaken which resulted in a detailed 
roadmap for the development and implementation of IRP at PPGC. 

One copy of the selected IRP computer software model was licensed for use by 
PPGC, including training and support. 

Six seminars were produced at PPGC on topics related to IRP. 

PPGC received assistance in arranging a visit to two U.S. utilities on IRP topics. 

A Task Completion Memorandum was written that summarized the work of this 
task. Five copies of the report were submitted to USAID. 

Results and Next Steps 

The USAID IRP Project supported work with a Polish utility counterpart organization, the Polish 
Power Grid Company (PPGC) and accomplish the following tasks (deliverables): 

Hagler Bailly Consulting 

Task Completion Memorandum 



b Institutional Policy Development. Through a number of executive management 

a seminars and policy papers, IRP concepts were communicated to high level officials in 
Poland's government and energy sector. As a result, provisions were included in the draft 
Energy Law (November 1994 version, amended February 1995) for energy enterprises to 
conduct IRP (Article 19). 

b Establishment of IRP Unit at PPGC. In the first tranche of World Bank lending for 
PPGC's transmission system, a loan condition required PPGC to complete an IRP Action 
Plan by June 1994 and establish an IRP unit within the company by December 1994. 
These activities were accomplished, which included the provision of a software license 

' and training for the Integrated Planning Model, a state-of-the-art utility IRP tool. PPGC 
senior management also received executive training, including an extensive IRP study 
tour in the U.S. One of the results was PPGC's competitive solicitation of supply-side 
bids from generators in November 1994, which established a market-determined avoided 
generation cost of US$0.036/kWh. 

This bidding process and results framed the next step that PPGC anticipated taking in 1995 
which was to solicit comparable competitive bids for demand-side resources. 

Hagler Bailly Consulting 

Task Completion Memorandum 
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SECTION 1 

INTRODUCTION 

The Energy Sector Restructuring, Privatization, and Regulatory Reform Program of the 
Government of Poland, which is currently underway, aims to: 

liberalize energy prices and eliminate subsidies as far as possible; 

promote enterprise competition through the elimination of barriers to market 
entry in all productive sectors which are not "natural monopolies;" and 

transform the governance, ownership and control, and regulation of state-owned 
enterprises through the adoption of a market economy and privatization. 

These reforms are expected to revitalize the energy sector, enhance its long-term financial 
viability, and encourage economically optimal investment and consumption decisions. The 
program is being conducted with the assistance of the World Bank, the United States Agency 
for International Development (USAD), and other bilateral agencies. 

In order to guide the future development of Poland's power sector, the Energy Sector Program 
includes an integrated resource planning (IRP) component through which both supply-side and 
demand-side resources are being identified to produce a mix of electric resources which yield 
the least cost to utilities, their customers, and society at large. Several teams are contributing 
to the development of the integrated resource plan. A number of Polish organizations, e.g., 
the Polish Academy of Sciences and the Polish Institute of Power Engineering, have 
undertaken electricity load forecasts. A USAID Electricity Transfer Pricing and Retail Tariff 
Study was completed that formulated an electricity tariff strategy. A French team completed 
a Transmission System Plan and an Austrian team worked on a Supply-side Development 
Plan. Another USAID team identified and assessed demand-side management @SM) 
resources. 

The next step is to formulate an integrated resource plan using the results of these and other 
studies. It is anticipated that the integrated resource plan will be the basis for power sector 
loans from the World Bank and other multilateral development banks (MDBs), such as the 
US$ 800 million tranche of the World Bank loan that is set for appraisal in 1995. 

In anticipation of that appraisal, the World Bank and the Polish Power Grid Company (PPGC) 
agreed to create an IRP unit, in an Aide Memoire of November 3, 1993 relevant to the $225 
million transmission sector tranche. PPGC agreed to prepare a comprehensive proposal in 
this IRP Action Plan by June 30, 1994 and to implement the IRP unit by December 31, 
1994. This IRP Action Plan provides PPGC with a detailed roadmap for the development 
and implementation of the IRP unit. The IRP Action Plan focuses on developing analytical, 
organizational, and institutional capabilities at PPGC and in Poland that support MDB loan 
appraisals on an integrated resource planning basis. 



Following are the topics presented: 

Section 2 gives an overview of the fundamental concepts of IRP, including a 
discussion of how IRP can be developed and implemented within the context 
of Poland's emphasis on market solutions to power sector development. 

F Section 3 discusses the role of the IRP unit within the corporate strategy of 
PPGC and the institutional framework necessary for the IRP unit to function, 
including allocation of responsibility within PPGC for each element of the 
process and the role of outside agencies. 

b Section 4 identifies and describes the following elements of the IRP process, 
including terms of reference that define the steps that must be carried out to do 
each element: 

Load forecasting; 

Identification of both supply-side and DSM resources; 

o Transmission and distribution system planning; 

Environmental considerations; 

Plan integration; 

Tariff design and power pricing aspects; and 

Financial planning. 

F Section 5 presents the analytical framework for integrating these elements into 
a system development plan including: 

Identifying the flow of information among the elements; and 

Specifying the outputs from each element of the process 

b Section 6 identifies the resources within PPGC and outside of PPGC necessary 
for IRP implementation, including: 

Staffing requirements, including job descriptions and qualifications; 

Subcontracting requirements; 

Assessment of PPGC's in-house human resource capacity to undertake 
IRP-related activities and identification of training needs and facilities; 
and 

Equipment and analytical tools. 



F Section 7 provides an approximate scheduling and critical path analysis of 
activities involved in each element of the IRP process, taking into account the 
iterative nature of the process. 

F Section 8 presents budgets for the implementation of the IRP process. 



SECTION 2 

INTEGRATED RESOURCE PLANNING 

Integrated resource planning (IRP) is a comprehensive process through which utilities identify 
and acquire the most cost-effective electric resources necessary to meet their customers' 
incremental requirements for energy and power. IRP is a strategic planning process that 
provides significant changes to the way that utilities traditionally have conducted business. 

IRP is often called "least-cost" planning, which refers to the acquisition of electric resources 
by utilities with the lowest possible cost to themselves, their customers, and society at large. 
"Electric resources" are available throughout the entire power system from the point of 
generation to the point of consumption. They include the traditional supply-side measures that 
provide megawatts from the construction of new generators, repowering and rehabilitating 
existing generation facilities, and purchasing power from wholesale markets or independent 
power producers. Electric resources also include measures that provide "negawatts" from 
efficiency improvements in generators (better heat rates), the transmission and distribution 
system (fewer line losses) and at the end-use (demand-side management). 

In determining which are the most cost-effective resources to a utility, it is important to 
calculate costs and benefits properly. Utilities have traditionally calculated costs and benefits 
strictly from their own perspective. Thus, the benefits of a resource option (utility avoided 
operating and capital costs) would have to exceed its costs to the utility for the option to be 
cost-effective. 

An important innovation of IRP is the inclusion of the costs and benefits of the utility's 
customers. For example, customer bill savings from demand-side management @SM) add a 
large benefit that makes a number of energy efficiency measures cost-effective. Adding the 
customer's perspective to the costhenefit analysis is increasingly important in economies like 
Poland's, which must be competitive in world markets. 

Another innovation of IRP is the inclusion of benefits to society from the acquisition of 
electric resources that are relatively environmentally benign. The reduced social costs from 
reliance on technologies that create less pollution from the combustion of fossil fuels are 
increasingly important in a country like the Poland, which suffers environmental damages 
from power generation. 

Electric resources in Poland should be systematically identified and acquired to be the lowest- 
cost options from the perspectives of the utility, its customers, and all society. This approach 
will yield the most economically-efficient outcome and will ensure the sustainable 
development of Poland's power system to meet current needs as well as those of future 
generations. 

While IRP implies a "planning" activity, that is only one component of the entire process 
through which utilities systematically identify and acquire least-cost resources. The following 
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components of IRP are addressed below: 1) the power sector plan, 2) computer modeling to 
perform the quantitative analyses that support the plan, 3) resource acquisition activities that 
implement the plan, and 4) a system of incentives to motivate utilities to act in accordance 
with the plan. 

Developing the Power Sector Plan 

The basis for IRP is a plan that provides extensive analyses and recommendations for a 
course of action. Section 4 provides a detailed description of the IRP process proposed for 
implementation in Poland. Following is an outline of the steps of that process: 

Identify the objectives of the plan (e.g., reliable service, minimal environmental 
effects, low cost of environmental controls, meeting peak demand in a cost- 
effective manner, and minimal bills for electricity customers). 

Develop one or more load forecasts for different scenarios. 

Determine the levels of capacity expected for each year of the plan. 

Identify needed resources (e.g., fuels, generating capacity, transmission and 
distribution capacity, a manageable load shape, and demand reductions) needed 
to bridge the gap between expected loads and capacities. 

Evaluate all of the electric resources in a consistent fashion and selecting the 
most promising resources for fashioning an effective, flexible, and responsive 
plan; and integrate methods of supplying power with methods for controlling 
and moderating demand. 

Construct scenarios that project the selected mixes of resources against possible 
economic, environmental, and social circumstances. 

Evaluate the economic and technical characteristics of each mix of resources 
and analyzing the uncertainties associated with the various scenarios. 

Screen the alternatives to eliminate those that are not suitable and rank-ordering 
alternative courses of action. 

Test each alternative for cost-effectiveness from a variety of perspectives (the 
utilities, ratepayers of different classes, and society at large). 

Reevaluate the alternatives considering economic, environmental, and societal 
factors and select a plan for implementation that most nearly satisfies all the 
objectives of the plan. 

Develop and implement a plan of action. 

Monitor and evaluate the operation of the utilities under the plan and revising 
the plan if necessary. 



Utility planning is an intensely quantitative process that requires modern computer 
technologies to establish databases, analyze options, and present results in meaningful ways to 
decision makers. Most utilities have used large mainframe supply-side expansion models in 
the past. IRP models are relatively new on the scene and represent an important evolution in 
utility planning. The most important feature of IRP models is their ability to inherently 
evaluate specific supply-side and DSM resource options in a common analytical framework. 
Because these models are relatively new, they also provide state-of-the-art features, such as 
running on high-powered personal computers and work stations, providing "user-friendly" 
operational formats, and presenting high-quality graphical outputs. Section 5 details the 
analytical framework required for conducting IRP. 

From a functional perspective, IRP models provide utility planners with the capability to 
literally integrate the results of a number of different models into one systematic analytical 
framework. For example, IRP models take as inputs the results of load forecast analyses, 
long-run marginal cost tariff studies, supply-side expansion plans, transmission and 
distribution plans, assessments of DSM potential, and production costing models. Most IRP 
models will accept the results of any number of other models as inputs. IRP models then 
produce an optimal mix of available utility assets to determine the type and timing of supply- 
side and DSM resources that best meet the demand forecast requirements over various time 
periods. 

Two different analytical methods have evolved to conduct the resource selection process. The 
first method uses optimization models that incorporate dynamic programming techniques to 
evaluate all combinations of supply-side and DSM options. From this evaluation, an optimal 
plan is selected based on an objective function of minimizing revenue requirements or total 
resource costs (a good example is ICF Resources's Integrated Planning Model). The second 
method simulates a utility's chronological performance over long planning horizons and 
selects the most cost-effective options by ranking all alternatives available each year based on 
any combination of user-specified objective functions, e.g., minimizing total resource costs 
and rates (a good example is EPRI's IRP-Manager). Both kinds of IRP models facilitate the 
analysis of risk due to uncertainty in key assumptions through sensitivity and decision 
analysis techniques. They also allow financial analyses to calculate the impact of resource 
strategies on the utility's capital requirements, income statement, balance sheet, and source 
and use of funds. Additionally, these models enable consideration of the impacts that 
different resource strategies will have on the utility's revenue requirements and its customers' 
electricity tariffs. 

Some utilities have gone half-way toward IRP modeling by conducting separate supply-side 
and DSM analyses using different models for each task. These models can be linked for 
purposes of data-sharing and conducting iterative analyses. The results of this approach can 
take two forms: 1) the subtraction of a cost-effective block of DSM resources from the load 
forecast; supply-side resources are then applied to the remaining load, and 2) the 
determination of separate blocks of cost-effective supply-side and DSM resources that meet 
the load forecast. While these results can provide a rough estimate of the relationship between 
cost-effective supply-side and DSM resources, they do not provide the necessary detail 
required of an IRP analysis. 



This is because neither supply-side nor DSM resources are monolithic; they cannot be 
compared as blocks of potential resources, but must be disaggregated into their constituent 
parts. Just like a gas-fired combined cycle generator cannot be lumped together with a coal 
plant in a supply-side analysis, an industrial efficient motor program cannot be lumped 
together with a residential refrigerator efficiency program in a DSM analysis. The same 
concept applies to IRP: specific supply-side and DSM resources must be compared discretely, 
one against the other. Thus, IRP models do not operate in the same way as linked supply-side 
and DSM models because IRP models produce a rank-ordered resource mix that lists a 
combination of specific supply-side and DSM resources. This approach is essential for 
producing a meaningful investment plan and also for evaluating supply-side and DSM project 
proposals received in response to all-source competitive bidding programs (see below). 

Integrated Resource Acquisition 

In order for IRP to function properly in Poland, it is essential that utilities be given the 
authority to implement the plan, i.e., they should have the responsibility for acquiring both 
supply-side and demand-side resources according to the plan. "Acquiring" means arranging, 
directly or indirectly, for resources to be made available to the Polish electric system. A 
method for acquiring electric resources on an IRP basis has been developed in North America 
and is referred to as all-source competitive bidding. A specific approach to implementing all- 
source bidding in Poland is described in Section 3. A general description of this method of 
integrated resource acquisition follows. 

Competitive bidding is a process that utilities can undertake to acquire electric resources 
through the marketplace. 1n a competitive bid, utilities solicit for electric resources 
in an auction. The auction can take place periodically (for example once a year) or whenever 
the utility believes that resources are required, as the result of a comparison of load forecasts 
with supply plans. In the auction, proposals are typically solicited that must include the 
following characteristics: 

the amount of electric resources bid (GW andlor GWh) 
the bid price (in currency units per GW andlor GWh) 

b a deadline or schedule to deliver the electric resources 
b security for the delivery of the resources. 

The utility then evaluates the proposals and ranks the bids based on a number of pre- 
established criteria, such as: 

F the bid price 

F non-price factors such as: 

the experience and qualifications of the bidder in undertaking similar 
projects 

the bidder's approach to project development and financing 

the environmental impacts of the proposed project. 



The utility then signs contracts with the winning bidders -- those that ranked the highest and 
that provide, in sum, the resource block required by the utility. 

There are a number of variations on this theme. For example, utilities can conduct a bidding 
auction for generation resources, for improvements to the transmission and distribution (T&D) 
system, for DSM resources that improve end-use load management and efficiency, or for any 
combination or all of the above. The bidding process can be integrated, meaning that supply 
and DSM resources are acquired through the same auction, or through separate, parallel 
supply and DSM auctions. The supply block that the utility requests can be for power (GW), 
for energy (GWh), or for both. Eligible bidders can include the following: 

for generation resources: the utility's generation subsidiary, independent power 
producers (private non-utility generators), and the utility's large customers 
(cogenerators) 

for T&D improvements: the utility's T&D subsidiary and independent T&D 
engineering and construction management enterprises 

for DSM resources: the utility's distribution subsidiary, energy service 
companies (ESCOs), and the utility's large customers. 

Finally, the payment that the utility makes to successful bidders can be made up front (a one- 
time payment for the delivered resource block) or over time (as the electric resources are 
actually delivered to the utility). 

Integrated all-source bidding is a special case in which bids are solicited and accepted for all 
electric resources in a single auction. In this case, bids are evaluated with common selection 
criteria, without regard for whether the bid is for a supply or DSM resource. This approach to 
bidding creates a "level playing field" in which all bids are evaluated on a consistent basis as 
a method to implement a utility's integrated resource plan. Integrated all-source bidding also 
provides the benefit of being a market-based mechanism to identify and acquire electric 
resources, as compared to an approach that relies on the utility's own planning processes. 

Competitive bidding has been employed by 84 utilities in North America over the last ten 
years. The results to date are quite notable in that roughly 20,000 MW of supply bids have 
been awarded through 116 auctions and 430 MW of DSM bids have been awarded through 30 
auctions. Seventeen of those auctions were fully integrated. 

Through the evaluation of many of the early bidding programs in North America, a number of 
lessons are generally accepted. On the supply-side, the approach was initially developed to 
control an over-development of the market for independent power. Nonetheless, many utilities 
continued to set the ceiling price for their auctions at their avoided cost, which in retrospect 
was too high. Thus, over-development of the market continued in some cases. On the other 
hand, the subsequent reduction of ceiling prices to a market clearing level has created some 
downward pressure on utilities' avoided costs. For example, in New York, avoided costs were 
redefined from an administrative calculation of the cost of utility generation, to the market's 
price of independent power generation. This trend has resulted in lower avoided costs. 



A number of lessons have also been learned from DSM bidding programs. For example, 
while many of the early programs were open to both ESCOs and the utilities' large customers, @ the primary participant has been the ESCOs. DSM bid prices have ranged from $0.035 to 
$0.065/kWhY between 60 to 90% of utility avoided costs. It is generally recognized that 
ESCOs provide a "value-added" service compared to a utility's own DSM program offering, 
which has been valued at $0.005 to $0.025/kWh. 

Lessons have also been learned from the integrated all-source bidding programs. One result is 
that it is clear that different selection criteria should be used to judge supply-side and DSM 
bids. For example, a utility will usually examine the extent to which a supply-side project can 
be dispatched, which is generally not applicable to a DSM project. Supply-side and DSM 
resources also have different project development cycles and costs. For example, supply-side 
projects are generally more capital-intensive and take longer to construct. This observation 
has implications for reduced security requirements for DSM projects. 

Utility Incentives for IRP 

Integrated resource planning requires utilities to consider all cost-effective energy resources 
equally in determining the best way to meet forecasted energy demand. The choice is based 
on cost; the less costly resources are selected for development before more expensive ones. 
In this manner, ratepayers and society will be able to meet future demands for energy while 
minimizing the total resource cost. Implementing IRP in practice in the North America has 

@ resulted in increasing utility investments in energy efficiency at the expense of conventional 
supply-side measures. Such energy efficiency measures include DSM, the use of renewable 
resources, and switching end-use consumption patterns from one fuel to another. 

Despite the strong interest of utility regulators in North America, IRP has had a difficult 
transition from theory to practice. The major obstacle to its broader application is the 
traditional regulatory practices of most jurisdictions. Conventional regulation provides 
powerful disincentives to utility investment in energy efficiency and equally powerful 
incentives for utilities to increase sales. 

Conventional regulation links the earnings of utilities to their level of commodity sales. 
Because energy efficiency decreases sales, this fundamental orientation of current regulatory 
practice penalizes energy efficiency investments and is contrary to the intent and goals of 
IRP. Utility earnings are also adversely affected by regulatory cost-recovery practices. Often 
these mechanisms produce an implicit bias toward supply-side investments because they 
sometimes fail to provide full and prompt recovery of utility demand-side resource costs. 

Unfortunately, full development of the cost-effective energy efficiency resource will probably 
not occur without removal of these serious regulatory impediments. Utility executives react 
to the regulatory and financial environment, and they respond with formidable financial, 
technical, legal, and political resources. The critical question for government policy makers, 
lawmakers, regulators and utility executives in Poland is: can proposed regulatory practices 
be successfully and equitably implemented to create an environment that causes utilities to 
fully embrace and seriously implement integrated resource planning? 



A number of utility incentive mechanisms have been developed and implemented throughout 
North America in the last ten years to address this question. The development and use of @ utility incentives depend on the specific goals of regulators and motivations of utilities 
involved in the process. Therefore, there is no "best" mechanism, which in most cases will 
probably be a combination of mechanisms. Some utility incentive mechanisms proposed for 
implementation in Poland are described in Section 3 .  Following is a brief description of the 
most common utility incentive mechanisms: 

b Recovery of Resource Costs. Most participants in the IRP process agree that 
recovery of resource investment costs is required in order to obtain the 
enthusiastic support of utility management to aggressively pursue IRP goals. 
This view holds that utilities should be able to recover all allowable direct 
costs to design and implement their resource options. For example, these costs 
include the incentives paid to customers to motivate their participation in DSM 
programs, payments to vendors to compensate them for implementing 
resources, and other program-related expenses such as advertising, labor and 
administration. In most cases the cost recovery is not inherent in the incentive 
mechanism but is provided through another complementary process for this 
purpose such as a surcharge or a deferral mechanism. 

b Recovery of Lost Revenues. A specific problem with DSM is the lost 
revenue (associated with unavoidable fixed costs) from foregone sales of 
electricity that customers don't buy because of conservation. Utilities should be 
able to recover the lost revenue on fixed costs; variable costs (primarily for 
fuel) are not incurred and are therefore not "lost." 

Provision of Positive Incentives. A positive incentive may be required to 
motivate utility management to overcome the perceived risk of implementing 
IRP. Regulators increasingly agree that utilities should earn increased profits, 
at least initially, for successfully accomplishing their goals in IRP by 
implementing a resource plan with the lowest societal costs and acquiring all 
cost-effective resources. 

IRP in the Polish Context 

The transfer of utility planning concepts from one country to another is challenging because 
each country has different energy infrastructures, pricing systems, and regulatory institutions. 
Perhaps nowhere is the challenge more daunting than in Poland that has experienced a 
wrenching political and economic transition over the past five years. 

IRP is principally an American concoction that has relied heavily on government regulation of 
the utility sector for its implementation. It is also a phenomenon which is relatively new on 
the scene, and therefore untested in terms of its long-term impacts on the utility industry. For 
these reasons, some people have criticized the adoption of IRP as a key activity in 
restructuring the utility sectors of post-communist countries such as Poland. Clearly, a major 
challenge to the transfer of IRP concepts is to be sensitive to the specific situation in Poland 
and to adapt the approach accordingly. In this regard, a number of interesting issues confront 
the implementation of IRP in Poland. 



Foremost among these is the fact that in restructuring its electric system, Poland has adopted 
a variation of the "British model." Five years ago, England and Wales started a radical 
restructuring of its electric system. From a nationalized, vertically-integrated utility, Britain 
now has a largely privatized, disaggregated utility system with separate generation, 
transmission, and distribution companies. This restructuring was undertaken with the primary 
goal of introducing competition and economic efficiency which would benefit consumers with 
lower rates. 

It is still unclear the extent to which this experiment has succeeded in accomplishing its goal. 
It has become apparent, however, that the British system provides significant disincentives to 
the development of DSM as an electric resource, since the distribution companies are 
motivated to maximize their revenues through increasing retail sales. There are no 
mechanisms to compensate or reward the distribution companies or any other participant in 
the system for undertaking DSM. The result is that very little DSM is currently being 
implemented in the Britain. To the extent that DSM is a least-cost electric resource, this 
situation poses a real problem for Poland that has adopted a disaggregated utility industry 
along the lines of the British model. If the problem is not fixed, Poland may not be able to 
consider a utility planning and resource acquisition process that is optimal from society's 
point of view. 

A fix could be accomplished through adoption of the institutional mechanisms discussed in 
this IRP Action Plan including the use of integrated resource planning in conjunction with a 
bidding process to acquire electric resources competitively. In that sense, the approach 

@ proposed here is really a hybrid between the extremes of Britain's total reliance on market 
forces and the highly-regulated U.S. model of the power system. As such, this IRP Action 
Plan presents the "Polish model," which is one that takes the best of both worlds to provide a 
policy framework for utility planning, while allowing the resource acquisition decisions to be 
made through the competitive forces of the marketplace. 

A related issue facing the implementation of IRP in Poland is the current lack of a regulatory 
framework. In Poland, the nature of the electric utility industry and its relationship to the 
government is still in a state of flux. Existing decision making structures may not be able to 
implement the types of changes required by IRP, unless the Energy Law establishes an 
independent Energy Regulatory Authority (ERA) and subsequent rules promulgated by the 
ERA allow and encourage IRP. 

There are a number of physical characteristics of the Polish power system that are unique and 
which will require special treatment in any utility planning process. First is the large number 
of existing power plants that were inherited from the communist era and contribute to 
significant over-capacity (Poland's current reserve margin is about 35 percent). Many of these 
plants are quite old and most of them have minimal operating pollution controls. Therefore, 
the utility planning challenge in Poland is not expansion of the system with new facilities, but 
the rehabilitation and modernization of the best existing facilities and closure of the worst. 

The second interesting characteristic is the large number of combined heat and power (CHP) 
plants that serve the thermal needs of district heating systems in most of Poland's cities. 
These plants introduce an operational challenge, since they are generating power and thermal 
energy continuously during the long winters and thus are "must run" units from the point of 
view of system dispatch. However, during the summer, most units are operating at very low 



levels to provide hot water services or are down for scheduled maintenance. Therefore, it is 
projected that Poland may face a peak demand problem during the summer months of 1997- 
1998, when power plants otherwise available are not operating. The interaction between 
electric and thermal generation and loads poses a difficult utility planning problem that has 
not been effectively resolved in any other country. 

The third interesting characteristic is the nature of Poland's transmission grid. Poland's central 
geographical position between the great powers has been a curse throughout its history. Its 
location may finally prove to be a blessing in the twenty-first century. This is because 
Poland sits in the middle of four major power pools. To the West is the UCPTE system of 
the European Union, to the East is the huge grid of the former Soviet Union that may become 
an important market for power someday, to the North are the Scandinavian countries that are 
creating interties among themselves through a "Baltic Ring" transmission grid, to the South 
are Poland's natural partners in Hungary and the Czech Republic, and all three nations are 
now planning coordination of their power systems through the CENTREL grid. The point is 
that Poland may have a unique opportunity to broker bulk power interchanges between four 
major trading partners. This fact imposes unique requirements on power system planning. 
For example, transmission lines and interties gain a strategic importance. Also PPGC owns 
and operates pumped-storage hydro facilities which must be considered in a resource plan. 
Finally, joining the UCPTE system, an important goal for Poland, will require meeting the 
EU's environmental standards for power plants. This requirement will impose a serious 
constraint on any power system investment plans. 

@ A politically charged issue is the perception that competition will contribute to unemployment 
in the utility and coal mining industries. Coal mining has been hit hard by the economic 
transformation in Poland, both as a result of the removal of production subsidies as well as by 
the fall in demand. The mining workforce has been cut by one-third since 1990 and 22 of 70 
mines are slated for closure in the next two years. Poles are asking why utility resource 
options should be considered that could potentially close down power plants and mines and 
accelerate unemployment and reduce wages. 

Another issue is the uncertainty of industrial facility survival. In the highly unstable 
economic environment of Poland, a large number of industrial and commercial facilities are 
being closed, many of them permanently. This situation creates a difficult challenge to the 
successful investment in any utility resources because of the tremendous uncertainty of load 
forecasts. 

Finally, while the downward spiral of Poland's economy over the last five years is generally 
considered to be over, a number of problems still remain such as currency instability and 
uncertainty in business transactions. These problems have generally discouraged aggressive 
market development and related business activity by international companies that have the 
capital which Poland needs to rehabilitate and modernize its power sector after forty years of 
communism. Of course, this problem is not unique to Poland, but is also shared by the other 
post-communist countries of Eastern and Central Europe and the former Soviet Union. In that 
context, the development of IRP in Poland could provide a useful model to other countries on 

@ how an electric system can be restructured to obtain the benefits of competition through 
integrated resource planning. 



SECTION 3 

INSTITUTIONAL FRAMEWORK 
FOR INTEGRATED RESOURCE PLANNING 

This section discusses the role of the TRP Unit within the corporate strategy of PPGC and the 
institutional framework necessary for the IRP Unit to function, including allocation of 
responsibility within PPGC for each element of the process and the role of outside agencies. 

The implementation of IRP in Poland is proposed in a three-phase process that closely tracks the 
expected transition from the status quo to a fully competitive electricity market (see below). This 
approach is considered necessary because the power sector entities, the generation companies 
(GENCOS), PPGC as the transmission company, and the distribution companies (DISCOS), each 
have significantly different roles and responsibilities in each phase. This process provides a 
gradual transition that would move responsibility for IRP from PPGC to the distribution 
companies. 

The IRP Unit's location and function and the related responsibility for resource acquisition 
decision-making would be different in each phase as follows: 

Phase 1: The IRP Unit and resource decision-making would be established within 
PPGC; the IRP plan and contracting strategy are approved by the Ministry of 
Industry and Trade (MOIT) and subsequently by the Energy Regulatory Authority 
(ERA) when it is created through the Energy Law; an IRP Review Committee 
would be established to be composed of PPGC, GENCO and DISCO 
representatives. 

Phase 2: The IRP Unit would be established as an IRP Independent Organization 
(INDORG) with a board of directors drawn from PPGC, GENCOS and DISCOS; 
this step would be taken only when PPGC no longer has the obligation to serve; 
regulation of the INDORG by ERA is optional or phased out. 

Phase 3:  IRP Units would be established at the DISCOS which are responsible 
for all resource planning and acquisition decisions; ERA would mostly regulate 
retail prices; the IRP INDORG could continue as an IRP service provider to all 
power sector entities. 

While this section describes IRP activities in all three phases, the remainder of this report focuses 
solely on IRP activities at PPGC during Phase 1. A more detailed description of the roles and 
responsibilities of the power sector entities and the function of the IRP Unit in each phase is 
provided later in this section. Before that, following is a brief description of the three-phase 
market model for the electricity sector that provides the context for the IRP institutional 

0 
framework. 



Market Model for the Electricity Sector 

@ As part of the ongoing process of electricity sector restructuring, PPGC initiated the design of 
new bulk power trading arrangements, in cooperation with Government, GENCO, and DISCO 
representatives. The following description of the proposed market model for power trading is 
a brief summary adapted from the interim report, Bulk Power Purchase Contracting in a 
Competitive Market (March 1994), by Coopers & Lybrand for PPGC. 

The key objectives of the proposed trading arrangements for the Polish power sector are: 

To reduce the degree of central control of the sector through the introduction of 
competitive markets in generation and supply; 

To provide a transition period in which final consumer prices can increase from 
their current levels to full economic prices; 

To provide transitional financial support to uneconomic generation and distribution 
companies to enable them to adjust to a more competitive environment; and 

To facilitate the initial phase of private sector investment in the electricity sector. 

The proposed trading arrangements would gradually move the power sector toward the longer 
- - - 

term goal of operati& within a fully competitive market, as follows: 

Phase 1 would nominally last four years, starting in January 1995. During this time, final 
consumer prices would rise to economic levels, major investments in power rehabilitation 
would take place (including environmental controls), and uneconomic companies would be 
identified and motivated to cease or change their operations. PPGC would procure most 
generation capacity through a competitive bidding process that would result in both short-term 
(1 year) and long-term (10-20 year) contracts. Short-term contracts would play a relatively small 
role with the emphasis on long-term contracts that would provide the security necessary to 
finance the rehabilitation and modernization of existing generators. PPGC would sell power to 
DISCOS through a Bulk Supply Tariff (BST). 

Phase 2 would last for up to ten years, although it could be shortened if circumstances allow. 
During this time, PPGC would cease signing long-term contracts, and generation would be 
procured competitively through short-term and medium-term (4-6 year) "contracts for differences" 
for bulk power sales to PPGC. GENCOS would also compete to be dispatched and any 
uncontracted capacity would be sold to PPGC at a spot market Pool Price. PPGC would continue 
to sell to DISCOS at the BST, although large customers could start to buy directly from PPGC 
at the BST. 

Phase 3 would be the final end-state of the transition process in which trading arrangements 
would introduce full competition in generation (open access for wholesale wheeling) and the 
possibility of competition in supply (retail wheeling). PPGC would cease to contract for 
generation and the BST would cease to exist. GENCOS would contract directly with DISCOS 



and large customers through contracts for differences. Uncontracted generation would be sold 
at the spot market Pool Price. PPGC and the DISCOS would be required to offer access to their @ networks on a non-discriminatory basis. The extent of competition in supply would depend on 
the availability and economics of appropriate metering technology and the policies of the 
Government and the ERA. PPGC's role would be to operate the transmission system, dispatch 
generation, and provide the Pool Price for pool transactions. 

Location and Function of IRP Units 

The transition in the power sector market model described above has important implications 
about where the responsibility for resource planning and acquisition is placed. The following 
proposal defines the roles and responsibilities of the power sector entities by closely tracking the 
three phases and general relationships described in the market model. However, the proposed 
approach goes beyond the market model to introduce some new concepts consistent with the 
goals of IRP (see Section 2). Following is a more detailed description of how IRP would work 
in each phase: 

Phase I :  IRP Unit is Established within PPGC 

There are a number of reasons for initially developing IRP capabilities at PPGC. The following 
points provide, in sum, a clear rationale for PPGC taking the lead role in resource planning and 

a acquisition during Phase 1 : 

Establishing the IRP Unit within PPGC is consistent with the temporary role that 
has been delegated to PPGC by MOIT to conduct resource for- the entire 
power sector. For example, MOIT's Energy Policy for Poland and the Dr@ 
Programme to the Year 2010 (November 1992) defines PPGC's role as " ... 
be(ing) responsible for electricity supply security and also for planning and 
implementation of the main investments of the power sector." PPGC is the only 
national power sector entity, is owned and governed by the Government through 
MOIT (which chairs and appoints its Supervisory Board), and as a strategic 
national asset, will not be wholly privatized but will continue to be majority- 
owned by the government. Therefore, at least in Phase 1, PPGC has been clearly 
designated by the Government as the only power sector entity that is in a position 
to plan and acquire power sector resources. PPGC has articulated specific 
procedures for this purpose in The Code of Power System Expansion Planning 
(December 1993 draft), which outlines long-term and medium-term national power 
system planning requirements that are generally consistent with the goals of IRP. 

Establishing the IRP Unit at PPGC is also consistent with its role in being the 
responsible government entity for receiving power sector loans from the World 
Bank and other multilateral development banks (MDBs), e.g., the European Bank 
for Reconstruction and Development. Since the banks require a sovereign 
guarantee of the loans by the Government, PPGC serves as the only government- 
owned, national power sector entity capable of participating in the loan appraisal 



process, receiving the loans, and distributing the loan proceeds. The requirement 
in the World Bank transmission sector loan for PPGC to produce this IRP Action 
Plan and implement its results is clear evidence of the World Bank's concurrence 
with this approach. Also, to the extent that the MDB loans represent a fraction 
of the total investment program, PPGC also serves as the best organization to 
coordinate with other sources of debt and equity capital required to implement all 
appropriate resources. 

Most of the activities that comprise the IRP process are new to Poland, and so it 
makes sense to concentrate the development of expertise in one organization until 
the methods are well-known and tested. For example, the various components of 
the IRP process include integrated resource planning, computer modeling, and 
competitive bidding, and these are all new activities in Poland. PPGC serves as 
the critical mass to develop IRP capabilities, especially in light of its existing 
relations with other power sector organizations and research institutes e.g., 
Energoprojekt, the Polish Institute for Power Engineering, the Polish Academy of 
Sciences, and various university departments. 

Therefore, the IRP Unit is proposed for establishment within PPGC in Phase 1 (see Exhibit 3-1). 
The following structure of the IRP Unit and its relationship with other directorates within PPGC 
explicitly recognize the reorganization through which PPGC is currently undergoing, as described 
in the General Plan for the Polish Power Grid Company, approved by PPGC's Supervisory Board 
in November 1993. 

The IRP Unit would be composed of two functions, each with its own manager that reports to 
the IRP Unit director. The L o  functions are: 

Least-Cost Planning; (LCP): This function conducts the system load forecasts as 
well as economic analyses of supply-side, transmission and distribution, and 
demand-side management (DSM) resources, including environmental 
considerations; this function then integrates the results of these analyses into an 
IRP that presents rank-ordered resource options (see Section 4 for a description 
of these elements of the IRP process). 

Financial and Contract Planning: (FCP): This function conducts financial analyses 
of the highest-ranked resource options resulting from the LCP function, 
administers a supply-side bidding auction to identify prospects for short-term and 
long-term contracts, and develops a contracting strategy for the selected resources. 

The IRP Unit would coordinate its activities closely with the Market Administration Directorate 
(also referred to as the "Electricity Turnover" Directorate) which would take the contracting 
strategy into consideration to negotiate contracts and set tariffs for selected resources. The IRP 
Unit would also coordinate its activities closely with the Transmission Planning Directorate which 
would take the rank-ordered resource options into consideration to develop PPGC's transmission 
system investment program. Both directorates would also be required to provide relevant data 





to the IRP Unit as input to its analyses. These relationships would be formalized in the internal 
contracts that are being developed between PPGC's operational directorates. 

There are three reasons for combining the LCP and FCP functions in one IFW Unit: 

The two functions perform closely inter-related activities that should be 
coordinated under one director. For example, there will be close iterations 
between the economic and financial analyses, as well as between the rank-ordering 
of resources resulting from the IRP analysis and the supply-side bidding process. 
The development of an effective contracting strategy will require that these two 
functions work together much more closely than could be achieved if they were 
in separate directorates. 

Alternatively, both the Market Administration and Transmission Planning 
Directorates stand apart in their functions. Market Administration deals with 
PPGC's relationships with the GENCOS and DISCOS and Transmission Planning 
develops PPGC's own investment program. In both cases, it would be important 
for the integrity of the IRP process that their activities be conducted 
independently. 

In Phase 2, the IRP Unit is removed from PPGC and established as an IRP 
Independent Organization. Clearly establishing the IRP Unit as a discrete entity 
within PPGC will facilitate its excision, without having to remove sub-programs 
from other directorates. 

While PPGC has been given the near-term lead role in power system resource planning and 
acquisition, it needs to be sensitive to the legitimate requirements of the GENCOS and DISCOS 
to participate in the process. Representatives of the Associations of both organizations have been 
critical of PPGC for taking a dominant position in the process and dictating terms and conditions 
to the other power sector entities. This concern is especially relevant when considering the 
proposed evolution of the electricity market in Poland to one in which PPGC becomes another 
actor in the competitive marketplace. Allowing the GENCOS and DISCOS to participate in the 
resource planning process will blunt their skepticism that PPGC is self-serving to advance its 
competitive advantage. 

Therefore, it is proposed that an IFW Review Committee be established that is composed of six 
members: two from PPGC (the IRP Unit director, who would serve as the committee's chairman, 
and the Market Administration director), two GENCO representatives and two DISCO 
representatives, who would be nominated by their respective associations. The IRP Review 
Committee would meet periodically and would agree on data that the various entities would be 
required to provide PPGC for the IRP analyses (e.g., load forecasts and proposed investment 
programs). Subcommittees of staff from the entities could be formed into working groups on 
particular topics. These working groups could include ad hoc members from other organizations 
for special purposes, e.g., large customer representatives could participate in a DSM working 
group. The IRP Review Committee would also exercise significant oversight of the IRP process 
and plan and the supply-side bidding procedures and results. Thus, the GENCOS and DISCOS 



would be provided a mechanism to participate in the process and "buy-in" to the results. In 
Phase 2, the role of this committee would be strengthened and formalized as the board of 
directors of the IRP INDORG. 

Demand-side management (DSM) presents a special case during Phase 1. For one thing, DSM 
is currently an unknown resource in Poland and so it must be demonstrated and its potential must 
be tested in the real world. To this end, the design and conduct of DSM pilot programs, such 
as the one currently being implemented in Gliwice, is expected with increasing frequency 
throughout Phase 1. Such activities will serve to provide a proof-of-concept and will also 
provide empirical data from the field regarding DSM costs, benefits, and impacts. These data 
will be essential to refine the results of DSM analyses that are inputs to the IRP planning process. 

Another dimension to the implementation of DSM in Phase 1 is the significant disincentives that 
the DISCOS would face in undertaking any activity like DSM that would reduce their revenues. 
Such revenue impacts would be especially severe in Phase 1 while retail prices are still rising to 
economic levels. DISCOS also will not have a mechanism to recover revenue losses on their 
fixed costs, since the retail tariff will continue to be prescribed by the Government based on 
"cost-plus" principles in Phase 1. Therefore, some kind of utility incentive mechanism for DSM, 
to the extent that it is a least-cost resource (as discussed in Section 2), would be appropriate in 
Phase 1. 

The current draft version of the Energy Law (26 May 1994) provides for some type of incentive 
in Article 50.2 as follows, "Tariffs for energy and fuels may include costs of co-financing by 
energy enterprises of projects and services which purpose is to reduce energy and fuel use by 
consumers which provide an economically justified alternative for developing new sources of 
energy." PPGC should be prepared to negotiate and MOITIERA should be prepared to approve 
such an incentive with DISCOS that can show verified savings from their DSM pilot programs. 
The exact form of the incentive should be determined in response to a specific request from a 
DISCO relevant to the implementation of a DSM pilot program. It might be best to consider a 
"shared savings" type of incentive in which PPGC and the customers participating in the DSM 
program both pay a share of the cost of DSM, proportionate to the resource savings provided to 
them by the DSM. For example, PPGC could provide a credit in the BST to the DISCO for its 
revenue losses on fixed costs and participating customers could repay capital investments in DSM 
to the DISCO in a fee in their bills. In this scenario, the DISCO would be responsible for 
covering its own administrative costs of the DSM program. 

Regarding the Government's role in Phase 1, MOIT (ERA when it is created through the Energy 
law and fully operational) would exercise approval authority over the IRP Review Committee's 
and IRP Unit's activities. MOITERA would approve the IRP plan and the contracting strategy. 
It could also serve to break tie votes, if necessary, in matters under deliberation by the IRP 
Review Committee. 



Phase 2: Establishment of IRP Independent Organization 

In Phase 2, the IRP Unit is removed from PPGC and established as an IRP Independent 
Organization. There are two reasons for this step: 

The purpose of Phase 2 of the market model for the power sector described above, 
is to provide a transition from a centrally-planned and operated market in Phase 
1 to a fully-competitive market in Phase 3. Consistent with this transition process, 
PPGC will relinquish the obligation to serve early in Phase 2. That is, PPGC will 
no longer have the responsibility to guarantee the balancing of system supply and 
load and will no longer bear the risks of that responsibility in its contracts. The 
moment that PPGC relinquishes the obligation to serve may or may not be 
precisely defined. For example, it could be at such time that DISCOS start 
contracting for generation resources directly with GENCOS or it might be when 
PPGC is making less than a specified percent (e.g., 50 percent) of the country's 
electric resource decisions through its contracts. For the purposes of this proposal, 
that moment is defined as when PPGC is no longer signing long-term contracts. 
At that time, there is no longer any rationale for PPGC to exercise control over 
the resource planning and acquisition process. 

Consistent with the point above, when PPGC no longer has the obligation to serve, 
it loses its monopoly status as a buyer of power from GENCOS and a seller of 
power to DISCOS. At that point, PPGC becomes another competitor in the 
marketplace. Its Pool Price becomes a benchmark against which GENCOS 
compare to see if they can receive a better price through transactions with 
alternative parties, such as DISCOS and large customers. Similarly, the Pool Price 
becomes the avoided cost against which DISCOS will seek a better deal with 
GENCOS as well as cogenerators, CHP plants, and independent power producers 
in their own service territories. Since, PPGC is a competitor in the marketplace, 
it would face a clear conflict of interest in running the resource planning and 
acquisition process. 

Therefore, an IRP INDORG is proposed that would be created as a private corporation by 
transferring the IRP Unit from PPGC (see Exhibit 3-2). The INDORG would constitute a fourth 
power sector entity and would be funded through an assessment on GENCOS, PPGC, and 
DISCOS, perhaps as a surcharge in the Pool Price. It would also be staffed by all entities and 
directed by a board of directors that was the IRP Review Committee in Phase 1, with the 
exception that the chairman of the board would now be elected by the members of the board. 

The INDORG would perform two functions as a service organization to all power sector entities. 
For both functions, use of the INDORG's services would be optional; in all likelihood, each 
power sector entity will be developing their own IRP expertise during the transition from Phase 
1 to Phase 3. Indeed, use of the INDORG's services would facilitate development of IRP 
expertise, especially at the DISCOS. The two IRP functions are: 





a Conduct IRP Analyses. The INDORG would continue all of the LCP functions 
of PPGC's IRP Unit in Phase 1. These functions would include conducting system 
load forecasts as well as integrating the economic analyses of supply-side, 
transmission and distribution, and demand-side management (DSM) resources, 
including environmental considerations. However, the purpose of this exercise is 
different in Phase 2 since the rank-ordered resource options would serve as proxy 
resources that would be used to initiate an all-source competitive bidding auction. 
In effect, the IRP analyses would produce the power sector's "best guess" 
regarding resource needs and options, from a planning perspective. 

a Administer Bidding Process. Using the results of the IRP analyses, the INDORG 
would then administer an all-source competitive bidding auction. The INDORG 
would structure the solicitation for bids, establish rules and procedures for running 
the auction, evaluate proposals received in response to the solicitation, and rank- 
order bids in accordance with pre-established criteria of the bid rules. In effect, 
the INDORG would provide a framework for the orderly offering and ranking of 
resource options from the marketplace. The bidding process would differ 
significantly from the supply-side bidding of Phase 1, in that all resource options 
would be eligible to bid, including supply-side, transmission and distribution, and 
DSM resources (see Section 2 for a general description of the all-source bidding 
approach). This bidding process could also provide the necessary framework to 
create a market for trading in pollution emissions, since the offsets associated with 
particular resources could be included in their bid prices. The specific steps in the 
bidding process would be as follows: 

-- INDORG would solicit annual bids for power to cover baseload 
requirements (50 to 60 percent of load). 

-- Eligible bidders for supply-side resources would include the GENCOS, 
independent power producers, and large electric customers. 

-- Eligible bidders for transmission and distribution resources would include 
PPGC, the DISCOS, and independent T&D engineering and construction 
management enterprises. 

-- Eligible bidders for DSM resources would be the DISCOS, energy service 
companies (ESCOS), and large electric customers. 

-- Bids would include the price offered for the electric resource, the amount 
of the resource, a deadline to deliver the resource, and security for timely 
and reliable delivery of the resource. 

-- INDORG would evaluate and rank-order the bids based on price and non- 
price factors. 



-- The power sector entities would then contract for the highest-ranked 
electric resources and would pay the bid price for those resources over the 
year. 

-- The remainder of load over baseload requirements could then be acquired 
based on the Pool Price or short-term contracts. 

Thus, the bidding results would form the basis for contracts among the GENCOS, PPGC, and 
the DISCOS. As the market transition evolves through Phase 1, the power sector entities and 
ERA can evaluate the degree to which the bidding results would be binding in contracts. The 
argument in favor of binding bidding is that such discipline might be required to prevent the 
transition into full Phase 3 implementation prematurely. The argument in favor of voluntary 
bidding is that each power sector entity must retain the independence to act as it wishes, since 
it is fully bearing the risks of its decisions. Forcing the decision process of an outside 
organization on them in that circumstance would not be appropriate. A mitigating factor in favor 
of voluntary bidding is that the independence and integrity of the INDORG and regulatory 
oversight of the power sector entities by ERA would provide a strong inducement for actions 
consistent with bidding results. The decision regarding binding versus voluntary bidding can be 
made in the future, responding to the Government's policies and ERA'S regulatory agenda. 

In terms of DSM, much of the price disincentives that the DISCOS faced in Phase 1 will have 
been eliminated in Phase 2, since retail tariffs will have risen to economic levels, and cost- 
effective DSM should be more attractive to utility customers, without the need for DISCO 

@ interventions. Nonetheless, to the extent that the BST in Phase 2 continues to serve as the model 
for structuring retail tariffs, the DISCOS' may not be able to recover revenue losses on their fixed 
costs from DSM. A special tariff incentive was proposed in Phase 1 to mitigate this problem, 
as authorized in the Energy Law. Consistent with the transition to a more competitive market 
in Phase 2, the special tariff incentive would cease and be replaced by a market-based incentive 
mechanism. 

This observation points to the possibility of the DISCOS bidding DSM resources in Phase 2 for 
contracts with PPGC. To the extent that those resources are least-cost, the revenue stream from 
PPGC for DSM acquisition will at least partially, and perhaps wholly, allow the DISCOS to 
recover their costs and revenue losses from DSM. In this scenario, the DISCOS would turn 
around and acquire the DSM resources directly from their customers or from energy service 
companies (ESCOs) acting on behalf of their customers. 

DISCOS will be motivated to implement DSM that provides value to them, regardless of the 
revenue stream from PPGC. Nonetheless, PPGC should be willing to pay for DSM that is 
competitively bid and that costs less than its avoided generation costs, e.g., in the Pool Price. 
Therefore, PPGC should be willing to share its savings from DSM with the DISCOS in a credit 
on the BST. The effect of PPGC buying DSM resources from the DISCOS would be to increase 
the amount of cost-effective DSM that the DISCOS would otherwise be motivated to implement. 

Another option that can be settled in the future is the extent to which the ERA regulates the 
INDORG's activities. Whether regulation is appropriate or not is a decision that the power sector 



entities and ERA should address as the transition to Phase 2 approaches. On the one hand, ERA 
could regulate the INDORG by approving the IRP plan and the bidding results. In such a case, 
the regulation could be phased out over time as the switch-over to Phase 3 approaches. If it is 
decided that ERA should not regulate the INDORG, it would still be appropriate for ERA to 
formally receive the IRP plan and bid results. It would require these in order to carry out its 
regulatory requirement of issuing licenses to the power sector entities for their operations based 
on their contracting activities. 

Phase 3: IRP Established at the DISCOS 

Finally in Phase 3, IRP is decentralized to the DISCOS, consistent with a fully competitive 
electricity market. When this happens exactly will be unclear, since some "Phase 3-like" 
activities will probably start happening toward the end of Phase 2, such as open transmission 
access for wholesale wheeling transactions. In fact, the transition period from Phase 2 to Phase 
3 could be greatly accelerated should the Government and power sector entities so choose. 

Therefore, all IRP planning and resource acquisition functions would transfer to the DISCOS in 
Phase 3 which will have assumed the obligation to connect and serve (see Exhibit 3-3). In this 
role, the DISCOS will conduct their own load forecasting, plan their own resource development 
and acquisition strategies, and contract for their own resource requirements. In this regard, 
DISCOS could conduct all-source competitive bidding auctions which would result in contracts 
with generators and independent power producers for supply-side resources and contracts with 
ESCOs and customers for DSM resources. The Pool Price from PPGC would represent the 
DISCOS avoided cost against which all other resources would be compared, and would also be 
a source of last resort for supply-side resources. 

It would be a mistake to assume that the DISCOS would just be starting these activities as the 
power sector enters Phase 3. They probably will have been conducting their own analyses for 
years e.g., load forecasting. The difference in Phase 3 is that they would start coordinating all 
their IRP activities to support their own comprehensive resource planning and acquisition 
strategies. 

The IRP INDORG could be abolished or more likely it could be divested and continue to operate 
as multiple private fee-for-service utility consulting organizations for all power sector entities, 
including ERA. Such services would include load forecasting, IRP analyses, and even 
administering all-source bidding competitions. These services would be particularly appropriate 
for small DISCOS which might not be able to afford full-scale resource planning and acquisition 
operations. In this scenario, the INDORGs could retain their original ownership (GENCOS, 
PPGC, DISCOS) or they could be sold to private andlor government investors. 

The situation for DSM in Phase 3 is straight-forward. The BST will cease to exist and DISCOS 
should be able to recover their fixed costs from all customers in connect charges. Therefore, 
there should be no more price disincentive for DSM and the utility incentives of Phase 1 or the 
resource payments from PPGC in Phase 2 will no longer be required. DSM will be able to 
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compete like any other least-cost resource in the DISCOS resource planning and acquisition 
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Regarding regulation, the ERA'S role in Phase 3 would be fairly limited since there would be 
greatly reduced monopoly powers in the power system. Nonetheless, ERA would still regulate 
PPGC's and the DISCOS tariffs and would also oversee the rules of competition. 

Required Actions to Implement IRP Proposal 

There are a number of actions that will need to be taken by the Government and the power sector 
entities to implement the provisions of this proposal for the establishment of IRP capabilities in 
Poland. These actions are specific to each phase of implementation as follows: 

a Phase 1: After the Energy Law is passed by the Sejm and signed into law, it is 
likely that subsequent laws will be drafted governing the various energy sectors, 
i.e., an Electricity Law. It should probably include provisions that enact the 
market model for the power sector that is ultimately adopted in Poland, not only 
to anticipate the fundamental changes of its strategic implementation over time, 
but more importantly to address its near-term operation and the specific 
relationships between the power sector entities. Most of the general IRP activities, 
such as PPGC's roles and responsibilities, could be included in such provisions. 
Following passage of the Electricity Law, ERA would promulgate regulations 
regarding the IRP process and PPGC would amend the Grid Code to incorporate 
relevant provisions. A Power Contracting Tendering Code would also have to be 
developed by PPGC, as anticipated in the market model. 

a Phase 2: The main additional requirement will be for a joint venture agreement 
between the GENCOS, PPGC, and the DISCOS to create the IRP INDORG and 
to set its rules of operation. ERA would have to determine the extent to which 
it would regulate the activities of the INDORG and whether the bidding results 
would be binding upon the power sector entities or not. The Power Contracting 
Tendering Code would have to be amended to extend the bidding auctions to all- 
source resources. 

Phase 3: No special legal or regulatory authorities are expected to implement 
specific IRP provisions in Phase 3, beyond those required to implement the market 
model. 



SECTION 4 

ELEMENTS OF THE INTEGRATED RESOURCE PLAN 

This section identifies and describes the elements of the IRP process. The elements described 
include: 

load forecasting; 
identification of supply- and demand-side resources; 
transmission system planning; 
environmental considerations; 
plan integration; 
tariff design and power pricing aspects; and 
financial planning. 

Load Forecasting 

Load forecasting, the starting point of IRP analysis, is the process of creating forecasts of 
electricity use and peak demand. Load forecasters use both economic and customer end-use 
information as input into complex algorithms that forecast both energy and peak electrical use 

@ on a total country, distribution company, area, customer class, and load type basis. 

The demand forecasters use econometric and end-use techniques to develop the system load 
projections taking into account the assessment of DSM programs. 

End-use Analysis 

End-use analysis produces relationships between the use of electricity for types of electrical use 
such as heating and the factors that influence that usage. The factors include appliance saturation 
levels, competitive fuel prices, turnover of the electrical equipment, and improvements in the 
efficiency of new equipment. The data needed to perform end-use analysis include: 

types of end-use; 
starting load curves, according to characteristic customer load types; 
projected appliance or equipment efficiency standards; 

a projection of competitive fuels; and 
a appliance saturation rates. 

The load forecasters are responsible to estimate the shapes of end-use load curves. These data 
will also be used in the demand management analysis for determining cost effective DSM measures. 



Econometric Data 

Econometric load forecasting techniques require development of macro-economic forecast 
assumptions pertaining to the demand projections of electric energy and electric capacity. The 
historical energy and peak usage is normalized for weather conditions. The resulting normalized 
loads are then examined by statistical analysis to provide algorithms that relate macro-economic 
factors to the trend of electric usage. The data to be collected and used in the analysis include: 

Demographics; 
Economic growth; 
Price of electricity; 
Historical electrical energy and peak trends; and 
Long-term information on international sales and purchases. 

Transmission losses and unaccounted-for energy such as company electrical use are added into 
the forecast to show total generation output required. 

Load Forecast Output 

The load forecasts include energy sales and peak load projections for the country, regions, 
distribution companies, customer classes, and customer load types or end-uses. The various 
planning models require hourly data as well as load duration data. For example, the 
Transmission Development Planning Department provides the historical area-related (substations) 
demands. In turn, the sales forecast should provide a projection on the growth for each 
substation as input to the transmission planning models. 

Load Forecasting Model 

An effective IRP process requires a suitably efficient load forecasting model to serve as the basis 
for subsequent resource analyses. PPGC intends to use the Hourly Electric Load Model (HELM) 
to project the magnitude and shape of load curves in the analyses. This model facilitates the 
calculations to enable evaluation of numerous variants of future demand for energy. One of the 
major tasks of the IRP analysis will be to develop the data required for HELM. Given the 
scarcity of data at this time and the uncertainty as to the pace of economic recovery in Poland, 
the IRP will include sensitivity analyses on the impact of varying load growth projections. 

Economic Forecasting 

The following information needs to be provided as input to the load forecasting model. An 
independent group such as from academia that produces regional economic analysis should be 
asked to provide: 



macro-economic projections; 
sensitivity analysis of macro-economic factors on the projections. 

Currently, the Economic Analyses and System Forecast Division of the Development Directorate 
perform long term forecasting of the national electricity demand, as well as economic efficiency 
analyses and long term marginal costs projections. PPGC works with various R&D institutes in 
this forecasting effort. Identification of resources within and outside of PPGC necessary for IRP 
implementation are described elsewhere in the IRP Action Plan. It is anticipated that the 
combined use of end-use forecasting, macroeconomic forecasting and sensitivity analyses will 
provide a sound framework for IRP analyses. 

Identification of Supply and Demand-Side Resources 

Supply-side Resources 

The Plan will identify supply-side resources from two perspectives: it will examine existing 
supply-side resources and screen options for new supply resources. The Plan will first develop 
a database of the existing supply resources, consisting of the following information: 

generation unit names; 
seasonal generating capacity; 
fuel type; 
age; 
location on the transmission or distribution system; 
mode of operation (base load, peaking, etc.); 
purchases from generation plants or countries; and 
pollution emissions. 

With this database, the Plan will evaluate the costs and benefits of several options for existing 
units, such as the following: 

modernization for environmental and efficiency improvements; 
repowering to increase capacity and efficiency; 
retirement of certain units; and 
alternative fuels to lower cost or pollutants. 

To conduct these analyses of existing supply resources, the Plan will compare the costs of each 
of the alternatives. The annual costs for each option and the alternative will be converted to 
present value monetary units, then the present values will be accumulated, and these cumulative 
present values for the option and the alternative will be compared. 



The Plan will also evaluate and screen options for new generation. The list of new options to 
be evaluated will consist of commercially available technologies. These technologies will be 
grouped into several categories, including: 

base load operation; 
peaking units; 
intermediate operation; 
renewable fuels; 
pumped storage; and 
distributed generation at customer sites. 

The technologies will be screened on the basis of a number of factors, including: 

capital cost of the equipment; 
operating cost including maintenance and fuel types; 
expected hours of operation; 
air, water, and solid emissions; 
degree of commercial availability; and 
public acceptance. 

The screening process is useful in considering which alternatives should be investigated in greater 
detail within the IRP process. However, the screening process should not be so severe as to 
eliminate alternatives that may prove to be beneficial in the final analysis. New options may also 

@ include the purchase of power from other countries or from non-utility generation units. Power 
purchases from outside the grid may require substantial investment in new transmission facilities 
to connect to a seller of power. The cost of these facilities will be considered in the analysis of 
new purchases from outside the grid. It is also possible that the seller may share in the cost of 
the new transmission facilities. 

The relative mix of fuel types will be determined by national energy policy goals. The mixture 
of modes of operation will be determined based on the expected load shape. A mixture of base, 
intermediate, peaking, and storage units will be needed to efficiently serve electrical load. The 
results of the screening of new generation options will be used later in the process when a 
resource plan is developed for the future. The final plan is developed through an iteration 
process. 

PPGC has conducted a number of supply-side analyses that will provide the basic input for IRP 
analyses. The IRP process will enable PPGC to evaluate these alternatives, as well as DSM 
programs, on a consistent basis. 



Demand-Side Resources 

@ PPGC will, in parallel with its assessment of supply options, conduct an assessment of energy- 
efficiency, load management, and fuel-switching resources. These DSM programs are, in later 
steps, compared with supply options to develop a portfolio that serves the customers at the lowest 
cost. A requirement here is that the utility assessment of DSM resources be comparable to and 
consistent with the assessment of supply resources. The result of demand-side planning will be 
the identification of the most effective DSM programs for the continued evaluation in the IRP 
process. 

The major steps in the demand planning process are: 

DSM pilot program activities at Distribution companies; 
Defining of the DSM-related objectives; 
Classification of new processes, equipment, etc. to reduce consumption; 
DSM program screening. 
DSM program formulation and costlbenefit analyses; and 

The demand resources will be implemented by Distribution companies in close collaboration with 
the PPGC. PPGC and Distribution companies will work with the Foundation for Energy 
Efficiency to identify potential DSM programs for implementation by Distribution Companies. 
Data produced by Distribution companies in pilot DSM programs will be taken into account in 
this process. 

The demand-side planning is an iterative process that uses the feedback from implementation of 
existing programs. That iterative process includes: 

Identification of target customer sectors; 
Implementation of selected DSM programs; 
Monitoring of program implementation results; and 
Determination of impact on end use load shape. 

The primary modelling tool for DSM activities is DSManager. This is a screening program that 
conducts benefit/cost analysis of DSM programs. It sets bounds for cost-effective DSM 
resources. Results obtained with the DSManager can be used in calculations carried out in the 
IRP that identify the optimal solution based on demand and supply options. 

Transmission System Planning 

Transmission system planning efforts focus on providing for a reliable, safe and efficient 
transmission network, coordinating its efforts with the Distribution Companies and the Network 



Operation Branches. The transmission planning function analyzes the system using a load flow 
program. 

Transmission planning uses historical load data for its electrical substations and maintains a 
database of hourly data. This group also projects future capital projects and operation and 
maintenance costs of the transmission system. 

During the IRP process, Transmission planning cooperates in projects that analyze the reduction 
of system losses through component replacements and upgrades, reconfiguration of the system, 
and modifying operating criteria. Work can also include evaluation of placing generation on 
critically loaded transmission lines. 

Environmental Considerations 

At all phases of the IRP process, the environmental impacts of a decision will be considered. 
The primary focus of the environmental analysis will be on air emissions including sulfur 
dioxide, nitrous oxides, particulates, carbon monoxide and carbon dioxide. In addition, where 
appropriate the following factors will be considered; 

water usage; 
solid wastes produced and disposal needed; 
land usage; 
noise; 
aesthetics and public acceptance; and 
effects of fuel and waste transportation. 

When evaluating existing supply resources, the Plan will consider the costs of pollution control 
equipment and abatement methods which may be needed to meet environmental standards, such 
as the following: 

scrubbers; 
catalytic converters; 
alternative burners in fossil-fueled plants; and 
alternative fuels; and 
others as appropriate. 

When evaluating new and existing generating resources, the costs of pollution control and their 
expected benefits for specific technologies will be compared to alternative technologies which 
might have different costs and environmental impacts. The results of this evaluation will have 
implications for retrofit and retirements of existing units. 



Plan Integration - 

After a careful evaluation of supply- and demand-side resources, the Plan will integrate both of 
these into an integrated resource plan. The Plan will meet the projected needs of the system. 
The total system needs are the sum of the load forecast and a reserve margin that will provide 
an accepted reliability. The reserve level should reflect acceptable reliability standards that 
customers can expect if the utility maintains specified reserves. This reliability standard will 
balance the needs of the electrical customers against the cost of an increasing level of reliability. 
Periodically, reserve margins and reliability levels should be reassessed to ensure the appropriate 
balance. 

Integrated planning begins with the declaration of goals and key issues to be addressed in the IRP 
process. Examples of these issues are rate impacts, emission goals, and overall efficiency 
improvements. 

The most promising supply-side resources, which were analyzed earlier in the process, will be 
compared to the most promising demand-side resource, which were evaluated in the same way. 
It is expected that a mixture of supply- and demand-side resources will be needed to meet the 
long term electricity needs of the grid. 

When the Plan integrates supply- and demand-side resources, it must consider many factors. The 
first factor is cost. The capital and operating costs of generating resources, their fuel usage, 
expected operation, and the capacity of the resource will be compared to the upfront costs and 
expected energy savings of demand-side resources. This comparison will also consider the 
impact of these resources on the price of electricity, both in the near and long term. 

Another factor to consider in integrated resource planning is social issues. The Plan will consider 
national energy goals for fuel usage, cost, employment, reliability, environmental protection, 
power quality, and integration with other electrical systems in Europe. The Plan will also 
consider the interactions of the electrical system structure, from the generation providers, to the 
transmission system, to the distribution, to the final customers. 

Since the future is not certain and cannot be predicted, the Plan will also consider different 
scenarios of key variables. The Plan will assume high and low values for the following 
variables: 

fuel prices; 
capital equipment costs; 
inflation and interest rates; and 
load growth. 

The analysis of different variables will show which choices have risk under certain scenarios. 
Scenario analysis facilitates improvements to the plan so that it is more flexible and adaptable 



to the uncertainties of future conditions. As one or more of the variables change from the values 
that were used to produce a certain resource plan, then the Plan can be changed to a different set 
of supply and demand resources that provide lower risk and better opportunity for return under 
the expected conditions. 

Tariff Design and Power Pricing Aspects 

As electricity rates rise in Poland over time to reflect full economic costs, it will become possible 
to implement rates that are consistent with the IRP process. There are a variety of rates that are 
created for the pricing of new resources. These include: 

Interruptible rates; 
Time-of-use rates; 
Long-run avoided energy and capacity rates; and 
Short-run marginal energy rates. 

The tariffs are used as an incentive to reduce energy consumption during peak demand 
periods. The marginal costs of production, distribution, and transmission are key elements in 
developing marginal-cost based rate tariffs. 

Long run marginal costs are used in the evaluation of new resources. The long run marginal 
costs are used as a benchmark to evaluate new demand-side programs and for capacity to be 

@ added to the system. The factors included in the rates include fuel, operation and 
maintenance costs, depreciation, interest, return on investment, taxes, and insurance on new 
facilities. These costs can also contain marginal T&D rates depending on the location of a 
new supply resource on the electrical system. 

Financial Planning 

The IRP process will examine the financial impacts of the resource plan and the financial 
needs to complete the plan. New capital and internal funds will be used for transmission and 
other facilities, refurbishment of existing equipment, repowering existing generating units, and 
installation of pollution control equipment. 

Financial planning will examine the pro forma financial condition of the PPGC, beginning 
with the current financial condition and projecting balance sheets and income statements that 
would result from the Plan. The financial projection will include cash flows, capital 
requirements, and will show investors and creditors the expected profitability of the company 
and its capability to make loan repayment. The planning will also include projections of long 
term contracts between PPGC and generating companies required to finance plant 
modernization. 



An important part of the Plan is forecasting the average price of electricity. Once a resource 
plan is selected under Integrated Resource Planning, an estimate of the price of electricity will @ be made. The price will be used as an input in the load forecast. It may be necessary to 
pursue several iterations of the resource plan selection, as the electricity price that results 
from a resource plan may be too high to support economic growth. However, the resource 
plan needed to maintain a low electricity price may be insufficient to support environmental 
improvement and economic growth in electricity intensive industries. Therefore, the financial 
analysis will need to balance the needs of low electricity price against sufficient power sector 
investment. 

The financial plan will develop assumptions that will be used by other planning areas in their 
analyses. These assumptions include the following: 

interest rates and discount rates; 
fuel costs; 
tax rates; and 

a inflation rates in materials and labor. 



e Actions to Complete the IRP 

PPGC intends to take specific actions to complete the IRP. These actions will involve 
iterations of some of the forecasting activities to reflect the effects of new forecasts on the 
IRP. The activities are inter-related with each division dependent of other divisions for data 
and results 

1. 
2. 

3.  
4. 
5 .  

6 .  
7. 
8. 
9. 
10. 
11. 

1. 

2. 
3.  
4. 
5.  

6 .  
7. 

1.  
2. 
3.  

Each of these major activities may involve many small activities. 

Load Forecasting 

Compile macro-economic data; 
Purchase or prepare forecasts of fuel prices (both as a cost of electricity 
generation and as a substitute for electricity); 
Compile historical trends in electricity use; 
Develop end-use load shapes for various customer classes; 
Develop algorithms that model end uses and economic correlations (price of 
electricity, growth in economy); 
Run algorithms to produce forecasts of hourly load data; 
Use hourly data to determine yearly peak demand; 
Recalculate price of electricity based on results (resource plan) of load forecast; 
Recalculate load forecast based on new price of electricity; 
Using final demand-side expansion, develop final load forecast; and 
Develop low and high load forecasts to be used in scenario planning. 

Identification of Supply-side Resources 

Develop database of generating unit characteristics, fuel costs, power contracts, 
and load forecast; 
Develop initial supply database in IRP model; 
Develop initial marginal costs (see tariff section above); 
Screen new supply options; 
Using preliminary load forecast, generation mix, and benefits from transmission 
interconnections develop system reserve requirements; 
Develop new capacity expansion to meet system requirements; and 
Develop short and long term marginal costs from new load forecast and 
capacity expansion. 

IdentzJication of Demand-side Resources 

Determine impact of DSM programs on loads; 
Determine costs of DSM programs; 
Determine impact of DSM programs; 



Forecast impact of future DSM programs; 
Forecast cost of future DSM programs; and 
Screen viable future DSM programs. 

Transmission System Planning 

Develop historical substation loads database; 
Develop historical system losses; 
Develop initial system expansion plan; 
Produce maps of each region showing existing and proposed transmission lines; 
Develop estimates of capital and O&M requirements for expansion plan; 
Develop second iteration of system expansion plan based on new load forecast 
and new capacity expansion; 
Analyze the economics of reducing system losses using transmission upgrades; 
and 

Environmental Considerations 

Determine emissions of existing generating units; 
Determine emissions of future generation additions; 
Determine impacts on emissions of additions of generating units or DSM 
programs to resource expansion; and 
Determine costs of pollution abatement measures (fuel switching, plant 
retrofits, new technologies). 

Plan Integration 

Form IRP review committee; 
Develop goals and key issues of IRP process; 
Develop plan for existing and new generating plants; 
Analyze the costs and benefits of DSM programs; and 
Use inputs from each area to develop IRP plan using the IPM model 

Tar@ design and power pricing aspects 

Develop average cost information using resource plan. Include fuel costs, 
operation and maintenance, taxes, insurance, depreciation, interest, and return 
on investment; 
Calculate marginal energy and capacity cost of serving incremental load over 
short and long term; and 
Use marginal and average costs to develop tariffs. 



Financial Planning 

1. Develop financial parameters (interest rates and discount rates); 
2 .  Develop revenue requirements model that includes all costs of providing 

electricity, such as fuel, operation and maintenance, depreciation, interest, 
return on investment, transmission and distribution costs; 

3. Use revenue requirements model to forecast average price of electricity; 
4. Use iteration of load forecast to model new price of electricity; 
5 .  Create annual and five year budgets from revenue requirements model; 
6. Project capital requirements to finance budgeted plan; and 
7. Analyze most attractive sources of capital. 



SECTION 5 

THE ANALYTICAL FRAMEWORK 
FOR INTEGRATED RESOURCE PLANNING 

This section presents the analytical framework for integrating the elements of the IRP process 
into a power system development plan, including identifying the flow of information among the 
elements and specifying the outputs from each element of the process. General concepts of IRP 
analyses were presented under the heading "IRP Modeling" in Section 3 and each element of the 
IRP process was identified and described in Section 4. This section builds on that foundation 
to describe the specific analytical steps of IRP modeling. First, the inputs and outputs of each 
of the elements are described, including a brief description of PPGC's activities to date in these 
areas. Then, the process of integrating all the elements into an optimal power sector plan is 
presented. Finally, PPGC's approach to identifying candidate IRP models and selecting one for 
use in Poland is described. Exhibit 5-1 presents a flowchart showing all the analytical steps of 
IRP modeling. 

Inputs and Outputs of IRP Elements 

The elements of the IRP process that precede and flow information into plan integration were 
defined in Section 4 as: load forecasting; the identification of supply-side, demand-side 
management (DSM) and transmission and distribution (T&D) resources; and the consideration 
of environmental requirements. Following is a discussion of the analytical processes, data 
requirements, and results for each element, along with a brief description of PPGC's activities to 
date in these areas: 

Load Forecasting. Basic load data required to perform an IRP analysis include historical and 
forecasted load shape data expressed in terms of hourly megawatts for typical weather years. The 
accurate representation of hour-by-hour load data has become an expected standard in IRP 
analyses required for both supply-side and DSM analyses. The load data can be expressed in 
terms of system, customer class, and end-use loads, as well as system losses at both transmission 
and distribution levels. Generally, more precise load data are best (e.g., end-use by customer 
class). In addition to load data, the forecast indicates future peak demands either on a monthly 
or annual basis with corresponding energy requirements. Forecasts are often described through 
scenarios (e.g., low, medium, high) reflecting different assumptions about economic activity and 
government policies. 

PPGC has focused much effort on load forecast studies, given the tremendous uncertainty of 
electric consumption in Poland's post-communist transition. In fact, the uncertainty of this 
parameter could outweigh all others in the IRP analysis. The studies fall into two categories: 
1) macroeconomic forecasts which project future load based on overall indicators of economic 
activity in the society, e.g., income data, gross domestic product, industrial output, and 
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population; the Polish Academy of Sciences recently completed such a study; and 2) 
engineering-based load forecasts that rely more on secondary data regarding customer 
characteristics and energy consumption patterns; the Polish Institute of Power Engineering has 
been using the MAED model to conduct biennial load forecasts using this approach. These load 
forecasts were used in the Long-Run Marginal Cost (LRMC) study that was performed for PPGC 
by RCGIHagler, Bailly under a USAID bilateral program, using the Generation Planning Tool 
(GPT). Future load forecasting efforts could focus on developing hour-by-hour end-use 
forecasting techniques, using a model such as the Electric Power Research Institute's (EPRI) 
HELM model. 

Suuplv-Side Planning. A supply-side planning study requires detailed data about a utility's load 
patterns, generating units, operating and maintenance costs (including fuel) and operating 
characteristics. In addition, specific financial, economic, and planning parameters are required 
to perform such a study. Most supply-side models use these data to optimize a power sector 
rehabilitation and expansion plan given certain constraints and objective functions (a discussion 
of the optimization process is contained under "Plan Integration" below). Data required for 
supply-side plans can be grouped as follows: 

Load Data, derived from load forecasts as described above. 

Generating Unit Data which constitute the bulk of the information required for 
the supply-side analysis, such as: 

-- Capacity normally expressed as maximum net dependable capacity for 
specific units. Generating units are often modeled in capacity blocks or 
segments and there may be a provision for emergency capacity rating. 

-- Heat Rates expressed as the ratio of required fuel to the electrical output 
of a unit (BTUIkWh). Heat rates vary over the range of a unit's capacity 
and can vary significantly between units. A heat rate curve is often 
derived using heat rates at minimum load in conjunction with incremental 
heat rates. 

-- Maintenance Schedules specified as weeks per year that a unit is taken 
out of service for scheduled maintenance. 

-- Forced Outage Rates expressed as a percentage of time that units are 
expected to be unavailable for service because they break down. 

-- Energy Limitations for units that can generate only so much energy at 
certain times of the year e.g., hydroelectric and pumped storage units. 

-- Fuel Parameters associated with the specific fuel type for each unit, such 
as the heat content, sulfur content, and any limitations on the quantity of 
fuel available. 



-- Variable Costs that include fuel costs and variable operations and 
maintenance (O&M) costs, which are the same costs used in dispatching 
models to determine how a generating unit is operated. 

Rehabilitation and Expansion Alternatives that are candidates for consideration 
in the supply-side plan. Foe each candidate, data are required on capital, fixed 
O&M, fuel and variable O&M costs. 

Economic and Financial Analysis Parameters such as discount rate, fixed 
charge rate (e.g., for insurance, depreciation, and tax impacts), cost of debt, 
common and preferred stock, allowance for funds used during construction and 
construction work in progress rates, and real escalation rates. 

Bulk Power Transactions including firm and economy exchange purchases and 
sales expected with neighboring electric grids. Data required include the capacity 
and energy expected from the transactions, with costs of both. Firm transactions 
could contribute to reserve margin or spinning reserve. 

Over the last two years, PPGC has undertaken an extensive supply-side analysis with the 
assistance of Verbundplan provided through an Austrian bilateral program. The analysis focused 
on separate plans for new investment and rehabilitation using the WASP model that has been 
used for in Poland for utility planning. The new investment plan characterized eight types 
of generic generating units (e.g., hard coal, lignite, natural gas, pumped storage). The 

@ rehabilitation analysis focused on surveys and analyses conducted by ModelPo1 of the current 
operational status of existing power plants in Poland. 

The Polish power sector poses some unique challenges for supply-side planning that need to be 
addressed in the future. As discussed in Section 2, the most important issue is that Poland's 
current needs are not for new construction of generating plants, but for rehabilitation of existing 
units. With over-capacity of old, dirty power plants, the optimization goal is to identify those 
plants that would be most economical to rehabilitate, repower, and modernize (including 
installation of appropriate pollution controls). Another issue is the large amount of combined- 
heat-and-power (CHP) capacity which must run in the winter, providing an energy contribution, 
but that cannot be counted on for capacity in the summer. These plants are also subject to 
rehabilitation and modernization needs. A final issue is the relatively large amount of pumped 
storage capacity that PPGC owns and operates as part of the transmission system for regulation 
and providing peak capacity. For each of these issues, specific submodels may be appropriate 
that explicitly deal with their unique data requirements in a way that WASP or the IRP model 
cannot. For example, PPGC has used a pumped storage model by Harza and is considering a 
CHP model by Danish Power Consult. A similar model for rehabilitation analyses should also 
be identified. 

Demand-Side Mana~ement (DSM) Assessment. A DSM planning study requires detailed data 
about utility loads, customer preferences, equipment saturations (extent of use), and many factors 
specifically relevant to customer classes. Data required for DSM analyses include the following: 



Load Data, derived from load forecasts as described above. 

Demographic Characteristics such as customer information and characteristics, 
physical characteristics of the building stock, end-use consumption information, 
and DSM measures already in place. 

Weather Data that can be used to normalize system-wide electricity sales and test 
weather sensitivities to determine the amount of controllable load available 
through load management DSM programs. 

Capital Costs of DSM technologies which will vary with each type of DSM 
program. 

Operating Costs which include the utility's program administrative costs, any 
financial incentives provided to customers or vendors, and the O&M costs of the 
DSM technologies. 

Magnitude and Reliability of Savings expressed first as the impact of DSM on 
the utility' load shape and then as total energy and capacity savings potential 
available from DSM. Analysis of DSM reliability takes into consideration the 
technical, economic and performance risks of DSM measures and programs. The 
key performance risk is the persistence of DSM saving over the lifetime of the 
resource. 

Market Penetration which estimates the extent and timing of the implementation 
of DSM resources, ether through customer preference and choice models or 
through market diffusion forecasts. 

PPGC conducted an assessment of the economic and achievable potential of DSM in Poland in 
1992-93 with the assistance of RCGHagler Bailly under a USAID bilateral program. The 
analysis was performed with EPRI's DSManager model that conducts comparative benefitlcost 
analyses of DSM measures and programs that are used to calculate system impacts of cost- 
effective DSM. The model is currently being used by the Polish Foundation for Energy 
Efficiency (FEWE), for example to update the data in the national assessment and to conduct a 
similar assessment of DSM potential for the Warsaw distribution company. 

Transmission and Distribution (T&D) Svstem Planning. T&D studies are required in Poland 
both for analyses of the rehabilitation and reinforcement of the antiquated T&D system as well 
as for consideration of new T&D facilities. Rehabilitation needs are mostly for substation 
modernization and sate-of-the-art communications and control capabilities (which will also serve 
system dispatch requirements). Regarding new facilities, Poland faces a number of opportunities 
for transmission interties with neighboring grids which could have significant import and export 
implications for supply-side planning. 



T&D models use load-flow programs to model the operation of the T&D system to identify 
improvements that enhance system efficiency. The capital and operating costs of candidate 
improvements are then compared with system benefits to identify candidate T&D investments. 
For example, there are a number of transmission constraints that could be relieved in Poland and 
there are load centers (especially in the northeast part of the country) that are currently poorly 
served and for which transmission system investments could be directly compared against supply- 
side and DSM investments. 

PPGC conducted an extensive transmission study in 1992-93 with the assistance of EDF through 
a French bilateral program. The results were used to appraise the current $225 million World 
Bank transmission sector loan, which providing roughly 40 percent of the financial resources for 
required system improvements. PPGC is now considering the PSSE model by Power 
Technologies to introduce in-house transmission planning capabilities. 

Environmental Considerations. Compliance with pollution standards is often considered a 
constraint or policy goal in the system optimization process (see below), however, there are a 
number of environmental modeling issues that should be addressed before plan integration. The 
data requirements for environmental analysis fall into three categories: 

Pollution Emission Profiles for different types of generation resources which 
includes cataloging air, water, solid waste, and noise pollution by generator and 
fuel type and can include modeling the transport and fate of those emissions into 
the environment. Land-use impacts and aesthetics of generation resources are also 
often addressed. 

Pollution Control Costs for various abatement strategies such as electrostatic 
precipitators for particulates and scrubbers for sulphur emissions. Alternative 
fuels, burners, cooling techniques, and waste disposal methods are also considered. 

Environmental Damage Costs to the extent that the costs of damage to the 
environment from residual pollution (externalities) are considered in the resource 
planning and decision-making process. Both generic and site-specific 
environmental costs can be modeled. 

Poland faces a particularly difficult problem when it comes to environmental considerations. 
Current electricity generators have limited controls for pollution. While most plants have 
precipitation for flyash, the units have been poorly maintained and their performance is 
substandard, in some cases non-existent. There is some sulfur control but none for nitrous 
oxides. Coal handling and solid waste disposal methods are also rudimentary. 

This problem is highlighted by Poland's strong desire to intertie with the UCPTE grid of Western 
Europe. To do so, European Union (EU) pollution standards must be met. A law was passed 
by the Sejm requiring power generators to meet that standard by January 1, 1998. This 
requirement may have more to do with ultimate decisions on power plant rehabilitation and 
closure than any other factor. 



A current dilemma is that the law imposes a standard on each utility boiler, as does the EU 
standard. However, the most cost-effective pollution control might be determined at the power 
plant or even regional level. Thus, a particular analytical need that PPGC currently faces is to 
be able to consider the pollution impacts of "bubbles" that are drawn around ever increasing 
geographic aggregations of power plants. Such an approach could ultimately lead to an emissions 
trading market. 

PPGC has conducted analyses of pollution emission profiles and pollution control costs for the 
resource options considered in the Verbundplan supply-side plan. Analysis of residual 
environmental costs has not been accomplished and a model for that purpose would be necessary, 
should government policy require consideration of externalities in resource decisions. 

Plan Integration 

All of the modeling and analytical steps described above can be considered "pre-processors" of 
data that then feed into the IRP analysis. In other words, IRP models provide utility planners 
with the capability to integrate the results of a number of different models into one systematic 
analytical framework. Most IRP models will accept the results of any number of other models 
as inputs. Therefore, PPGC1s use of the WASP model or any other model will not be replaced 
by the IRP model. Instead, PPGC would continue to use the pre-processor models described 
above in conjunction with the IRP model. 

The purpose of IRP models is to produce an optimal mix of available utility assets to determine 
the type and timing of supply-side, DSM, and T&D resources that best meet the demand forecast 
requirements over various time periods, taking the environmental issues into consideration. Two 
different analytical methods have evolved to conduct the resource selection process in a manner 
which inherently and simultaneously examines all available resource options. This approach is 
judged to be superior to one involving separate or iterative analyses of supply-side, DSM, and 
T&D resources (see Section 2 for a more detailed discussion of this distinction). 

The first method uses optimization models that incorporate linear or dynamic programming 
techniques to evaluate all combinations of resource options. From this evaluation, an optimal 
plan is selected given user-specified reliability constraints and based on an objective hnction and 
other policy goals. The second method simulates a utility's chronological performance over long 
planning horizons and selects the most cost-effective options by ranking all alternatives available 
each year based predominantly on benefidcost analyses. Both kinds of IRP models facilitate the 
analysis of risk due to uncertainty in key assumptions. They also allow financial analyses of 
resource strategies and enable consideration of the impacts that different resource strategies will 
have on tariffs. Following is a discussion of the key operational parameters of both approaches. 

Reliabilitv Constraints. In conducting IRP analyses, certain constraints or planning criteria are 
specified that all resource options must meet. These usually are defined as reliability criteria that 
cannot be compromised, no matter what the combination of least-cost resources. Therefore, one 
of the key aspects of IFW is that an acceptable level of reliability must be maintained. The level 



of reliability chosen in Poland will be influenced by PPGC's operational requirements and the 
Government's preferences. Once a reliability criterion is established, the optimum system plan @ must ensure that the same level is maintained for all resource alternatives. An equitable 
comparison of alternatives can only be accomplished if the rule of equal reliability among 
alternatives is strictly adhered to. Following are the reliability criteria commonly used in IRP 
models. Some utilities will use only one of these criteria for planning, whereas others will use 
combinations of these criteria. 

Reserve Margin is normally given as a percent and represents the minimum 
amount of acceptable reserve capacity in excess of the load forecast. The reserve 
capacity is calculated in any period (usually a year) as the amount of installed 
capacity minus the peak load divided by the peak load. 

Loss-of-Load Probability (LOLP) is an indication of the ability of the generating 
system to serve all the load requirements in a specified time period i.e., "one day 
in ten years" means that the utility expects to be able to serve load such that its 
customers are without service for no more than 24 hours in ten years. LOLP is 
a function of combinations of forced outage rates of all units and often takes 
interconnections with neighboring pools into account. 

Relative Reliability is a standard index whereby a utility determines the reliability 
of service in a given year (the benchmark year) against which all other years in 
the plan are measured. 

Unserved Energy places a ceiling on the level of energy that generation units are 
unable to produce during each year of the planning period, e.g., five or ten 
percent. 

Obiective Functions and Policy Goals. Given the reliability constraints, IRP models seek a 
solution which is the optimal combination of least-cost resources by satisfying an objective 
function which can define "least-cost" in different ways. Most of the optimization models can 
satisfy one objective function at a time. They can be re-run, however, to meet different objective 
functions sequentially. Other models (e.g., EPRI's IRP-Manager) can meet multiple objective 
functions simultaneously. The most common objective functions all minimize "costs" in different 
ways. These are to minimize: 1) rates; 2) total resource costs; 3) the net present value of 
revenue requirements; 4) customers' bills (which can be different than #3 in a system with 
subsidized rates); and 5) resource benefitkost ratios. These measures differ in the way that 
"costs" are defined. For example, #2 considers all resource costs, including those of customers 
e.g., for a DSM resource, while #3 considers only the utility's resource costs. 

Some objectives are policy goals which may not be modeled explicitly in an IRP analysis, but 
are nonetheless tracked. Then, subsequent judgments can be made based on the IRP results 
regarding the extent to which the least-cost plan also meets the policy goals. 



The most common policy goal is whether the optimal plan meets environmental standards (which 
can also be specified as a constraint). The goal may be to meet an established standard, to 
minimize pollution levels (that may be below a standard), to minimize environmental externality 
costs, to minimize pollution taxes, or to maximize the value of offsets in an emissions trading 
market. Other common policy goals are to maximize fuel diversity, to maximize economic 
development and job creation (or to minimize job losses), to maximize power quality, and to 
strengthen interties with neighboring pools. 

Secondarv Analyses. After the optimal least-cost plan is identified that satisfies constraints and 
meets specified objective functions and policy goals, most IRP models allow a number of 
secondary analyses. These include analysis of risk due to uncertainty in key variables, analysis 
of the financial implications of the plan, and analysis of the plan's impact on tariffs. These 
secondary analyses are described below: 

rn Risk Analyses determine how robust a solution is in the face of an uncertain 
future (a plan that remains least-cost across widely varying assumptions of the 
future is robust; a plan that loses its least-cost position when only one or two 
variables are slightly changed is not robust). There are four common risk analysis 
techniques used in IRP analyses: 1) Sensitivity analyses alter the input values of 
key parameters, e.g., fuel prices, capital costs, inflation and interest rates, and load 
forecasts, to measure the changes in output variables; 2) Decision analyses 
represent the probability of certain events occurring in the future as forks in a tree; 
each end-point of the tree represents an independent outcome with a unique 
solution; 3) Scenario analyses incorporate all of the input variables that create 
competing scenarios of the future (e.g., an "optimistic" scenario could be defined 
by a high load forecast, low gas prices, and low inflation rates); and 4) Monte 
Carlo analyses that develop a cumulative probability distribution representing a 
range of outcomes that can be expected by changing a single input variable. 

rn Financial Analyses calculate the impact of least-cost resource strategies on the 
utility's capital requirements, income statement, balance sheet, and source and use 
of funds. Financial planning examines the pro forma financial condition of the 
utility, beginning with the current financial situation and projecting balance sheets 
and income statements that would result from the least-cost plan. Financial 
projections include cash flows, capital requirements, and the expected profitability 
of the utility and its capability to make loan repayments. Other important aspects 
of financial analyses include the impacts foreign exchange, import duties, and 
taxes. The results can be used to develop a contracting strategy required to 
finance system expansion and rehabilitation. 

rn Tariff Analyses enable consideration of the impacts that different resource 
strategies will have on the utility's revenue requirements and its customers' 
electricity tariffs. An important result is a forecast of the average price of 
electricity. Once a least-cost plan is selected, an estimate of the price of 
electricity that meets revenue requirements is made which is then fed back to the 



load forecast which can change in response to price elasticity assumptions. The 
long-run marginal cost of the plan is also calculated and fed back to other 
components of the analysis, e.g., for the determination of cost-effective DSM 
resources. It may be necessary to pursue several iterations of the resource plan 
selection process, as the impacts on tariffs of candidate least-cost plans are 
modeled. 

Develo~ment of Contractin~/Investment Straten. The results of the financial and tariff 
analyses form the basis for developing a contracting and investment strategy. The resource 
options which remain highly-ranked after the secondary analyses are identified as candidate 
projects for financing. These projects would be subject to appraisal under the World Bank's 
power sector loan and other sources of debt and investment capital. These projects would also 
be considered by PPGC for contracts with GENCOS. The specific process through which PPGC 
would use the IRP results to develop a strategy for investments and contracts is discussed in 
Section 3.  

Selection of IRP Model for PPGC 

From October 1993 through March 1994, PPGC systematically evaluated candidate IRP models 
and selected one for preliminary use in Poland. RCG/Hagler Bailly provided technical assistance 
and the resources to license the selected model through a USAID bilateral assistance program. 
Following is a discussion of the model evaluation and selection process, including a description 
of the selected model. 

Evaluation of Candidate Models. Nine different state-of-the-art utility planning models that 
are commonly used for IRP analyses were reviewed. Exhibit 5-2 (at the end of this section) is 
a table that presents detailed information about these nine models (the exhibit includes a glossary 
that defines IRP modeling attributes). This comparative analysis of IRP models was taken from 
Comparison of least-Cost Utility Planning Models (March 1990) by the U. S. Department of 
Energy. While this information is detailed and comprehensive and believed to be relatively 
accurate, some of it may be somewhat dated. 

A number of criteria were applied to narrow the field to two or three models that could be 
serious candidates for use by PPGC. These criteria were that the models had to be: 

Fully-documented and tested commercial software products available for license 
in Poland; 

Able to install on high-end personal computers i.e., 486 machines with comparable 
clock speed, RAM, and disk storage capabilities. 

Capable of inherently and simultaneously analyzing supply-side, DSM, and T&D 
resources within a single integrated modeling framework. 



Capable of using data from the models that PPGC has used in related system 
planning studies e.g., the WASP model used in the supply-side plan, the 
DSManager model used in the DSM assessment, and the GPT model used in the 
tariff study. 

Affordable in terms of the budget available through the USAIDfHagler Bailly 
assistance project which was $25,000 for licensing the model for at least one year, 
including two weeks of on-site training and technical assistance, and one week of 
off-site support on the use of the model. 

Capable of providing source code that could be modified in the future to 
accommodate unique characteristics of the Polish power system. 

Two models that met all of the above criteria were identified as candidates for serious evaluation 
for use in Poland. They were the Electric Power Research Institute's IRP-Manager model 
(formerly called LMSTM) and ICF Resources' Integrated Planning Model (IPM). 

Model Selection. The vendors of the two final candidate models were invited to Poland in 
January 1994 to present their models to a review committee organized and chaired by PPGC 
staff. The committee included representatives of Energoprojekt and the Polish Institute of Power 
Engineering who have been previously involved in utility planning studies with PPGC. Each 
vendor was interviewed over a two-day period which included roughly one day to present the 

@ model including computer demonstration, and roughly one day to respond to a list of issues 
regarding how the models would analyze unique attributes of the Polish power system. 
Following are brief summaries of the two models: 

IRP-Manager was developed by EPRI at a cost of $2 million and has been in use 
for over ten years by more than fifty utilities in the U.S. It conducts an hourly 
chronological simulation of system demand and supply for up to 45 years into the 
future. It can model a number of system attributes of particular interest to Poland 
including plant rehabilitation, emissions controls, system imports and exports, and 
private power generation. It uses reserve margin as its reliability constraint and 
predominantly uses comparative benefitfcost analysis for its objective function, 
although the user can specify other multiple objective functions (e.g., minimizing 
total resource costs and rates) that the model can simultaneously solve for. It uses 
decision trees to conduct risk analyses and provides complete capabilities for 
financial and tariff analyses. 

IPM was originally developed by ICF for the U.S. Environmental Protection 
Agency at a cost of over $1 million and has been in use for over twelve years by 
over twenty utilities, states, and power pools in the U.S., Japan, and Europe. It 
is a dynamic, multi-period, multi-region linear programming optimization model 
that uses load duration curves to characterize utility supply and demand for up to 
70 years into the future. It can model a number of system attributes of particular 
interest to Poland including sophisticated emissions compliance strategies, pumped 



storage, power pool transactions, and a separate characterization of the coal sector. 
It uses reserve margin as its reliability constraint and net present value of revenue 
requirements as it objective function. It uses sensitivity analyses for risk 
assessment and provides complete capabilities for financial and tariff analyses. 

Following are the main issues that the vendors were asked to respond to regarding unique 
attributes of the Polish power system: 

Modeling existing power plants and optimizing a rehabilitation and modernization 
strategy; 

Meeting the new environmental standards required in 1998 in an optimal fashion; 

Representing combined heat-and-power plants; 

Optimizing peaking capacity which currently is solely provided by pumped storage 
hydro facilities; 

Introducing natural gas generation technologies; 

Considering options for international exchange of electricity; 

Meeting the standards of the UCPTE grid that are required to join it; and 

Dealing with specific uncertainties faced by Poland e g ,  load forecast, availability 
of foreign investment capital, employment impacts of closing down power plants 
and coal mines. 

Over the course of February and March 1994, the two vendors provided written responses to a 
number of follow-up inquiries. PPGC's review committee considered all available information 
and reached consensus to select the IPM model for use in Poland. 

The main reason for selecting IPM is that it is a linear programming optimization model similar 
to the WASP model with which the Polish analysts have much experience. Therefore, it is 
perceived that the staff effort to prepare data, learn how to use the new model, and interface with 
the WASP model will be greatly reduced with IPM. The optimization algorithms of IPM are also 
more proven and familiar to PPGC staff compared to the benefithost analysis approach of IRP- 
Manager which is considered to be novel, unfamiliar, and relatively untested. IPM also handles 
some of the Polish issues better than IRP-Manager, such as the modeling of pumped storage and 
gas-fired peaking plants. 

Attributes of IPM. In addition to the brief discussion of IPM presented above, the following 
points describe how IPM would be used to model each of the unique aspects of the Polish power 
system mentioned above: 



a Rehabilitation of Existing Plants. IPM has the ability to allow creation of up 
to 50 existing "aggregate unit" reconstruction candidates with three possible 
upgrade options each that would be unique to that aggregate unit and could 
include an option to let the unit retire. 

Meeting New Environmental Standards. A number of different SO, and CO, 
environmental constraints can be modeled including unit-specific limits, emission 
rate limits, regional or system-wide limits, and taxes. A number of compliance 
options can be evaluated such as fuel switching, scrubbers, coal gasification, and 
natural gas technologies. 

Modeling CHP Plants. IPM would model CHP plants in two parts, each as a 
separate plant. One part is non-dispatchable, follows the heating load, and would 
have an hourly output pattern by season that is fixed and user-specified. The 
other part is dispatchable, available over and above the non-dispatchable part, and 
would look like an ordinary dispatchable plant with its maximum output varying 
by season. 

Optimizing Peaking Capacity. IPM has a detailed representation of pumped 
storage units for which the user specifies the rate of storage, the storage capacity, 
and the pumping losses. IPM will determine if and when to use the pumped 
storage unit and the appropriate storage schedule. 

Natural Gas Technologies. IPM contains a complete database of economic and 
technological aspects of natural gas technologies that would be used in any 
resource assessment including this option. 

International Exchange and Meeting UCPTE Standards. IPM can be used to 
model a larger region than Poland (in a more aggregate form) in order to capture 
the market for bulk power transactions between Poland and its neighbors. RED 
Electrica in Spain has successfully modeled its integration with the UCPTE system 
with IPM. IPM can evaluate the cost and benefits of meeting the UCPTE 
pollution and reliability standards. 

a Dealing with Poland's Uncertainties. IPM's relatively short computational time 
allows for rapid sensitivity analyses that can be used to compare plans under 
different assumptions e g ,  load growth. IPM can also model fuel constraints such 
as limits on the availability of particular fuels, e.g., coal contracts. IPM's 
capability to model the coal sector could be applied to Poland's coal companies. 
This feature would allow the price of coal to be a function of consumption instead 
of being an exogenously-supplied forecast. 
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Exhibit 5-2 

Description of Least Cost Planning Model Characteristics 

OVERALL 

Study Options 

Conservation - Programs designed to reduce electric demand at 
end-use consumption levels. 

Demand-side - Activities related to the design and assessment of 
utility programs directed at influencing customer 
use of electricity. 

Non-utility - Independent power producers or cogeneration. 

Supply-side - Determination of generation alternatives to meet 
customer load. 

Simultaneous Optimization - A "Yes" response indicates that the model is 
capable of analyzing demand- and supply-side 
programs simultaneously on an equal basis. A 
"No" response means that demand-side programs 
must be analyzed by modifying the load forecast. 

Available - The program is available to anyone requesting the 
model. 

Cost - Price for EPRI members is $300 for those programs 
licensed by EPRI. 

COMPUTER 

Computer Systems - Computer system required by the model. 

System Operation Req - Size and operating system required, if any. 

Other Model Compatibility - A "yes" response indicates that the model is 
compatible or linked with another model or models. 

Processing - Batch or interactive. 

LOAD SHAPE 

Study Period (Years) - Maximum number of years the model is capable of 
handling. 



LOAD SHAPE (continued) 

@ Load Data - (Form) - The manipulations in the models are performed on 
either each hour, a single or several load duration 
curve(s), or typical days or weeks. This category 
represents the extent the load data is simplified. 

Load Data Forecasted - If "Yes" the model has the capability to forecast 
loads according to user specification. 

Load Data Manipulation - The load data can be manipulated on an annual, 
monthly, daily or seasonal basis. 

Load Representation - The form the load data is represented in the model. 

DEMAND-SIDE 

Market Penetration Module - The model has the capability to evaluate the market 
penetration of demand-side programs. 

Demand-side Evaluation 

Hour-by-Hour - The demand-side program impact can be modeled 
on an hour-by-hour basis for 8,760 hours per year. 
Both positive and negative changes in load can be 
analyzed. - 

Peak Shave - The model has the ability to analyze demand-side 
programs that reduce the utility's peak load. 

Valley Fill - The model has the ability to analyze demand-side 
programs which encompass building loads in the 
utility's off-peak periods. 

Load Shift 

SUPPLY-SIDE 

Fixed Costs 

Capital 

Expenses 

- Shifting load from on-peak to off-peak periods. 

- The carrying charges for existing and planned 
generating units or demand-side program. 

- The fixed operation and maintenance expenses on 
a dollar-per-kW year basis, which do not vary with 
kwh produced or sold. 



SUPPLY-SIDE (continued) 

Variable Costs - The variable operation and maintenance expense 
for generation units, demand-side programs etc., 
which vary with the amount of electric energy 
supplied. 

Fuel Escalation 

Annual 

Monthly 

- Fuel escalation rates for each type are entered on 
an annual basis. 

- Fuel escalation rates for each type are entered on a 
monthly basis. 

Fuel Limitation - Limit on fuel used. 

Fuel Types 

Generation Unit 

Hydro 

- Fuel types can be represented by unit, by fuel type 
or aggregated. 

- Run-of-River Hydro, or any electric generating 
station in which the prime mover is a turbine or 
impeller which is driven by water power. 

Non-Dispatchable - Resources represented on an hourly basis that may 
or may not be time dependent. (Examples include 
wind, solar, demand-side alternatives) 

Pumped Storage - A hydroelectric generating station at which electric 
energy is normally generated during periods of 
relatively high system demand by utilizing water 
which has been pumped into a storage reservoir 
usually during periods of relatively low system 
demand. 

Storage - Pondage hydro, compressed air, etc. 

Thermal - Coal, combustion turbines, combined cycle 
geothermal, nuclear etc. 

Generation Additions - In the models optimization routine there are several 
methods that are used to represent the generation 
alternatives. Generic units are used to represent 
various alternatives. "No NDT" means that hourly 



@ SUPPLY-SIDE (continued) 

Generation Additions generation technologies are not considered in the 
optimization process, thus the simultaneous 
evaluation of demand-side programs with supply- 
side alternatives cannot be accomplished. "BIP" 
method adds base load, intermediate and peaking 
units to meet criteria specified. 

Production Costing 

Probabilistic 

Deterministic 

Dispatch 

- The generation capacity probabilistically 
convoluted based on the forced outage rate 
specified. 

- The units are derated by the forced outage rate 
specified. 

The dispatch of the model is based either on a load 
duration curve or chronological basis. If the model 
is based on a load duration curve then the method 
used is specified. The models that list a "yes" for 
LDC and "chrono units only" under chronological 
indicate that some technologies can be 
represented on an hourly basis, then the remainder 
of the units are dispatched on a LDC basis. 

Operating Constraints - The model incorporates must-run, spinning reserve 
specifications and has the capability to modify the 
dispatch from an economic bases to non-economic, 
due to various constraints. 

Forced Outages 

Immature 

Mature 

Partial 

Maintenance 

- The forced outage rate gives the fraction of time 
that a unit is out of service due to mechanical 
failures. 

- If the forced outage rate is different in the early 
years of a unit's operation yearly variation may be 
specified. 

- The shutting down of a generating unit for 
emergency reasons. 

- The partial shutdown of a generating unit. 

- The shutdown of a generating unit, for inspection or 
maintenance, in accordance with an advance 
schedule. 



SUPPLY-SIDE (continued) 

Purchased Power and Sales 

Peak 

Scheduled 

Unscheduled 

Reliability 

Reserve Margin 

LOLP 

Unserved Energy 

Optimization " 

Linear 

Non-Linear 

Dynamic Program 

Generalized Benders 

- Purchases or sales made during hours with the 
lowest system load. 

- Purchases or sales made during hours with the 
highest system load. 

- Sales of unneeded energy from a specific 
generating unit. 

- Purchases or sales spread over a random set of 
hours. 

- Measures the difference between net system 
capability and peak load. 

- Measures probability that system demand will 
exceed capacity during a given period. 

- The energy in a given period that cannot be met 
with available capacity- 

- The models can optimize the solution either over 
the entire study period or on a static basis where 
each decision is made one year at a time. If the 
model cannot optimize over the entire study period 
it is not a proper optimization tool. 

- The model optimizes via a linear programming 
routine. Disadvantage in inaccuracies implicit in 
the linearity assumption. 

- The model optimizes via a nonlinear programming 
routine. 

- The model is based on a brand and bound 
algorithm in which all combinations of planning 
alternatives which satisfy the constraints are 
evaluated. 

- An iterative process (non-linear and linear) is 
employed at each step of which a linear problem is 
solved to obtain a trial expansion plan. 



FINANCIAL 

@ Financial Statements 

Revenue Requirement - The sum of estimated O&M expenses, depreciation, 
taxes and a return on rate base to cover the cost of 
capital invested. 

Construction - Expenditures for construction including additions, 
renewals and replacements of utility plant during a 
specific period. 

Balance Sheet - The presentation of the recorded book amounts of 
assets, liabilities and invested capital. 

Financial Statements 

Income Statement - The presentation of the recorded book amounts of 
all items of income and expense that arise and 
pertain to all operations for the period reported. 

Sources and Uses - The source and the use of cash, cash flow 
statement. 

0 Capital Budgeting - Budgeting of construction expenditures, and 
expenditures for the purchase or acquisition of 
existing utility plant facilities or other investment 
activities. - - 

Financial Optimization - The expansion plan results are optimized based on 
financial parameters specified (@/kwh, coverage 
ratios) rather than minimizing revenue 
requirements. 

Average System Costs - Financial model determines average cents per kwh 
cost for an optimization plan. 

Financial Ratios - Optimizes expansion plan results based on specific 
financial ratio. 

Class Revenue Model - Determination of cost responsibility by class. 

Financial Ratios - Reports financial ratios (i.e. coverage ratios) 



R I S K  

@ Risk Analysis There are several types of risk analysis that can be 
performed including: decision tree, describing 
function, scenario analysis, monte carlo or 
sensitivity analysis. A decision tree analysis 
performs an analysis where chance events are 
represented by forks in a tree. Each end point of 
the tree is an independent scenario for which 
simulations are run. A describing function is a 
process in which key input parameters are varied in 
the system optimization and production costing 
assumptions. The describing function fits selected 
output values to a model containing the varied 
input values via a transformation and aggregation 
of the sensitivity variables. Scenario analysis is 
a method which incorporates all of the input 
variables which create a certain scenario. For 
example. an "Optimistic Scenario" would include a 
high load forecast, low gas prices, low inflation 
rates etc. A Monte Carlo analysis is a method 
which develops a probability distribution by varying 
a single input variable. The random probability 
distribution represents a range of outcomes that 
can be expected. A sensitivity analysis tests on 
assumption made to an input parameter by altering 
the input value to measure the changes in the 
output variables. - .- 

Value of Information - Decisions are made before and after certain 
assumptions are made to determine the value of 
perfect information. 

Multi-objective Analysis - Examines how decisions might change when 
viewed from the perspective of different objectives. 

OTHER 

Marginal Cost - The change in energy costs associated with a unit 
change in quantity supplied. 

BenefitICost Ratios - The benefit and costs are determined for demand- 
side management programs. 

Economy Interchange - Kwh delivered to or received by one electric utility 
system from another. Overall savings may be 
based on a split-the-savings or percentage profit 
basis. 



OTHER (continued) 

Reserve Sharing - One utility can share the reserves of another utility 
system in order to defer capacity additions. 

Cost-of-Service - A study of costs incurred by the utility in producing, 
transmitting and distributing electricity to its 
customers, by customer class. 

Economy Sector 

Systems Dynamics 

Price Elasticities 

Environmental 

Optimization 

- Evaluates and incorporates economic factors 
outside of the utility, such as employment, 
population etc. 

- Feedback mechanism 

- The ratio of the percentage change in the quantity 
demanded to the percentage change in price. 

- Considers environmental constraints 

- Expansion plan results are optimized based on 
environmental constraints. 



SECTION 6 

RESOURCE NEEDS FOR 
INTEGRATED RESOURCE PLANNING IMPLEMENTATION 

This section identifies the resources within and outside of PPGC necessary for IRP 
implementation, including (i) staffing requirements, including: 

job descriptions and qualifications; 
subcontracting requirements; 
assessment of PPGC's in-house personnel capacity to undertake IRP-related 
activities; 
identification of training needs and facilities; and, 
equipment and analytical tools. 

Job Descriptions 

Staffing requirements are based on an equivalent fifteen full time individuals involved in the IRP 
- - 

process. In the initial IRF' process, this will be comprised of PPGC staff (including new hirings) 
and outside consultants. ~st imated staffing needs to be as follows: 

1 - IRP Head 
1 - Financial Planning Senior Analyst 
1 - Financial Planning Analyst 
1 - Demand Planning Senior Analyst 
4 - Demand Planning Analysts 
1 - Resource Planning Senior Engineer 
4 - Resource Planning Engineers 
2 - Computer Analysts 

Job descriptions for these positions follow. 



Job Description 

Position Title: IRP Division Head 

Reports to: Director of Development Management 

Division: Integrated Resource Planning 

Position Summary 

Employee manages work of senior professionals and is responsible for the preparation of 
resource planning analyses, assumptions, and recommendations for use in integrated planning 
functionally reporting to IRP Steering Committee. 

Primary Duties 

1. Directs the work of senior analysts and engineers. 
2. Oversees all integrated resource planning activities. 
3.  Direct the development and maintenance of various planning models. 
4. Review and prepare reports on integrated planning projects. 
5. Review the results from the analyses to insure accuracy of work. 
6. Coordinates the World Bank loans. 
7. Coordinates the work with the generating and distribution companies as it relates to the IRP 
process. 

Typical Requirements 

Training and Experience 

1. A master's degree in engineering or finance and 10 years utility planning experience, 
or 
2. A baccalaureate degree in engineering or finance and 15 years of utility planning 
experience, or 
3.  A related degree and 20 years of utility planning experience. 

1. Knowledge of utility planning analysis tools and techniques. 
2. Ability to supervise individuals responsible for a diverse planning projects. 
3.  Ability to effectively work with all levels of management and external contacts. 
4. Ability to represent the PPGC before external parties. 



Job Description 

Position Title: Financial Planning Analyst 

Reports to: Financial Planning Senior Analyst 

Department: Economic Evaluation and Planning 

Division: Integrated Resource Planning 

Position Summary 

Employee conducts financial analysis, develops company-wide assumptions, and contributes to 
integrated planning process. 

Primary Duties 

1. Develops financial assumptions for use in all company analyses. 
2. Conducts analyses for financing company activities. 
3.  Develops the forecasted price of electricity. 
4. Operates the revenue requirements model. 
5 .  ~ & e l o ~ s  annual and 5 year budgets 
6 .  Analyses potential sources of capital. 

Tvpical Requirements 

Training; and Experience 

1. A baccalaureate degree in finance or economics and 3 years of financial analysis, or 
2. A related degree and 7 years of financial analysis. 

Knowledae/skill 

1. Knowledge of financial analysis tools and techniques. 
2. Ability to maintain databases and use financial software packages. 
3 .  Ability to effectively work with all levels of management and external contacts. 



Position Title: Financial Planning 

Job Description 

Senior Analyst 

Reports to: IRP Division Head 

Department: Economic Evaluation and Planning 

Division: Integrated Resource Planning 

Position Summary 

Employee manages work of degreed professionals and is responsible for the preparation of 
financial analyses, assumptions, and recommendations for use in financial planning. 

Primarv Duties 

1. Directs the work of analyst(s). 
2. Conducts financial planning activities with other planning departments. 
3.  Direct the development and maintenance of the revenue requirements model. 
4. Review and prepare reports on financing projects. 
5. Review the results from the analyses to insure accuracy of work. 

Typical Requirements 

Traininn and Experience 

1. A master's degree in finance or economics and 5 years experience, or 

2. A baccalaureate degree in finance or economics and 8 years of financial analysis, or 

3.  A related degree and 12 years of financial analysis. 

1. Knowledge of financial analysis tools and techniques. 

2. Ability to maintain databases and use financial software packages. 

3. Ability to effectively work with all levels of management and external contacts. 



Job Description 

Position Title: Demand Planning Analyst 

Reports to: Demand Planning Senior Analyst 

Department: Demand Forecast and DSM 

Division: Integrated Resource Planning 

Position Summarv 

Employee conducts demand planning analysis, develops company-wide assumptions, and 
contributes to integrated planning process. 

Primary Duties 

1. Develops long term load forecast and demand-side planning assumptions. 
2. Maintains demand planning databases. 
3 .  Operates company's load forecast and demand-side planning models. 
4. Analyses the results of various analyses. 
5. Prepares draft reports for demand planning department. 
6. Coordinates work with other departments and Distribution Companies. 
7. Develops demand-side management portion of RFP for new resources. 

Tyuical Reauirements 

Training and Experience 

1. A baccalaureate degree in finance and 3 years of financial analysis, or 
2. A related degree and 7 years of economic analysis. 

1. Knowledge of forecasting and demand management analysis tools and techniques. 
2.  Ability to maintain databases and use software packages. 
3. Ability to effectively work with all levels of management and external contacts. 



Job Description 

Position Title: Demand Planning Senior Analyst 

Reports to: IRP Division Head 

Department: Demand Planning 

Division: Integrated Resource Planning 

Position Summary 

Employee manages work of degreed professionals and is responsible for the preparation of 
demand planning analyses, assumptions, and recommendations for use in demand planning. 

Primary Duties 

1. Directs the work of analyst(s). 
2. Conducts demand planning activities with other planning departments. 
3.  Direct the development and maintenance of the demand planning models. 
4. Review and prepare reports on demand planning projects. 
5. Review the results from the analyses to insure accuracy of work. 

Typical Requirements 

Training and Experience 

1. A master's degree in finance or economics and 5 years experience, or 

2. A baccalaureate degree in finance and 8 years of economic analysis, or 

3 .  A related degree and 12 years of financial analysis. 

'Knowledae/skill 

1. Knowledge of financial analysis tools and techniques. 

2. Ability to maintain databases and use financial software packages. 

3.  Ability to effectively work with all levels of management and external contacts. 



Job Description 

Position Title: Resource Planning Engineer 

Reports to: Resource Planning Senior Engineer 

Department: Resource Planning 

Division: Integrated Resource Planning 

Position Summary 

Employee conducts resource planning analysis, develops company-wide assumptions, and 
contributes to integrated planning process. 

Primary Duties 

1. Develops long term resource planning assumptions. 
2. Maintains resource planning databases. 
3 .  Operates company's integrated planning model. 
4. Analyses the results of various analyses. 

a 5. Prepares draft reports for resource planning department. 
6. Coordinates work with other departments and generating Companies. 
7. Develops supply portion of RFP for new resources. 

Tyuical Requirements 

Training and Experience 

1. A baccalaureate degree in electrical or mechanical engineering and 3 years of utility 
production analysis, or 

2. A related degree and 7 years of utility production analysis. 

1. Knowledge of generation production analysis tools and techniques. 

2. Ability to maintain databases and use software packages. 

3 .  Ability to effectively work with all levels of management and external contacts. 



Job Description 

Position Title: Resource Planning Senior Engineer 

Reports to: IRP Division Head 

Department: Resource Planning 

Division: Integrated Resource Planning 

Position Summary 

Employee manages work of degreed professionals and is responsible for the preparation of 
resource planning analyses, assumptions, and recommendations for use in resource planning. 

Primary Duties 

1. Directs the work of analyst(s). 
2. Conducts resource planning activities with other planning departments. 
3. Direct the development and maintenance of the integrated resource planning models. 
4. Review and prepare reports on supply and integrated planning projects. 
5. Review the results from the analyses to insure accuracy of work. 

Tvpical Requirements 

Training and Experience 

1. A master's degree in engineering and 5 years experience, or 

2. A baccalaureate degree in engineering and 8 years of engineering analysis, or 

3. A related degree and 12 years of engineering analysis. 

1. Knowledge of resource planning analysis tools and techniques. 

2. Ability to maintain databases and use software packages. 

3.  Ability to effectively work with all levels of management and external contacts. 



Job Description 

Position Title: Computer Analyst 

Reports to: IRP Division Head 

Department: Technical-Economic Information Center 

Division: Economic Evaluation and Planning 

Position Summarv 

Employees develops software programs and coordinates computer systems development. 

Primary Duties 

1. Recommend and coordinate computer hardware and software systems. 
2. Develop and maintain computer programs. 
3 .  Recommend and install network software. 
4. Develop short and long term computer system configurations. 
5. Insure computer system security and data backup. 

e 
Typical Requirements 

Training; and Experience 

1. A baccalaureate degree in computer engineering and 3 years of computer related 
work, or 

2. A related degree and 7 years of computer related work. 

Knowlednelskill 

1. Thorough knowledge computer hardware and software. 

2 .  Ability to maintain databases and use software packages. 

3.  Ability to effectively work with all levels of management and external contacts. 



Subcontracting Requirements 

There are two main reasons for subcontracting a substantial portion of the IRP work in the first 
year, with reliance on outside assistance decreasing in subsequent years. The first reason is to 
supplement the knowledge of the current staff in performing certain duties. Included this 
category are: 

Development of the initial load forecast algorithms; 
Identifying viable DSM programs and costs to implement; 
Development of an RFP for resources, if needed; and 
IRP training. 

The work to complete the initial IRP will see subcontractors working with or training the PPGC 
staff on these topics. After the initial IRP cycle, PPGC staff will be responsible to update the 
initial work performed in the first cycle in future IRP processes. 

The other main reason for subcontracting some of the work is that it is costly to maintain a 
workforce for projects that are either sporadic in nature or highly specialized. Included in this 
category are: 

Analysis of generating resources such as the cost of equipment upgrades or 
repowering; 
Development of macro-economic assumptions; and 
Fuels forecast. 

The development of macro-economics should not be done in isolation for the PPGC. The results 
need to be consistent as possible with other industries or competitors in Poland as well as the 
fuels forecast. 

PPGC Personnel Resources and Training Needs 

In order to accomplish a rigorous IRP process, PPGC will need fully trained system planners, 
financial analysts, supply planners 
demand planners, integrated resource planners and computer analysts or programmers. PPGC 
staff has performed some of these duties in the past. System planners have been investigating 
system upgrades and load forecasters have been using some of the techniques detailed in item 
(c). Even so, there will be a need to strengthen everyone's knowledge or skills. 

Training 

Some of the new work will take formal training. The following are the key training programs 
that are to be completed during the first IRP cycle. 



Engineering economics; 
Training on IPM, HELM and DSManager models; 
Rate design; 
Financial analysis; 
Load forecasting techniques; 
Supply and demand screening techniques; 
RFP development for resource acquisition; and 
DSM analysis. 

There will be at least one month of formal training for each staff member involved in the IRP 
process. Beyond that, the initial IRP process will take longer than future cycles as the staff 
members learn on the job. 

Personnel Capacilj, 

The job description for each new position is included elsewhere in the IRP Plan. To the extent 
that specific skills do not exist in PPGC, personnel with such skills will need to be hired. These 
personnel will still need to be trained in running the IPM model, on how to coordinate an IRP 
process, and the development and coordination of a resource RFP. These individuals will be 
responsible for the identification of supply resources, environmental considerations, and overall 
integrated resource planning. 

The load forecasters will be trained in end-use techniques and demand management planning 
processes. These individuals will be responsible for load forecasting and identification of 
demand-side resources. 

The computer analyst position requires significant computer training. The personnel to 
accomplish this work will be hired into the IRP group and provided specific training on the 
group's packaged software such as DSManager and IPM. These individuals will be responsible 
for all hardware and software development for the IRP process and provide efficiency 
improvements in the handling of data and data communications between the different groups 
involved. 

Financial planners will require formal training to incorporate new modeling techniques. They 
also will need to expand their understanding of financial forecasting and capital requirements of 
the expanding electrical system. 

Cooperation and Coordination 

The IRP process will require cooperation and team work between individuals, departments, and 
other companies that have not had to work in such a mode in the past. Also, the IRP process 
requires the staff members to understand the whole process of resource planning and how their 
responsibilities impact on others and the final recommendations. These are a key factor and will 



be stressed to each staff member. This is another reason the first IRP will take longer than future 
cycles. 

The resource planners are responsible in developing the IRP plan and insuring that the process 
runs smoothly. When the process does not run smoothly, the resource planners will provide 
recommendations to the IRP Steering Committee. The Steering Committee will provide guidance 
to the IRP staff on direction and goals that it deems important and resolve any disagreements that 
might arise between the individuals involved. 

Facilities 

The facilities required to do this work include computer equipment described in (iv) below. 
There will be a common area for use as a conference room for IRP meetings, lay-down of 
materials during the IRP document creation, and a place for computer equipment such as printers 
and data servers that are not specific to an individual. The desk space required for individuals 
needs to be able to accommodate a PC and still have adequate working area. A space will be 
kept for IRP documentation that will include the details of the each process. 

Equipment and Analytical Tools 

The following items will be purchased or leased to maintain databases and accomplish the 
analyses for the IRP Plan. 

Hardware: 

PC's for each of the 15 people; 
File Server; 
Network (and associated software); 
Printers; and 
Supplies. 

Software: 

IPM for IRP analysis; 
DSManager for DSM program analysis; 
HELM for load forecasting; 
SAS for statistical analyses; 
"C" language; 
Word processor such as Microsoft Word; 
Spreadsheet such as Microsoft EXCEL; 
Graphic software such as Microsoft Powerpoint; 
Data server software; and 
Network software. 



SECTION 7 

SCHEDULING AND CRITICAL PATH 
ANALYSIS OF ACTIVITIES 

This section describes the approximate scheduling and critical path analysis of activities 
involved in each element of the process, taking into account the iterative nature of the process. 
The scheduling and critical path analysis is shown in the following chart. More detailed 
information including responsible department is included following the chart. 



PPCG IRP Action Plan - Critical path of activities 

Form IRP Steering Committee 
Set IRP Goals and IRP Plan 
Develop preliminary price of electricity 
Develop initial load forecast 
Develop initial resource plan 
Initial avoided costs 
Exisitng and committed DSM impacts 
Forecast system reserve requirements 
Create supply deck for resource analysis 
Supply screening analysis 
Demand screening analysis 
Resource ranking, evaluation and selection 
Create revenue requirements database 
Develop final price of electricity forecast 
Develop baseline load forecast 
Create final avoided costs 
Continued unit operation analysis 
System planning loss reduction analysis 
Develop high and low load forecasts 
Develop high and low fuel forecasts 
Scenario Analysis 
Prepare contingencies action plan 
Develop IRP recommendations 
Create annual and 5-year budgets 
Draft IRP report 
Final Report 



Integrated Planning Implementation Schedule 

Element Sub Department Time 
No. No. Tasks Responsible Frame 

INTEGRATED PLANNING 
PROCESS 

Form IRP steering committee 

Develop goals and key issues 
for IRP 

Develop IRP process plan 

Develop common demand-side 
programs 

Evaluation, ranking, and 
selection of future resources 

Develop continued operation 
plan for generating units 

Environmental analysis 

Analyze benefits of local or 
dispersed resources 

Analyze scenarios and develop 
contingencies 

Develop IRP recommendations 

Prepare IRP report 

Resource Planning 

IRP Steering 
Committee 

Resource Planning 

Distribution Cos. 
Demand Planning 
Resource Planning 

Resource Planning 

Resource Planning 
Generating Companies 
Transmission Planning 

Resource Planning 
Demand Planning 
Transmission Planning 

Resource Planning 
Demand Planning 
Transmission Planning 

Resource Planning 
Financial Planning 

IRP Steering 
Committee 

Resource Planning 

Month 1 

Month 1 

Month 1 

Month 8 

Month 8 

Month 8 

Month 8 

Month 9 

Month 10 

Month 10 

Month 11 



Integrated Planning Implementation Schedule 

Element Sub Department Time 
No. No. Tasks Responsible Frame 

2. LOAD FORECAST DEVELOPMENT 

2.1 Develop preliminary load 
forecast 

Demand Planning Month 2 

2.2 Macro-economic data Outside Consultant Month 2 

2.3 End-use load shapes Distribution Cos. Month 3 
Demand Planning 

2.4 Fuel Forecasts Outside Consultant Month 2 

2.5 Historical trends Transmission Planning Month 2 

2.6 Develop Algorithms Demand Planning Month 4 

2.7 Produce hourly load data Demand Planning Month 6 

2.8 Develop low and high load 
forecasts 

Demand Planning Month 8 



C l e m e n t  sub 

Integrated Planning Implementation Schedule 

Department Time 

DEMAND MANAGEMENT 

Existing DSM programs impacts 

Existing DSM programs costs 

Committed DSM program impacts 

Committed DSM programs costs 

Viable future DSM programs 
impacts and costs 

Screening of future viable 
DSM programs 

Distribution Cos. Month 2 
Demand Planning 

Distribution Cos. Month 2 

Demand Planning Month 3 

Demand Planning Month 3 

Demand Planning and Month 5 
Outside consultant 

Demand Planning Month 7 



C l e m e n t  sub 

Integrated Planning Implementation Schedule 

Department Time 
No. No. Tasks Responsible Frame 

SUPPLY PLANNING 

Develop generating unit Resource Planning Month 2 
characteristic data 

Develop initial supply Resource Planning Month 3 
database (IPM model) 

Develop initial marginal Resource Planning Month 3 
costs 

Screen new supply options Resource Planning Month 4 

System reserve requirements Resource Planning Month 5 

Develop capacity expansion Resource Planning Month 8 

Develop short and long term Resource Planning Month 10 
marginal costs 



Integrated Planning Implementation Schedule 

Element Sub Department Time 
No. No. Tasks Responsible Frame 

FINANCIAL PLANNING 

Preliminary price of Financial Planning Month 2 
electricity 

Forecast financial Financial Planning Month 3 
escalators 

Develop revenue requirements Financial Planning Month 6 
model 

Develop price of electricity Financial Planning Month 8 
forecast 

Create annual and 5 year Financial Planning Month 8 
budgets and business plan 

Proj ection of capital Financial Planning Month 8 
requirements 

Analyze sources of capital Financial Planning Month 7 



Integrated Planning Implementation Schedule 

Element Sub Department Time 
No. No. Tasks Responsible Frame 

TRANSMISSION PLANNING 

Develop historical substation 
loads 

Develop historical system 
losses 

Develop initial system 
expansion plan 

Produce maps of each region 
showing existing and proposed Planning 
transmission lines 

Develop capital and O&M 
estimates 

Transmission 
Planning 

Transmission 
Planning 

Transmission 
Planning 

Transmission 

Transmission 
Planning 

Analyze transmission upgrade 
to reduce system losses 

Transmission 
Planning 

Month 1 

Month 2 

Month 5 

Month 8 

Month 8 

Month 9 



SECTION 8 

BUDGET FOR IMPLEMENTATION 
OF INTEGRATED RESOURCE PLANNING 

This section presents estimated budgets for the implementation of the IRP process. The budget 
described in this section is based on a four year program during phase 1 of the market transition 
model. The budgets for the IRP-related work do not include PPGC personnel and administration 
costs, office space, computing facilities nor translation expenses. The budget assumes that PPGC 
will make such facilities and services available for its own personnel and outside contractors. 

The budget is presented for the various elements of the IRP action plan. 



IRP IMPLEMENTATION BUDGET (1994 U.S. $X1000) 

YEARS 
YR 1 YR 2 YR 3 YR 4 1-4 

Load Forecasting 

HELM Model Maintenance $20 $20 $20 $20 $80 
Technical Institutes 5 0  5  0  5  0  50  200  
T/A macroeconomic forecast 5 0  5  0  5  0  50  200  
T/A end use forecast 200 100  100  100  500  
Training - 5 0 - 3 0 - 3 0 - -  30 1 4 0  
Subtotal 370 250  250  250  1120  

Supply and Demand-Side Resource Identification 

Technical ~nstitutes/FEWE 1 0  0  5  0  5  0  50 250  
Technical assistance 200 5  0  5  0  50  350 
WASP model maintenance 2 0  2  0  2  0  2  0  8  0  
Training 3 0  2  0  2  0  2  0  9 0  
DSManager - 2 0 - 2 0 - 2 0 - 2 0 - 8 0 
Subtotal 370 160  160  160  850 

Transmission Planning 

Technical Assistance 3 0  0  0  0  3  0  
PSSE Model 400 2  0  2  0  20  460 
Training - 2 0 - 2 0 - 2 0 - 2 0 - 8 0 

Subtotal 4 5  0  4  0  4  0  40 570 

Environmental Considerations 

Technical Institutes 5 0  5  0  5  0  50  200  
Technical Assistance 15 0  5  0  5  0  50 300  
Training - 5 0 - 5 0 - 5 0 - 50 - 200 
Subtotal 250 150  150  150  700  

Plan Integration 

Technical Institutes 1 0  0  5  0  5  0  50  250  
IPM Model 5 0  5  0  5  0  50  200  
Technical Assistance - 150 - 100 - 5 0 - 50 - 350 
Subtotal 300 200 150  150  800 

Tariff Designs and Pricing 

Technical Assistance 
Training 
Subtotal 

Financial Planning 

Technical Assistance 

Contingency 

Total 2130 1020 970 970 5090 



INTEGRATED RESOURCE PLAN BUDGET SUMMARY 
(1994 U.S. $XlOOO) 

YEARS 
YR 1 YR 2 YR 3 YR 4 1-4 

Load Forecasting 370 250 250 250 
Supply and Demand-side 370 160 160 160 
Transmission Planning 450 4 0 4 0 4 0 
Environmental Considerations 250 150 150 150 
Plan Integration 300 200 150 150 
Tariff Design, Pricing 9 0 7 0 7 0 7 0 
Financial Planning 100 5 0 5 0 5 0 
Contingency - 200 - 100 - 100 - 100 

Total 2130 1020 970 970 5090 



PROPOSAL TO ESTABLISH INTEGRATED RESOURCE 
PLANNING CAPABILITIES IN POLAND 

THREE-PHASE PROCESS THAT CLOSELY TRACKS THE PROPOSED TRANSITION 
FROM THE STATUS QUO TO A FULLY COMPETITIVE ELECTRICITY MARKET 

o POWER SECTOR ENTITIES HAVE SIGNIFICANTLY DIFFERENT ROLES AND 
RESPONSIBILITIES IN EACH PHASE 

TRANSITION PROVIDES GRADUAL PROCESS TO MOVE RESPONSIBILITY FOR 
IRP FROM PSE TO THE DISTRIBUTION COMPANIES 

IRP UNIT LOCATIONIFUNCTION AND RESOURCE ACQUISITION DECISION-MAKING 
IS DIFFERENT IN EACH PHASE: 

PHASE 1: IRP UNIT AND RESOURCE DECISION-MAKING IS ESTABLISHED 
WITHIN PSE; PLANS ARE APPROVED BY MOITIERA; REVIEW COMMITTEE 
INCLUDES PSE, GENCO AND DISCO REPRESENTATIVES, CHAIRED BY PSE 

o PHASE 2: IRP UNIT IS ESTABLISHED AS AN INDEPENDENT ORGANIZATION 
WITH A BOARD OF DIRECTORS DRAWN FROM PSE, GENCOS AND DISCOS 
(EACH ENTITY MAKES RESOURCE DECISIONS); REGULATION OF THE 
INDEPENDENT ORGANIZATION BY ERA IS OPTIONAL OR PHASED OUT 

0 PHASE 3: IRP UNITS ARE ESTABLISHED AT THE DISCOS; INDEPENDENT 
ORGANIZATION COULD CONTINUE AS IRP SERVICE PROVIDER TO ALL 
POWER SECTOR ENTITIES 



PROPOSAL TO ESTABLISH INTEGRATED RESOURCE 
PLANNING CAPABILITIES IN POLAND 

PHASE 1 

IRP UNIT IS ESTABLISHED WITHIN PSE, COMPOSED OF TWO FUNCTIONS, EACH 
WITH ITS OWN MANAGER THAT REPORTS TO A DIRECTOR. TWO FUNCTIONS 
ARE: 

LEAST-COST PLANNING (LCP): CONDUCTS LOAD FORECAST AND 
ECONOMIC ANALYSES OF SUPPLY, T&D AND DSM RESOURCES; DEVELOPS 
RANK-ORDERED RESOURCES THROUGH INTEGRATED RESOURCE PLANNING 

FINANCIAL AND CONTRACT PLANNING: CONDUCTS FINANCIAL 
ANALYSES, ADMINISTERS SUPPLY-SIDE BIDDING AUCTION, AND DEVELOPS 
CONTRACTING STRATEGY FOR SELECTED RESOURCES 

IRP UNIT COORDINATES WITH MARKET ADMINISTRATION DIRECTORATE 
(WHICH SETS TARIFFS AND NEGOTIATES CONTRACTS FOR SELECTED 
RESOURCES) AND TRANSMISSION PLANNING DIRECTORATE (WHICH DEVELOPS 
PSE'S TRANSMISSION INVESTMENT PROGRAM) 

IRP REVIEW COMMITTEE IS COMPOSED OF SIX MEMBERS: PSE'S IRP DIRECTOR 
(CHAIR) AND MARKET ADMINISTRATION DIRECTOR, TWO GENCO 
REPRESENTATIVES, TWO DISCO REPRESENTATIVES; COMMITTEE PROVIDES 
DATA AND OVERSEES IRP PROCESS AND RESULTS 

MOIT (ERA WHEN IT EXISTS) APPROVES IRP PROCESS AND RESULTS 





PROPOSAL TO ESTABLISH INTEGRATED RESOURCE 
PLANNING CAPABILITIES IN POLAND 

PHASE 2 

WHEN PSE NO LONGER HAS THE OBLIGATION TO SERVE (E.G., STOPS SIGNING 
LONG-TERM CONTRACTS), IRP UNIT TRANSFERS OUTSIDE OF PSE TO BECOME 
INDEPENDENT ORGANIZATION FUNDED, STAFFED, AND DIRECTED BY PSE, 
GENCOS & DISCOS (CHAIR IS ELECTED BY THE BOARD) 

IRP INDEPENDENT ORGANIZATION PERFORMS TWO FUNCTIONS: 

0 CONDUCTS IRP ANALYSIS TO IDENTIFY PROXY RESOURCES TO START ALL- 
SOURCE COMPETITIVE BIDDING AUCTION 

ADMINISTERS COMPETITIVE BIDDING FOR SUPPLY, T&D, AND DSM 
RESOURCES, RESULTING IN MARKET-BASED RANK-ORDERING 

IT IS OPTIONAL WHETHER BIDDING RESULTS ARE BINDING OR WHETHER THEY 
ARE SIMPLY TAKEN INTO CONSIDERATION IN CONTRACTS AMONG PSE, 
GENCOS, AND DISCOS 

ERA MAY REGULATE THE IRP METHODOLOGY AND PLAN, BIDDING PROCESS 
AND RESULTS; IF SO, REGULATION MAY BE PHASED OUT OVER TIME; IF NOT, 
ERA WILL RECEIVE THE PLAN AND BID RESULTS; OTHERWISE, ERA ISSUES 
LICENSES BASED ON CONTRACTS 





PROPOSAL TO ESTABLISH JNTEGRATED RESOURCE 
PLANNING CAPABILITIES IN POLAND 

PHASE 3 

ALL IRP PLANNING AND RESOURCE ACQUISITION FUNCTIONS TRANSFER TO 
THE DISCOS WHICH HAVE THE OBLIGATION TO CONNECT AND SERVE AND 
THEREFORE: 

CONDUCT TI-IEIR OWN LOAD FORECASTING 

PLAN THEIR OWN RESOURCE DEVELOPMENT AND ACQUISITION 
STRATEGIES 

CONTRACT WITH GENERATORS AND CUSTOMERS FOR SUPPLY AND DSM 
RESOURCES 

IRP INDEPENDENT ORGANIZATION COULD CONTINUE TO OPERATE AS PRIVATE 
FEE-FOR-SERV~CE UTILITY PLANNING ORGANIZATION $OR ALL POWEIC'SECTOR -i L 

ENTITIES; COULD RETAIN ORIGINAL OWNERSHIP 'OR BE SOLD 
. . ..a . 

t ENERGY REGULATORY AUTHORITY REGULATES PSE AND . . D 
RULES OF COMPETI~ION 





SUMMARY OF ATTRIBUTES 

t INITIAL PERIOD (PHASE 1) ALLOWS RESOURCE PLANNING AND DECISION- 
MAKING WITHIN PSE 

CONSISTENT WITH TEMPORARY ROLE DELEGATED TO PSE BY MOIT TO 
CONDUCT RESOURCE PLANNING FOR ENTIRE POWER SECTOR 

0 CONSISTENT WITH LEAD ROLE IN WORLD BANK LOAN APPRAISAL 

t HOWEVER, GENCOS AND DISCOS PLAY SIGNIFICANT OVERSIGHT ROLE, 
PROVIDE DATA TO PLANNING PROCESS (E.G., FOR LOAD FORECASTS), AND 
"BUY-IN" TO RESULTS 

t MOVE TO INDEPENDENT ORGANIZATION IN PHASE 2 IS CONSISTENT WITH 
MARKET TRANSITION TO FULL COMPETITION IN PHASE 3 

TRANSITION PERIOD COULD BE EASED INTO OR ACCELERATED 

ENTITIES MAY RETAIN INDEPENDENCE TO CONTRACT AS THEY WISH 

IF SO, INTEGRITY OF INDEPENDENT ORGANIZATION AND REGULATORY 
OVERSIGHT OF ENTITIES PROVIDE STRONG INDUCEMENT FOR ACTIONS 
CONSISTENT WITH BIDDING RESULTS 

IN PHASE 3, IRP IS DECENTRALIZED TO THE DISCOS, CONSISTENT WITH A 
FULLY COMPETITIVE ELECTRICITY MARKET 
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CENTRAL AND EASTERN EUROPE 
REGIONAL ENERGY EFFICIENCY PROJECT 

Task Completion Memorandum 

Poland - Private Power Pricing 

Summary Task Description 

The task will include several activities in support of the Polish Power grid Company (PPGC) to 
build upon work already begun in electricity tariffs and legal assistance. These activities are: 

1. Adapt the bulk power tariff and avoided cost developed in the tariff study to 
specific power plants, and assist PPGC in negotiation of power delivery 
agreements; 

2. Develop a method of price indexation to adjust the prices given in power purchase 
agreements, to account for inflation, exchange rates, and fuel costs. 

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

The facilities are currently operated by 32 generating companies, 23 combined-heat and power 
companies, a national transmission company (Polskei Sieci Elektroenergotyczne, or Polish 
Power Grid Company, PPGC) and 33 distribution companies. However, as part of the energy 
sector restructuring program, these entities are expected to be reorganized into a fewer number of 
generation and distribution companies. Because of the recent fall in electric sales, new generation 
capacity is not immediately required. However, massive investments are necessary to reduce 
environmental emissions and improve efficiency to reasonable levels. 

Over the past four years, the Government of Poland (GOP) has begun to introduce sweeping 
legal and regulatory reforms to accelerate the transition to a market-oriented economy. The GOP 

Hagler Bailly Consulting 

Task Completion Memorandum 



has recognized the key role of the energy sector in this fundamental transformation, both in terms 
of its importance to other sectors as well as its own investment needs. Consequently, the GOP 
initiated the Energy Sector Restructuring, Privatization, and Regulatory Reform Program. This 
program aims to liberalize energy prices, promote enterprise competition within the energy 
sector, and transform the ownership, control, and operation of state-owned enterprises in a 
manner consistent with a market model of the energy sector. 

PPGC has already been reorganized as a joint stock company, currently owned by the National 
Treasury. It will retain its role as the single national transmission company. Currently it is also 
responsible for system planning, dispatch, and control, bulk power purchases and sales, and retail 
tariff recommendations. It is expected that a regulatory agency will be established as part of an 
"energy law," which is currently under preparation. This agency will supervise the operation of 
the power market. 

Specific Goals and Objectives 

The objective of this task is to assist Poland in the development of privatization and restructuring 
in the power sector by providing the contractual framework, pricing methodology and purchase 
prices necessary for the private sector to rehabilitate and develop power projects. 

Expected Outputs 

@ This task is expected to result in the following outcomes: 

a Agreement between PPGC and four CHP plants on pricing conditions 

Capability in PPGC to calculate avoided costs as a reference for pricing other 
power purchases from non-grid (i.e. cogenerators and autoproducers) powerplants. 

Pricing terms for grid powerplants (i.e. conventional power only plants) based on 
standard cost components as opposed to. the current system based on plant specific 
costs. 

A plan for the transition from plant specific costs to standard costs in grid 
powerplants. 

s Agreement at PPGC on a criterion for qualifying a power plants as either a CHP 
or grid power plants. 
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Deliverables 

This task will produce the following deliverables: 

Trip reports 
1 copy to AID/EUR 
1 copy to AIDiWarsaw 

Monthly reports 
1 copy to AID/EUR 
1 copy to AID~Warsaw 

Final report 
Task Completion Memorandum to AID/EUR 

Results and Next Steps 

The result of the activity was an analytical tool for PPGC to measure the relative merits of offers 
of power sales from independent power producers interested in investing in Polish power plants. 
This tool consisted of an electronic spreadsheet model in which the terms of the a power sales 
offer of power sales were introduced as input as well as the cost characteristics of two typical 
plants that could be used in Poland. The model would then compare the power offer against the 
cost of power from the two typical plants to determine the return on capital of each offer. 

The activity included a preliminary analysis of four offers, development of the electronic 
spreadsheet model, analysis of each offer with the model, comparison of results, explanation of 
the model to PPGC, preparation of a report on the analysis and support to PPGC in discussions 
with some of the IPP's. 
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CHAPTER 1 
INTRODUCTION 

The Polish Power Grid Company (PPGC) has determined that the power sector has the 
obligation to utilize all the electricity produced by combined heat and power (CHP) 
plants licensed as such. It has also determined that, at least in the case of privately 
owned CHP, their electricity output must be purchased on the basis of avoided costs, 
understanding this as the principle of evaluation of power in terms of the least cost to 
PPGC of securing power supply from alternative resources. 

This approach offers the following advantages in the current context of restructuring of 
the Polish power sector: 

Establishes a relationship of cooperation and financial independence 
between the heat and power sectors 

Allows the heat sector to capture all of the benefits derived from the 
higher efficiency of a cogeneration process as compared to power-only or 
heat-only processes. 

EIiminates the need for cost allocation between the heat and power 
products of CHP plants. 

Protects the electricity customer by ensuring least cost of power supplies. 

Facilitates private investment in CHP plants through guaranteed purchase 
of their power deliveries. 

As part of the assistance of the United States Agency for International Development 
(USAID) to the Government of Poland recommended bulk and retail power tariffs based 
on these assumptions were developed as well as the legal form of agreements for power 
purchases between PPGC and CHP plants. This report, also prepared under the auspices 
of USAID, presents a methodology for the computation of avoided costs and the results 
of its application to evaluate proposals for power deliveries made to PPGC by four 
groups interested in undertaking extension or improvement of existing CHP facilities. All 
monetary values in this report are expressed in U.S. dollars of January 1994. The rate of 
exchange at that time was approximately 20,000 zlotys to the U.S. dollar. 

RCG/Hagler Bailly i 
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CHAPTER 2 
AVOIDED COST OF POWER 

2.1 AVOIDED COST CONCEPT 

While the concept of evaluating power in terms of the least cost of alternative supply is 
very old, the expression "avoided costs" was coined in the late 1970's as the guiding 
principle to implement one of the provisions of the Public Utilities Regulatory Policies 
Act (PURPA) of the United States Government. PURPA mandated that power utilities 
should buy all the power that a non-utility producer could sell at a price equal than or 
lower than the cost that the utilities would incur in producing it themselves. While the 
concept is fairly simple, the actual mechanics of the computation of avoided costs can be 
complex and in the United States, the details of implementation are a matter of state 
regulatory authority. 

It is important to bear in mind that, while the objectives of PURPA were those of 
reducing the cost of supply by encouraging competition among power producers, in 
Poland, electricity customers must be protected both by encouraging low prices through 
competition and by ensuring adequate capital investment to rehabilitate, maintain and 
expand the power system. This distinction is very relevant to the computation of avoided 
costs because an important element in the cost of power is the cost of capital to the 
power producer and, therefore, the avoided cost must be calculated considering any 
restrictions in the amount of capital available to the utility. 

In the strictest sense avoided costs can be computed by comparing two least cost 
planning scenarios as follows: 

Scenario A: The capacity C and the energy E supplied annually by a given 
resource X is included, at no cost, in the system, thereby effectively 
reducing the load to be supplied by the rest of the system. 

Scenario B: The resource X is eliminated from the system and additional 
resources may be needed to meet the higher load at the same level 
of reliability as before. 

These scenarios are illustrated in Exhibit 2.1 which shows that in both scenarios the least 
cost solution to meet the growing gap between load and available resources consists of a 
combination of generating plants of different characteristics (shown in the exhibit as 
generation types A, B and C). Depending on the characteristics of the power supplied by 
resource X the proportion of plants of different types may be difFerent. 

RCGMagler Bailly 
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EXHIBIT 2-1 

COMPCTTATION OF AVOIDED COSTS AND RESOURCE EVALUATION 
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Year i Year j 
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2.2 FUNDAMENTALS OF AVOIDED COST COMPUTATION 

If the accumulated present value of all annual costs under scenarios A and B is denoted 
as PVT, and PVTb respectively then the total avoided cost of energy from resource X is: 

ACT = (PVTb - PVTJRVE 

Where PVE is the accumulated present value of annual energy supplied from resource X. 

An analogy with conventional project evaluation follows from the computation of PVT, 
and PVT, are repeated for different discount rates. If I is the investment in project X then 
the internal rate of return of the project is the discount rate that results in 
I = PVT,-PVT, 

Additional computations lead to disaggregation of avoided costs of capacity and energy 
.as follows: 

Avoided cost of capacity: ACC = (PVFb-PVF3PVC 

Where: PVF = accumulated present value of fixed costs 
PVC = accumulated present value of annual capacity sales 

and 

Avoided cost of energy: ACE = (PW,-PWJPVE 

Where: P W .  = accumulated present value of annual variable costs 

2.3 PROXY PLANT METHOD 

While the computations above appear to be simple, the process of optimization of the 
generation expansion plan to obtain PVT, PVF and P W  for the two scenarios described 
above is complex, requires advanced computer models and often lengthy processing time. 
Even though some models can be simple enough to produce fast results there remain 
compelling reasons to simplify the computation of avoided costs as much as possible: 

t Since the computation of avoided costs is often the basis for negotiating a 
power purchase agreement it is necessary to have full transparency 
regarding the assumptions and the computation process. This cannot be 
achieved with a long term generation expansion optimization model. 
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It is often agreed that some terms (typically fuel) of the avoided cost are to 
be periodically adjusted in response to fluctuations in the market and 
therefore a simple formulation or computation of the adjustable term is 
desirable. 

In order to simplify the process, a combination of plants can be used to represent the 
long term difference in installed capacity between scenarios A and B and the long term 
difference in energy production between scenarios A and B. In some cases, a single 
proxy plant is chosen, corresponding roughly to a project with similar characteristics to 
the one under evaluation (resource X). 

This is known as the "proxy plant" method an essentially consists of replacing the 
lengthy and complex process of computing the differences in PVT, PVF, and P W ,  
between two scenarios by the lifetime costs of selected plants. 

RCG/Hagler Bailly 



CHAPTER 3 
AVOIDED COST OF POLISH CHP PLANTS 

3.1 DISPLACED CAPACITY AND ENERGY 

Because the demand for electricity fluctuates with time the least cost of power supply is 
normally found in a combination of generating plants. Some plants are the most 
economic resource to operate in a continuous manner (base-load plants) and some are the 
most economic resource to meet intermittent or short duration loads (peak-load plants). 
The Polish power generation system exhibits two peculiar characteristics that have an 
important impact on the computation of avoided costs: 

b The system has a much higher proportion of base-load generating plants 
than would be selected on the basis of economic generation mix if the 
system were to be designed and constructed entirely today. 

b The system has a higher capacity reserve than needed in the short term to 
meet the load with adequate reliability. 

As a consequence of these two facts, it must be expected that, in the short and medium 
term, any additional load in the system will result in the following: 

b The additional capacity required to maintain constant reliability will be less 
than the added peak load. 

b Any required additional capacity will largely be in peak-load generating 
plants. 

The additional energy demand will not be entirely met by the additional 
capacity but rather by a combination of the new capacity plus the cheaper 
surplus energy available from existing and under utilized base-load plants. 

This conclusion enables us to anticipate that fixed avoided costs will likely be strongly 
influenced by the fixed costs of alterative peak-load plants such as gas turbine plants or 
pumped storage hydroelectric plants whereas the variable avoided costs will be strongly 
influenced by base-load plants such as coal or gas fired steam turbine plants or run-of- 
river hydroelectric plants. 

An analysis of the proportions of capacity and energy displaced by the current block of 
CHP plants from base-load and peak-load resources was carried out using a computer 
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model to estimate the annual least cost generation mix for the system during the period 
1996-2016 with and without the current CHP capacity in the system. The results of the 
analysis are shown in Exhibit 3.1. and discussed below. 

As of 1992 installed capacity in CHP plants totalled 3,884 MW with a combined peaking 
capability of approximately 2,350 MW. The energy production of this capacity as 
controlled by the needs of the cogeneration process is approximately 13,245 MWh per 
year. If the peaking capability of CHP plants did not continue to be available during the 
period 1996-2016, the least cost solution involving power-only plants would be to first 
install only peak-load plants until the ideal generation mix is reached and then continue 
with the addition of both base-load and peak-load plants'to maintain the least cost 
generation mix. On a levelized basis, the annual additions of capacity from peak-load 
plants account for almost 98 % of the total capacity added to replace the current peaking 
capability of CHP plants. On the other hand, if current energy production of CHP plants 
had to be replaced by production from power-only plants, 35% percent of that production 
.would come from the new capacity from replacement peak-load plants and 65% would 
come from existing or replacement base-load plants. 

The results above assume that natural gas prices will not escalate faster than coal prices 
otherwise the proportions of coal fired capacity and energy would be higher. Also, while 
the actual proportions are of course likely to change slightly using different models or 
different assumptions, the fundamental character of surplus base-load capacity in the 
system would not change the basic conclusions. 

3.2 NATIONAL OBJECTIVES RELEVANT TO CHP PRICING 

While the principle of avoided cost is a sound basis for compensation of power from 
CHP plants, the details of its implementation must be drafted with due regard to all 
aspects of regulatory policy in Poland. Among the different and sometimes conflicting 
objectives that must be weighted in arriving at a specific pricing criterion are the 
following: . Least Cost of Power Supply 

The fundamental responsibility of the Polish Power Grid Company is to ensure the 
least cost of reliable power supply in the country compatible with other objectives 
affecting different sectors of the national economy. 



EXHIBIT 3- 1 

2016 
AVOIDED COSTS 1996-2016 
MEAN ANNUAL VALUES 
PROPORTIONS (2) 
AVOIDED COSTS 2014-2016 
MEAN ANNUAL VALUES 
PROPORTIONS (2) 

NOTES: 

DIFFERENTIAL CAPACITY AND ENERGY PRODUCTION OF BASE-LOAD AND PEAK- LOAD 
POWER-ONLY PLANTS REPLACING CURRENT POWER FROM CHP PLANTS AT LEAST COST 

- . - -. - - - 

NUMBER OF UNITS- - 

0ASE-LOAD PEAK 
0 2: 
0 2: 
0 21 
0 2: 
0 2: 
0 21 
0 2: 
0 2: 
0 21 
0 24 
0 2? 
0 23 
0 23 
0 23 
0 24 

0 23 
1 20 
2 17 
3 15 
3 14 

3 '5 

- - 
INSTALLED CAPACITY (MW) 

BASE-LOAD PEAK-LOAC -- - - - - - - - 
0 27K 
0 276C 
0 28% 
0 27w 
0 276C 
0 280C 
0 2760 
0 2760 
0 2880 
0 2880 
0 2760 
0 2760 
0 2760 
0 2760 
0 2880 
0 2760 

360 2400 
720 2040 
1080 18M) 
1080 1680 
1060 ' 8% 

- PRESENT VALUE 
BASE -LOAD PEAK-LOAL . - - -- 

0 274 
0 24% 
0 228: 
0 19z 
0 1744 
0 1625 
0 134: 
0 1241 
0 1157 
0 1033 
0 884 
0 789 
0 704 
0 629 
0 586 
0 501 
58 389 

104 295 
140 233 
125 194 
1 1  1 186 

ENERGY PRODUCTION (GWH) 
BASE-LOAD PEAK-COAC 

12598 64€ 
12533 71 1 
12426 818 
12087 1 157 
fino 1475 
10136 3108 
7935 5306 
5747 7497 
3679 9565 
3262 9983 
2852 10392 
2817 10427 
2635 10W7 
2209 11035 
2058 1 1  187 
1828 11417 
3783 9461 
5809 7435 
7905 5340 
7906 5339 
7905 5340 

I'HCSLNT VAI U t  
UASL-LOAD PEAK-I OAI  

12527 64: 
1 1  127 63 1 
9850 645 
8555 816 
7438 932 
5719 1754 
3999 2673 
2585 3372 
1478 3841 
1 170 3580 
913 3321 
805 2981 
673 2701 
503 2515 
419 2276 

332 2074 
614 1535 
84 1 1077 
1022 69 1 
913 618 
815 550 

1 HESULTS OBTAINED FROM EXPANSION OF T FIE SYSTEM WITH AND WITHOUT THE Lt1P COMPONL N I IJSING MODtL GP 1 
2 THE PHOPORTIONS OF BASE-LOAD AND PEAK -LOAD ARE BASED ON THE PRESENT VALIJE OF DIFI LRtNTlAl CAPACIIY ANL) k'liOl)lJ( I ION 
3 BASE-LOAD UNIT IS A COAL FIRED 360 MW STEAM TURBINE 
4 PEAK- LOAD UNIT IS A 120 MW GAS FIRED LOMBUSTION TURBINE 
5 NO REAL ESCALATION OF FUEL PRICES ASSUMED 
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Private Sector Financing of the Power System 

The Government of Poland believes that the power industry is a commercially 
viable activity that should be undertaken by the private sector thereby freeing the 
financial resources of the state to support other activities. 

c Scarcity of Public Financing to the Power Sector 

The Government's interest in promoting the participation of the private sector in 
power production is one of the main elements of national economic reform. 
Independently of this political objective, the capability of the state to finance 
investments in the power sector is limited when compared to the investment 
requirements imposed by other policy decisions such as environmental control 
targets and the standards of operational performance required to effectively link 
the Polish power system to that of western Europe. 

c Cooperation with the District Heating Industry 

The obligation of the power sector to purchase all the power production of CHP 
plants at fair prices is a policy of the Government of Poland and reflects the 
cooperation that must exist between these two industries of primary importance 
value to social welfare. 

In addition to representing a reasonable compromise of the above stated objectives the 
rules of pricing must be sufficiently general to ensure fairness to all suppliers while 
maintaining a degree of flexibility to take into account such project specific features as 
equipment reliability and flexibility of dispatch. 

As a first step, a simple formulation of the computation of avoided costs is needed such 
that it can be easily understood by all concerned parties and regularly updated and 
revised as required under changing conditions and forecasts. 

3.3 RECOMMENDED APPROACH FOR COMPUTATION OF AVOIDED 
COSTS 

Based on the detailed analysis of the system through the use of advanced generation 
expansion optimization models it is possible to obtain the proportions of capacity and 
energy displaced by base-load and peak-load resources and use these to develop a 
simplified algorithm for the computation of avoided costs. This algorithm is programmed 
into a simple spreadsheet model that eliminates the need for continuous reference to 
advanced generation expansion models. 
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Essentially, the model consists of the computation of fixed and variable cost for two 
proxy plants. A weighted average fixed reference cost is computed from the proportion 
of capacity that each alternative (base-load or peak-load) contributes to replace the 
capacity currently supplied by the CHP component. A weighted average variable 
reference cost is computed from the proportion of energy production that each alternative 
contributes to replace the energy currently supplied by the CHP component. 

A detailed description of the spreadsheet model is presented in Appendix 1 which 
includes a copy of the spreadsheet model to be accessed via Lotus 123 version 3.2 or 
compatible calculation sheet software. 

The model has been designed to evaluate a power sales proposal from three different 
perspectives: 

F Avoided Cost 

In this case the reference fixed and variable costs are strict avoided costs since the 
proportions of displaced capacity and energy from the base-load and peak-load 
proxy plants are obtained from the levelized values discussed above. That is, the 
fixed reference cost consists of 2.3% fixed costs of the base-load proxy plant and 
97.7% fixed costs of the peak-load proxy plant and the variable reference cost 
consists of 64.8% variable cost of base-load plant and 35.2% variable cost of 
peak-load plant. 

b Mature Avoided Cost 

This case is designed to examine how the power sales proposal would look if the 
generation mix were currently in the correct balance between base-load and peak- 
load plants. In this case the fixed reference cost consists of 38% fixed costs of 
the base-load proxy plant and 62% fixed costs of the peak-load proxy plant and 
the variable reference cost consists of 59.7% variable cost of base-load plant and 
40.3% variable cost of peak-load plant. 

b Similar Project Cost 

This case is designed to examine how the power sales proposal looks against the 
cost of developing a power-only alternative of similar characteristics to the 
proposed source of power in terms of technology and fuel. 

Under any of these cases the model works as follows: 

Step 1. The reference fixed and variable costs are calculated according to 
the criteria applicable to the particular case above. The fixed 
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reference cost is the annual lifetime cost obtained from the annual 
fixed operating costs and the amortization of capital investments 
using a discount rate deem to reflect the current capital cost of the 
utility. This discount rate does not account for capital scarcity (i.e. 
any limitations on borrowing that the utility might have and which 
of course renders impossible an independent determination of 
capital cost). This issue will be investigated a posteriori. 

Step 2. 

Step 3.  

Step 4 

Step 5 

The proposed fixed annual payments (capacity payments) are 
converted into equivalent fixed annual payments by adding to the 
proposed fixed annual payments the product of the proposed annual 
energy sales times the difference between the proposed energy price 
and the reference energy price. Thus, any differences between 
reference variable costs and proposed energy price are accounted 
for in the equivalent proposed fixed annual payments. 

The equivalent fixed annual payment is levelized using the same 
discount rate as in step 1 and then divided by the amount of 
peaking capability (net of any losses) that is deemed to be 
deliverable to the grid. 

The equivalent fixed annual payment ($/KW) is compared to the 
reference fixed cost. The difference reflects the higher or lower 
annual unit cost to the utility of obtaining power from the resource 
under evaluation. 

The discount rate used in step 1 is revised until the annuitized 
reference cost matches the equivalent annual payment. The 
resulting discount rate represents the cost of capital of the utility if 
all power were to be procured under the same terms as those of the 
project under evaluation. 

When a specific proposal is analyzed under all three perspectives defined above it is 
possible to determine to what extent the proposal is being affected by current departures 
from the optimum generation mix and to what extent the proposal suffers from the 
natural disadvantage of any single generation resource over a generating utility that can 
decouple the fixed and variable costs of power through the use of a combination of 
different resources. These elements, combined with considerations of reliability, 
flexibility of dispatch, environmental advantage and other issues of interest to the utility 
must be used in reaching a final decision or proposing revision to the power sales offer. 



CHAPTER 4 
GENERAL GUIDELINES FOR ACCEPTING 

AND PRICING POWER DELIVERIES 

The obligation to purchase power from CHP plants places an important operational 
constraint on the dispatch of the generation system. At the same time, payment to CHP 
on the basis of avoided costs and guaranteed purchase may result in a preferential status 
with respect to other producers. Therefore PPGC needs to clearly define the criteria to 
be met by a power supplier to qualify as a CHP supplier and by power deliveries to 
qualify as CHP deliveries that PPGC is obliged to accept. 

While specific pricing terms may be defined for each individual case based on the 
simplified analysis of avoided costs discussed above, it is recommended that a set of 
General Guidelines be established as follows: 

b Power purchased on the basis of avoided costs must be produced at a 
qualifying CHP plant. A qualifying CHP plant is a plant built primarily to 
supply heat to a district heating network and the majority of its heat input 
during any consecutive 12 months must be output to the district heating 
network. 

b PPGC has the obligation to purchase all power produced by a qualifying 
CHP plant and produced in a specific cogeneration process where the 
majority of the heat input is output to a district heating network. Such 
power will be designated as Qualifying (Q) Power. 

t Power produced in a qualifying CHP facility but not produced in a 
cogeneration process where the majority of the heat input is output to a 
district heating network will be designated as Non-Qualifying (NQ) Power. 
The CHP plant must declare the Q or NQ character of all power deliveries 
as well as state what portion, if any, of NQ power was delivered at the 
request of PPGC. 

t The CHP facility must coordinate with PPGC all power deliveries 
indicating estimated quantities of Q and NQ power that will be delivered 
and estimated additional Q and NQ power available. 

b All Q power and the available NQ power requested by PPGC will be 
purchased on the basis of total avoided costs and will include the fair 
replacement cost of both capacity and energy. NQ power delivered but not 
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at the request of PPGC will be purchased on the basis of avoided energy 
costs only. 

PPGC may withhold payment of unrequested NQ power deliveries that 
result. over any 12 consecutive month period, in a majority of heat input 
being used for power generation and credit such payment towards future Q 
power deliveries or requested NQ power deliveries. 

These guidelines guarantee the right of CHP plants to a fair price for all deliveries of 
power produced in a process primarily intended for district heating. They also recognize 
the occasional need of CHP to deliver power from a power-only process or at low leveis 
of heat demand as well as the opportunity for PPGC to request power deliveries beyond 
those associated with the demand for heat. 
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CHAPTER 5 
EVALUATION OF FOUR POWER SALES PROPOSALS FROM CHP 

PLANTS 

5.1 PROJECT EVALUATION 

PPGC has received proposals of power sales from four CHP plants: CHP Gorzow, CHP 
Chorzow, CHI? Krakov Leg and CHP Bielsko-Biala. The proposed projects range in size 
from 50 to 454 Mw with varying levels of energy production which yield capacity factors 
ranging from 66% to 81%. 

.A detailed evaluation of each project is presented in Appendices 2 to 5 which contain the 
detailed reports produced by the Purchase Power Agreement Evaluation (PPAE) 
spreadsheet developed for this purpose and described in detail in Appendix 1. 

0 Each proposed project has been evaluated by comparing the revenues sought by the 
offeror against a reference value to PPGC of the power offered for sale. This section 
focuses on a comparative analyses of results, the detailed data and analysis of results for 
specific projects are described in the respective appendices. 

The benefit of each power sales proposal to PPGC is computed from the three alternative 
perspectives discussed in Chapter 3 above: Avoided Costs, Mature Avoided Costs and 
Similar Project Costs. A comparison of results for all four projects under each 
perspective is shown in Exhibits 5.1 to 5.3. Each table is divided into four sections: 
Project Characteristics, Unit Costs and Benefits, Total Costs and Benefits and Equivalent 
Cost of Capital. A brief description of each section follows. 

Under the first section (Project Characteristics) is shown the capacity, production and 
capacity factor for each project as well as for the existing CHP block of plants which are 
used as a reference to determine the least cost combination of replacement with power- 
only plants. The reduction from nameplate to useful capacity shown in the tables results 
from the anticipated losses for station service and the useful capacity is the peaking 
capability deemed deliverable to the grid. 

The next section (Unit Values) contains several groups of data as follows: 

RCG/Hagler Bailly 9 ' d ""., ' 



EVALUATION OF FOUR POWER SALES PROPOSALS FROM CHP PLANTS 
5-2 

Un9P52tsfea Unit Costs 

In the case of the four projects under evaluation this group of data shows the 
fixed and variable levelized annual costs derived from the payment schedule 
included in each of the proposals. Also included are the fixed and variable 
levelized least costs of repla&t the block of all existing CHP plants with 
power only units. --n,lity - fact~rd8-f ixed.-md 
. v a r i a b J g - . c o s t s _ i r r x s o E p . o w x i n  kwhin 

Costs Adjusted to Uniform Energy Price 
,--- 

This group of data shows the result of making apms'fer between fixed and 
variable costs so that the proposed variabie+nergy) payments of all projects is 
constant and equal cost. Note that the total cost of 
power remains the cost has been adjusted to reflect 
the difference in energy (variable) 
payments and 

Reference Cost ad/usted by-q Factor 
I' 

the total reference cost derived from the fixed and 
computed at the capacity factor proposed for each 

individual 

Cost (Savings) to PPGC 

This group of results show the annual cost (saving) to PPGC of accepting the 
proposed project when compared to the reference case shown both i n  $acrtw-ur 
kwh. , 

The next section (Annual Values) shows the same information but in terms of 
total annual proposed payments against total annual benefits as computed in terms 
of the reference case. 

, The last part of the table (Cost of Capital) shows the discount rate that would 
result in the reference case having the same annual cost of power as that of the 

/ 
proposed sale. This equalizing discount rate can be interpreted as follows: 

\ 
f ' Tme Cost of Capital of Power Supply 

If the proposals under evaluation are the result of a solicitation process and thus 
are deemed to be the best offers available to PPGC and, furthermore, PPGC has 
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no possibility of raising capital for power supply projects, then the equalizing 
discount rate represents the true cost of capital to PPGC for power supply 
projects. 

Under the above assumptions the value of the equalizing discount rate should not 
be an issue in absolute terms since there is no cheaper way to secure the supply of 
power. The only issue is the relative equalizing discount rates among the 
different offers which must be weighted against other evaluation criteria such as 
power reliability and flexibility of dispatch. 

Cost of Non-Utility Supply 

If PPGC had the possibility of raising capital to develop the projects at a given 
interest rate then the difference between the equalizing discount rate and the 
interest rate that PPGC would pay to finance the projects itself is the cost of 
seeking power supplies from non-utility sources. This difference must be 
weighted against the benefits derived from not compromising the financial 
resources of PPGC to power supply projects. 

5.2 SUMMARY OF RESULTS 

Reference Case = Strict Avoided Costs 

This case is presented in Exhibit 5.1 which shows that the proposal from CHP 
Gorzow is the most expensive in terms of total unit price of power at 2.64 
Cts/Kwh above P m s  strict avoidecL~ost of power. CHP Chorzow and Krakov 

ts/Kwh a n w t s J & &  respectively. CHP Bielsko Biala 
in a benefit f 0 4,adKwh with respect to PPGC's 

avoided cost. ? /  
Reference Case = Mature Avoided Costs 

This case, presented in Exhibit 5.2, reflects the result of accepting as a reference 
the avoided cost of replacing the existing CHP block but not under the conditions 
prevailing today in terms of generation mix but those that should prevail if the 
system had a balanced mix of base-load and peak-load plants. In other words, 
this case eliminates any penalty imposed due to the excessive amount of base-load 
capacity currently in the system. 
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The relative ranking of proposals is the same. The cost of power from Gorzow 
andxhorzow is still substantially higher than reference costs (1.76 CtsKwh and 

.95 GtsKwh respectively). Power from Krakov-Leg is now at nearly the -., 

CSa 'ence cost and power from Bielsko-Biala offers a substantial savings 1.43 * 

CtsKwh) with respect to PPGC's costs. L,. 

Reference Case = Similar Project Costs 

Shown in Exhibit 5.3 are the results of using as a reference the expected cost to 
PPGC of building a power-only plant of similar characteristics as the proposed 
source of supply in terms of technology and fuel. Thus, the proposal from CHP 
Gorzow is compared to a combined cycle plant fueled with natural gas while all 
the others are compared against a coal fired steam turbine plant. 

The results are not very different from the previous case. CHP Gorzow and CHP 
Chorzow still show a cost of power substantially above the reference cost while 

,, 
Krakov-Leg now offers modest savings and Bielsko-Biala substantial savings. 

5.3 CONCLUSIONS 

The results summarized above suggest the following conclusions: 

w It is viable to obtain power from a CHP plant at a cost below that of 
PPGC's avoided costs. However, only one proposal (Bielsko-Bi ala) is 
viable under a strict application of the avoided cost criterion while the 
viability of the others depends on the actual constraints of PPGC of raising 
capital at or below 12 percent interest per year in real terms. 

r If the proposals are deemed representative of the expectations 09 
private sector to become involved in power supplyjfhen PPG@ must 
expect that power supplies from the private sector will have a financial 
impact equivalent to raising its own cost of capital at least 10 to 15 points . . above its current cost of commercial borrowing. f l  

5.4 RECOMMENDATIONS 

r Inasmuch as the reliability of the machines and the flexibility of dispatch 
involved in each of the four proposals has not been explored in detail, it 
will be necessary to qualify these aspects before arriving at a final ranking 
of the four projects. 
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. Under equal terms of dispatch and reliability the proposal from Bielsko- 
Biala appears to be favorable to PPGC and it is recommended that steps be 
taken to enter into an agreement with this plant. . PPGC should solicit power from other resources in order to compare 
proposals from power-only plants, particularly peak-load type of plants, in 
order to establish ukwwe-the real costs of non-utility power, $J-z~.& d1 c : ~ * G  . The power proposals from CHP Gorzow and Chorzow appear to be very 

I*duq 

far from PPGC's avoided costs. The proposal from CHP Krakov-Leg merits 
further consideration with due regard to the benefits to other sectors such 
as environment and heat supply. 
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EXHIBIT 5-1 

COMPARISON OF FOUR PROPOSED CHP PROJECTS 
REFERENCE: STRICT AVOIDED COST -- 

REFERENCE POWER SALES PROPOSAL - 
KRAKOV BIELSKO 

ALL CHP GORZOW CHORZOW LEG -- BlALA - 

PROJECT CHARACTERISTICS - - -- -- -- 
CAPAClN 

NAMEPLATE M W  3.884 : 50 .O 190.0 454.0 ? 11 .O 
USEFUL TO PSE M W  2.350 44.2 175.0 334.0 102.0 

PRODUCTlON M W ~  13.245.000 1 31 4,184 1 1,235,539 ' 1,978,000 ' 596.400 
CAPACITY FACTOR 64.3% 1 81 . l% ! 80.6% i 67.6% i 66.7% : 

UNlT VALUES 
UNADJUSTED UNlT COSTS 

FIXED 
VARIABLE 
TOTAL 

SIkW 78.53 1 343.45 262.99 ' 

clk Wh 2.99 1 1.90 I 
elk# 4 38 ' 6.73 

COSTS ADJUSTED TO UNIFORM WERGY PRICE 
\slkw na \ 265.89 207.78 

CW na \ 2.99 k . 9 9  
C I ~ W ~  na 6 73 5 h 3  

REFERENCE COST ADJUSTED BY CAPAClPl FACTOR OF PROPOSED DELIVERIES 
FIXED S I ~ W  na 78.53 I 78.53 , 
VARIABLE elkwh na 2.99 1 2.99 1 

TOTAL elk%% na 4.10 1 4.10 , 

FIXED S I ~ W  na 187.36 ' 129.25 
TOTAL clk~h na 2.64 1 1- 

ANNUAL VALUES - - -  - 

COSTS ADJUSTED TO UNIFORM ENERGY PRICE 
FIXED KS na 1 1,752 , 36,361 49.179' 5.650 
VARIABLE KS I na 9.398 1 36,958 1 59.167 ' 17.840' 
TOTAL KS na 21,150 1 7 3 2 W  1 . W -  23,49U11 
AVERAGE PRICE elk ~h na 6.73 1 5 m  5A87 

REFERENCE COST ADJUSTED BY CAPACIN FACTOR OF PROPOSED DELIVERIES 
FIXED K$ I na 3,471 1 13,742 1 26,229 1 8.01 0 I 
VARIABLE KS I na 9,398 1 36,958 1 59,167' 17,840 11 
TOTAL KS , na 12,869 I 50.700 I 85,395 1 25,850 ' 1  

AVERAGE PRICE c / k ~ h  na 4 10 4 10 4 32 4 33 ' 

COST (SAVINGS) TO PPGC 
AMOUNT K$ I na 8.281 I 22,619 1 
% DIFFERENCE na 64.3% 1 4m' 

COST OF CAPITAL - 
EQUIVALENT COST OF CAPITAL 12.00% I 40.1 7% 1 32.92% I 24.28% 1 6.47% 8 

PREMIUM OVER PPGC BORROWING COST 0.00% I 28.17% 1 20.92% I 12.28%; -553%i  



EXHIBIT 5 - 2  

e COMPARISON OF FOUR PROPOSED CHP PROJECTS 
REFERENCE: MATURE SYSTEM AVOIDED COST 

-. . - . . . 

REFERENCECME . PROPOSED PROJECT ~. 

MATURE KRAKOV SI ELSKO 
SYSTEM GORZOW CHORZOW LEG -- Bl ALA - 

PROJECT CHARACTERISTICS 
CAPACITY (CHP BLOCK) 

NAMEPLATE MW 3.884 50.0 190.0 454 0 '71 0 
USEFUL TO PSE MW 2.350 44 2 175.0 334 .O 102.0 

PRODUCION MWh 13.245.000 314.184 1,235,539 : ,978,000 596 400 
CAPACITY FACTOR 64.3% 81 .I% 80.6% 67 6% . 66.7% 

UNIT VALUES ~- ~ 

UNADJUSTED UNlT COSTS 
FIXED S I ~ W  131.33 1 343.45 ; 262.99 188.05 1 06.93 
VARIABLE 
TOTAL 

COSTS ADJUSTED TO UNIFORM ENERGY PRICE 
FIXED s/k w rl a 265.89 207.78 147 24 55.39 
VARIABLE c i k ~ h  na 2.99 2.99 2.99 * 2 99 
TOTAL cik ~h na 6.73 5.93 5 48 3 94 

REFERENCE COST ADJUSTED BY CAPAClN FACTOR OF PROPOSED DELIVERIES 
FIXED S I ~ W  , na 140.82 1 140.76 139.24 139.1 4 
VARIABLE c l k ~ h  na 2.99 I 2.99 2.99 2.99 
TOTAL elkwh na 4.97 i 4.98 1 5.34 5.37 1 1  

ST (SAVINGS) TO PPGC 
FlXED 

I TOTAL c / k m  I na 1.76 1 0.95 1 0.14 1 (1 43)11 

'{ANNUAL VALUES 
COSTS ADJUSTED TO UNIFORM ENERGY PRICE 

FIXED KS I na 11,752 36,36 1 49.179 5.650 
VARIABLE KS na 9,398 I 36,958 59,167 17.840 
TOTAL KS I na 21,150 73,319 108.345 23.490 1 

AVERAGE PRICE c / k m  I na 6.73 i 5.93 5 48 3.94 ' 

REFERENCE COST ADJUSTED BY CAPACIN FACTOR OF PROPOSED DELIVERIES 
FIXED KS na 6,224 1 24,632 46,505 14.192 
VARIABLE KS I na 9,398 1 36,958 59,167 17.840 
TOTAL KS na 15.622 1 61,590 1 105.672 ' 32,032 
AVERAGE PRICE c i k ~ h  I na 4 97 i 4 98 1 5.34 1 5 37 

COST (SAVINGS) TO PPGC 
AMOUNT KS na 5,528 / 1 1.729 1 2.673 (8.542)1 
% DIFFERENCE na 35.4% ( 19.0% I 2.5% -26.7% 

/COST OF CAPITAL 
EQUIVALENT COST OF CAPITAL 1 2.00% i 21.78% 1 7.63% 1 2.75% 7 54% 
PREMIUM OVER PPGC BORROWING COST 0 00% i 9.78% 1 5.63% t 075% -1046%11 



EXHIBIT 5-3 
-. - - - - - - 

e COMPARISON OF FOUR PROPOSED CHP PROJECTS--- 
REFERENCE: SIMILAR PROJECT AVOIDED COST 

REFERENCE CASE KRAKOV a1 ELSKO 
SIMILAR PROJECT GORZOW CHORZOW ,EG BlALA 
GAS COAL GAS COAL COAL COAL 

PROJECT CHARACTERISTICS 
. . - - - - - - - - -- 

CAPACITY 
NAMEPLATE MW I na na 50.0 190.0 454.0 111.0 
USEFUL TO PSE MW I na na 44.2 175.0 334.0 102.0 

PRODUCTION M W ~  I na na 314,184 1,235,5391 1.978.000 596.400 
CAPACITY FACTOR 64.3% 1 64.3% I 81.1% 80.6% 67.6% 66.7% 

UNIT VALUES -- 
UNADJUSTED UNIT COSTS 

FlXED 
VARIABLE 
TOTAL 

SlkW ' 135.30 1 220.88 1 343.45 262.99 
c/kWh I 3.32 1 2.08 1 1.90 2.21 
clkWh 5.72 ' 6 .OO 6.73 5.93 

COSTS ADJUSTED TO UNIFORM ENERGY PRICE 
FIXED S I ~ W  , na na 265.89 207 78 '47 24 55 39 
VARIABLE c l k ~  I na na 2.99 2.99 2 99 2 99 
TOTAL clkwh I na na 6.73 5.93 5 48 3 94 

REFERENCE COST ADJUSTED BY CAPACIN FACTOR OF PROPOSED DELIVERIES 
FIXED S I ~ W  I na na 158.38 1 56.29 166.70 167.39 
VARIABLE elkWh I na na 2.99 I 2.99 2.99 , 2.99 I 
TOTAL O I ~ W ~  1 na na 5.22 i 5.20 ! 5.81 1 5.85 , 

ST (SAVINGS) TO PPGC 
FIXED s/kw I na na ' 107.50 I 51.49 (19.46)t (1 11.99)11 

I 
TOTAL c / k m  I na na I 1.51 1 0.73 1 (0.3311 (1 92y1 

;ANNUAL VALUES I 

- -. -- - - - - - - - -- 
COSTS ADJUSTED TO UNIFORM ENERGY PRICE 

FIXED KS I na na 11,752 36.361 49.179 5.650 
VARIABLE KO I na na 9.398 I 36.958 59.167 17,840 
TOTAL KS 1 na na 21,150 I 73,319 1 108.345 ' 23,490 
AVERAGE PRICE clkWh I na na 6.73 i 5.93 I 5.48 3 94 ( 1  

REFERENCE COST ADJUSTED BY CAPACITY FACTOR OF PROPOSED DELIVERIES 
FIXED K$ I na I na 1 7,000 1 27,350 1 55,677 ' 17,073 il 
VARIABLE KS i na na I 9.398 : 36.958 a 59.1 67 17.840 
TOTAL KS I na na , 16.398 I 64,308 I 1 14.844 I 34.91 3 
AVERAGE PRICE o / k m  I na na I 5.22 1 5.20 I 5.81 1 5.85 11 

COST (SAVINGS) TO PPGC 
AMOUNT KS I na na I 4,752 9.01 1 (6,49911 (1 1.423)Il 

I 

% DIFFERENCE na na I 29.0% I 14.0% I -5.7% 1 -32.7% 1 

t -. 

'COST OF CAPITAL 
EQUIVALENT COST OF CAPITAL I 1 2.00% 1 12.00% I 21.08% I 15.76% I 10.52% 0.69% 
PREMIUM OVER PPGC BORROWING COST I 0.00% 1 0.00% 1 9.08% 1 3.76% I - l 4 8 % ,  -11.=, 



APPENDIX 1 

SIMPLIFIED AVOIDED COST EVALUATION MODEL 
AND PROCEDURES 

1. SPREADSHEET EVALUATION MODEL AND PROCEDURES 

1.1 Introduction 

The basic analytical tool used to determine the value to PPGC of proposals to suppiy new 
CHP resources is the Generation Planning Tools (GPT) mod production cost and 
generation planning model familiar to PPGC. While GPT as complicated as many 
other system planning models, understanding such a model and feeling relatively 
comfortable with its results and implications is not an easy task for many who are 
involved with the evaluation or negotiation of proposed purchased power contracts. In 
order to effectively broaden the number of participants who might fully appreciate the 
economic parameters, a simplified spreadsheet model, based on the "proxy plant" method, @ was developed. The Power Purchase Agreement Evaluation (PPAE) spreadsheet is 
organized in six pages as follows: 

Page 1 - Analysis of Reference Case 
Page 2 - Power Sales Proposal 
Page 3 - Comparison of Reference Case to Proposed Project 
Page 4 - Auxiliary Computations. 
Page 5 - Reference Case Input Data 
Page 6 - Summary 

In the current analysis, the PPAE has been applied to three distinct reference cases 
designated as follows: 

b Avoided Cost 
b Mature System 
b Similar Project 

Based on input data provided by the analyst, each of these cases may be run by selecting 
the appropriate item from the main menu. The menu also provides convenient access to 
the various pages in the analysis and the option to print selected pages. 

RCGMagler Bailly 
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Avoided Cost (AQ Reference Case 

In the Avoided Cost reference case, a combination of coal-fired and gas-fired resources is 
used as the criterion to evaluate the power sales proposal. The spreadsheet is'designed to 
replicate, in a simplified manner, the results of the GPT analysis that involves the 
simulation of the least cost expansion of the PPGC generation system with and without 
the existing capacity of CHP plants. Using consistent input data at 1996 cost levels, the 
detailed simulation model and this simplified spreadsheet evaluation have been 
determined to yield comparable results. The results of applying the Avoided Cost 
reference case to a "Generic Project" are presented in Exhibit Al-1. 

Mature System (MS) Reference Case 

The Mature System reference case is similar to the Avoided Cost case, except that the 
proportions of capacity and energy are adjusted to represent a "balanced" system 
expansion which would occur when the existing imbalance in base and peaking plant mix 
is corrected. Results of applying the PPAE model to the same generic project used above 
as compared to a Mature System reference case are set forth in Exhibit A1-2. 

This case and the one which follows represent variations from the basic avoided cost case 
which are intended to provide further insight, and perhaps guidance, into the nature of 
PPGC's cost situation and how to fairly value the offers of third party producers. 

Similar Project (SP) Reference Case 

A single resource can also be used in Page 1 of the PPAE to estimate, as another 
reference, the costs of power from a generating unit with characteristics which are similar 
to the power project under evaluation. This Similar Project case may be either a coal or 
gas-fired unit, depending upon the project being evaluated, as selected by the analyst. 

In this case the fixed and variable avoided costs represent the costs that are expected to 
be associated with power from a project similar to that being proposed. This does not 
reflect the avoided cost to PPGC, since it is not the least cost combination of resources 
which PPGC would otherwise use to supply the power under evaluation. However, 
PPGC must recognize that no single project will be capable of supplying power at the 
average least cost associated with the long-term expansion plan and, thus, the SP case 
also provides a valuable reference tool for the evaluation of a specific project proposal. 

The s~milar roject case is illustrated in Exhibit A1-3 for the generic project proposal. In 
this case only data for a single resource is needed in Page 1. This data will reflect, as 
closely as possible, the cost to PPGC of developing a project similar to that proposed to 
supply the power under evaluation. The proportions of avoided capacity and energy will, 
of course, be set so that all of the required capacity and energy comes from the single 

RCGMagler Bailly 
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project defined. The input data section of the model provides for both coal and gas plant 
parameters. 

1.2 DESCRIPTION OF TBE PPAE SPREADSHEET MODEL 

The Avoided Cost case forms the basic foundation for project evaluation and will be used 
to explain and illustrate the use of the PPAE spreadsheet model. Please refer to Exhibit 
Al-1 which contains the evaluation of a generic project against the Avoided Cost 
reference case using this model. 

1.2.1 Page 1 - Analysis of Reference Case 

This part of the spreadsheet is used to develop the fixed and variable costs of additional 
power resources to PPGC based on the estimated costs of alternative, or "reference case", 
supplies of power. The new supply may be obtained from either a combination of 
resources or from one single resource. 

Input Data and Cost of Capital 

In the Avoided Cost case the overall fixed and variable costs of system resources are 
calculated using estimated input data for both coal-fired and gas-fired resources, using 
data provided by the analyst. The spreadsheet user defines two resources, a base load 
plant (i.e. coal fired steam turbine) and a peaking plant (i.e. gas fired combustion 
turbine), the type of units that would provide the bulk of added capacity in PPGC's least 
cost capacity expansion plan. In the example shown in Schedule 1 of Exhibit Al-1, the 
input data includes costs at 1996 price levels, consistent with the data used in the 
underlying GPT analysis. 

Also shown is a real (i.e., net of inflation) cost of capital to PPGC that is defined in the 
lower part of the sheet as "Total Capital Cost". This cost of capital is used to calculate 
interest which accrues during construction and the capital annuity required to finance the 
unit over its useful life. 

The true cost of capital to PPGC is defined under "Borrowing Cost" and should be the 
real cost of capital used to determine the avoided costs of power to PPGC. However, a 
line is included to add to the "Borrowing Cost" a "Premium" designed to calculate, and, 
therefore, to make explicit, the added cost of money which may be required in order to 
attract private investment. This investment cost premium is discussed in more detail in 
the section below which addresses Page 3 of the PPAE. a 
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Proportions of Capacity and Energy 

The PPAE can closely approximate the avoided costs computed by a detailed GPT 
analysis of capacity expansion by extracting a minimum amount of information from the 
simulation results. Based on GPT results, the relative amount of capacity and energy 
production that would be supplied by coal-fired steam and gas-fired combustion turbines 
to replace CHP generation is calculated and used on Page 1 to give appropriate weight to 
the fixed and variable costs of the replacement units. These computations are detailed in 
the Auxiliary Computations on Page 4, which are discussed below. 

Reference Case Summary 

On the right side of Page 1 the model shows the resulting fixed and variable avoided 
costs per kw and kwh, respectively, resulting from weighing the unit costs of coal and 
gas generators in accordance with their calculated proportionate contributions to overall 
system costs. Weighted plant investment costs which underlie the avoided fixed costs 
have been calculated, showing both direct construction costs and the accumulated, 
capitalized interest during the construction period. 

For the avoided cost reference case, these values are 78.53 $/Kw-Yr, 2.99 $/Kwh and 476 
$KW, respectively. 

Also shown are the total avoided unit costs in cents per kwh for different capacity 
factors. Note that CHP avoided costs are lower than either coal or gas units alone at all 
load factors. The system is able to replace the CHP block with a high proportion of low . 
cost gas turbine units while utilizing mostly coal (at much lower cost than gas) for 
energy production. This results due to the current system resource imbalance (not 
enough peaking units). It is a result which may be extremely difficult for any single 
plant to achieve. 

EqualiyFked Costs 

. In the Avoided Cost erence Case, equalized fixed'msts are the same as those 
calculated for the Referen Case Summary, i.e., no adju-ent has been made. 

produce uni*e energy and fixed cost 
cost levels reqiies an adjustment. 

of the Mature $*em and Similar 

Therefore, the section is to cohpute the resulting fixed charge when 
reference case been set to the same level as those resulting from the 
avoided cost 2.99 $/Kwh). Thikis accomplished by multiplying the 

a given capacity factor.and 8760 annual hours. The 
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capacity facibr used in this computation is that\associated with the proposed project. 
which is detedixed from the project data analyzed on Page 2. 

'\ \ \ 
' 

The purpose of this ckulation is to facilitate the of diffeient reference 
case results to the costs project. costs to  he same 
v a k <  the various fixed 

in the table of tbtal unit costs vs. 
capacity factoh., 

1.2.2 Page 2 - Power Sales Proposal 

This part of the PPAE spreadsheet captures the net fixed costs of power (total fixed costs 
less energy savings) to PPGC under the pricing terms as proposed by the project 
developers. The data required for Page 2 is jm on Page 2A (and Page 2B, as the case 
may require). d , a +-4f- 

Annual power production in Mwh (column 5) is based on project estimates. The capacity 
value (Mw) which appears in the upper left area is specified by the analyst on Page 2A. 
However, this value must not be greater than either (a) or (b), whichever is smaller, 
defined as follows: 

(a) Annual average capacity (annual production divided by 8760 hours) 
divided by 64.3%, or 

(b) Demonstrated dependable capacity (as estimated by the developer or, in 
practice, as determined by periodic tests), 

In this analysis capacity is regarded as having value only in association with actual 
electric energy production, which itself is a by-product of plant operations dedicated to 
meeting thermal production requirements. The characteristics of the existing block of 
CHP plants are such that, on average, the relationship between annual energy production 
and maximum capacity useful to PPGC is represented by a capacity factor of 
approximately 64.3%. This relationship is used to compute the maximum capacity which 
PPGC can expect to have available for its productive use, provided, however, that the 
computed result cannot exceed the actual maximum capability of the plant. 

The first four columns show the contract and calendar year, monthly fixed payment and 
annual fixed payments based upon information supplied by the developers. Please note 
that the generic project (150 Mw nominal rated capacity; 138 Mw net) presented in this 

RCGtHagler Bailly Q L$'tkF 
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report has been created for illustrative purposes only and doesn't represent any specific 
project proposal under consideration by PPGC. 

The next four columns are used to compute the annual dollar amount corresponding to 
the difference between the proposed sale price of energy and the level of energy costs 
associated with the avoided cost reference case. These energy savings (or costs) are used 
to adjust the project's fixed costs to facilitate the direct comparison of such costs between . . 
options,*<- L* . 

Thus, the net fixed cost to PPGC (column 9) is the fixed price to be paid for capacity 
less any savings (plus additional costs) associated with energy purchases. 

Column 10 corresponds to the present value of the net fixed cost payments at PPGC's 
cost of capital, which is equal to PPGC's borrowing cost as shown on Page 1. The sum 
of the discounted present vaiue of annual net fixed payments over the life of the 
agreement is used to compute the levelized capacity payment shown (and verified in 
columns 10 and 11 to result in the same accumulated present value). 

/ 
,/ /.3S2? 

The results of the analysis of the power sales p,mposal are summarized at the bottom of 
Page 2. The net fixed costs of the proposal W w  in this case) can now be 
compared directly to the fixed costs of the reference case$lsince the energy c o s t s ~  
mses have been set equal) in order to evaluate the relative attractiveness of the proposed 
project. This comparison is further illustrated on Page 3, as discussed below. 

There is also a comparison between the total unitized energy costs under the proposed 
terms and under the reference case for various load factors. Note, however, consistent 
with the definition of useful CHP capacity as set forth above, the reference case price 
remains constant for all load factors between zero and 64.3%. For the Avoided Cost 
reference case, this means that the maximum price would be 4.39 $/Kwh, as shown. This 
is equivalent to restricting the useful capacity to no more than the value associated with a 
64.3% capacity factor, I,& t~ I ~ z d  4-7 d LC-*&,. 

Page 2A contains detailed input data and computations which support Page 2 (additional 
pages may be required in some cases). This page shows detailed development of energy 
savings and the net fixed costs per Mw. The table titled "Analysis of Project Operations" 
is intended to provide a profile of plant operations in cogeneration and condensing modes 
based on project data, when available, or nominal parameters otherwise. The coal-fired 
plant data appears here only for convenience. It shows the development of estimated 
new plant costs used in the Similar ProjectKoal reference case. 

RCG/Hagler Bailly 
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1.2.3 Page 3 - Comparison of Reference Case to Proposed Project 

The first table on Page 3 demonstrates the relationship of PPGC's capital costs to the 
total plant investment costs ($/Kw), the annual fixed costs of that investment ($/Kw-Yr) 
and the average total unit costs per Kwh. In addition, PPGC's costs are compared to 
those proposed by the project developer to demonstrate relative benefits (or costs) as a 
function of costs of capital. 

Line 1 always shows costs based on a cost of money equal to PPGC's borrowing costs 
with no additional "premium". These are the same results shown previously on Pages 1 
& 2 of the PPAE (assuming the premium shown on Page 1 remains set to zero). Lines 
2-10 show the results of changing the annual interest rate premium by an increment 

I.G i .rcl 
(which can be slyjTi& the &kTm. analIst)p'%e I L .  up er Left comer of this table. This 

h r  d$ ~ + u i , c c  4 s v  7. 
increment,,8ky e se to any vahe whth provvl es a range 01 aata bf Interest to the 
observer.  h he "break-even" computation shows the interest rate premium at which the 
annual fixed charges to PPGC and those proposed by the developer would be equivalent. 

Note that similar results can be obtained by changing the value of the "Premium To 
Attract Foreign Investment" included in the capital cost section on Page 1 of the PPAE. 
Changes in the premium rate cause values in the box to the right to increase or decrease 
interactively. / ,c,  3 f  & La 34 

56, l d  
In the generic/jlroject case, this table showsithat the proposal would b e H $ / K w  or 

7,7 W M  annu,plly over PPGC's costs, PPGC, would have to pay a premium on its cost of 
money o ~ h  (a total cost of capital of--0) before its costs would equal those 
proposed by the deveioper. The developer's asking price ( W $ / K w h )  exceeds PPGC's 
costs p.3 8-@Kwh) by-!. j-, 3 3 

L/ 35' 3.3. s- % 
The remaining two tables on Page 3 demonstrate how equity returns change as a function 
of both the debt-to-equity ratio and the investor's cost of borrowing debt. The first table 
shows the results at PPGC's cost of money and the second table shows results at the 
overall "break-even" cost of capital, which includes the premium necessary to match the 
proposed project's costs. When interpreting the results shown in these two tables, it is 
important to keep in mind that these calculations reflect costs to fund PPGC's plant 
investments, which are usually different from those of the developer. In other words, the 
equity returns shown could only be earned by the developer if his investment per kilowatt 
were identical to that calculated for PPGC in first table on this page. If the developer's 
required investment is greater, then his earned returns will be less than those shown, and 
vice versa. 

Again referring to the generic project, we can observe that, for example, if debt could be 
obtained at 10% and the financing consisted of 50/50 debt and equity funds, then the 
equity return would bQ8?! with overall capital costs 0<24kE?/o. 

3% j ^ j . 3 1 % .  
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1.2.4 Page 4 - Auxiliary Computations 

This page contains supporting data and computations necessary to the inputs used in 
Page 1. The first table shows the derivation of the forecast of 1996 prices for coal and 
gas and the second is the computation of capacity and energy cost proportions used in 
two of the reference cases. 

The 1996 coal and gas price forecasts are derived from the estimates which are being 
used in the least-cost studies currently underway for PPGC. In the case of coal, the price 
of standard coal as of February, 1994, of 1.45 $/Gj , excluding transportation, was 
escalated based on factors from the least-cost study inputs to obtain the estimated 1996 
level of 1 S 2  $/Gj. For gas, the estimated 1995 as-delivered price of 3.5 1 $/Gj contained 
in the least-cost data was estimated to reach a level of 3.59 $/Gj in 1996. 

The year-to-year data contained in the second table shows the quantities of capacity and 
energy that would be supplied by coal-fired steam and gas-fired combustion turbines, if 
the power currently available from CHP plants (capacity factor 64.3%) had to be replaced 
by generation from power-only plants. 

This table is obtained from the output of the GPT model for the twenty-one year period 
1996-2016. Since the system currently has a surplus of coal-fired, base load generating 
plants, it requires many years before a balance between peaking and base units is 
achieved. Therefore, the proportions of coal and gas plants and energy production vary 
widely over the study period. For the purposes of this PPAE spreadsheet, which is based 
on 1996 price levels, a single proportion for both capacity and energy is required which 
will fairly represent the pattern revealed in the GPT results. Therefore, a present value 
computation was made to calculate the value of these capacity and energy proportions to 
PPGC in 1996. It is these results which determine the proportions of capacity and energy 
used in Page 1 of the PPAE. The results are applied either to the Avoided Cost or 
Mature System reference cases, as indicated. 

1.2.5 Page 5 - Reference Case Input Data 

The purpose of this page is to permit the analyst to change input parameters for the 
reference cases to test sensitivities or alternative scenarios of interest. Both numeric and 
text inputs may be entered, including the names and descriptions of the reference cases. 
The data contained on this page is generally the same as that used in the GPT analysis of 
avoided costs. Reasonable variations from these values should produce reliable results; 
however, larger deviations may require that the GPT model be used to measure any 
changes to the relative coal and gas proportions which form a critical component of a avoided cost results. 

RCG/Hagler Bailly 
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1.2.6 Page 6 - Summary of Reference Case Anaiyses 

This page summarizes the results of comparing the proposed project to the three reference 
cases. When the analyst chooses a particular reference case from the spreadsheet menu, 
summary data is extracted for presentation on this page. If changes to input data are 
made, each of the reference cases should be selected and run in order to update the 
information displayed on this page. 

The first table presents a comparison of the three reference cases. 
a cost aata andtown. The average total unit cost per 

Kwh is calculated at the proposed project load factor in each case. 
-thPdjusfed and- equalized reference costs. LhgdheAwided Cost 
c a s e a s a - b a s ~ i f f e r e n c t - G r  the Mature System and-Similar- Project cases is 

i 
-: 

I 

, 

The project costs table compares unit fixed costs for the project to each of the reference - LC- 
cases, both in terms of unit costs and total annual revenues. Project costs are also b 

measured as a percentage of reference costs in each case. For the generic project : ,,y 
example, proposed costs would be much greater than system avoided costs, but fall below 
both Mature System and Similar Project (which in this case is a coal-fired unit, as noted) !., 

reference cost levels. \\ 

In the cost of capital section, the relative attractiveness of the project is shown in terms 
of the capital cost premium above (or below) PPGC's cost of money and the total cost of 
capital which would be required to match the proposed project's costs. As expected, the 
results for the generic project are consistent with the alignment of relative fixed costs -' 

shown in the preceding table. 

1.3 USE OF THE PPAE SPREADSHEET TO EVALUATE POWER SALES 
PROPOSALS 

In the lower part of Page 1 of the PPAE, next to "Borrowing Cost", is PPGC's fixed cost 
compared to PPGC's net fixed payment proposed by the project developers, which is 
obtained from the "Levelized Capacity Payment" calculated on Page 2. A fair power 
purchase agreement must bring these two numbers together as a result of negotiations that 
must involve concessions from each side. Page 3 of the PPAE shows how a capital cost 
premium might be used to accomplish this reconciliation, but it is only one of a number 
of approaches to contract price negotiation. 

RCGMagler Bailly 
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The purchaser's concessions may include one or more of the following: 

b Modifying inputs to the AC computation to resolve any differences in the 
perception of power production costs. 

, Giving consideration to MC case results which eliminate the impact of 
system transition to a more balanced system resource mix. 

b Taking into account results of the SP case to recognize the higher cost of 
any single project as compared to the least cost combination of resources. 

, Accepting a reasonable and explicit premium as the cost of attracting 
private investment. 

, Assigning value to the opportunity to obtain experience with technologies 
new to Poland which have the potential to provide significant future 
benefits. 

b Considering the positive "ripple affects" in the greater Polish economy 
from the stimulus provided by a specific power plant construction project. 

The seller's concessions may include: 

, Negotiating a lower cost of capital funds or accepting a lower return on 
investors' equity. 

Reducing the purchase price after the repayment period of any loans or 
equity investments required for the implementation of the project. 

, Re-evaluation of the required investment to accomplish project objectives. 

Reduction of capital costs through & , 
the reduction of risk premiums included in proposed project prices. % 

The PPAE offers a simple way of assessing the difference between PPGC's cost estimates 
and prices proposed by the project developer. It also identifies the magnitude of 
concessions required to arrive at an agreement between the parties. 

With the interest rate premium set to zero, the difference in fixed costs per kw between 
the reference case and the project estimates is one measure of the net benefits or costs 
associated with the proposed purchase agreement. This difference is easily converted to 
annual revenues as shown on Page 3 of the PPAE. 

RCGMagler Bailly 
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A second measure of the relative costs of the project is obtained by adjusting the interest 
rate premium. The premium needed to equalize the fixed costs of the reference case and 
project fixed costs represents the cost to PPGC of attracting private investment for power 
generation. It is a measure of the equivalent cost of capital to PPGC of choosing to 
purchase power from the developer instead of building new capacity using its own, lower 
cost capital funds. This information may be used to measure the relative expectations of 
investors concerning their return on investment in Poland as compared to other markets 
competing for private capital in the power development sector. 

RCGEIagler Bailly 
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GORZOW 

This project is designed to provide approximately 50 Mw of electric generating 
capability and 150 Mw of thermal capacity in a new combined heat and power plant 
utilizing natural gas as its primary fuel. The proposed plant will be located at the 
existing Gorzow plant site which has a current capacity of about 67 Mw, and 350 Mw,. 
The existing unit one at the Gorzow plant, which is coal-fired, will be retired (except 
that two of the four old boilers may be converted to gas for standby, heat-only 
purpo=s). 

A principal project goal is the elimination of the existing unit one, which is the source of 
serious air pollution problems. The project will also add enough heat capacity to permit 
the closing of small neighborhood boiler houses used for local district heating which are 

. highly inefficient and also contribute significantly to air pollution. Another goal is to 
increase the plant's thermal capacity in order to enhance the area's ability to attract new 
industry. The developers recognize that there is no current need for new electric 
generating capacity in Poland. 

This project is being undertaken by Gorzow Coastal Power Company, S.A. (CPPC), a 
joint venture between Elektrocieplownia Gorzow and Coastal Power Production 
Company. 

Description of the Project 

The project consists of two rehabilitated 18 Mw General Electric Frame 5R combustion 
gas turbines (owned by Coastal) which will exhaust to two heat recovery steam 
generators which, in turn, will provide high pressure steam both to an existing 14 Mw 
steam turbine "12" @reviously abandoned, but to be rehabilitated), and to the local 
district heating system. 

Natural gas will be the primary fuel with distillate oil as a standby for use during 
emergencies or to supplement gas during peak periods. CPPC intends to negotiate a 
contract with Zielona Gora Oil & Gas Enterprise for a long term gas supply from a new, 
low methane gas field near Poznan ("Paproc") delivered to the site by a dedicated 
pipeline constructed solely for this purpose. The Paproc field is located in western 
Poland, approximately 75 kilometers southeast of Gorzow. 
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Project-specific Data Used for Analysis 

For economic evaluation purposes, project-specific data has been derived from 
documents supplied by the developer to PPGC. Further discussion of these data and the 
original sources relied upon are set forth below. 

The contract term is 22 years (1996-2017), as set forth in the Coastal letter of January 
14, 1994. 

Energy Production and Capacity 

Annual energy production of 3 14,184 Mwh was taken from Exhibit 3 to the Coastal 
letter dated February 3, 1994, which represents the most recent, revised estimates made 

. available for analysis. 

In this analysis capacity is regarded as having value only in association with actual 
electsic energy production, which itself is a by-product of plant operations dedicated to 
meeting thermal production requirements. The characteristics of the existing block of 
CHP plants are such that, on average, the relationship between annual energy production 
and maximum capacity useful to PPGC is represented by a capacity factor of 
approximately 64.3 %. This relationship is used to compute maximum useful capacity, 
provided, however, that the result cannot exceed the actual maximum net capability of 
the plant. 

In this case, average annual capacity (annual Mwh divided by 8760 hours) is calculated 
to be 35.9 Mw. Applying the average CHP Block capacity factor of 64.3% yields a 
maximum useful capacity of 55.8 Mw; however, this exceeds total unit capability 
(nominally 50 Mw gross rated capacity). Therefore, generating capacity has been 
calculated as the weighted average of the seasonal net capacity values provided in the 
attachments to the Coastal letter of 6/23/93. This yields a useful capacity of 44.2 Mw, 
which has been used in this analysis. Production and capacity are assumed to be 
constant over the life of the project. 

Pmposed Project Revenues 

Estimates of energy revenues are based on the average price of 1.9 C/Kwh contained in 
Coastal's 2/3/94 letter. Capacity revenues were taken from monthly fixed charges for 
each contract year as included in Coastal's letter of 11 14/94. 

RCGMagler Bailly 
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Sources of DQta 

1. Project Feasibility Study, Coastal Power Production Company, October 2, 
1992. 

2. Letter to Jacek Brandt, PPGC, from Zachariah Allen, Coastal Power 
Production Company, June 23, 1993. 

3. Letter to Jacek Brandt, PPGC, from Christian J. Reinhardt, Coastal Power 
Production Company, February 3, 1994. 

4. Letter to Professor Jan Popczyk, PPGC, from Clark R. Burley, Coastal 
Power Production Company, February 3, 1994. 

5. Letter to Professor Jan Popczyk, PPGC, from Clark R. Burley, Coastal 
Power Production Company, February 17, 1994. 

6. Letter to Christian J. Reinhardt, Coastal Power Production Company, from 
Jacek Brandt, PPGC, February 25, 1994. 

Results of the Project Evaluation 

The Gorzow project proposal was compared to PPGC's costs of providing the same 
block of power using three reference cases: Avoided Costs, Mature System and Similar 
Project. The summary page of the PPAE analysis is included here as Exhibit A2-1 and 
these results are discussed below. 

The cost of power deliveries as per the proposed terms would represent annual costs of $, c 
8.3 M over PPGC's strict avoided costs and annual costs of $ 5.5 M over PPGC's 
mature system avoided costs. 

If PPGC could raise capital at a real interest rate of 12% then it could develop power 
from similar technology and fuel for a total cost of 5.22 CentsIkWh against the proposed 
total sale price of 6.73 CentsIkWh representing additional costs to PPGC of $ 4.75 M 
per year. If PPGC could not raise capital and this were the only alternative power 
supply it would represent an equivalent capital cost of 22.62 percent in real terms. 

Based on these facts, additional benefits not encompassed within the economic analyses 
presented here must exist to ensure that- justify the additional costs. 

RCGIHagler Bailly 
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PAGE cj SUMMARY OF REFERENCE CASE ANALYSES FOR 11 

USEFULCAPAClW 44.2 MW 22YEARCONlRACT 
ANNUAL P R O D U a N  314,184 MwJn (1996 - 2017) 
CAPACITY FACTOR 81.1 96 

ANNUAliiVENUEs 
FIXED 
VAWABLE 

COST OF w r r u  
psIScosr6 = 1200K) 
BREAK-EVEN PREMIUM 
BREAK-EVEN COST OF MONEY 
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CHORZOW 

The Chorzow Power Plant is located in Katowice which is in the center of the Upper 
Selesian Industrial Region, a major urban and industrial area. 

The proposed installation of new boilers will permit not only the retirement of existing 
steam boilers at the station, but also the closing of local district heating boilers, all of 
which contribute to unacceptable levels of air pollution. Provisions have also been made 
to meet applicable environmental standards for water and noise pollution and the 
treatment of furnace waste products. 

This project is being developed jointly by the current plant owner, Elektrocieplownia 
Chorzow ("Elcho") and TransPower, a subsidiary of AES Corporation. 

Description of the Pmject 

Modifications proposed for the existing Chorzow plant include the addition of three 
fluidized-bed coal-fired boilers (type OPF-230) with a gross capacity of 320 Mw, and 
three steam turbines (13UCK-65's), each with a rated capacity of 63.4 Mw,. The 
existing station has a thermal rating of 490 Mw, and electrical capacity of 100 Mw,. 
Four existing steam boilers and all of the existing turbine sets will be shut down upon 
completion of the proposed renovations. Total thermal capacity will increase by 200 
Mw,. 

Total gross electric capacity is estimated to be 165.6 Mw during heating months 
(cogeneration mode) and 190 Mw when operating in condensing mode during the 
summer months. 

Pmject-specific Data Used for Anulysis 

For economic evaluation purposes, project-specific data has been derived from 
documents supplied by the developer to PPGC. Further discussion of these data and the 
original sources relied upon are set forth below. 

Contract Tenn 

The contract term is 17 years (1996-2012), as set forth in the economic analysis by 
Elcho dated 5-1 1-93 and attached to the Energoprojekt study cited below. 
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Energy Production and Capacity 

Annual energy production is 745,822 Mwh in condensing mode and 489,717 Mwh when 
cogenerating, for a total yearly output of 1,235,539 Mwh (operations during the first two 
years are at lower production levels). 

In this analysis capacity is regarded as having value only in association with actual 
electric energy production, which itself is a by-product of plant operations dedicated to 
meeting thermal production requirements. The characteristics of the existing block of 
CHP plants are such that, on average, the relationship between annual energy production 
and maximum capacity useful to PPGC is represented by a capacity factor of 
approximately 64.3 %. This relationship is used to compute maximum useful capacity, 
provided, however, that the result cannot exceed the actual maximum net capability of 
the plant. 

In this case, average annual capacity (annual Mwh divided by 8760 hours) is calculated 
to be 141.1 Mw. Applying the average CHP Block capacity factor of 64.3% yields a 
maximum useful capacity of 219.4 Mw; however, this exceeds total unit capability 
(nominally rated capacity is 190 Mw gross, 175 Mw net). Therefore, generating 
capacity has been set equal to 175 Mw for use in this analysis. After the first two years, 
production and capacity are assumed to be constant over the life of the project. 

Proposed Project Revenues 

Estimates of energy revenues are based on an average price of 1.52 C/Kwh applicable to 
energy produced in cogeneration mode and 2.43 C/Kwh when condensing. Proposed 
capacity revenues were taken from data included in the Elcho economic analysis. 

Sources of Data 

1. Reconstruction of Chorzow Power Station - Compendium, Power Engineering 
Study and Design Office - Energoprojekt, Kotowice, June, 1992. 

2. Economic Analysis (Version 5.0), Elcho, May 1 1, 1993. (Attached as an 
appendix to the Energoprojekt report cited above) 

Results of the Project Evaluation 

The Chorzow project proposal was compared to PPGC's costs of providing the same 
block of power using three reference cases: Avoided Costs, Mature System and Similar 
Project. The summary page of the PPAE analysis is included here as Exhibit A3-1 and 
these results are discussed below. 

RCGfHagler Bailly 
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The cost of power deliveries as per the proposed terms would represent annual costs of $ 
d 

< 
20.9 M over PPGC's strict avoided costs and annual costs of $ 10.0 M over PPGC's 
mature system avoided costs. 

If PPGC could raise capital at a real interest rate of 12% then it could develop power 
from similar technology and fuel for a total cost of 5.2$ents/k~h against the proposed 3 

C 

total sale price of 5.79 Cents/kWh representing additional costs to PPGC of $ 77lX@r 
year. If PPGC could not raise capital and this were the only alternative power supply it 
would represent an equivalent capital cost of 14.13 percent in real terms. 

Based on these facts, additional benefits not encompassed within the economic analyses 
presented here must exist to ensure that total justify the additional costs. 

V 

RCGIHagler Bailly 
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I! PAGE 6 SUMMARY OF REFERENCE CASE ANALYSES FOR / I  

USEFUL CAPACrrY 175.0 Mw 17 YEAR CONTRACT I '  
ANNUAL PRODUCTION 1,235,539 Mvvn (1906 - 2012) li 
CAPACITY FACTQR 80.8 % 

REFERENCE CASE 

/ /  FIXED 
VARlABLE 

jl TOTAL 
, PERCENT: 

FIXED 
I VARWLE 
' TOTAL 

GOST OF CAPITAL ' BREAK-NEN P W f U M  
BREAK-EVEN COST OF MONEY 
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KRAKOV LEG 

Krakov Leg (Elektrocieplownia Leg) is one of the two major CHP plants located in and 
around Krakov. It is located close to the center of the city on the banks of the Vistula 
River with an installed capacity of 454 Mw, and 1,404 Mw,. Each year the plant bums 
over 1 million tons of hard coal obtained from mines located in the vicinity of Katowich 
in Upper Silesia. 

The pressing need to improve air quality is the prime motivation for this proposal, just 
as it is for the other projects presented to PPGC. Initially, plans call for rehabilitation 
of existing boilers, adding emissions controls and other system improvements. 
Additional capacity is scheduled for installation beginning in 1997. Fluidized bed 

.combustion technology may be utilized if it is sufficiently advanced enough to limit the 
technology risks to acceptable levels at that time. 

This project is being developed by the current plant ownerioperators and United Energy 
Partners, a partnership formed for the purpose of developing and operating 
environmental and energy projects in Poland. The five partners are all subsidiaries of 
major U.S . corporations, including two investor-owned energy utilities, two power 
industry equipment suppliers and a diversified railroad transportation and financial 
services company. 

Description of the Project 

The existing configuration of the plant consists of four cogeneration units. Units 1 and 2 
with a rated capacity of 120 Mw, each are designated BC-90 and are designed to operate 
either as topping or condensing units. During the heating season steam can be extracted 
from the turbines to heat hot water used for district heating purposes. The remaining 
two units, designated as BC-100, are rated at 107 Mw, apiece and operate in topping 
mode only, since they are not equipped with condensers. However, even when there is 
no heat demand these units generate some electricity by circulating cooling water 
through the units' low pressure feedwater heaters which are normally used to exchange 
heat with the district heating system. 

Available electric capacity is substantially less than nominal rated gross capacity of 454 
Mw when these units are utilized to produce heat. 
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Project-specific Data Used for Analysis 

For economic evaluation purposes, project-specific data has been derived fro'm 
documents supplied by the developer to PPGC. Further discussion of these data and the 
original sources relied upon are set forth below. 

The contract term is 20 years (1996-2015), as set forth in the economic analysis by 
United Energy Partners dated 8-23-9 1. 

Energy Production and Capacity 

Annual energy production is estimated to be 1,628 Gwh in 1996 and is projected to grow 
.at an annual rate of about 2% annually over the contract term. This growth in 
production is unique among the four projects evaluated and appears to occur in 
conjunction with an anticipated growth in heat sales to the district heating system as 
small local heating boilers, which are both inefficient and heavy contributors to the city's 
severe air pollution problems, are removed from service over time. Where the PPAE 
spreadsheet requires a single value for production in certain computations, the average 
production amount, 1,978 Gwh, over the life of the contract is used. 

In this analysis capacity is regarded as having value only in association with actual 
electric energy production, which itself is a by-product of plant operations dedicated to 
meeting thermal production requirements. The characteristics of the existing block of 
CHP plants are such that, on average, the relationship between annual energy production 
and maximum capacity useful to PPGC is represented by a capacity factor of 
approximately 64.3 %. This relationship is used to compute maximum useful capacity, 
provided, however, that the result cannot exceed the actual maximum net capability of 
the plant. 

Following the procedure used in other cases, the average annual capacity (annual Mwh 
divided by 8760 hours) is calculated to be 225.8 Mw using the annual average 
production over the contract term. Applying the average CHP Block capacity factor of 
64.3 % yields a maximum useful capacity of 35 1.2 Mw. However, comparing this result 
to data supplied by the developer produces a lower useful capacity value. The total 
gross capability of the unit available for electricity production is 363 Mw according to 
the developer's economic study (total rated capacity is 454 Mw gross). Using this data, 
net available capacity has been estimated to be 334 Mw (92% of gross) for this analysis. 
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Proposed Project Revenues 

Both fixed charge revenues and energy prices are provided on page 35 of the study dated 
8-23-91. These data are reflected in this analysis, except that the energy price of 2.26 
CIKwh in 1996 has been held constant over the life of the contract instead of using the 
original, escalated values. This constant energy price approach has been used 
throughout the analyses of all projects to eliminate any differences in assumptions about 
future fuel prices which might otherwise cloud the results. It is anticipated that the 
contract terms used to adjust prices for changes in future fuel costs would not have a 
material impact on the economic comparisons used for this analysis. 

Results of the Pmject Evaluation 

The Krakov Leg project proposal was compared to PPGC's costs of providing the same 
block of power using three reference cases: Avoided Costs, Mature System and Similar 
Project. Detailed results are presented in the associated appendix. The summary page 
of the PPAE analysis is included here as Exhibit A4-1 and these results are discussed 
below. 

The cost of power deliveries as per the proposed terms would represent annual costs of $ @ L' - m M  over PPGC's strict avoided costs and annual costs of !LM&M over PPGC9s - 
mature system avoided costs. / I  J- 

,/ 2 7 
If PPGC could raise capital at a real interest rate of 12% then it cduld develop power 
from similar technolog; and fuel for a total cost of 5.8 CentsIkWh against th; proposed 
total sale price of 5.43 CentsIkWh representing savings of !LW5 M per year. If PPGC 
could not raise capital and this were the only alternative power supply it would represent 
an equivalent capital cost of 10.75 percent in real terms. 

While costs of this project exceed "strict" avoided costs substantially, this analysis shows 
that if the system were in a balanced condition, this project would warrant further 
detailed analysis and negotiation with the developers (particularly since the changing 
annual production amounts have been averaged here). Except for the fact that there is a 
substantial imbalance in the system which continues for many years to come, this project 
has the potential to provide power at a price which would reflect its value to PPGC. 
The results of the Similar Project case simply confirm the relative attractiveness of this 
project compared to some of the others analyzed. 
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PAGE 6 &UMMARY OF REFERENCE CASE ANALYSES FOR I 
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!I KRAKOV LEG _I  
U8EFVL &ACT 334.0 Mw 2QYEARCOMRACT 
ANNUAL PRORUGTION 1,762,000 Mwh (lss8 - 2015) 
CAPACITY FACIQR 67.6 9C. 

\ 
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BIELSKO-BIALA 

The Bielsko-Biala project represents the third stage of development of power plant 
facilities sewing the Bielsko area. Two new units of 55 Mw, will be located alongside 
existing facilities. 

The proposed installation of new fluidized bed boilers will permit the retirement of 
existing steam boilers at the station which are at the end of their service lives and also 
cannot meet current environmental standards. This project will also meet estimated 
industrial thermal demand growth and permit the closing of local district heating boilers 
which contribute heavily to unacceptable levels of air pollution. Provisions have also 

' been made to meet applicable environmental standards for water and noise pollution and 
the treatment of furnace waste products. 

'&:d 
This project is being devdoped by ZEC Bielsko-Biala, the group of heat distribution 
companies in Bielsko, anticipa$a joint effort with other partners to secure the 
necessary financing and otherwise contribute to the success of this enterprise. 

Demiption of the Project 

Modifications proposed for the existing Bielsko-Biala plant include the addition of two 
thermal-electric BC-50 units, designated CHPl and CHP2, consisting of an extraction, 
back-pressure steam turbine (type 13 UP-55) with a nameplate rating of 55 MW, and a 
circulating, fluidized-bed, coal-fired boiler (type OFZ-230) with a gross capacity of 104 
Mw,. The existing station has a thermal rating of 393 Mw, and no electric power 
production capability. 

Total gross electric capacity is 11 1 Mw, but the useful capacity to PPGC is expected to 
be somewhat less due to the limitations imposed by cogeneration operations. 

Pmject-Specific DQta Used for Analysis 

For economic evaluation purposes, project-specific data has been derived from 
documents supplied by the developer to PPGC. Further discussion of these data and the 
original sources relied upon are set forth below. 
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Contmct Tern 

The contract term is 17 years (1996-2012), as set forth in the Electroprojekt economic 
analysis included in its study dated June 1992. 

Energy Production and Capacity 

Annual energy production estimates are taken from the analysis cited as reference 2 
below. Production during the first four years varies and then becomes constant at 
596,400 Mwh for the remainder of the contract term. This figure is used where a single 
production value is required in the PPAE analysis. 

In this analysis capacity is regarded as having value only in association with actual 
electric energy production, which itself is a by-product of plant operations dedicated to 
meeting thermal production requirements. The characteristics of the existing block of 
CHP plants are such that, on average, the kelationship between annual energy production 
and maximum capacity useful to PPGC is represented by a capacity factor of 
approximately 64.3 %. This relationship is used to compute maximum useful capacity, 

a provided, however, that the result cannot exceed the actual maximum net capability of 
the plant. 

Following the procedure used in other cases, the average annual capacity (annual Mwh 
divided by 8760 hours) is calculated to be 68.1 Mw using the annual average production 
over the contract term. Applying the average CHP Block capacity factor of 64.3 % 
yields a maximum useful capacity of 105.9 Mw. However, since the total gross 
capability of the unit available for electricity production is only 11 1 Mw, net available 
capacity has been estimated to be 102 Mw (92% of gross) for this analysis. 

Proposed Project Revenues 

No breakdown between fixed charges and energy prices is provided in the data available 
for review. For this analysis, energy prices were set equal to the energy price of the 
Similar Unit reference case (a coal-fired steam turbine) at 2.08 CIKwh. Because the 
level of total revenues in the study is very low, a further adjustment was made to 
increase the original total revenues from 1993 to 1996 price levels. The revised revenue 
level was computed by increasing the original data by 4% per year for three years. As 
shown below, the proposed revenues are still very favorable to PPGC. 

Sources of Data 

1. Extension of the Bielsko-North Thermal-Electric Power Station I1 - New 
Power Unit BC-50 - Feasibility Study, Power Engineering Study and Design 
Office - Energoprojekt, Kotowice, June, 1992. 

RCGIHagler Bailly 
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2. Updated economic analysis worksheets provided by PPGC to Hagler Bailly, 
February, 1994. 

Results of the Project Evaluation 

The Bielsko-Biala project proposal was compared to PPGC's costs of providing the same 
block of power using three reference cases: Avoided Costs, Mature System and Similar 
Project. Detailed results are presented in the associated appendix. The summary page 
of the PPAE analysis is included here as Exhibit A5-1 and these results are discussed 
below. ,,,- 2-, 6 

The cost of power deliveries as per the proposed terms would represent annual savings 
of $2%3% over PPGC's strict avoided costs and annual savings of !LMiW over 
PPGC's mature system avoided costs. 

/- 3, '1f 
If PPGC could at a real interest rate of 12% t h b  it could develop power 
from similar fuel for a total cost of 5.85 ~ e n b k ~ h  against the proposed 

representing savings of !fLkL39-~ per year. If 
PPGC could not raise capital and this were the only alternative power supply it would 
represent an equivalent capital cost of 4.56 percent in real terms. 

These results suggest that this project should be vigorously pursued with detailed 
analyses to verify these preliminary conclusions and begin negotiation of a definitive 
purchased power agreement. 

RCGIHagler Bailly 


