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1 1 PROJECT BACKGROUND 

Ths first part of the Intenm Report for the Bulgana Energy Tanff Implementation 
Project evaluates the electncity tariff setting process The second part of this report 
addresses tariffs for distnct heating The project was onginally requested by Deputy 
Pnme Minister Tsochev, and is funded by the U S  Agency for International 
Development (USAID) Project guidance and t e c h c a l  support is provided by a 
Bulgman Worlung Group made up of members of the following Bulganan organizations 

m Commttee of Energy (CoE) 

m National Electric Company (NEK) 

Mimstry of Finance 

Comrmssion on Pncing 

m Parhamentary Commssion for Energy and Natural Resources, and 

m Energoproekt 

1 2 PROJECT OBJECTIVES 

The objechves of the energy tanff implementation project are 

To investigate the exishng cost and pnclng of electncity 

m To estimate the level and structure of tanffs based on long-run marginal cost 
(LRMC) 

To eshmate financ~al requirements of the Nahonal Electricity Company 

m To make recommendahons on tanffs talung into consideration LRMC, 
financial requirements of the entities responsible for produchon and delivery 
of energy, impact on energy-mtensive industnes, and protection of 
economcally disadvantaged groups 

m To support institutional development through a tramng program in the above 
areas 

1 3 CONTENTS OF THIS REPORT 

T h s  Intenm Report on the Bulgana Energy Tanff Implementation Project descnbes the 
electnc tanff analysis conducted by the Bechtel team in consultation with the Bulganan 
Worlung Group The spec~fic tasks descnbed in thls report include 
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Section 1 lntroduct~on 

Task 1 Evaluate Energy Demand - We present an analysis of current 
electncity consumption and future demand projections, select an exlstlng 
overall forecast, and disaggregate the forecast by voltage level of service 

Task 2 Evaluate Supply Systems - We analyze the exishng and projected 
electric~ty supply system and associated Investment plan 

m Task 3 Analyszs of Econornzc Cost Structure - The electnc power system 
is modeled to allocate capacity and energy costs by t ~ m e  of day and by 
season 

m Task 4 Evaluabon of Exzshng Tanffs - E~xlst~ng tanffs are evaluated based 
on how well they reflect the current econormc cost structure as analyzed in 
Task 3 and how well they reflect LRMC as developed m Task 5 

Task 5 Formulatcon of a Pnczng Strategy Based upon Margznal Cost 
Structrcre - Strict LRMC is estimated for generation and transmss~on and for 
delivery by voltage level 

Task 6 Fznanczul Analyas - A financial analys~s is used to determine the 
minimum revenue required for the financial viability of NEK . Task 7 AdJustment of Strzct LRMC-Based Tanffs for Fznanczal and Other 
Constderatzons - Revenues based on stnct LRMC pnclng are compared w~th  
financial requ~rements and alternatives are suggested for adjusting revenues 
to meet financ~al requirements Transitional pncing is developed to reduce 
the impact of prlce changes on all customer groups, especially residential 
consumers 

1 4 OBJECTIVES FOR TARIFFS 

The objectives of the final tanff design are identified below 

Prov~de clear economc signals to customers on the long-run marginal costs 
of electnc~ty Marginal cost pnclng promotes efficient consumer behavior 
for consumphon of electnc services 

Differentlate tanffs to the degree practical Efficient pncing recognizes 

separate pncing for capacity and energy, hme-of-day, season, servlce voltage 
and customer class distinctions 

Provide adequate funds to operate the power system and provide a reasonable 
return on investment 

m Address soc~al equity and economlc development issues such as protection of 
economically disadvantaged groups and cons~deration of economic 
competitiveness This may require that cross-subs~dles are phased out over a 
penod of time and that financial objectives are met on a multl-year rather 
than annual basls 
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1 5 SOURCES OF INFORMATION 

We are indebted to the planning personnel at NEK for technical and financial data, and 
for the IRP Manager Modeling that is used in this report CoE has provided guidance and 
information on all aspects of Bulgarian tmffs and electnc sector development We have 
gamed Insights from several Bulgarian studies of the energy sector, including 

w the work of NEK, Energoproekt and independent Bulganan experts to 
develop electnc resource strategies for the development of the electnc sector 

CoE technical papers and meha articles on energy pncing 

Energoproekt's study of the future development of the natural gas sector 

We have benefited from the work of other consultants and advisors worklng in Bulgana, 
including World Bank, NERA, Arthur Andersen, Central Mane Power, RCG/Hagler 
Bally and PowerGen The following key documents have been useful for the tanff 
project 

w Organzzatzon and Polzcy Formulatzon for the Bulganan Energy Sector 
(NERA, Apnl 1994) 

a Protectzon of the Poor zn Bulgaria from the Effects of Sharply Hzgher Energy 
Pnces (World Bank, February 1995) 

Electrzczty Prices zn Bulgarza (World Bank, December 1994) 

m Bulgana Energy Strategy Study (World Bank, December 199 1) 

a Power Complex Rehabzlztatzon Project zn Bulgana (Bechtel, October 1993) 

a Bulgarza Electrzczty Study Management of Electrzczty Demand 
(RCGjHagler, Badly, Inc , Apnl 1993) 

1 6 GUIDE TO THE INTERIM REPORT 

The Intenm Report is organized so as to answer the following questions 

What are the basic load and resource Section 2 for loads and Section 3 for 
assumptions underlying our tanff resources 
scenmos7 

What is the cost structure for NEK7 Section 4 for cost structure and Section 
What are the long-run margnal costs 5 for compmson of LRMC with 
for NEK compared to existlng tanffs? pnces 
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What is the stnct long-run marginal 
cost (LRMC) of the vmous 
components of electricity supply? 

What are NEK's financral 
requirements to assure the ongolng 
viabihty of its electnc operations? 

How must tmffs based on LRMC be 
modified to meet financial 
requirements and other tanff-sethng 
goals? 

Section 6 

Sectron 8 
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Execut~ve Summarv 

OVERVIEW 

Ths  is the Intenm Report of the Bulganan Energy Tmff Implementahon Project This 
report has been prepared by Bechtel under contract to USAID The Bulgarian Energy 
Tanff Worlung Group, made up of representatives from the Commttee of Energy (CoE), 
the Commssion of Pnces (COP), the Ministry of Finance (MoF), and the National 
Electnc Company (NEK), has provided key data and analysis used in this report 
However, many of the results of the Intenm Report have been developed with only 
limted oversight of the complete Worlung Group Therefore the results should be 
considered prelimnary and the Intenm Report should be considered a worlung document 

The goal of the Project is to provide assistance in implementing a tariff-setting process 
that reflects the true costs of energy supply, transmssion and distribution The scope of 
the Project is limted to electnc tanffs and district heating tanffs We present scenano 
eshmates of the level and structure of tariffs based on marginal costing These results 
provide a useful benchmark for compmson with current tarrffs 

The Bulgma Tanff Implementation Project summanzed in this report includes the 
following elements 

w Analyzing the current pncing structure for electncity and distnct heating 

w Estimahng the financial requirements of NEK and Sofia District Heahng 

Forecasting the long-run marginal cost of electncity and dstnct heahng 
generation, transmssion, and d~stnbution 

w Developing alternat~ve approaches to meeting social goals through tariff 
adjustments 

w Developing tanffs talung into account long-run marginal cost, financial 
requirements, and social considerahons 

PLANNING ASSUMPTIONS 

Electrrc~ty Demand An electncity demand scenano used by NEK in its least-cost 
planning activities with the World Bank is used as the basis for the electnc sector 
analysis m s  demand forecast has been disaggregated by the tanff categones used m the 
current Bulganan tanff structure These are Kgh  Voltage (1 10 kV), Medium Voltage (< 
110 kV and > 1 kV) and Low Voltage (< 1 kV) Low Voltage customers are further 
differentiated as Household and Non-Household Figure ES-1 shows forecast demand by 
tariff category Note that we recommend future demand forecasting should be done 
separately for each tmff category for both electncity and district heating 
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Household 
38% 

Med~um Voltage 
26% 

F~gure ES-1 Contrlbutron to Electrlcrty Demand by Tarrff Category 

Electr~c Supply Debate over nuclear and gas supply choices and financing constrants 
makes it impossible to select a supply plan that is acceptable to all Major areas of 
contention include plans for shutdown of the Kozluduy 1-4 units, rehabilitation and 
expansion of coal plants, completion of the Belene Nuclear Plant and the degree of 
dependence on imported natural gas that is acceptable 

It is beyond the scope of this Project to examne the many resource plannmg choices 
avalable, and to evaluate the tariff implications of each one For t h s  Intenm Report, we 
consider three alternative sets of assumptions represented by Plans A, B and C Each of 
the three alternative scenanos has been developed to meet the long term reliability 
requirements of the power system by gradually addmg generahng resources (Note that 
pnor to year 2000, the ame  honzon for the financial plans evaluated in this report, we 
assume no expenditures for Belene ) Plans A, B and C are differenhated as follows 

Plan A is based on a shutdown of Kozluduy 1 and 2 in 1998 and 1999, 
respechvely, and Kozluduy 3 and 4 in 2003 and 2004 . Plan B assumes a delay in the shutdown of Kozluduy 1 and 2 to 2001 and 
2002, respecavely The shutdown of Kozluduy 3 and 4 1s beyond the tanff 
planrung honzon in Plan B . Plan C is based on shutdown of Kozluduy 1 and 2 at the end of 1997 and 
Kozluduy 3 and 4 in 1998 Plan C adheres to the stnct wording of conditions 
for loans with the World Bank and the European Bank for Reconstruction 
and Development 

Dlstrlct Heatlng Supply and Demand New distnct heating demand in Sofia is projected to 
be offset by decreasing transrmssion losses and by increased efficiency of usage by 
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customers, based on a feasibility study of investment options for the Sofia and Pemk 
systems A key uncertainty for distnct heating supply is the feasibility of combined heat 
and power plants, specifically the Sofia and Sofia East Combined Cycle Power Plants 
These plants are included in the electnc supply plan in the year 2000, however our 
analysis of the Sofia Distnct Heating Company does not include these plants Ths  is an 
area that will requlre coordinated assumptions in future work 

ESTIMATED LONG-RUN MARGINAL COST (LRMC) 

LRMC is the cost of providing incremental electnc services LRMC can be used in M f f  
design to provide an economcally efficient cost signal for consumers' choices for electnc 
services Pncing below LRMC can lead customers to use electncity in uneconomc ways 
and will not provide adequate revenues to expand the system over its long-term growth 

LRMC has been calculated for the vmous M f f  categones for both electncity and distnct 
heating The weighted average electncity LRMC is $US 47 per MWh h g h  Voltage 
customers are the least expensive to serve because of lower transmssion and distnbution 
losses and lower investment requirements The LRMC for serving these customers is 
$US 35 per MWh Low Voltage customers are the highest cost to serve and thelr LRMC 
is estimated at slightly over $US 50 per MWh These results are consistent for each 
planning scenano that we consider 

EXISTING TARIFFS 

Table ES-1 surnrnanzes key charactenstics of existlng electncity and distnct heating 
tanffs, including the tariff categones in use in Bulgana, seasonal and time-of-day 
differentiation, current tariffs levels, and the ratio of current tanffs to LRMC The 
current level of pnce control for the vanous categones is also shown in the table 
"Futed" pnces receive the highest level of control by the Comrmssion of Pncing Besides 
electncity and distnct heating, natural gas is the only other commodity m the fixed 
category Non-budget commodities have been placed in the category of "supervised" 
pnces, freeing them of n g d  pnce control, but still subject to regulatory oversight by the 
Comss ion  of Priclng 
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Table ES-1 
Structure of Bulgarian Electricity and District Heatrng Tariffs 

Dayt~me W~nter 

Low Voltage- Household Dayt~me Summer 
N~ghtt~me Wlnter 

District Heating (Sofia District Heatrng Co ) 

Publlc Sector- Non-budg none 

Electr~city tariffs The existing electnclty tanff structure 1s appealing because ~t 1s simple, - 

yet at the same time it captures essential differentiation of season, time-of-day, servlce 
voltage level and customer class But the tariffs themselves are too low We make the 
following observations based on our companson of exlsting electricity tanffs with - 

LRMC 

In general, as shown in Table ES-1, electnclty tanffs are pnced below 
LRMC In the table, the ratio of current tanff to LRMC IS less than one for 
all tariff categories We find that the ratio of current tarlff to LRMC 
decreases with the voltage level of service Non-household tanffs increase m 
absolute terms as voltage level decreases, but not enough to reflect the 

- 
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increase in true economc cost Household customers cost the most to serve 
and have the lowest tanffs 

Peak period electnclty tanffs are close to estimated LRMC for non- 
household tariff categories Daybme and nighttime tanffs are significantly 
less 

LRMC for the summer is higher than for the wlnter due to nuclear refueling 
requirements and summer operating constraints The relationship between 
the existlng winter and summer tariffs is the opposite 

The price paid by NEK for electnc generation from Industry and district 
heatrng companies is lower than the estimated value of that generaaon to the 
power system It is lower than even the incremental operat~ng cost of the 
electnc system in all periods except the Peak penod We note that the 
revenues received by Sofia District Heating for electnclty generatron do not 
appear to offset the fuel cost associated with its productron 

District heat~ng tariffs Compared with the electnclty tariff structure, the distrlct heating 
tmff structure allows much less potential for reflecang the cost of provlQng the service 
Public Sector- Budget and Non-budget are differentiated to facilitate the allocation of 
subsldles rather than cost of servlce Lack of seasonal or time-of-day differenhation 
prevents the signaling of true cost to the consumer However, the lack of time 
differentiation of distnct heating tanffs does reflect the metenng and control limtations 
of the Industry in Bulgana Indiv~duals cannot not control theu usage and metemg has 
only begun at the substation level 

Table ES-1 shows that Industnal and Public Sector- Industnal and Public Sector- Non- 
budget district heating tanffs, whch have been freed of n g d  pnce control, have reached 
full LRMC Other sales, accounting for 78% of Sofia Distnct Heating Company's sales, 
are pnced at slightly more than 40% of LRMC Household district heating and electnclty 
are both pnced at comparable percentages of thelr full economc cost, although our 
eshmates indicate that pnclng at LRMC would requlre somewhat larger Household 
electncity tmff  Increases than for dlstnct heatmg 

FINANCIAL REQUIREMENTS 

A major goal of cost-based tarlffs is to cover financial requuements When we use the 
terms financial requlrements and cost of service in this report we are referring to the 
actual costs of owning and operating the utility This report estimates financial 
reqmrements for the next five years to support operating costs and capital investments for 
NEK and for Sofia Distnct Heating In each case we have increased the requlred 
depreciation allowance in order to meet financial planning cntena 
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We note that, in the case of Bulgana, financial cost of service is distinct from official 
reported accountmg cost Official accountmg statements Indicate that NEK is profitable 
and that Sofia District Heating, like most distnct heatlng companies, is unprofitable, 
requmng dlrect government subsidies It is not in the scope of this project to venfy all 
reported costs However, there are clear, and generally accepted, ways in which the 
official statements understate the actual cost of service 

m In the case of both NEK and Sofia Distnct Heatmg, deprec~ation is 
understated in real terms due to the effects of hyper-inflat~on 

For NEK, energy production costs do not reflect the subsidles to domestic 
lignite producers that are made by the government 

a In addition, there is no accounting for costs associated with nuclear plant 
decommissioning and waste fuel storage 

In the case of NEK, we recommend further investigation of the following financial 
requirements 

costs associated w~th nuclear decommissioning 

costs associated with waste fuel storage costs 

financ~al requirements for expansion scenanos other than Plan A, which IS 

used as the base case to illustrate NEK financial requlrernents 

Electrlcrty f~nanclal requlrements Figure ES-1 shows a companson of current electncity 
tanffs, financial requlrernents allocated to tmff categories based on estimated cost-of- 
service, and LRMC Current tanffs are set too low to fully recover NEK's financial 
requrrements Each tanff category receives indirect subsi&es, and households receive the 
largest share These subsidies are at the expense of future consumers who will have 
lower quahty and/or hlgher pnced electnc services 

For the Plan A scenano, average financial requlrements per unit of sales are 
approximately the same as LRMC We estimate that the unaccounted nuclear costs, not 
included in either Plan A or m Figure ES-1, could add $US 5 per MWh of sales Under 
t h s  scenano, the average cost of electnc service exceeds LRMC Tanffs based on 
LRMC will not be adequate to meet financial reqmrements, even assurmng full payment 
by all customers Continuing to defer tmff increases will magmfy the differential 
between average cost of service and LRMC with resultmg reduction m the use of 
electnclty to less than econormcally optimum levels, creating the opposite of the current 
situation 
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$US per 
MWH 

Current 
Tanffs 
(Sep 1995) 

I4  Levelized 
Financial 
Requlrements 

0 LRMC 

Figure ES-1 Comparison of Current Electricity Tariffs, Flnanclal Requlrements, and LRMC 

Dlstrlct heatlng financial requirements The per unit financial requirements for district 
heating are approximately the same as LRMC Therefore, tariffs based on LRMC would 
meet financial requirements, assumng that all customers pay 

Conclus~ons For electncity and distnct heating tariffs we find that financial 
reqmrements are equal or greater than LRMC T h s  has the following implications for 
tariff policy 

There is little room for gradual transitlorung to LRMC-based tmffs If 
financial requirements were less than LRMC there would be time to 
transihon to LRMC-based tmffs, but Bulgma is facing the opposite 
scenano Any delays necessitate deferring required investments, resulting in 
detenorahon of utility plant and service reliability 

w Tolerance of non-payment will eventually result in tariffs higher than LRMC 

w Any cross-subsidies used to lower Household tmffs will raise other tariff 
categones above LRMC 
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Execut~ve Summary 

TARIFF REFORM PROGRAM 

We recommend the following reform measures 

4 There is a need to rase tanffs based on economc pnncipals to ensure the 
financial viability of NEK and the &strict heating companies, to elimnate 
subsidies provided at the cost of future consumers, and to mlnlmize pnce 
distortions among competing energy sources 

Recogniz~ng that there will be a continuing need for some prlce regulation, 
the COP should adopt a transparent methodology for the sett~ng of electncity 
and dlstnct heat~ng tanffs NEK and CoE should adopt transparent processes 
for developing and ~mplementing tariffs 

We recommend an LRMC-based technical approach for developing tanffs 
But we are not recommending stnct use of LRMC for tariffs Histonc 
financial cost-of-serv~ce IS an important cons~deration 

The electncity and district heat~ng industries should encourage competition 
and reduce the need for pnce regulation wherever poss~ble A step in th~s  
direction would be to increase the buyback tanff for generahon from 
industrial and combined heat and power producers to reflect its incremental 
value to the power system 

m We recommend developing transfer prlcing among NEK and third-party 
generation, transmission and distribution entlties The transfer pricing 
mechamsm provides a transparent framework for pnclng on the basis of full 
economic cost, and also for performance-based incenhves to operahng 
enhties 

Programs to protect the poor should concentrate benefits on those with the 
greatest need, and at the same t ~ m e  preserve marginal cost-based pricing 
signals for consumphon It is not possible to adapt Bulganan electncity and 
distnct heating tanff structures to meet both requirements Therefore we 
advise subsidizing the poor through some means other than subsidized tanffs 
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Sectron 2 
Revrew of the Electr~c Demand Forecast 

The objective of t h s  section is to review NEK's existing overall electncity demand forecast 
We also present the results of our demand forecast disaggregabon by customer category 

2 1 ELECTRIC DEMAND FORECAST 

For the tariff study we use NEK's expected case forecast of Bulgarian electncity demand 
Thls forecast is used at NEK for least-cost planning NEK and the World Bank reviewed this 
load forecast pnor to adopbng it for planning purposes We did not attempt to develop an 
independent demand forecast for Bulgaria due to the preponderance of pnor Bulgarian load 
forecasting by others and the ongoing work at NEK to refine Bulganan load forecasting 

We reviewed previous forecasting work, primarily the RCGMagler, Badly, Inc Apnl 1993 
study Bulgana Electrzczty Study Management of Electrzczty Demand This report compared 
pnor demand forecasts from the early 1990's that were made by NEK, the World Bank, 
Energoproekt and EBRD, and developed an independent forecast, including hgh, mehum 
and low scenanos, using an econornetnc equabon for household demand and end use 
modeling for industrial demand Although the RCGMagler study dates from 1993, 
RCGMagler's demand forecasts are still considered important reference points The current 
NEK base case demand forecast has not changed significantly from the forecast that was 
current at NEK m 1993 when RCGMagler made its study 

2 1 1 Annual Energy and Peak Demand Forecasts 

The NEK hgh, medium and low forecast scenanos for annual energy demand, along with the 
RCG/Hagler scenanos, are shown m Figure 2-1 The NEK and RCG/Hagler forecasts for 
peak demand are shown in Figure 2-2 The medium case NEK electnc demand forecast used 
for the analyses described in t h s  report grows at an average rate of about 2% 

The compansons among the vanous NEK and RCGMagler scenanos show that the NEK 
forecasts are significantly higher than the RCGMagler forecasts For example, NEK's peak 
load forecast in year 2000 is about 1000 MW greater than RCGMagler's The RCGMagler 
study indicates that the NEK forecasts are also hlgher than previous independent World Bank 
forecasts In light of these demand forecast compansons, current efforts underway at NEK to 
improve data and forecasting methodologies wlll serve a useful role in the tanff development 
process The ~mplication for the tariff study of the compansons among the vanous demand 
scenanos is that under the NEK demand forecast there is a need for more intensive power 
production Thus associated revenue requirements for utility operations and investments, and 
resulting tanffs, will need to be higher than would be predicted using the RCGMagler 
demand forecast 
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Section 2 Review of the Electric Demand Forecast 

- - P RCGMagier Med 
RCGMagler Low 

- N E K  H~gh 

N E K  Med 
N E K  LOW 

Flgure 2-1 Forecasts of the Annual Electrlc Energy Consumption m Bulgarra 

- t RCGMagler Med 
- RCGMagler Low 

--NEK H~gh 
N E K  Med 

F~gure 2-2 Forecasts of the Annual Electr~c Peak Load rn Bulgarra 
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Section 2 Rev~ew of the Electric Demand Forecast 

2 1 2 Seasonal and Dally Var~at~ons In Demand 

The Bulgman Electrical demand is s~gnificantly higher In the wlnter than in the summer 
The key factor in the seasonal difference is the electricity used for space heat~ng in the 
winter According to the NEK demand forecast, the maxlmum monthly demand occurs in 
January and the rmnimum monthly demand occurs in June, July and August The 
relationship between monthly and annual peak loads for 1994 is shown in Figure 2-3 Figure 
2-4 shows the daly load vmatron for typical January and July weekdays 

0 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Month 

F~gure 2-3 Bulgar~an Max~mum Monthly Demand for 1995 
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Sect~on 2 Revrew of the Electr~c Demand Forecast 

Hours 

F~gure 2-4 Typ~cal Peak Day Load Shapes for January and July Peak Day for 1995 

Seasonal~ty In the demand for electnc~ty can dnve seasonal differences in the cost of power 
and thus in cost-based tanffs Seasonality m demand is a key factor Influencing the cost of 
uhhty operat~ons such as power plant marntenance and dispatch, and can also Influence the 
need for system expansion investments 

2 2 DEMAND FORECAST DISAGGREGATION BY TARIFF CATEGORY 

The voltage level at whlch a customer recelves servlce IS one deterrmnant of the cost of 
service to that customer, and the marginal cost of servlng that customer For example, the 
costs assocrated w~th the low voltage system are a port~on of the cost of servlng customers 
connected at low voltages In the tanff settmg process ~t is ~mportant to dist~nguish 
customers based on voltage level In order to capture In each customer's tanff the cost of 
service for that customer It IS important to identify both energy and peak demand for each 
customer category m order to allocate costs to tariff categor~es separately based on causahty, 
i e energy-related, peak demand-related and customer demand-related 
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Sect~on 2 Rev~ew of the Electr~c Demand Forecast 

2 2 1 Methodology 

For the forecasts of demand by tmff categories used in thls study, we dlsaggregated the NEK 
expected case demand forecast Into the tanff categones used in the current Bulganan tarrff 
structure These are High Voltage (1 10 kV and above), Medium Voltage (< 110 kV and > 1 
kV) and Low Voltage (< 1 kV) Low Voltage customers are differentiated as Household and 
Non-Household We estimated the contnbution of each category to energy generahon 
requirements and peak load The load shapes for 12 typical weeks were also developed for 
use in system modellng 

The ideal demand forecast disaggregation would use separate end-use forecasts for each 
customer or tanff category The resulting disaggregated forecasts would be evaluated against 
histonc billing information as a methodolog~cal check We are not able to Implement this 
ideal forecasting process because end use forecasts, and histonc billing information does not 
include adequate time-of-day informahon NEK has been developing end use forecasting, 
however only partial information is avalable at the present Forecasts are made by economc 
sectors However, the relahonship between tmff categories and econormc sectors is not well 
defined 

Wlthout the benefit of end-use forecasts and lustoric demand informahon, we made our load 
forecast lsaggregation based on three simple considerahons, 1) disaggregate overall forecast 
by economc sector, 2) postulate relationslup between tanff category and economc sector, 
and 3) ensure that the judgments regarding overall, seasonal and time-of-day consumption 
within each tanff category are reasonable and in the aggregate match hstonc trends This 
approach ensures that the total of the individual demand forecasts for each customer class 
matches the expected overall Bulganan electncity demand 

2 2 2 Tar~ff Category Sales Forecast 

The development of the sector forecast was based on the overall forecast and 1992 sectoral 
sales statistics Forecasts of GDP contnbution and electnc~ty intensity for non-household 
sectors were used to forecast sales by Industry, Transport, Agriculture, and Services The 
Household sales forecast was taken to be the difference between the overall forecast and the 
sum of the non-household forecasts Ths  calculation is sumrnmzed in Table 2-1 

The forecast by economc sector was translated Into a forecast by tmff category based on 
assumptions of the voltage level of service These assumptions are d~splayed m Table 2-2 
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Sect~on 2 Rev~ew of the Electr~c Demand Forecast 
L 

Table 2-1 
Development of Sectoral Forecast 

Table 2-2 
Assumed Voltage Level of Sew~ce of Economlc Sectors 

1 H~gh Voltage Med~urn Voltage Low Voltage [ 
Industry 40% 50% 10% 

Transport 0% 80% 20% 

Agr~culture 0% 20% 80% 

Serv~ces 0% 0% 100% 

Households 0% 0% 100% 
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Section 2 Review of the Electric Demand Forecast 

2 2 3 Losses by Tar~ff Category 

Facilihes associated with each voltage level serve customers connected at that voltage level . 
as well as customers at lower voltages (e g , the medium voltage system serves MV 
customers as well as LV customers) Therefore, network facilities requlred at a particular 
voltage level and associated costs for these facilities are dependent upon sales and losses at 
the service voltage plus sales and losses at lower voltage levels These relationshps are 
depicted in the schematic in Figure 2-5 

As shown in the figure, loss assumptions are 

w Overall network losses 12 7 percent of gross system electnc energy 
requlrements not including station use in 1995 declining to 12 5 percent in 
2000 

High voltage system losses 2 percent of energy passing through the system 
between 35 kV and 200 kV 

H Medium voltage system losses 5 percent of energy passing through the 
system between 1 kV and 35 kV 

The remander of network losses were assumed to take place in the low voltage system The 
resulting loss responsibility and generation requlrernents by tariff category for 1995 are 
shown in Table 2-3 
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Sect~on 2 Rev~ew of the Electr~c Demand Forecast 

1 eneration Plant Losses 

I 
39 5 1- 40TWh 

to h g h  Voltage System / 355TWh 

figh Voltage Sales H~gh Voltage Losses 
54TWh H~gh Voltage System 0 7  TWh 

to Medium Voltage Sys tem 1 294TWh 

Medium Voltage Sales MedlurnVoltage Losses 
83  TWh 1 5  TWh 

Frgure 2-5 lllustrat~on of Electrlclty Flow- 1995 

to Low Voltage System 
19 6 TWh 

't 

Table 2-3 
Loss Responsrbrl~ty by Voltage Level of Servrce-1995 

Low Voltage Sales 
156TWh 4 
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Section 2 Review of the Electrlc Demand Forecast 

2 2 4 Energy Demand by Tar~ff Category 

F~gure 2-6 shows the estimated breakdown m demand by tariff category, HV, MV, LV 
Household and LV Non-household The Household class is the largest (38% of total 
consumption), followed by the MV (26%), LV Non-household (19%) and HV industrial 
(17% of total annual load) 

E l  High Voltage 

BB Med~um Voltage 

I7 LV, Non- 
Household 
Household 

F~gure 2-6 Forecast Percentage of Annual Electr~c Energy Consumption 
by Tarlff Category 

2 2 5 Pattern of Demand 

The pattern of demand for each non-household tariff category was postulated based on the 
assumptions in Table 2-4 The Household load shape was taken to be the res~dual of the 
overall load shape and the sum on the load shapes of the non-household tanff category loads 
Figures 2-6 and 2-7 depict typical daly load forecasts for each of the four tanff categones for 
typlcal wlnter and summer days 

Table 2-4 
Load Shape Assumpt~ons for Non-household Tar~ff Categories 
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Section 2 Rev~ew of the Electric Demand Forecast 

F~gure 2-7 Demand by Tar~ff Category for a Typlcal Wlnter Day 
January 1995 

Olow-hh 

low-nhh 

medlurn 

l h~gh 

F~gure 2-8 Demand by Tar~ff Category for a Typ~cal Summer Day 
July 1995 
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Rev~ew of Bulaar~an Power Svstem 

The objective of this section is to identify the major factors associated with the existing 
and planned Bulgarian power supply system affecting electricity pncmg and tanff 
structure This section descnbes the expected system operating and cost charactenstics 
for three alternative power supply plans differentiated based on the timng for the shut 
down of several unlts at Kozloduy These three scenanos underl~e the marg~nal cost 
scenanos presented in Section 6 of t h s  report 

3 1 THE GENERATION SYSTEM 

3 1 1 Characterlst~cs of Ex~strng Bulgar~an Power Plants 

Electnc energy in Bulgana comes mamly from NEK nuclear, thermal and hydroelectnc 
power plants Energy is also supplied by local district heating plants, industrial plants 
and imports Table 3-1 summanzes the operating charactenstics of the exlsang nuclear 
and thermal power plants in the Bulgarian system Tables 3-2 and 3-3 summanze the 
operating charactenstics of hydroelectric and pumped storage power plants m the 
Bulgman system 

3 1 2 Fuel Pr~ces 

A compmson of vmous fuel pnce projections for fuels used in nuclear and thermal 
power plants are shown in Table 3-4 Three different fuel pnce projections made withn 
the last five years are compared with NEK's current forecast These forecasts are taken 
from the following pubhcations 

m Evaluatzon of Energy Przce Subszdzes for Gabrovo, Bulgana 
(Gilbert/Commonwealth, May 1995) 

Bulgarza Energy Strategy Study (World Bank, December 1991) 

m Power Complex Rehabzlztatzon Project zn Bulgana (Bechtel, October 1993) 

NEK's current forecasts for the pnces of fuels, whch are used for the tanffs developed in 
thls report, are at the low ends of the ranges defined by the vmous studies 
Gilbert/Cornrnonwealth's forecasts define the hgh ends of the ranges for fuel prices For 
tariff setting, coal pnces are the most cntical of the fuel pnces because coal generation 
typ~cally defines the marginal costs for the Bulgarian system 
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Sect~on 3 Rev~ew of Bulaarran Power Svstem 

Table 3-4 
Corn paratwe Fuel Pr~ce Project~ons 

3 1 3 Imported Power Costs 

The Bulgarian power system is strongly interconnected with power systems of 
neighboring countries Capac~ty or energy deficiencies could be met with long term, 
short term or emergency imports At ths  tlme NEK does not have any long or short term 
power purchase contracts The synchron~zed operation of the mterconnected power 
systems allows exchanges of energy on an emergency basis when one power system, due 
to unplanned plant outages, has capacity deficiencies 

For system modeling purposes, we estimate that around 600 MW of imports could be 
supplied dumg the hgh demand season from October to Apnl and 300 MW m the low 
demand season from May to September The vmable component of the import pnce was 
set at $US 70 per MWh, and the fixed component at about $US 17 per kW-yr 

NEK 
1995 
$/GJ 

1 2  

0 9 

0 6  

1 7  

3  1  

3  2  

Real fuel 
price esc 
1996 on 

0% 

1  0% 

0% 

1 2% 

0% 

1% 

. 
Fuel Type 

Nuclear 

L~gn~te for Mar~tsa East 1,2,3 

L~gnrte for Mar~tsa West 

Imported brown coal for other plants 

Heavy fuel 011 

Natural gas 

3 1 4  O&M Costs 

NEK 
1995 

$/kcal 

5 00 

3 89 

2 47 

7  26 

13 16 

13 24 

Non-fuel production expenses associated with the operation of power plants are called 
operating and mmntenance costs (O&M costs) These costs are generally split Into two 
categories vmable O&M costs that are dependent and incurred as a consequence of plant 
operation, and fixed O&M costs that are mvariant with the electrical output of the plant 
Calculating both fixed and variable components of O&M cost IS important for tanff 
settmg because variable O&M costs and fuel expenses are recovered in energy charges, 
whlle fixed O&M is recovered in capacity charges 

G~lbICom 
1995 
$/G J 

1 8  

2 7  

4 7  

3  8 
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Bechtel 
1993 
$/G J 

0 5 

1 1  

2 1  

1 9 2 1  

3 3  

WBank 
1991 
$/GJ 

1 1  
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Sect~on 3 Rev~ew of Bulgar~an Power System 

We analyzed O&M costs rn the NEK dataset aganst the U S experience For 1994, the 
O&M cost for nuclear unrts rn Bulgana was 10 $/MWh whlle average U S cost was 15 
$/MWh The O&M cost for most of the coal units in Bulgma was set around 10 $/MWh 
whle the average U S cost was 5 $/MWh 

The onginal NEK generatmg unit data has O&M costs for each power plant presented as 
a srmple fixed value in $/kW We judged thls an acceptable representation for nuclear 
and hydro units However for fossil unrts it is known that O&M costs Include both fixed 
and vanable components U S and European expenence shows that about half to two 
thrds of the O&M cost for the typrcal base loaded coal power plant IS rn the fixed 
category Therefore we spirt the NEK O&M costs between vanable and fixed 
components, wrth two t h d s  of the O&M cost put rnto the fixed category For new umts, 
we used the EPRI Technical Assessment Guide breakdown of fixed and vanable costs 

Table 3-5 summanzes the O&M costs used m thls report 

3 2 GENERATION DEVELOPMENT AND INVESTMENT PLANS 

3 2 1 Capacity Development 

The power system development plan is a cntical deterrmnant of revenue requirements and 
LRMC-based tarrffs At the present, several alternatrve development plans are under 
consideration rn Bulgana The alternatrve supply plans contan varying tirmng and need 
assumptions for several power projects that have been rdentrfied for the Bulganan 
system The key developments that wrll impact tanffs withn the next five years rnclude 

rehabrlitahon of each of the major coal-fired power plants 

addrtlon of new pealung cornbushon turbines 

shut down of Kozloduy Units 1-4 

Debate over nuclear and gas capacrty expansion alternatrves and financing constramts 
makes rt impossible to select a supply plan that is acceptable to all It is beyond the scope 
of thls Project to exarmne the mynad of resource planning chorces avalable and to 
evaluate the tanff rmplica~ons of each one 

We have chosen to evaluate three scenarios in this report, Plans A, B and C Capacity 
additions for the three plans for the perrod 1995-2005 are shown m Table 3-6 Table 3-7 
summarizes the operating charactenstics and requlred investments for the capacity 
additions 
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Sect~on 3 Rev~ew of Bulnar~an Power System 

Plan A, which is used as the base case for the tariffs developed in this report, is based on 
a shutdown of Kozloduy 1 and 2 in 1998 and Kozloduy 3 and 4 in 2004 The Plan A 
resource schedule resembles plans that have been acknowledged in discussions between 
the World Bank and NEK Plan B assumes a delay in the shutdown of Kozloduy 1 and 2 
to 2001 and 2002, respectively The shutdown of Kozloduy 3 and 4 is beyond the tanff 
plannlng honzon in Plan B Plan C assumes that Kozloduy 1 and 2 are shut down by 
yearend 1997, and umts 3 and 4 are shut down by yearend 1998 The Plan C 
assumptions regarding Kozloduy are the preferred alternative from the perspective of the 
World Bank 

Each of the three alternabve scenarios has been developed to meet the long term 
rehability requirements of the power system by gradually addlng generating resources It 
should be noted that there is concern regarding the ability of NEK to finance additional 
capital projects due to the current poor financial condition of the utllity In this regard, 
the plans are idealized projections, and tmffs based on these plans are lrkewise ideahzed 

3 2 2 Caprtal Requirements 

The investments requlred for power plant rehabilitation and new hydro projects, which 
are shown in Tables 3-8 and 3-9, are based on eshmates provided by NEK The capital 
cost estimates for power plant rehabilitation projects appear generally consistent with 
previous stuhes The pnncipal previous studies of rehabilitation include Power Complex 
Rehubzbtaaon Project zn Bulgarza (Bechtel, 1993) and Project 200/07 Bulgarza 
Generatzon Plant - A Revzew of Peg5ormance Improvement Opportunztzes and the 
Preparatzon of Electrzczty Supply Investment Plans (PowerConsult, April 1994) 

Table 3-8 
Power Plant Rehabilitat~on Projects 

Rehabilitation Projects Investment Years to 
Cost Implement 

(1 995 $/kW) 

Mar~tza 64 3 1 

Varna 139 0 2 
Bobov Dol 99 1 2 
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Sect~on 3 Rev~ew of Bulgar~an Power System 

Table 3-9 
New Hydro Projects 

New Hydro Projects Investment Years to Installed Operatron 
Cost Implement Capac~ty in Year 

(1995 $IkW) 

Gorna Arda 837 6 156 2002 

Sreden lskar 975 2 44 2002 

3 3 FUTURE GENERATING MIX AND ASSOCIATED PRODUCTION COSTS 

Accurate projections of the future resource mx, fuel costs and other operating 
assumptions are cnhcal to the tanff analysis because operating costs are a significant 
portion of revenue requlrements and an important determnant of power system marglnal 
costs 

Tanffs developed on the basis of forecasted system operations and fuel pnces are subject 
to significant forecast nsk, for example the nsk that future fuel pnces wlll vary from the 
forecast One means of avoidlng forecast nsk for tanff-setting is the use of indexation or 
the fuel pnce adjustment clause mechanism In the case of fuel pnces, indexation would 
be used to recover fuel costs in tariffs Under the indexation approach, tmffs increase 
dlrectly in response to fuel pnce increases, and thus the fuel-related cost components of 
tanffs reflect actual costs rather than forecasted costs 

3 3 1 Capacity and Energy Balances 

Tables 3-10 and 3-1 1 show the forecasted capacity and energy balances for the Bulganan 
electncal system for years 1994-2000 for Plan A Results for 1994 are based on data 
supplied by NEK Results for 1995-2000 are based on IRP Manager simulations of the 
electncity production process 

3 3 2 Current and Future MIX of Fuels Used to Generate Electr~c~ty 

In 1994 approximately 49 percent of generation used coal, 43 percent used nuclear fuel, 
about 4 percent used heavy fuel oil or natural gas, and the remamng sources included 
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Sect~on 3 Rev~ew of Bulgar~an Power System 

hydroelectnc, pumped storage and Imports In 1994, over 80 percent of the coal used for 
power generation was low quallty domestic lignlte 

There are several significant trends projected for the future rmx of fuels used for power 
generatlon Wlth rehabllltation of coal plants and the eventual shutdown of some 
Kozloduy unlts, the share of coal In the m x  will Increase whle nuclear will decllne 
Also, oil and gas use for electnc generation will increase, although coal and nuclear wlll 
continue to domnate An important trend is the increasing use of imported coal at the 
coal-fired power plants Varna, Bobov Do1 and Rousse are projected to add increasing 
amounts of Imported coal to thelr fuel m e s ,  whlle Mantsa East 1,2,3 and Mantsa West 
are expected to continue to burn lndlgenous lignlte Several factors support the 
increasing use of imported coal, lncludlng lts hlgher quallty, cost competitiveness and 
avalablhty advantages 

By year 2000, under Plan A assumptions, approximately 50 percent of generatlon wlll use 
coal, 37 percent wlll use nuclear fuel, 7 4 percent will use heavy fuel 011 or natural gas, 
and hydroelectnc, pumped storage and imports will generate the remanmg 5 6 percent 

3 6 Bulgana Energy Tanff lmplementatron Project - Electnc~ty 



Section 3 R e v ~ e w  of Bulqanan Power Svstem 

Table 3-1 
Operating Character~st~cs of Exlstlng Thermal Power Plants 

Statlon Install Main fuel First Year In Malnt Outage Forced Outage 
Capac~ty Service 
(M W) (dayslyr) ("h) 

Kozloduy 
Un~t 1 400 Nuclear 1 974 120 20 
Un~t 2 400 Nuclear 1975 120 20 
Un~t 3 400 Nuclear 1980 90 10 
Un~t 4 400 Nuclear 1982 90 10 
Un~t 5 950 Nuclear 1988 75 3017 (1 998 on) 
Un~t 6 950 Nuclear 1988 75 3017 (1 998 on) 
Mantza East 1 180 Llgnlte 1966 69 30 10 
Mantza East 2 
150 MW Un~ts 480 L~gn~te 1966 69 60145 (2002) 10 
21 0 MW Un~ts 585 L~gn~te 60170 to 2000, 45 10 

from 2001 
New 21 0 MW Un~t 195 L~gn~te 1998 45 10 
Mantza East 3 780 L~gn~te 1978 81 55145 (1 999) 10 
Mantza 3 D~m~trovgrad 80 L~gnrte 1971 180 15 
Varna 
210 Un~ts 1 3 585 Imported coal 1968 79 45 1016 post rehab 
21 0 Un~ts 4 6 585 Imp coal, NG 1968 79 45 1016 after rehab 
Bobov Dol 570 Local llgnlte 1958 63 45 1016 after rehab 
Rousse 190 Imported Coal 1964 85 30 10 
Dlstnct Heatlng Plants 
Sofia 150 NG,HFO 1958 85 35 15 
Plovd~v 60 HFO 1970 95 20 15 
Other 100 15 
lndustnal Power Plants 
Burgas 120 HFO 1965 71 25 15 
Devn~a 170 Coal, NG 1965 70 25 15 
H~rnko 50 NG 1966 25 15 
Svlloza 70 Coal 1969 25 15 
Other 100 HFO 25 15 
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Sectron 3 Revrew of Bulgarran Power System 

Table 3-2 
Operating Characterlstlcs of Bulgar~an Hydroelectric Power Plants 

Stat~ons or Cascades Installed Average Flxed O&M 
Capac~ty Generation Cost 

(MW) (GWh) ($U SlkW-yr) 

Arda Cascade 274 210 13 2 
Batak Cascade 228 358 13 2 
Belmeken-Sestr~mo Cascade 71 0 407 13 2 

Dospat Vacha Cascade 380 289 13 2 
Small Hydro 21 0 435 13 2 

Table 3-3 
Operating Characterlstlcs of Bulgar~an Pumped-Storage Power Plants 

Station Installed Reservo~r Round-Trip Fixed O&M 
Capacity Llmlt Eff icrency Cost 

(M W) (hours) ("h) ($USlkW-yr) 

Cha~ra 1-4 210 8 75 16 56 
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Section 3 Rev~ew of Bulaar~an Power Svstem 

Table 3-5 
O&M Costs for Major Thermal Power Plants in Bulgaria 

1995 

Units F~xed O&M Var~able O&M 
($/kW-yr) ($IM Wh) 

Bobov Dol 29 6 

Varna 24 6 
Russe 4 1 9 

Mar~tza East 41 3 

Mar~tza 3 77 3 

Sofia 24 3 

Plovdlv 14 3 

Burgas 22 3 
Cogeneration 22 3 

Devn~a (cogen ) 18 3 

Devnia (conden ) 7 3 

Him ko 14 3 
Sv~loza 6 3 

lndustr~al 42 3 

New Combined Cycle 5 4 

New CT Plant 1 8 
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Sect~on 3 Rev~ew of Bulgar~an Power System 

Table 3-6 
Capaclty add~t~ons for Plan A, B and C for the per~od 1995-2005 

3 10 Bulgar~a Energy Tanff lmplementat~on Project - Electnclly 

Nom~nal 
Unlt 

Un~t  Capaclty 
Year Actlon Plant # (MW) 

1996 Comrn~ss~on Mar~tsa East 2 8 195 

Comm~sslon Gas Turblne 50 
Initlate 

rehabll~tat~on Vama 1 210 
In~tiate 

1997 rehabil~tation Bobov Do1 1 210 
Complete 

rehab~l~tatlon Mantza East 3 1 210 
Inltiate 

rehabilltation Vama 2 210 
In~tiate 

1998 rehabllttatlon Bobov Do1 2 210 
Comrmss~on Gas Turb~ne 300 

Complete 
rehab~litatlon Kozloduy 5&6 2 x 950 

Complete 
rehab~lrtat~on Mantza East 3 2 210 

Complete 
rehab~lltatlon Vama 1 210 

Inltlate 
rehabilltat~on Varna 3 210 

Retue Kozloduy 1 440 
Retue Kozloduy 2 440 
In~tlate 

1999 rehab~l~tatlon Bobov Do1 3 210 
Comm~sslon Gas Turbtne 100 

Retue Kozloduy 3 440 
Retue Kozloduy 4 440 

Complete 
rehab~lltation Bobov Do1 1 210 

Complete 
rehabtlitat~on Mantza East 3 3 210 

Complete 
rehab~lltatlon Vama 2 210 

Complete 
2000 rehabil~tation Bobov Do1 2 210 

Complete 
rehab~lltatlon Mantza East 2 5 210 

Complete 
rehabilitation Mantza East 3 4 210 
Comm~ss~on New Coal 300 
Comm~sslon Sofia Coal 200 

Retue Marltza 1 1 4 50 
Complete 

rehab~lrtat~on Varna 3 210 
Initlate 

rehab~lltat~on Vama 4 210 

Plan B 
Cumulat~ve 

Increase in Capaclty 
Capaclty Increase 
&fw) (MW) 

195 
100 

195 100 

190 

15 

195 270 

190 
0 

0 

15 

210 

195 
0 
0 -430 

190 
100 
0 
0 

210 

15 

210 85 

210 

15 

15 
0 
0 

180 

210 

195 350 

Plan A 
Cumulative 

Increase In Capaclty 
Capacity Increase 
(Mw) (Mw) 

195 

0 

195 0 

190 

15 

195 370 

190 
300 

0 

15 

210 

1 95 
-400 
-400 1030 

190 
0 
0 
0 

210 

15 

210 785 

210 

15 

15 
300 
200 
180 

210 

195 150 

Plan C 
Cumulative 

Increase ln Capac~ty 
Capacity Increase 
(Mw) (MW) 

195 
600 

195 600 

190 

15 

195 230 

190 
0 

0 

15 

210 

195 
-400 
-400 730 

190 
0 

-400 
4 0 0  

210 

15 

210 1285 

210 

15 

15 
300 
200 
180 

210 

195 350 
~~~~~~ 



Sect~on 3 Rev~ew of Bulaar~an Power Svstem 

Table 3-6 
Capaclty add~t~ons for Plan A, B and C for the per~od 1995-2005 (cont ) 

Bulgaria Energy Tar~ff lmplernentat~on Project - Electnclty 3 11 

Nom~nal 
Unit 

Unit Capacity 
Year Act~on Plant # (MW) 

Complete 
2001 rehab~htat~on Bobov Do1 3 210 

Complete 
rehablhtat~on Mantza East 2 6 210 

Retue Kozloduy 1 440 
Ret~re Mantza East 1 1 7 7 x 40 

Commss~on New Coal 300 
Inlt~ate 

rehab~l~tat~on Vama 5 210 

2002 Commssron Comb~ned Cycle 240 

Commss~on Comb~ned Cycle 240 
Retue Kozloduy 2 440 
In~t~ate  

rehab~l~tat~on Mantsa East 2 1 150 
Complete 

rehab~htat~on Mantza East 2 7 210 
Inlt~ate 

rehab~lttat~on Marltsa East 2 1 150 
Commss~on Sreden Iskar 44 

Complete 
rehabll~tation Vama 4 210 

In~tiate 
rehab~l~tation Vama 6 210 

Complete 
2003 rehabil~tat~on Mantsa East 2 1 150 

Initlate 
rehab~l~tation Mantsa East 2 2 150 

Complete 
rehab~htat~on Vama 5 210 

2004 Commss~on Gas Turb~ne 120 
Retue Kozloduy 3 440 
Retue Kozloduy 4 440 

Complete 
rehab~l~tation Mantsa East 2 2 150 

hutlate 
rehab~l~tat~on Mantsa East 2 3 150 

Complete 
rehab~l~tat~on Vama 6 210 

Complete 
2005 rehab~htatron Mar~tsa East 2 3 150 

Imt~ate 
rehab~lrtation Mar~tsa East 2 4 150 

Plan A 
Cumulat~ve 

Increase ln Capac~ty 
Capac~ty Increase 

(Mw) 

210 

15 
0 
180 

300 

195 300 

240 

240 
0 

120 

15 

0 
44 

210 

195 734 

170 

120 

210 994 
120 
-400 
-400 

170 

120 

210 574 

170 

120 624 

Plan B 
Cumulat~ve 

Increase In Capac~ty 
Capac~ty Increase 

(Mw) (MW) 

210 

15 
-400 
180 
0 

195 200 

240 

240 
-400 

120 

15 

0 
44 

210 

195 166 

170 

120 

210 94 
1 20 
0 
0 

170 

120 

210 474 

170 

120 524 

Plan C 
Cumulative 

Increase In Capac~ty 
Capac~ty Increase 

(MW) O W  

210 

15 
0 
180 
300 

195 200 

240 

240 
0 

120 

15 

0 
44 

210 

195 234 

170 

120 

210 494 
120 
0 
0 

170 

120 

210 874 

170 

120 924 



Sect~on 3 Rev~ew of Bulgar~an Power System 

Table 3-7a 
Operatrng Characterrst~cs of New Capacity Addltlons 

Heat Rate 
Net Mln Mln Max Forced Planned 
Cap Load Load Load Outage Outage 

Fuel Fuel Rate Rate 
Type Fuel (MW) (MW) (kJ1KWh) (kJ1KWh) ("h) (dayslyr) 

Coal 300 L~gn~te 300 210 11,200 11,050 6 45 

Coal 100 Llgn~te 100 70 9,375 8,790 5 30 

Comb~ned Cycle Nat Gas 240 170 7,210 6,000 4 60 

Combust~on Turb~ne Nat Gas 50 10 11,175 11,135 5 30 

Table 3-7b 
Cost Characterlstlcs of New Capacity Additrons 

Non-Fuel O&M Capital 
Cost Without Construction 

F~xed Varrable IDC Trme 
Type ($USlkW-yr) ($US1 MWh) ($USlkW) (years) 

Coal 300 41 3 1,276 4 

Coal 100 41 9 829 4 

Comb~ned Cycle 5 3 572 2 

Combust~on Turb~ne 1 8 436 1 
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Sect~on 3 Review of Bulgar~an Power System 

Table 3-1 0 
Capac~ty Balance In MW for NEK (Plan A) 

(Operat~ng Installed Capac~ty) 
1994-2000 
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Statlon\Year 19941 19951 1996 1 1997 ( 1998 1 1999 1 2000 

Kozlodu y 
Umtl  400 400 400 400 
Umt 2 400 400 400 400 
Umt3 400 400 400 400 400 400 400 
Umt4 400 400 400 400 400 400 400 
Unlt 5 950 950 950 950 950 950 950 
Umt 6 950 950 950 950 950 950 950 

Maritza East 1 180 180 180 180 180 180 
Marltza East 2 

150 MW Unlts 480 480 480 480 480 480 480 
210 MW Unlts 585 585 585 585 585 585 600 

New 210 MW Unit 195 195 195 195 195 
Marltza East 3 7 80 7 80 780 795 810 825 840 
Marltza 3 Dlmltrovgrad 80 80 80 80 80 80 80 
Varna 

210 Umts 1-3 585 585 390 195 210 420 630 
210 Umts 4-6 585 585 5 85 585 585 585 390 

Bobov Do1 570 570 570 3 80 190 210 420 
Rousse 190 190 190 190 190 190 190 
Chalra 420 420 420 420 840 840 840 
Other Thermal and CHP 820 820 820 820 820 820 820 
Imports 600 600 600 600 600 600 600 
Hydro 1802 1802 1802 1802 1802 1802 1802 
New Umts 
Slmple Cycle 300 300 300 
Sofia Coal 100 200 
Llgnlte 300 300 
Total 
Peak Load 

11177 
7180 

11177 
7402 

10807 
7632 

10812 
8112 

10567 
7868 

11387 
8364 



Section 3 Review of Bulgar~an Power System 

Table 3-1 1 
Energy Balance In GWh for NEK (Plan A) 

1994-2000 

- 
Note Generation includes power plant own use and transmission and dlstribut~on 
losses - 

Stabon\Year 

+ 
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1994 ( 1995 1 1996 ( 1997 1 1998 I 1999 1 2000 

Kozloduy 
Unit 1 1882 1882 1882 
Unit 2 1882 1882 1882 
Unit 3 2376 2376 2376 2376 2376 2376 
Urut 4 2376 2376 2376 2376 2376 2376 
Unlt 5 4626 4625 4628 6149 6149 6149 
Umt 6 4626 4624 4628 6149 6149 6149 

Maritza East 1 1253 1248 1276 1287 1297 
Maritza East 2 

150 MW Umts 2278 2492 2410 2827 2863 2704 
210 MW Units 3624 3695 3724 3793 3702 3777 

New 210 MW Unit 1234 1267 1337 1344 1342 
Maritza East 3 4366 4432 4753 5149 5377 5282 
Maritza 3 Dimtrovgrad 301 301 30 1 30 1 30 1 301 
Varna 

210 Units 1-3 1662 852 646 1076 2025 2470 
210 Units 4-6 1655 1607 2056 23 69 2446 1055 

Bobov Do1 513 791 708 640 988 1732 
Rousse 515 486 554 76 1 703 596 
Chaira (gener J pumplng) 1261168 2011268 3 161422 4191580 3941540 2871392 
Other Thermal and CHP 3474 3617 3766 4035 3916 3920 
Imports 270 37 1 793 460 437 311 
Hydro 1700 1700 1700 1700 1700 1700 
New Units 
Simple Cycle 326 310 174 
Sofia Coal 100 1389 
Ligmte 300 2166 

. Unserved Energy 158 195 362 333 312 144 
Total Generahon* 
Sales 

39495 
31596 

40719 
32575 

41982 
33585 

43283 
34626 

44625 
35700 

46008 
36806 



Sectron 4 
Electr~c System Operat~ng Cost Structure 

The objective of this secbon is to review the energy- and capacity-related costs for the 
Bulgman power system Our analysis is differentiated for tlme-of-day and seasonal cost 
vanations The forecasted cost structure is based on simulation of the Bulgman 
generating system 

4 1 MARGINAL COSTING USING PRODUCTION SIMULATION 

The operation of the generation system is simulated uslng the IRP-Manager model This 
model has been developed by the U S  company, EPS Solutions, and the software is 
licensed by NEK and CoE It is a commonly used model for power system production 
simulation for tmff analysis 

Marg~nal energy cost The purpose of production simulation is to project the operabon of 
plants under a given set of assumptions in order to forecast future outcomes such as fuel 
use, the rehability of the generabon system, and the margnal generating units that would 
respond to increased electnc consumption (A unit is considered "on the margn" or 
"marginal" if its output responds to small changes in demand ) Short run margznal cost, 
SRMC, whlch is based on the operating costs associated with the marglnal u~llts, is one of 
the outputs of the model The definition of SRMC is the incremental vanable cost 
associated with a small increase in demand It does not znclude future investment costs 
and costs that are fixed in the short term and do not vary with changing demand 

Marglnal capac~ty cost Production simulation is also used to forecast margrnal capaczty 
cost Margnal capaclty cost is the change in capital requlrements associated with 
capacity additions to serve an increase in pealung requlrements (Some utlhhes also 
account for customer unserved energy costs in margmal capacity cost) Margnal 
capacity cost is a function of the reliability of the generation system The rehabdity of 
the generation system vanes by time of day and by season because of changing load 
demand, and the vanations in the generating resources avalable to serve load Common 
measures of generation reliabdity include loss-of-load probability (LOLP) and expected 
unserved energy (EUE) The contnbution of a particular time penod to LOLP or EUE 
provides the baszs for estimabng the margrnal capaczty cost associated with an increase in 
demand in that penod 

Factors lnfluenclng marglnal costs Chapters 2 and 3 descnbe the attributes of the 
Bulgarian power sector that impact system operations and associated marginal costs In 
summary, key factors that affect the operation of the system include 
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Sectton 4 Electr~c System Operat~ng Cost Structure 

Technical charactenstics of the generating un~ts including capacity, 
rehability, maintenance requirements, and the need to provide heat as well as 
electnc power 

1 Cost character~stics of generating unlts, including operation and maintenance 
(O&M) cost and efficiency as a function of total output 

Fuel pnces 

I Peak demand 

I Darly and seasonal shape of loads 

Import/export power agreements 

4 2 MARGINAL CAPACITY COST STRUCTURE 

Methodology The amount of generabon system expected unserved energy (EUE) by time 
penod was calculated using the IRP-Manager model EUE is an indication of the 
likelihood of the generation system not meeting system demand based on the outage 
probability of ind~vidual units Ths calculation indicates the relative value of capacity m 
each time penod 

Results Figure 4-3 shows the projected contnbubon to generation system EUE by 
season and time-of-day for 1996 The winter season, which includes the annual peak 
consumptron month of January, contnbutes about 46 percent to the annual EUE The 
summer season contnbutes around 54 percent to the annual EUE We find that the 
seasonal breakdown of marginal capacrty cost is consistent for all years of the study 
penod Ths seasonal distnbution of contribution to EUE is a function of many factors, 
and two important factors are electnc consumptron level and generation marntenance 
scheduhng 

The Bulganan system has its hghest loads in the wlnter Generally this situation results 
in more unserved energy m the winter Therefore, our findlngs seem counter-intuitive 
However, it appears that our results reflect real operatronal difficulbes dunng summer 
months due to nuclear refueling scheduling and rmnimum load operating restrictions for a 
large portlon of the mstalled generation Note that current tanffs, whch are hgher in the 
winter than in the summer, are apparently counter to the seasonal economc cost structure 
for the Bulganan power system 
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Section 4 EIectr~c System Operat~ng Cost Structure 

F~gure 4 3  Projected Contr~but~on to Expected Unserved Energy by Time Period for 1996 

Daly peak penods (1560 hours per year) account for 41 percent of the EUE The 
daytlme non-peak penod ( 3967 hours per year) IS responsible for 38 percent of the EUE 
As would be expected, nlghmme and non-peak weekend hours (3233 hours per year), 
contribute less to EEUE at 22 percent 

The seasonal contnbutlon to EUE prov~des a rationale for varying the capac~ty-related 
component of tanffs by season to provide customers wlth slgnals of the margnal cost of 
capacity If time-of-day metering of energy IS used, the contnbutlon to EUE by tlme 
penod provides a basis for allocating capacity-related costs to t~me-hfferentlated tanffs 

4 3 MARGINAL ENERGY COST STRUCTURE 

Methodology Margroal energy cost, or SRMC, is a functlon of the cost of operating the 
margmal generating resource to meet a small change m electnc demand Figure 4-4 
illustrates how IRP Manager ident~fies the margmal generabng resource The figure 
shows a monthly load curve for the system and the method of meeting the load with 
vanous generatlng sources Elecmc generation from nuclear, coal, industrial and 
comblned heat and power (CHP) un~ts coven the baseload poNon of the electric demand 
curve In general, hydro, pumped-storage unlts and pealung unlts cover the dady peaks 
and valleys Imports, if any, are the most expensive source of power and are used only in 
event of lnsuffiaent Bulgarian generating resources When required, the more flexlble 
CHP, coal and 011 fwed unlts are cycled to match demand requirements 
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Section 4 Electr~c System Operating Cost Structure 

8000 - 
Operabon on Margn Storage Hydro Generation and Imports 

7000 - 
.......................... 

6000 Gas and 011 Generafion .......................................................... 

Coal GeneraQon 

MW .......................................................... 
3000 -: 

2000 - 
Nuclear Generaoon 

loo0 -- .......................................................... 
Run-of-nver Hydro Generabon 

V '  , , x ,  8 8 ,  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Hours 

F~gure 4-4 lllustrat~on of Marginal Energy Cost (SRMC) 

The marg~nal energy cost for the system for a given month is glven by the incremental 
cost of operat~ng the marginal units we~ghted by the percent of time that each unit 
operates on the edge (or margm) of the load curve Our projections indicate that in the 
future gas, oil and partly coal fired units, as well as imports wlll operate in the margin 
The marglnal energy cost will thus be affected by pnces for gas, oil, coal and imported 
energy 

In contrast to margnal energy cost, the average generatzng cost is based on the average 
operating costs of all umts that contnbute to meetlng load, including the nuclear, thermal 
and hydro un~ts, the CHP and ~ndustnal umt costs allocated to electricity generation, the 
pnce and amount of imports, and the operating cost of the condensing umts 

Results Figure 4-5 shows SRMC by year, compared with average generating cost All 
values are 1995 USD SRMC is projected to vary between $US 20 and $US 28 per 
MWh Average generatmg cost IS projected to vary between $US 13 and $US 14 per 
MWh The increase in SRMC in years 1998 and 1999 is dnven by the shut-down of 
Kozloduy Un~ts 1 and 2 and ~ntroduction of new pealung un~ts 
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Sect~on 4 Electrlc System Operat~nq Cost Structure 

Seasonal and time-of-day SRMC are shown in Figure 4-6 for 1996 Seasonal SRMC is 
projected to be higher in the summer and lower in the winter, with the winter SRMC 
about 10 percent lower than in the summer Seasonal differences in SRMC are 
countenntuitive, as usually higher loads would result m higher SRMC In this case 
higher SRMC in summer is a result of mantenance scheduling of nuclear and coal units 
and decreased capacity of some units, all happening in the summer season 

Time-of-day differences in SRMC average about 10-1 5 percent between the daytime and 
the nighttime penods This is a relatively small level of vanation for an electnc system 
with significant residential and commercial loads The difference in SRMC on a time-of- 
day basis can be explaned by the system's relatively flat daly load curve and relabvely 
small differences in operating costs among the generating units that contribute the most to 
marginal energy cost 

Figure 4-5 Comparison of Projected Average Variable Generating Cost and 
Short-Run Marginal Cost for Plan A 
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- 
Peak Off Peak 

LOW 

Figure 4-6 Projected Short-Run Marg~nal Cost by T~me Period for 1996 
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The objective of t h s  section is to present and evaluate the current pncing of electncity in 
Bulgaria We evaluate pncing structures (1 e , the pncing relationships among customer 
categones), pnce levels, and the regulation of pnces 

5 1 CURRENT TARIFF SETTING AND REGULATION 

Electricity pnces are set by the Commrssion of Pncing (COP) under the category of 
"fixed" pnces, the most controlled form of pncing regulation in Bulgana Other items in 
t h s  regulatory category are residual fuel oil, natural gas and distnct heating for 
households 

The orgmzations that play principal roles in electnc pncing Include 

NEK, which has pnmary responsibility for the generahon, transrmssion and 
distnbut~on of electricity 

Industnes and district heating companies that generate electncity and sell 
power in excess of the~r own needs to NEK, at regulated pnces 

COE, which has regulatory authority over the general energy policy ~nclud~ng 
electncity 

The formal procedure is that NEK suggests m f f s  to COE COE then accepts or rejects 
NEK's proposal If proposed tariffs are accepted, they are sent for final approval to the 
COP However, conditions of loans from the World Bank and EBRD are currently 
dnving tmff increases The last tmff increase in September 1995 brought average 
electncity tmffs to $US 26 per MWh Based on agreements with the Banks, average 
tariffs are to nse to $US 30 per MWh by March 1996 and $US 35 per MWh by 
September 1996 The World Bank has threatened cancellation of exrsting loans to the 
power sector if these targets are not met EBRD has threatened loan suspension 

5 2 CURRENT TARIFFS 

Household tmff are differentiated by day and night use Non-household tanffs are 
differentiated by season (1 e , winter and summer) and by tlme of day (peak, daytime and 
nightame penods) As of September 1996, Household electncity tanffs are 1 56 
levakwh ($US 23 per MWh) for daytime use and 0 83 levakwh ($US 12 per MWh) for 
nightame use Table 5-1 shows the non-household tmffs Electnc generation from 
industries and distnct heating companies can be sold to NEK at rates shown in Table 5-2 
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Section 5 Rev~ew of Ex~sting Tarrffs 

Table 5-1 
Non-household Tariffs- September 1995 (leva/kWh) 

Note Publ~shed m f f s  also conhn power factor penalties for large users 

Table 5-2 
Electrrc~ty Buyback Rates for Industry and Drstrlct Heatlng Companres 

5 3 FINANCIAL REQUIREMENTS 

Under cunent tanffs, NEK is experiencing a senous shortfall in revenues, even though 
current electricity tanffs generate enough revenue to meet the technical defimtion of 
financial requirements provided under Bulgarian accounting standards The key reasons 
for inadequate revenues include 

w There is no allowance for nuclear waste fuel storage 

w There is no allowance for nuclear plant decommissioning 

w There is inadequate allowance for deprec~atlon, because book value has not 
kept pace with replacement cost in Bulgana's hyper-inflaoonary economy 

w There is no direct subsidy of NEK from the state budget, although some 
subsidy reaches NEK indirectly through state subsidization of domestlc coal 
production 
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Section 5 Rev~ew of Ex~st~na Tar~ffs 

Section 7 of this report reviews the financial requlrements for NEK, and estimates 
additional revenue requlrements to elirmnate the aforementioned revenue shortfalls 

5 4 ECONOMIC SIGNALS TO CUSTOMERS AND SUPPLIERS 

The point has been made previously that, in the ideal, pnces should reflect the marginal 
costs of providing electnc service The sechons below compare current pnces with 
LRMC by tanff category and by time-of-day These cornpansons measure the extent to 
which current pncing provides economc signals to customers and suppliers 

5 4 1 Comparlson by Tar~ff Category 

Figure 5-1 compares the weighted average September tariffs for each tmff category with 
the estimate of LRMC by tariff category developed m Section 6 of t h s  report Sales 
figures for 1994 were used in weighting the time-of-day (TOD) tar~ffs to obtan the 
weighted average by tmff category Both TOD and single zone tariffs are shown for 
non-household customers 

HV MV LV LV 
Nonhouseh Household 

old 

Average TOD Tar~ff 

S~ngle Zone Tar~ff 

Average LRMC 

Flgure 5-1 Comparlson of Current Tar~ffs with LRMC 
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Based on the compansons of current tariffs to LRMC in Figure 5-1, we make the 
following observations 

The current TOD Hlgh Voltage tanffs are about 75% of average LRMC 
Almost all 1994 Hlgh Voltage sales were TOD (1 e , over 98%) The single 
zone High Voltage tariff is sllghtly more than average LRMC, but IS used by 
very few customers 

The current TOD Medlum Voltage tanff is about 67% of average LRMC As 
with High Voltage, almost all Medium Voltage sales are based on TOD 
pricing The s~ngle zone tariff appears to be very near average LRMC, but 
applies to few customers 

TOD Low Voltage- Non-household tanff IS about 60% of average LRMC 
and the single zone tanff is about 85% of LRMC About 53% of Low 
Voltage- Non-household sales were under TOD tanffs in 1994 and 47% were 
single zone 

m Household tanffs are about 40% of average LRMC 

In Bulgana, bme-of-day (TOD) tariffs are avsulable to all customers By installing multi- 
zone metenng, Household customers can use daytime and nlghttime tar~ffs, and Non- 
household customers can use peak, daytime and nighthme tanffs 

T h s  section provides a companson of TOD tarrffs with time-differentiated LRMC 
Figures 5-2a, b and c depict the compansons for the High Voltage, Low Voltage Non- 
Household and LV Household categones The values shown m the figures are weighted 
averages based on 1994 sales statistics 

We make the following observations based on the compansons in the figures 

4 High Voltage Tar~ff Category The peak penod tariff is slightly higher than 
estrrnated LRMC, the daytlme tanff is about 75% of LRMC, and the off-peak 
tariff is sign~ficantly less than LRMC The HV nrghttime tanff IS 

approximately 27% of the peak tanff, whle mghttime LRMC 1s 
approxlmately 67% of peak LRMC Thus it appears that the HV TOD tanffs 
exaggerate the difference between economc costs in the peak and nlghttlme 
penods 

Med~um Voltage Tar~ff Category The compansons between TOD tanffs and 
LRMC for the MV category are simlar to the HV, except that the TOD 
tanffs are lower than LRMC for all time penods The MV nightt~me tanff 1s 
approxlmately 27% of the peak tanff, while nlghttime LRMC is 
approximately 62% of peak LRMC 
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Low Voltage- Non-household The tariff is significantly less than LRMC in all 
time penods, however, exaggerated time-differentiation in tanffs continues to 
be evident, in comparison to more moderate time-differentiation in LRMC . Low Voltage- Household The tanff is so much less than LRMC in dayhme 
and nighttime per~ods that analysis of time-differentiation is not useful 

HTOD Tariff L J  

Peak Day Night 

F~gure 5-2a H~gh Voltage Tar~ffs and LRMC by T~me of Day 
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Section 5 Revrew of Exrstina Tariffs 

Peak Nlght 

F~gure 5-2b Low Voltage- Non-household Tar~ffs and LRMC by T~me of Day 

Day N ~ g h t  

F~gure 5-2c Household Tarrffs and LRMC by T~me of Day 

5 4 3 Seasonal Tar~ffs 

Seasonal tanffs apply to all non-household customers These tar~ffs are higher in the 
winter than the summer, for example the High Voltage peak winter tariff is 15% hlgher 
than the peak summer tarrff The fact that loads are hlghest in the winter makes this 
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intuitively sahsfymg However our analysis indicates that SRMC and the shortage of 
capacity, as measured by the likely amount of energy that will not be served, are actually 
lugher in the summer Tarrffs based on these pncing signals would actually be hgher in 
the summer than in the winter 

Figure 5-3 illustrates the relationship between winter and summer prices and marginal 
costs for High Voltage customers As shown, the existing ratio of winter to summer 
tmffs for High Voltage is greater than 110% for each of the peak, daytime and nighttime 
penods The ratio of estimated winter to summer SRMC and LRMC is less than 100% 
Thus marginal costs analysis would indicate that High Voltage tanffs should be higher in 
the summer than the winter This relationshp was found for the other tariff categones as 
well 

Percent 

Peak Night 

F~gure 5-3 Ratlo of W~nter to Summer Pr~ces and Costs- H~gh Voltage 

How can t h s  countenntuitive result be explaned7 There are several possibilities all 
relatlng to operahonal difficulties of the generation system d w n g  the summer The 
system has been designed for greater demand than is now the case and for integrated 
operation with the former USSR The sizing of Kozluduy 5 and 6 at 1000 R/TW was done 
in the 1980's at a time of hgh  projected growth and when the larger USSR system could 
be depended upon to supply backup capacity dunng emergency outages and to absorb 
excess generation dunng rmnimum load penods 

T h s  s~tuat~on has clearly changed The decline in demand since 1989 has resulted in a 
system in whlch each of Units 5 and 6 at Kozluduy represent over 14% of the Bulgarian 
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peak load Transmssion links exist to the larger system of the former USSR, but thelr 
use has been lirmted Combined with the inflexible operation of the coal and lignite-fired 
capacity, the Bulgarian system is lirmted in its ability to respond to load changes and 
unexpected outages This situation is particularly severe durmg the summer when loads 
are lower and the relative size of the largest generating units to total system output is 
greatest 

It should be noted that many steps have been and are planned to increase the operational 
flexibility of the Bulgman electnc generat~on system The Chara pumped storage plant 
is the most notable In addition, there are plans for rehabilitation of most of the coal and 
hgmte-fired capacity, and system control has been improved to increase thelr operational 
flexibility Even with these improvements, our modeling of the Bulgman system using 
IRP Manager indicates that the operational limtations d m g  the summer wrll result in 
higher margrnal costs than in the winter However, further investigation is warranted in 
assunng that the modeling accurately reflects the seasonal operation of the generating 
units In particular, we recommend ~nvest~gating the effect of projected nuclear unit 
refuelmg schedules on the results 

5 4 4 Pr~c~ng for Power Purchased from lndustr~al and CHP Plants 

Pncmg for generation sold to NEK by industry and distnct heating companies is 
compared with generation SRMC and LRMC in Figure 5-4 Thrs companson illustrates 
the extent to which pnces reflect NEK's incremental cost savings associated with power 
purchases NEK's incremental cost savings fall somewhere between SRMC and LRMC, 
depending on the reliabil~ty of the power and the coincidence of power delivenes with the 
power system's requirements 

Our compmsons indicate that the "buyback" rate is only as hlgh as SRMC in the peak 
penod Pnces dunng other penods are significantly lower than even the margmal 
operating cost of NEK 
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E SRMC 

LRMC 

Peak N~ght 

F~gure 5-4 Comparison of Prlcing for Power Purchased from Industrial and CHP Plants with 
SRMC and LRMC by Time of Day 

The gap between the buyback rate for industries and district heating customers and the 
estimated generation LRMC will require further study of the following factors 

w The degree to which generation from mdustrial and distnct heatlng 
companies can be used in peak penods of demand and in emergency 
situations 

w The degree to which thls generation can be used to defer capacity expansion 
by NEK 

m Other costs and benefits associated with non-NEK generation 

Influence of avoided cost pncing for development of a competitive market for 
non-utihty generation 

The fact that generation from the CHP units is dnven by heat demand and may not fully 
correspond to NEK needs may just~fy a price less than LRMC However, new Sofia and 
Sofia East CHPs have been proposed as partial replacement for the Kozluduy Unit 1-4 
T h s  proposal ~mplies a capacity value and from a purely econormc standpo~nt would 
justify a buyback pnce greater than SRMC 
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Long Run Marg~nal Cost Forecast 

The objective of tfus sechon is to develop the long-run marginal costs (LRMC) of 
supplying electncity The per unit LRMC IS defined as the levelized incremental 
investment and operating cost of serving an additional kwh of energy demand (or kW of 
peak) LRMC is used in Section 7 as a guide to structure tmffs to provide economc 
signals to electncity consumers 

6 1 INTRODUCTION TO LRMC 

The electnc ut~lity provides three man services (1) customer access to the utility system 
and associated meter reading and billlng services, (2) electnc energy, and (3) reliable 
power for meeting customers' peak loads Margznal customer costs, margznal demand or 
capaczty costs, and margznal energy costs represent incremental changes in cost with 
respect to each respective service The marginal costs for providing utility services are 
important deterrmnants of tanffs for those services 

Marglnal customer costs are those costs wfuch change as a result of a change m the 
number of customers The marginal customer cost IS essentially an access cost, and 
consequently, it does not vary accord~ng to when or how much electncity is used by the 
customer The cost is based on the uhhty's cost to provide all the equipment needed to 
deliver energy from the network to the customer site, plus the cost of servicing each 
customer account Margnal customer costs are relatively low compared to marginal 
energy and capacity costs, and are not addressed quanhtatively m t h s  report 

Margnal energy and margnal capacity costs are instantaneous costs related to energy 
use Marginal energy costs are related to lulowatt-hours consumed, for example fuel 
expense Marginal capacity costs are those costs whch change in relation to changes in 
kilowatt demand, for example the investment cost for new generating capacity 
Generatzon capacity costs reflect the need to provide sufficient generation capacity to 
meet system loads with an adequate degree of reliability, transmzsszon and dzstrzbutzon 
capacity costs reflect the need to provide sufficient T&D fachhes to supply the peak 
system demand Marginal costs are estimated separately for each voltage level 

Marginal customer, energy and capacity cost estimates by voltage level are used as the 
bu~ldlng blocks for estimating LRMC to vanous customer tariff categorles The reason 
for assessing energy and capacity marginal costs separately is that marglnal energy costs 
prov~de a gu~deline to deterrmning vanable components of tar~ffs related to customer 
energy demand, and margnal capaclty costs provide a guideline to relating tmffs to 
customer peak demand 
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6 2 GENERATION SYSTEM LRMC 

Two methods of calculating generation system LRMC are used in t h s  report to illustrate 
alternative methods and to demonstrate the sensitivity of results to methodological 
approach These methods are referred to as the Incremental Plant Method and the 
Revenue Requzrements Method The analyses are conducted in constant 1995 U S  
currency for the penod 1996-2005 We assume an opportunity cost of capital of 10 
percent per year These methods and thelr results for the Bulgarian power system for 
Plans A, B and C (see Section 3) are discussed below 

6 2 1 Incremental Plant Method 

Overv~ew The Incremental Plant Method is applied in the following way 

Marginal energy cost is estimated by the IRP Manager model within the 
generaaon system simulation Marg~nal energy cost, also known as short-run 
margznal cost (SRMC), is the change in vanable operating costs, such as 
fuel, to serve a change in demand in any hour using the generating resources 
that have been committed to service for that hour 

Marginal capacity cost is estimated based on the investment cost of the gas 
turbzne proxy, incurred at the time the zncremental plant is added to meet 
system capacity requirements The technical and operating charactenstics for 
the gas turblne are shown in Table 6-1 

Table 6-1 
Technical and Econom~c Character~stlcs of Gas Turb~nes 

S~mple Cycle Gas F~red 
Gas Turb~ne Comb~ned Cycle 

Capltal Cost wlthout IDC 436 572 $/kW 

Capacity 50 240 MW 

Construction T~me 1 2 years 
1st year 2nd year 1st year 2nd year 

Investment Schedule 100 0% 0 0% 50 0% 50 0% 

Fixed O&M Cost 0 84 4 68 $/kW-yr 

Real Escalation for O&M 1% 1% 
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Levelized marginal capacity cost is calculated per unit of peak demand 
increase over the study tlme honzon 

Marginal energy and capacity costs are comb~ned for total generation system 
LRMC 

Marg~nal Capac~ty Cost Methodology The zncremental plant is defined as the first un~t  In 
the development plan that can either be deferred in case of a decrease In demand or 
accelerated in case of an Increase m demand We use the IRP Manager model to Identify 
the incremental plant The methodology involves removlng all discretionary capacity 
additions from the initial model run, and then testing capac~ty addit~ons for cost- 
effectiveness to detemne when capacity add~hons are first needed in order to ensure 
adequate system reliability 

To calculate marginal capacity cost, the investment cost of a gas-fired combustion 
turbme-generator is used T h s  generator has the lowest investment cost of any generator 
type, although its operabng cost is relat~vely h~gh  The low investment cost of the gas 
turbine makes it an appropriate proxy for the marginal cost of "pure" generation capacity 

The calculation of marginal capacity cost IS performed m two steps The first step 
removes all discret~onary resource addit~ons from the plan The second step calculates 
the first year when new peaking units are needed in the system The calculation uses the 
IRP-Manager Iterative Cost Effectiveness Methodology (ICEM) ICEM performs a cost 
effect~ve analysis and deterrmnes a year and total capaclty of new unit additions 

Generally there are two options to determne the year when new capacity is needed In the 
system One way IS to budd the system expansion plan to meet some target level of 
system reliability, e g loss-of-load probabil~ty (LOLP) or reserve margm However, 
economc theory suggests that rel~abd~ty should be treated as a vanable to be optirmzed, 
and both pnce and capacity levels should be optirmzed simultaneously The opt~mal 
pnce is then the marginal cost pnce, whle the opt~mal reliabihty level is achieved when 
the marginal cost of capac~ty additions equals the expected value of econormc cost 
savings to consumers due to electnc~ty supply shortages avoided by those capacity 
increments For thls second approach we use 70 $/MWh as an approximation of the 
consumer costs for system unreliability 

Results Table 6-2 presents the calculation of the generation LRMC uslng the 
Incremental Plant Method for Plan A SRMC shown m Table 6-2 reflects IRP Manager's 
marginal energy costlng 
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Table 6-2 
Generatron LRMC - Incremental Plant Method Plan A 

Cost per kW of peak load Increase ($) 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

Investment 493 
Present Value in 1st year of operation 542 
Capital Recovery 0 0  597 597 597 597 597 597 597 597 597 597 
Fixed O&M - 0 0  - 1 0  - I O l O ~ ~ ~ ~ ~ f l ~  
Total F~xed Cost 0 0  607 607 607 607 607 607 607 607 607 607 

Energy (GWh) 0 0  5 7  5 7  5 7  5 7  5 7  5 7  5 7  5 7  5 7  5 7  
(assurmng 65% load factor) 
Energy cost (SRMC) 210 209 245 265 275 243 215 253 249 265 268 
(from IRP-Manager) 
Capaclty cost - 0 10 7 107 107 107 107 107 107 107 107 
Total 210 316 352 371 382 350 321 360 356 371 374 

Levellzed cost (per MWh of generahon) 
Vanable 24 1 $/MWh 

Fixed per MWh 9 1 $/MWh 
F~xed per kW-yr 52 0 $/kW-yr 

Total 33 2 $/MWh 

We find that SRMC is hlghest for Plan C because the earlier retirement of Kozloduy units - 
3 and 4 causes units with higher vanable costs to be more frequently on the rnargm, and 
there is also more expected unserved energy Plan A has later retirement of Kozloduy A 

units, and new additions replace the retlred capac~ty Later need for new additions for - 
Plan A causes the overall LRMC to be slightly lower than for the other scenanos 

6 2 2 Revenue Requlrements Method 

Overvlew As a verrfication of the results obtaned uslng the Incremental Plant Method, 
the Revenue Requlrements Method was also used Llke the Incremental Plant Method, 
the Revenue Requlrernents Method makes use of the IRP Manager Model and the ICEM 
optimzation routine w~thin the model The Revenue Requirements Method uses the 
following procedure 

w Develop optimzed generation plan for a glven electricity demand forecast 
Potenbal resource addioons for the optimal plan are chosen from a menu of 
generic alternatives For s~mplicity, we make two potentla1 supply-side 
additions available to ICEM, the simple-cycle combustion turblne and the 
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combined-cycle combustion turbine Technical and operating charactenstics 
for these technologies are shown in Table 6-1 

w Develop optimized generation plan for a given electncity demand forecast 
with a small increase/decrease in demand Based on some prelimnary 
testing, we adopted a simple approach of increasing demand by 250 MW in 
all hours of the year Two main considerations affect the choice of demand 
increment damping of "lumpiness" Impacts on system operation, and 
matching to the aze  of resource expansion alternatives 

In the interest of time, we adopted a load increment approach, however, a 
technically supenor approach involves averaging results from incremental 
and decremental trials Another technical enhancement to our approach 
would involve multiple IRP Manager runs with load mcrements/decrements 
in time-of-day penods, rather than m all hours 

Calculate the revenue requirements for each optimzed plan (investment and 
operating costs) 

w Separate revenue requirements into energy- and capacity-related costs 

H The difference in revenue requirements between the two plans yields the 
levelized cost per unit of demand increase for energy-related, capac~ty- 
related, and total costs 

Results The following key results were obtaned for the Revenue Requirements Method 

For Plan A, two new s~mple cycle combushon turbines are added in 1996 
Table 6-3 illustrates the calculation of LRMC for the Revenue Requirements 
Method for Plan A 

H For Plan B's higher loads, one comb~ned cycle and two simple cycle umts are 
added in 1996, and a combined-cycle unit was added m year 1999 

For Plan C, one combined cycle unit and two simple cycle units are added in 
1996, and one combined cycle umt is added in 1997 
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Table 6-3 
Generatron LRMC - Revenue Requirements Method for Plan A 

Increased Load Minus 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
i 

Reference Case 

Sales (GWh) r 2,190 2,258 2 328 2 400 2 474 2,551 2,583 2,614 2,646 2,679 2,712 - 
Peak (MW) 250 258 266 274 282 291 295 298 302 306 3 1 0 1  
Incremental Load Factor 100 0% 100 0% 100 0% 100 0% 100 0% 100 0% 100 0% 100 0% 100 0% 100 0% 100 0% 

(thousands US$) 
Fuel 31,480 34,570 40,850 44,490 44,990 49,820 47,760 50,100 51,570 53,430 55 500 

I 
Variable O&M 8520 9 850 10,610 11,950 12700 14,070 13,430 14400 14,820 15,030 15,280 
Flxed O&M 0 3 210 3 240 3,270 3 310 3,330 3,370 3 400 3 430 3470 3 500 
Total 
Vanable 40 000 44,420 51,460 56 440 57,690 63,890 61 190 64 500 66 390 68 460 70 780 - 
Fixed 0 3 210 3,240 3 270 3 310 3,330 3 370 3,400 3,430 3,470 3,500 1- 
Levellzed Value 

Energy 18 6 $/MWh 
Capaclty 1 2 $/MWh 

10 5 $kW-yr 
I 

Total 19 8 $/MWh 
I - 

6 2 3 LRMC Summary for the Two Methods 

Summary of Results The estimated generation system LRMC for the two methods for - 

Plans A, B and C is summanzed in Table 6-4 
A 

Table 6-4 - 

Generat~on LRMC Summary 

Plan A Plan B Plan C 
Incremental Plant Method 
Variable $IMWh 24 1 24 1 26 4 
F~xed $/MWh 9 1 9 1 9 1 

$/kW-vear 52 0 52 2 52 2 
Total $IMWh 33 2 33 2 35 5 

Revenue Reaurrements Method 
Variable $IMWh 18 6 20 7 22 0 
F~xed $IMWh 1 2  6 1 8 9 

$IkW vear 10 5 53 3 78 3 
Total $IM W h 19 8 26 8 30 9 
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Note that there is a difference between the allocation of costs whch are energy-related 
and those whch are capacity-related for the two methods The vanable part of the 
LRMC in the Revenue Requirements Method is lower than SRMC in the Incremental 
Plant Method This is expected because for the Revenue Requirements Method, hgher- 
capital-cost, lower-energy-cost additions bias the allocation of LRMC toward fixed costs 
Ths  introduces an added complexity for tanff setting, because the split between fixed 
and vanable costs must be adjusted 

The Incremental Plant Method provides a consistent measure of LRMC and a direct 
allocation between energy- and capacity-related costs Therefore the generation LRMC 
used in other sections of t h s  report is based on the results obtamed using the Incremental 
Plant Method 

We found some inconsistent trends in our results for the Revenue Reqwrements Method 
We expected LRMC for t h s  approach to exceed LRMC for the Incremental Plant 
Method, due to the addition of a sizable load increment, however the trend apparent in 
Table 6-4 shows lower LRMC Another unsettling result is the compmson between the 
exceptionally low LRMC for Plan A versus hgher estimates for Plans B and C At this 
time we do not have a satisfactory explanation for these unexpected results Part of the 
difference could be attributed to the optimzation roubne in the planning model and to the 
sizes of the unlts additions used for the analysis The optimal plan is generally 
considered a plan that has optimal mxture and tirmng of new unit additions, talung into 
account system load forecast and the existing units The generation plans used for our 
analysis are constrained, and the timng and types of new addiQons are not fully 
ophmzed 

6 3 LRMC OFT&D 

Ideally, a forecast of LRMC for T&D would be based on projected demand growth- 
related investments for T&D, plus O&M For the transrmss~on system, such investment 
costs would include expenditures for generation interconnections and line and substation 
projects to serve load growth For the d~stnbubon system, such investment costs would 
include pr~manly expenditures for distnbutlon substations 

Estlmatlng such T&D Investment costs is a relatively complex planning exerclse outside 
the scope of t h s  report Anyway, the increased precision that would come with a more 
detaled estimate is a marginal added value for the illustrative purposes that t h s  study 
ams to achieve Whle a forecast of T&D LRMC based on planned investments is 
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beyond the scope of the current report, we recommend work in this area in order to 
improve LRMC estimates A possible startlng point for a Bulgarian estimate of T&D 
LRMC is NEK's 5-year Investment planlbudget 

We are unaware of any previous estimates of LRMC for the Bulgarian transrmssion and 
distnbution systems The Study on High Voltage Transrmssion Network (Fichner, 
January 1994) est~mated transmssion investments requlred m support of expanding the 
generation system, and thls ~nformat~on can be used to estimate marginal costs for the 
high voltage (HV) system of 110 kV and up We have no Bulganan data that could be 
used to eshmate the marginal costs for the medium voltage (MV) network between 6 and 
110 kV, or for the low voltage (LV) network below 6 kV The LRMC used in this study 
for the Bulganan MV and LV networks is based on intematronal comparisons 

Table 6-5 shows estimates of T&D LRMC for Belarus and two U S utilihes LRMC for 
the Bulganan HV network, based on the Fichner "Option 2" investment plan, is also 
shown in the table Note that the voltage class aggregations shown in the table differ 
from the Bulgarian categonzations of HV, MV and LV, and thus any extrapolatron of 
these marginal costs to the Bulgarian system is indlrect The table can be used to gain an 
order-of-magnitude companson of LRMCs for networks 

Table 6-6 presents the marginal costs of T&D used in this study The HV network 
LRMC used in this study is based on the Fichner investment cost projechons for the 
"Option 2" case which is in turn based on a hypothetrcal generation expansion plan that 
resembles the scenario plans presented in this report, but is not wholly consistent with 
them Table 6-7 shows Fichner's assumptions for transrmssion system expansion 
projects and associated costs, and illustrates the denvation of HV LRMC based on the 
Fichner eshmated costs of expansion 

The eshmates used in t h s  study for MV and LV are based loosely on the Bechtel study 
for Belarus We have reduced the Belarus estimates slightly based on the judgment that 
the distnbution system m Bulgaria can accommodate significant demand growth without 
the requirement for Investments due to the hstoric decrease in demand relatrve to levels 
once served by the system 
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Table 6-5 
lnternatlonal Comparison of Estimates of LRMC for T&D ($US 1995 per kW-year) 

Table 6-6 
Assumptions for LRMC for Bulgar~an T&D ($US 1995) 

Extra Hlgh Voltage (EHV) (>200 kV) 

EHV plus High Voltage (HV) (>30 kV) 

EHV plus HV plus Medrum (MV) (>I kV) 

EHV plus Trans plus Distr (T&D total) 

Table 6-7 
Derlvat~on of HV LRMC from F~chner Study ($US 1995) 

Bechtel 
Study for 
Belarus 

2 

7 

13 

45 

Flchner 
Study for 
Bulgaria 

7 
- 
- 
- 

High Voltage (>I10 kV) 

Medium Voltage (6 110 kV) 

Low Voltage (t6 kV) 

Total 

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
Project 
Vidln SIS 3 1  3 9  8 
Dobrich SIS 1 9  77 77 19 
TPP Jamb01 A 28 98 98 28 28 
TPP Jambol - B 1 5  60 60 
TPP Burgas A 30 104 104 30 
NPP Belene 79 278 278 79 
HV Investments, $MUSD 08 28 117 175 105 47 109 397 442 169 

Peak Demand Growth, MW 220 240 230 240 250 110 110 110 110 110 

Level Annual Invest, $MUSD 12 7 
Demand Growth, MW, '96-'05 1730 
Est~mated LRMC, $IkW-yr 7 

LRMC $/kW-yr 
7 

8 

25 

40 
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6 4 LRMC LOSS ADJUSTMENT BY VOLTAGE LEVEL 

Power loss is power that is produced by the power plants and dehvered to the 
transrmsslon system, but not delivered to customers because ~t is dissipated in the process 
of transrmssion along the T&D network Each voltage level service serves sales at that 
voltage level and is a conduit for sales at lower voltage levels Therefore, the peak 
expenenced by the system at a given voltage level is affected by the load charactenstics 
at that voltage and lower 

For example, the Medium Voltage system serves Medium Voltage sales and distnbutes 
electricity to the Low Voltage system Therefore, the peak expenenced at t h s  level 
reflects both Medium and Low Voltage demand, but not High Voltage demand Marginal 
energy and capacity costs vary by the voltage level at whlch customers take service 
because hlgher power losses occur for service at lower voltage levels (See Sechon 3 for 
adltional illustration of loss adjustment by voltage level ) 

6 5 LRMC BY VOLTAGE LEVEL 

Table 6-8 illustrates a simplified estimate of average annual LRMC by voltage level 
consistent wlth the Plan A scenano Ths  illustrahon accounts for the effects of losses by 
voltage level, and for the LRMC of network facilities attributed to each voltage level 

Table 6-8 
LRMC by Voltage Level 

1~1gh Voltage 

l ~ e d ~ u m  Voltage 

ILOW Voltage Household 

ILOW Voltage Non HH 

Loss 
Fctr 

- 
SRMC 
$IM Wh 

Note 
1 The load factor by voltage level u based on the customer class load factor assumptions The voltage 

level load factor 1s we~ghted by the contnbutlon of the customer categones served at that voltage and 
levellzed over the 1995-2000 ume penod 

2 The average total LRMC Includes the SRMC plus the capacity contribution at the average load factor 
for the voltage level 
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6 6 LRMC TIME-OF-DAY VARIATION 

Each component of LRMC can be allocated to time penods SRMC by time penod is 
found by averaging hourly marginal energy costs Time differentiation of peak demand- 
related components of LRMC, i e marg~nal generation capacity and network costs, is less 
straghtfonvard A commonly accepted method of assigning demand-related marginal 
costs to time penods is according to the contribution of that time penod to expected 
system unserved energy (EUE) EUE is a probabilistic measure of marginal system 
unreliability, the nsk that the generation system will not to be able to meet the load over a 
given penod of time It is a measure of the need for capacity hgher EUE indicates more 
need for capacity 

SRMC and EUE by time of day and by season are presented in Table 6-9 

Table 6-9 
T~me-of-Day Var~at~on In SRMC and EUE for 1995 for Plan A 

SRMC, Level EUE, % of Hours ~n 
$/MWh Annual Total Per~od 

Wlnter 
Peak 25 19% 780 
Daytlme 24 1 6% 2002 
Nlghtt~me 2 1 11% 1586 

Summer 
Peak 26 22% 780 

Dayt~me 25 5 22% 1965 

Nlghtt~me 23 10% 1 647 

Total 100% 8640 
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Flnanc~al Requirements and Cost of Electrlc Servlce 

The costs currently reported by NEK fall short of full economc cost Notably, some of 
the domestic lignite purchased for generating electricity is subsidized, the allowance for 
uhlity asset depreciation does not reflect replacement cost, and there is inadequate 
allowance for nuclear plant decommssioning and waste fuel storage T h s  section 
presents a prelimnary est~mate of the NEK financial requirements to meet the full 
economc cost of the utility 

T h s  sechon presents a cost-of-seewzce study for the Bulgarian electnc sector Cost-of- 
service is the ut~lity financial requirements for meeting customers' electnc service 
requirements Cost-of-service is an average cost, as distinguished from the marginal cost 
of electnc service Tanffs usually are set at levels that allow the utility to collect its cost- 
of-service without generatmg either financial surplus or deficit Section 8 of t h s  report 
will discuss reconciling marginal cost pncing principles and cost-of-service for final tanff 
design 

7 1 UTILITY FINANCIAL REQUIREMENTS 

A cntical requirement of a tanff is that it produce adequate revenues to meet the financial 
requirements to operate, replace and expand the power system These requirements 
include the out-of-pocket operating expenses, an adequate allowance for depreciation to 
provide funds for replacing the system as the economc life of equipment comes to an 
end, and a reasonable return on mvestment 

We have assumed the following key idealized objectives for NEK financial plannrng 

rn Cash flow from electric sales will provide for all operating expenses plus the 
costs of construchon and replacement programs 

rn NEK wlll self-finance capital projects with only mlnor amounts of external 
debt 

rn There will be no direct external subsidizabon of NEK finances 

rn NEK wlll pay ~ t s  bllls when due 

There will be negligible customer default on blll payments 

Regulation of NEK wlll allow 5% return on net fixed assets to be used for 
retamed earnings, shareholder div~dends or capltal expenditures 
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7 1 2 Flnanclal Assumptions for NEK 

The financial outlook provlded by NEK m the IRP Manager dataset of October 1995 was 
evaluated for ~ t s  adherence to the financial objectives descnbed above T h s  dataset was 
used as a startlng point As descnbed in the following sections, some variables withln the 
IRP Manager dataset were changed in order to meet financial objectives 

In addition to analyzing the IRP Manager NEK financial statements for the Plan A 
scenano, we also considered two other key financial statements for NEK, the 5-year 
forecast used wlthn NEK for financial planning and the Arthur Andersen audlt of NEK 
for year 1994 It is important to note that the financlal scenano analyzed in t h s  report, 
the IRP Manager Plan A scenano, differs significantly from the NEK 5-year plan and the 
Arthur Andersen auQt in the following key aspects 

Most importantly, a hlgher amount of forecasted depreciation sets the IRP 
Manager forecast apart from the NEK 5-year forecast and the Arthur 
Andersen audit, which are based on the book value of NEK assets determined 
in the 1992 revaluation 

The IRP Manager scenano expects significantly higher fuel, O&M, tax and 
capital expenditures than the NEK 5-year plan We found that the NEK 5- 
year plan anbclpates decreaszng real costs for fuel and O&M, when these 
costs are corrected for inflat~on, in contrast to nearly flat cost trends in the 
IRP Manager dataset 

In summary, the IRP Manager scenano anticipates revenue requirements up 
to 50% higher than the NEK 5-year financlal plan that was examned for ths  
study 

The key assumptions and findings of our financial analysis for the Plan A scenano are 
discussed below 

Cap~tal expenditures For t h s  Intenm Report we have used the capital expenditures 
provided by NEK m the IRP Manager database (see Table 7-1) At t h s  ome we have not 
thoroughly reviewed these assumptions with the Tanff Project Worlung Group 

Cash flow An adequate supply of cash is considered a key financlal objective for NEK 
because in its current poor financlal state NEK has limted prospects for borrowing One 
measure of cash flow is the cash generahon ratzo, the ratio of after-tax cash generation 
(operatmg revenues - operating expenses excluding depreciation - taxes - principal 
payments) to total annual investment and debt servlce requirements If the cash 
generahon ratlo IS h g h  enough, the utllity is in a strong position to carry out construction 
programs to man tan  a reliable power system For NEK m the near term we feel that the 
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cash generation ratio should be between 0 6 and 1 We have used tAs ratio as a key 
detemnant of the appropnate level of revenues requlred by NEK 

Borrowing Due to NEKYs lirmted prospects for additional borrowing, we assume no new 
borrowing from year 1998 onward, and only small amounts of debt pnor to 1998 
Essentially tAs means that NEK will be paying cash for operating expenses as well as for 
construction and replacement programs The ratio of long-term debt to total capital for 
NEK is forecast to be less than 3% through year 2000, which is very low by international 
standards In contrast, for U S utilities this ratio is typically close to 50% A Agher 
level of debt would enable NEK to amortize capital expenditures, reducing electnc 
service tanffs in the near term 

Deprec~at~on Depreciation is an accounting mechanism intended to reflect the loss in 
value of tangible assets In the context of uhlity finance, depreciation expense is the 
mechmsm by whlch the utility recovers from customers the funds previously provided 
for the construction or acquisition of utility plant These recovered funds are avalable to 
replace utllity plant as it ages 

In a hyper-mflationary economy such as Bulgaria's, the depreciation reserve quickly 
loses its purchasing power and in time the depreciation fund is inadequate for the capital 
requirements of the utility To ensure adequate depreciation expense, asset revaluation is 
advisable in a hyper-inflationary economy In Bulgana, the last asset revaluation was 
conducted m 1992 Inflation subsequent to the 1992 asset revaluation has decreased the 
purchasing power of the Bulgman leva by an estimated factor of 32 Therefore 
accounting depreciation based on the 1992 asset revaluation is currently inadequate for 
financing utihty capital programs 

Our financial analysis treats depreciation as a vanable that is optimzed to ensure 
adequate revenue requlrements to meet the utility's financial requirements The amount 
of depreciation is determned using a tnal and error approach of evaluating financial 
outcomes assumng different overall levels of depreciation For the Plan A scenano we 
determed that optimal depreciation would requlre restatement of asset values about 4 
times the valuations detemned in the 1992 revaluation 

7 1 3 Flnanc~al Results 

Tables 7-2a, b and c present the IRP Manager Balance Sheet, Income Statement, and 
Funds-Flow Profile for the base case Plan A scenano All financial figures m t h s  report 
are presented m 1995 U S dollars The annual financial requlrements underly~ng the 
tariff forecasts developed in ths  report are taken from the Income Statement shown in 
Table 7-2b 
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Utllrty Revenue Requ~rements Overall annual revenue requlrements associated with the 
Plan A scenano range from 1 5 billion USD in 1996 to 1 8 billlon USD in 2000 In 
levelized 1995 dollars over the penod 1995-2000, the associated average cost of sales to 
consumers would be 43 $/MWh In companson, the average electnc m f f  effective 
September 1995 was 26 $/MWH, or sixty percent of the anticipated levelized cost to the 
utlhty 

Flnanc~ai lndlcators Key ind~cators for the Plan A financial outlook for the penod 1995- 
2000 are summanzed in Table 7 3 below 

Table 7-3 
Key Flnanclal Rat~os 

Based on the financial ratios, we make the following conclusions regardsng NEK's 
financial outlook under the Plan A scenano 

Debt to Total Capltal 

Return on Net Assets 

Cash Generation Ratlo 

w The low debt to capital ratio is indicative of a cash operahon m whlch electnc 
consumers pay in advance for plant that will be placed in service to meet 
future electnc requirements A higher debt to capital raho would have the 
impact of deferring tariff impacts of the costs associated wlth facilihes under 
construction 

m The low return on net assets ratio is consistent with a public enterprise not 
expected to provide return Incentives that would attract pnvate investment 

1996 

~ 5 %  

2% 

73 

The relatively h g h  cash generation ratio is indicattve of a cash operation that 
operates free of financial deficits and is in strong posihon to finance capital 
additions 

Future capltal requlrernents for generating resources The future capital requirements 
associated with expansion and replacement of generating resources is the major financial 
uncertanty that NEK faces Future capital requirements depend on factors such as future 

1997 

~ 5 %  

2% 
63 
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1998 

~ 5 %  

2% 

69 

1999 

~ 5 %  

3% 

78 

2000 

~ 5 %  

3% 

1 24 

Accepted Value 

up to 50% 

up to 16% 

greater than 0 6 
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electnc consumption, the timng for retlring Kozloduy units, the need for rehabilitat~on of 
exlsting plant and the choice of new generating technologies to meet anticipated resource 
requlrements 

Nuclear decommiss~oning costs At the time of this report there is no reliable estimate of 
the costs requlred for the decommssioning of Kozloduy However, compmson of 
international estimates of decomrmssioning costs indicate that such costs will be an 
important component of NEK's financial requlrements Table 7-4 presents the estimated 
costs of future decommssioning for two nuclear plants the Bodorlk Nuclear Power Plant 
in Slovalua, whlch is simlar in design to Kozloduy, and the Diablo Canyon Nuclear 
Power Plant in California For these two examples, the estimated cost of 
decommssioning is between $US 300 and $US 400 per kW of installed capacity 

Table 7-4 
Examples of Cost of Nuclear Decomm~ss~on~ng 

Plant Location Type, No un~ts Estimated $ per kW 
V~ntage and MW per Cost of Installed 

Un~t Decom Capacity 

Bodor~k Slovak~a Russian 2-440 MW $285 M~llion $323 per kW 
VVER un~ts 

D~ablo California Press Water, 2-1080 MW $839 Million $388 per kW 
Canyon 1985 units 

U S accounting standards require utilities to establish decomrmssioning funds that 
accumulate beginning when the nuclear plant is comrmssioned In Bulgana, there is no 
such fund, whch means that decommssioning will have to be financed at the time of the 
decommssionmg Only small decommssioning costs are accounted in the IRP Manager 
dataset Essentially the financial results shown in this section assume that 
decommssionmg costs will be financed sometime after year 2000 

As a sensitivity study, we evaluated the impact on average costs to customers under the 
following assumptions 

I decommissioning activities would begin immediately 

total cost of 500 million USD (1995 dollars) 

cost of decommssioning financed over five years 
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Under the foregoing assumptions the impact on the average cost of electncity is 
approximately $US 4 per MWh of sales in 1995 dollars 

Dlsposal of spent nuclear fuel The costs associated w~th  disposal of spent nuclear fuel 
from Kozloduy, l~ke the costs associated with Kozloduy decommssion~ng, are not certain 
at this time However, it IS llkely that such costs wlll be an important component of 
NEK's future financial requirements For cornpanson, In the U S , util~ties pay a 
surcharge to the federal government of $1 per Mwh of nuclear generation In exchange, 
the federal government is developing a d~sposal site and ulimately wlll take possession of 
the spent fuel currently stored in temporary facilities adjacent to the nuclear plants At 
the time of t h s  intenm report, it IS not clear if any costs associated w~th  d~sposal of spent 
nuclear fuel are included m the data assumptions underlying our estimates of NEK's cost- 
of-service 

Env~ronmental costs There is considerable uncertanty regarding expend~tures that wlll 
be required to bnng NEK coal and nuclear generating facilities Into compliance with 
increasingly stringent environmental regulations Our financial analysis does not 
cons~der ths  cont~ngency 

Operating costs Unless there IS a mechanism to adjust utillty revenues to meet changes 
In the cost of production, the ut111ty is subject to the poss~bllity of significant financial 
defic~ts or surpluses dependmg on the cost expectations built Into the tar~ffs Bulgar~a is 
currently implementing tarzflzndexatzon to mnirmze such nsk The adjustment clause IS 

another posslble approach that IS used m many countries 

7 2 COST-OF-SERVICE BY CUSTOMER CATEGORY 

Once the total revenue requirement for the utility IS detemned, that amount must be 
allocated among the vmous customer classes (a process known as revenue allocation), 
and then converted into the rates that appear m the utility's tmffs The use of marginal 
costs In allocating cost responsibilit~es to customer classes, and m formulating m f f  
schedules to recover these costs, is in accord with fundamental mcroeconomc theory 
when the pnces buyers are paying equal the marglnal costs of supply, productive 
effic~ency IS maximzed and a commensurate increase in total welfare is realized 

Under a stnct LRMC-based tanff design process, the indlv~dual cost-of-service for each 
customer class is not used Customer class cost-of-service is Important only if tariffs are 
to be designed subject to the constrant that each class' tanffs should collect that class' 
cost-of-service Even if an LRMC-based tar~ff des~gn process is to be used, cost-of- 

7 6 Bulgana Energy Tanff lmplernentat~on Project - Electricity 



Sect~on 7 F~nanc~al Requ~rements and Cost of Electr~c Serv~ce 

service for each customer class is an important point of comparison for evaluating 
LRMC-based tariffs For example, cost-of-service for household consumers can be used 
to set an upper bound on LRMC-based tariffs for that class, if the goal is to rmnirmze 
household tariffs but still recover utility costs to serve that class of customer 

7 2 2 Cost-of-Serv~ce Methodology 

A detaded cost-of-service study requlres two key elements 1) each utilrty account must 
be assigned to utility services on the basis of causality, for example fuel costs are 
considered energy production-related costs, and 2) each customer class' consumpbon of 
each utilrty service must be evaluated in order to relate uhlity costs to consumption 

In the past, Bulgarran pncing of electrrc services has not requlred detaded cost-of-service 
accounting, and there is no exisbng allocation of hlstonc costs to electrrc services This 
lack of informatron h t s  the possible scope of cost-of-service studies If cost-of-service 
is to play a role m future Bulgarian tariff setting, it would be advisable for NEK to 
implement a company-wide Integrated bllling and accounting system to track hlstonc 
costs, and a related system for forecasbng future cost-of-service 

Due to time and data constraints, we adopted several simplifying judgments for allocating 
the overall forecasted costs provided by NEK in the IRP Manager database For 
illustratrve purposes we have used only two cost categorres, energy- and capacity-related 
costs, which are much larger than the other categories inclu&ng customer costs, reactive 
power costs, etc After we deterrmned the allocabon of financial requirements between 
energy- and capacity-related costs, the IRP Manager model was used to calculate cost-of- 
servlce by customer class, takmg into account relative sales by customer class and T&D 
losses 

One key aspect of cost-of-service is that in general fixed costs are a hgher percentage of 
total cost than for LRMC because existing assets are accounted as sunk costs In this 
regard, the relative allocations of costs to vanable and fixed components in the cost-of- 
servlce study are irrelevant for designing the split between fixed and vanable components 
of economcally efficient tanffs 

7 2 3 Cost-of-Serv~ce Results 

Table 7-5 summarizes the results of the simplified cost-of-service study by customer 
class, and compares the results with LRMC In summary, for the Plan A scenano the 
cost-of-service for electric sales is forecast to average $47 per MWH of sales, in levelized 
1995 dollars over the perrod 1995-2000 The comparable LRMC for the Bulgarran 
system is about the same, $46 per MWH of sales Thrs relationship is characteristic of a 
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utility facing the need to expand and replace its existing system The class-by-class 
comparisons of LRMC with cost-of-service indicate that for each individual coustomer 
class, cost-of-service and LRMC are nearly the same, suggesting that stnct LRMC 
pncing may be appropnate for all classes 

Table 7-5 
Compar~son of Cost-of-Serv~ce and LRMC for NEK 

USD per MWh of Sales Level over 1995-2000 (1995 dollars) 

Customer Class Variable F~xed Cost Total Cost Marglnal Marginal Total 
Cost of Serv~ce Energy Capacity LRMC 

Cost Cost 
HIGH 16 19 36 24 10 34 

MEDIUM 17 23 40 25 14 39 

LOW-HH 20 35 55 29 24 53 

LOW-NHH 18 33 51 29 25 54 

Average 47 46 
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Table 7-1 
Forecasted Cap~tal Expend~tures 

Project Plant Added into Serv~ce Construction Work In Progress (CWIP) 
$US M~lllons $US M~ll~ons 

1995 1996 1997 1998 1999 2000 1995 1996 1997 1998 1999 2000 
HV Network 7 7 7 7 7 8  0 0 0 0 0 0  
LV Network 34 34 34 34 34 34 0 0 0 0 0 0  
MV Network 8 8 8 8 9 9  0 0 0 0 0 0  
KOZ 1-4 0 0 0 0 0 0  0 0 0 0 0 0  
KOZ5-6 23 112 67 7 6 6 0 0 0 0 0 0  
KOZ5-6C 0 0 0 0 0 0  0 0 0 0 0 0  
CHAIRA 0 0 4 0  0 0 0 1 7 4 0  0 0 0 0 
CWlP 0 0 0 0 0 0  672 672 672 672 672 672 
DISPATCH 0 0 5 7  0 0 0 2 5 5 7  0 0 0 0 
MI8 0 74 58 0 0 0 7 4 5 8  0 0 0 0 
SMALL 42 165 129 63 71 72 0 0 0 0 0 0  
SMALL2 0 0 0 0 0 0  0 0 0 0 0 0  
RB-1 BBD 0 0 0  0 2 1  0 0 0 6 2 1  0 0  
RB-2BBD 0 0 0 0 0 2 1  0 0 0 6 2 1  0 
RB-3BBD 0 0 0 0 0 0  0 0 0 0 6 2 1  
ARDA02 0 0 0 0 0 0  0 4 13 42 90 121 
ISKAR02 0 0 0 0 0 0  0 0 0 0 0 1 3  
LIGN-FXO 0 0 0 0 0 4 0 2  0 24 129 322 402 0 
LIGN-FX1 0 0 0 0 0 0  0 0 24 130 325 406 
SOFOOA 0 0 0 0 0 8 7  0 5 28 70 87 0 
SOFOOB 0 0 0 0 0 8 7  0 5 28 70 87 0 
TFEC02A 0 0 0 0 0 0  0 0 0 0 0 4 1  
TFEC02B 0 0 0 0 0 0  0 0 0 0 0 4 1  
TFEC04 0 0 0 0 0 0  0 0 0 0 0 0  
RC-1 VAR 0 0 0 2 9 0  0 0 1 0 2 9  0 0 0 
RC-1 VAR 0 0 0 0 2 9  0 0 0 1 0 2 9  0 0 
RC-2VAR 0 0 0 0 0 2 9  0 0 0 1 0 2 9  0 
RC-2VAR 0 0 0 0 0 0  0 0 0 0 0 1 0  
RC-3VAR 0 0 0 0 0 0  0 0 0 0 0 0  

Total 115 399 400 148 177 755 789 876 939 1371 1720 1325 

Change In CWlP 87 63 432 349 394 

Cash Requ~rements 486 463 580 526 361 
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Table 7-2a 
Balance Sheet 

Electric Power Software Inc IRP-Manager 

Company BULGARIA 
IRP-Manager 

ASSETS ------ 
Gross Plant In Servxce 
+CWIP 

TOTAL UTILITY PLANT 
-Accumulated Depreclatlon and Amortization 

NET UTILITY PLANT 
+Capltallzed Leases 
+Investment In Non-Regulated Subsldlarles 
+Deferred Revenues 
+Net Deferred Deblts 
+Net Deferred Fuel 
+Short Term Investments 
+Deferred Income Taxes 
+Other Assets 
+Current Assets 

TOTAL ASSETS 

LIABILITIES ----------- 

16 Common Stock 
17 +Retamed Earnlngs 
1 8  TOTAL COMMON EQUITY 
19 PREFERRED STOCK 
20 LONG TERM DEBT 
21 TOTAL CAPITAL 
22 +Other Long Term Llabllltles 
23 +Short Term Debt 
24 +Deferred Income Taxes 
25 +Deferred Investment Tax Credlt 
26 +Other Deferred Items 
27 +Llabilltles not Elsewhere Classlfled 
2 8  TOTAL LIABILITIES 

RATE BASE ITEMS ---- ---- ----- 

29 Rate Base Plant-In Servlce 
30 +Rate Base Deferred Deblts 
31 +Rate Base CWIP 
32 +Other Rate Base Items 
33 -Rate Base EXCLUSIONS 
34 -Deferred Taxes EXCLUDED from Rate Base 
35 -1TCs EXCLUDED from Rate Base 
36 Rate Base 

BALANCE SHEET 
(Millions of Current Dollars) 
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Table 7-2b 
Income Statement 

Electrlc Power Software Inc 

Company BULGARIA 
IRP-Manager 

INCOME STATEMENT 
(Mllllons of Current Dollars) 

Base Revenues 
+Adjustment Clause Revenues 
+Other Revenues 

TOTAL OPERATING REVENUES 

-Fuel Expenses 
-Purchased Power Expenses 
-Operatlon/Malntenance Expenses 
- i \ /etwo/-k Gpa n5 -5 
-Deferred Fuel Expense 
-Depreciation Expense 
-Arnortlzatlon Expense 

TOTAL OPERATING EXPENSES 

-0peratlng Revenue Tax 
-Property Taxes 
-Other Taxes 
-Income Taxes 
-Income Tax Deferrals (Dr) 
-Income Tax Deferrals (Cr) 
-Investment Tax Credlt (ITC) 

TOTAL OPERATING EXPENSES AND TAXES 

OPERATING INCOME 
+Deferred Revenues 
+Other Taxable Income 
+Interest Income 
+Other Net of Tax Items 
-Other Expenses 
-Income Taxes 
-Deferred Taxes 

INCOME BEFORE INTEREST EXPENSES 

-Interest on Long Term Debt 
-Interest on Short Term Debt 
+AFUDC Borrowed 

INCOME AFTER INTEREST EXPENSES 
tsubsldlary Income 
-Extraordinary Expenses 

NET INCOME 
-Preferred Dlvldends 

Earnlnas Available to Common 
-common Dlvldends 

RETAINED EARNINGS 

Return on Rate Base 
Return on Average Equlty 
Book Value per Share of Common Stock 
Common Stock--Shares Outstanding (year end) 
Dividends Per Share 
Dlvldend Payout Ratlo ( % )  
Market to Book Ratlo 
Common Stock Earnlngs Per Share 

Bulgaria Energy Tanff lmplementat~on Project - Electnc~ty 7 11 



Sectlon 7 Financial Requirements and Cost of Electr~c Serv~ce 

Table 7-2c 
Funds-Flow Prof~le 

Electrlc Power Software Inc 

Company BULGARIA 
IRP-Manager 

FUNDS PROVIDED BY OPERATIONS 
BEFORE CAPITAL SERVICE 
1 Income Before Capltal Servlce 
2 Depreclatlon and Amortization 
3 ITCs and Deferred Income Tax 
4 AFUDC Other Net of Tax & Def Rev 
5 Other Non-Cash Expenses 
6 TOTAL 

CAPITAL SERVICE PAYMENTS 
7 Interest 
8 Preferred Dlvldends 
9 TOTAL 

10 FUNDS FROM OPERATIONS 

OTHER CASH SOURCES 
11 Sale of Assets 

NET CAPITAL REQUIREMENTS 
12 Plant Subsldlary Investments 
13 Short Term Investments 
14 Lease Payments 
15 Investment In Worklng Capltal 
16 Debt and Preferred Stock Ret~rements 
17 Deferred Fuel 
18 TOTAL 

19 EXTERNAL FINANCING REQUIRED 

EXTERNAL SOURCES 
2 0 Common Stock Issued 
21 Preferred Stock Issued 
22 Long Term Debt Issued 
23 Short Term Debt Issued 
2 4 Other Long Term Llablllties 
25 EXTERNAL FINANCING PERFORMED 

FUNDS-FLOW PROFILE 
(Millions of Current Dollars) 
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The objective of t h s  section is to illustrate fundamental aspects of tanff design for the 
Bulgarian power sector T h s  tariff design reflects the LRMC by voltage level estimated 
in Section 6, the balancing of LRMC and financial requirements, and the protection of 
low income groups 

8 1 LRMC-BASED REVENUE ALLOCATION 

8 1 1 Overvlew of Revenue Allocation 

Tanffs based on smct LRMC may produce more or less revenues than required for 
financial reasons It has been suggested by some economsts that t h s  need not cause a 
problem for a government-owned utility since surpluses and deficits can be adjusted by 
taxation and subsidization, respectively From a smct economc point of view this 
solution is considered the most efficient However, it has senous shortcomngs 

w The scarcity of public funds makes strict LRMC-based revenues 
unacceptable if they produce less than financial requirements 

w If stnct LRMC-based revenues produce surpluses over financial 
requirements, consumer resistance generally prevents their use even if the 
surpluses are recycled back to consumers by way of public coffers 

The goals of increased efficiency and competition in the power sector go 
hand-m-hand with financial autonomy, which requires that financial 
requirements be met 

8 1 2 Comparison of Current Tarlffs wlth LRMC and Flnanclal Requirements 

Figure 8-1 shows a companson of current tanffs, financial requirements and LRMC for 
HV, MV and LV consumers The compansons are based on the Plan A scenano 
developed m previous sections of t h s  report We make the following conclusions from 
the compansons in Figure 8-1 

Current tanffs are set too low to fully recover NEK's financial requirements 
Thls situahon inhibits the utility from malung essential operahng and capital 
expenditures Thls ~ndlcates the need for Bulgana to transihon to cost-based 
electric tanffs 

Compmng LRMC with financial requirements, for Bulgma stnct LRMC- 
based tanffs would produce revenues roughly equal to financial 
requirements Unaccounted nuclear costs would push financial requirement 
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above LRMC Under these circumstances there 1s little room for gradual 
transitioning to LRMC-based tanffs 

Class-by-class cornpanson of financial requlrements w~th LRMC shows that 
LRMC and cost-of-servlce are farly close for all classes As mentioned 
above, unaccounted nuclear costs would push financial requirement above 
LRMC 

$US per 
MWH 

Ei Current 
Tanffs 
(Sep 1995) 

II Levellzed 
Financial 
Requlrements 

LRMC 

F~gure 8-1 Compar~son of Current Electr~c~ty Tar~ffs, Flnanclal Requlrements, and LRMC 

8 1 3 Revenue Allocat~on to Customer Class 

Based on the forecasted relationships between LRMC and financial requrrements over the 
penod 1995-2000, we conclude that tanffs by customer class should be set such that 
revenues for each class equal the cost of service for that class Any cross subsidies 
among customer classes wlll r a se  others above LRMC Any delay rsuslng tanffs up to 
econormcally viable levels will subsidize today's consumption at the cost of future 
consumers 

8 1 4 Revenue Allocat~on to Customer Classes lllustrat~on 

For purposes of illustration, we descnbe a revenue allocation alternative known as equal 
percentage of margrnal cost (EPMC), which IS used to allocate revenue requlrements to 
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each customer class based on its relame LRMC in companson to the other classes This 
method retalns the relative structure of LRMC for tariffs to vmous categones In our 
~llustration, the objective is to acheve the overall financial reqmrements for expansion 
Plan A, as descnbed in Section 7 

Table 8-1 surnrnarrzes the EPMC revenue allocation results, and compares these results 
with stnct LRMC and with September 1995 tarlffs The allocation produces average 
tariffs meeting financial requlrements of $US 47 per MWH of sales, compared to $US 46 
per MWH LRMC It can be seen from the table that with LRMC so close to cost of 
service, EPMC is a relatively mnor tmff design adjustment 

Table 8-1 
Alternative Revenue Allocation to Customer Classes 

Level 1995 Dollars over the Period 1995-2000 

8 1 5 Capac~ty and Energy Components of Tariffs 

Customer 
Class 

HV 

MV 

LV HH 
LV NHH 

Total 

In much of the utllity world, revenue requirements are allocated to energy costs in 
$/MWH, capacity costs in $/kW-month, and customer costs in $/month Including all 
three cost components in tanffs allows a greater degree of unbundlzng of the three 
services provided by a utility, and thereby provides more accurate pncing signals For 
the illustrative purposes of t h s  report, we ignore the relatively small customer cost 
component 

The capacity component of tanffs can be assessed as either a demand charge on the bass 
of the consumer's contnbution to the system's peak load, or as an energy charge allocated 
among the billing penods The latter method is typically applied for consumers without 
demand meters, which is the case for all customer classes in Bulgana, and in the situation 

Cost of 
Service 

$MUS 
21 4 

352 

693 

277 

1536 
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LRMC 
Based 

Revenue 
$MUS 
202 

339 

669 
295 

1506 

EPMC 
Allocat~on 

$MUS 
206 

346 

683 

301 

1536 

Average 
EPMC 
Tariff 

$/MWH 
35 

39 

54 

55 

47 

LRMC 

$/MWH 
34 

39 

53 

54 

46 

Current 
Tar~ff 

( S ~ P  95) 
$/MWH 

28 
29 

20 
32 

26 



of a util~ty wlth marginal capaclty cost not concentrated in a particular bllling penod, 
whlch is also the case for Bulgana IRP Manager modellng of the Bulgman power sector 
indicates that increased consumption m any billing penod Increases system capaclty 
reqwrements Therefore for the illustratwe purposes of this study we have allocated 
NEK's anticipated capacity-related financial requirements to time penods as a $/MWH 
component of tanffs 

We recommend that the split between capacity- and energy-related components of tmffs 
should be proportional to LRMC's for capacity and energy As was pointed out in 
Section 7, In general fixed costs are a higher percentage of total cost for cost-of-service 
than for LRMC because exlsting assets are accounted as sunk costs In thls regard, the 
relatlve allocations of costs to vanable and fixed components in the cost-of-service study 
are Irrelevant for designing the spllt between fixed and vanable components of 
economcally efficient tanffs 

8 1 6 LRMC-based Seasonal Allocat~on 

We recommend that seasonal tariffs should be proportional to seasonal LRMC, consistent 
wlth the economc efficiency rationale for LRMC-based tanffs The seasonal allocations 
of capacity- and energy- related components of tariffs are based on the following logic 

The capacity-related component of tanffs is allocated to tlme penod based on 
proportionate system unserved energy during that tlme period Unserved 
energy measures system reliabihty, and therefore it is reasonable to allocate 
marglnal capaclty cost across hours or hme penods accordmg to the relative 
system unserved energy m each hour or time period In general, unserved 
energy is concentrated in peak load periods, and therefore the capaclty- 
related component IS hghest for sales dunng the peak period 

The variable energy-related component of tanffs IS allocated to hme penods 
proportionate to seasonal marglnal energy cost Marginal energy costs are a 
funchon of system operations and can vary slgnlficantly by time penod 

8 2 SUMMARY OF TARIFF RESULTS 

Bulgana has a good basic electnc tanff structure The current tarlff structure m Bulgma 
is appealing because lt is slmple, and yet lt enables essential cost-based differenoation 
among customers Current electnc tariffs differentiate among customers based on the 
following factors 

Households are differentiated from all other customers, which are grouped 
together as "industnal and public sector" Household tanffs are 
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differentiated only for 2 zones, peak and off-peak Currently the wlnter and 
summer tanffs are the same 

Peak, daytime and nighttime time-of-use is recognized 

m Summer and winter seasons are differentiated for non-household tanffs 

HV, MV and LV service levels are lfferentiated 

Tanffs are provided for non-household customers having I-, 2- and 3-zone 
meters 

Using the existing Bulgarian tanff structure, we have developed stnct LRMC-based 
tariffs for the Plan A scenano The resulting LRMC-based tariffs were compared with 
current Bulganan tanffs in Section 5 of thls report Two general conclusions are repeated 
below 

m In general current tanffs are low relative to LRMC-based tar~ffs Thls is 
especially true in the nighttime, and this large differential between day and 
night is not justifiable based on cost Peak pricing is currently close to cost- 
based 

Low voltage customers' tanffs are paracularly low relative to LRMC-based 
tanffs, while higher voltage customers' tanffs are closer to cost-based 

8 3 BLOCK PRICING STRUCTURE 

An block tarzff structure provides a means of mantaming marginal cost pncing for 
marglnal consumption even if the consumer's overall bill vanes from stnct LRMC for 
electnc service A two block pncing structure attempts to pnce consumption in the 
second (marginal) block at LRMC The first block is pnced such that total revenues for 
the customer class meet the utihty's revenue objectives for that class The attractiveness 
of this structure is that it provides the proper economc signals for marginal electncity 
usage, provides a flexible mechanism for adjusting revenue to financial requirements, and 
rmmcs the underlying cost structure of the power system 

8 4 PROTECTION OF THE POOR FROM HIGH ELECTRIC PRICES 

The most obvious application of the inverted block tariff structure is pncing for poor 
households The block tariff could be designed to lower household electncity bills for 
some consumers, while bnngmg revenues from the category as a whole closer to the cost 
of service and while giving more realistic pncing signals for marginal usage 

Lzfelzne tarzffs provide an extreme low-cost block for subsistence household use of 
electncity A difficulty with t h s  structure is that it does not protect the poor household 
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with hrgh subsistence use of electncity for space heating Another form is a special low 
price electnc tmff  that is offered to poor consumers who qualify on the basis of income 
or some other measure of wealth 

Other systems that can be used include vouchers, use of the existing social assistance 
systems, cash payments on behalf of at-nsk groups and cross subsidization by other 
electnc consumers A key consideration for the appropnate mechanism IS d~stortion of 
consumer choices of fuel for thelr energy requirements 

8 5 OTHER ISSUES 

Transrtional prlclng The companson of current tanffs with cost-based tanffs 
shown in Figures 8-1 shows that there is a need to transihon to higher tanffs 
Ideally, tanffs would be increased immediately to cost-based levels, and the 
transition would be managed through subsidies provided direct to consumers 
from the government At this stage the tariff Worlung Group has not 
developed a consensus recommended transihon pncing plan 

Energy Substltutlon Conslderatlons It has been established that in some 
instances the low price of electncity dnves electncity consumphon above 
economically efficient levels For example, household use of electnc space 
heating would decrease in response to LRMC-base electncity tariffs because 
some consumers would switch to other fuels such as oil The impacts of 
constrained prices for alternative fuels must be considered in electncity tanff 
design 

Revenue Adjustments for Regronal D~stribut~on Unlts Cost of service varies 
by region due to area specific power system constraints This introduces the 
possibility of tanff differenhation by region 

Transfer prlcrng NEK and each of the regional distribuhon units are 
vefically integrated so that there are no direct bulk power sales With 
restructuring of the Bulgarian power sector, generation, transmission and 
distribuhon may each become more autonomous with arms-length 
agreements among entities One means of achreving this structure is through 
use of a transfer pncing mechamsm Transfer prices would reflect LRMC 
The transfer pncing mechanism provides a transparent framework for pricing 
on the basis of full economc cost, and also for performance-based ~ncentives 
to operating entities 

Pricrng for Non-ut~l~ty Generation The power industry should encourage 
competition and reduce the need for pnce regulation wherever possible A 
step in this direction would be to reflect system LRMC in the buyback tariff 
for generation from industrial and comb~ned heat and power producers The 
next step would be to introduce d~rect competihon In most places where the 
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electnc utility acts as a central purchasing agency, prices to independent 
power producers are based on the successful bid among compehng producers 
in a solicitation process Key considerations for pricing for individual 
independent power providers include location, service voltage, reliability of 
the generatmg resource, delivery guarantee, term of contract etc 

lnflat~on Adjustment of Tar~ffs The Study has been conducted in constant 
1995 $US However, tanffs will be issued in leva and will be subject to the 
high inflation currently existing in Bulgaria Pnces will have to be adjusted 
on a regular basis and should include an allowance to reflect anticipated 
inflahon Bulgana is currently introducing an zndexatzon approach that will 
include the effects of inflabon as well as other variables such as fuel prices 

We recommend the introduction of current purchaszng power (CPP) 
accounting in order that adjustments for changes in the general price level are 
reflected in the value of assets and depreciation allowances 
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Section 1 
lntroduct~on 

1 1 BACKGROUND AND OBJECTIVES 

This is the Volume 2 of the Interim Report of Bulgana Energy Tanff Implementation 
Project It addresses distnct heating in Bulgaria Volume 1 of the Intenm Report addresses 
electncity T h s  work has been performed under funding from the US Agency for 
International Development (USAJD) under ~ t s  project for Regulatory Reform and Energy 
Sector Restructunng in Central and Eastern Europe and the Baltics Bechtel is pnme 
contractor for this project and Arthur Andersen is a subcontractor 

The pnmary objectives of the distnct heating analysis presented in this report were to 

m To investigate the exlsting cost and pncing of distnct heat~ng 

w To estimate the level and structure of tariffs based on long-run marginal cost 
(LRMC) 

To eshmate financial requirements of the Sofia Distnct Heating Company 

To make recommendations on tarlffs talung into considerahon LRMC, 
financial requirements of Sofia District Heating, impact on energy-intensive 
industnes, and protection of economcally disadvantaged groups 

The analysis was performed with the cooperation of the Committee of Energy (COE), the 
Comrmssion of Pnc~ng (COP), the Mimstry of F~nance, and the vanous district heat~ng 
companies, including Sofia Distr~ct Heating 

The tasks of this analysis are 
Task 1- Evaluate distnct heahng demand 

Task 2- Evaluate the exlsting Sofia D~stnct Heating supply system 

m Task 3- Analyze economic cost structure of distnct heahng supply 

w Task 4- Evaluate exishng distnct heahng tariffs 

w Task 5- Formulate pncing strategy based on LRMC 

Task 6- Conduct financial analysis of Sofia Distnct Heaung Company 

m Task 7 Adjust LRMC tanffs to reflect financial analysis and protechon of 
the poor 

Task 8- Develop drstnct heatlng tariff structure and implementahon plan 

1 2 GUIDELINES FOR TARIFF DESIGN DEVELOPMENT 

The objectives of tmff design are identified below 

Objective 1 - Provide clear economic s~gnals to customers on the long-run 
costs of distnct heating supply 
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Objective 2 - Provide adequate funds to operate the Sofia District Heating 
and provide a reasonable return on investment 

rn Objective 3 - Address socral equlty and economlc development issues such 
as protection of economcally drsadvantaged groups and consideration of 
economic competitiveness 

The first objective generally calls for LRMC-based pncing as developed in Section 4 
However, rnetenng and control limitations in most Central European distnct heating systems 
constram both the ability of Sofia D~stnct Heat~ng to prov~de clear signals to indiv~dual 
customers and their abihty to respond Objective 2 ensures that the power system can meet 
its financial obligations The current financral condition of Sofia Distnct Heatlng and most 
other Bulganan district heating companies providrng residential drstnct heating gves high 
pnonty to this objective Objective 3 requires that some method be devrsed to ensure heat 
supply to poor farmlies 

1 3 GUIDE TO THE TARIFF STUDY REPORT 

The Study Report is orgamzed so as to answer the following questions 

What are the basic demand and resource Section 2 
charactensacs of distnct heating in Bulgana 
(Tasks 1 and 2) 

What are the reported costs of distnct heating Section 3 
compared to the exlsting pnces? 
(Tasks 3) 

What is the LRMC of the vanous components Sectron 4 
of distnct heating supply? (Task 5) 

How must tmffs based on LRMC be Section 5 
modified to meet other tanff-setang goals? 
(Tasks 7 and 8) 

A financial analysis of Sofia Distrrct Heahng Company is currently in progress and wlll be 
contamed in the Final Report It wdl contan an analysis of the financial requirements of 
Sofia Distslct Heating through the year 2000 (Task 6) The preliminary results of the 
financial analysis are used in Section 5 in a companson of the revenues projected on the 
baas of stnct LRMC pncing and the frnanc~al requirements of the company 
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Section 2 
D~str~ct Heating Supply and Demand 

The objective of t h s  sectlon is to review overall dxstnct heatmg supply and demand 
situation m Bulgana focusing on the Sofia region 

2 1 OVERALL SUPPLYIDEMAND STRUCTURE 

Bulgana has well-developed district heating systems in most major cities and towns These 
systems provlde steam and hot water to ~ndustry and hot water to households for heabng and 
general use Some sources estimate that 58% of the 1990 heat consumption of industry was 
provided by central~zed district heating systems These systems provided 22% of the 
household and public sector's requirements (Reference 1) The share of the population using 
dlstrict heatlng was 16% in 1990 and earlier statishcs from 1985 indcate the share of floor 
space heated by distnct heating only 11% (Reference 2) However, distnct heating 
customers use more heat per capita and per square meter of floor space than average The 
city of Sofia, served by the Sofia District Heating Company accounts for nearly half of the 
distnct heat producaon of the country 

Figure 2-1 
Heating Mode by Floor Area (1985) 

Wood D~str~ct 

Coal 9% heatlng 

43 

Naptha Electrlclty heatlng 
8% 28% 1% 

Coal and electrlc heating are the dominant types of heating in Bulgana as shown in Figure 2- 
1 (Reference 2) Electricity is the fastest growing heahng mode Pncing of electncity and 
district heating is such that they result m a roughly equivalent cost to the consumer 
However, distnct heatlng pnces cover less than half of costs and direct subsidles are required 
from the government As discussed m Volume 1, the price of electncity to household 
customers does not cover true costs either, cross-subsidies with other electncity users has 
prevented the need for direct subsidies of electncity Natural gas IS not currently avalable 
for residential heatmg, but extension of the gas system to household consumers is under 
considerat~on for a number of communities Pncing of gas to res~dentlal users is 
undetemned at this time 

Bulgana Energy Tar~ff lmplementat~on Project - D~str~ct Heatrng 2 2 



Sectron 2 D~strrct Heat~ng Supply and Demand 

District heat is supplied from a vanety of combined heat and power (CHP) and heat-only 
plants with a comblned heating capacity of about 8 GWt The principle owners/operators of 
district heating are 

B the NaQonal Electnc Company (NEK)- produces heat at the Kozluduy 
Nuclear Plant and the Maritsa East I Plant 

several distnct heating companies- operate twelve major CHP plants which 
are primarily heat producers and eight major heat-only plants 

B industry- supply steam for their own use with some sold to near-by 
industries, meeting most of industry steam demand 

2 2 THE SOFIA DISTRICT HEATING COMPANY 

The Sofia Distnct Heating Company is municipally owned COE approves budgets for 
operauon and maintenance and the Committee for Prices sets prices for distnct heat from 
these companies The Sofia system is served by two plants having a combination of CHP 
and heat-only equipment and two heat-only boiler plants The characteristics of these 
facilities is shown in Table 2-1 

Table 2-1 - 

Character~st~cs of Sofia Dstrlct Heating Plants 

Plant Name Capacity (MW) CHP Capacity Age Fuel 
Electrzc Heat (MWtJ f%J Electrrc Heat 

Sofia 125 1162 465 40 0% 37 15-20 fuel oil 
Sofia East 186 1453 523 36 0% 31 15-20 gas 
Zemllane 622 29 15-20 fuel 011 
Liulin 622 4 8-20 gas 

Approximately 200 MWt of the heat capacity is for steam with the remander for hot water 

The transmission system is made up of 960 km of hot water hnes, 60 km of steam lines, 
5,656 dlrect and 7,575 indirect substations The indirect substauons are connected to the 
primary loop of the district heabng system and customers are served by a secondary loop by 
means of a heat exchanger Less than half of the household customers are served by indirect 
substations The heat exchanger and secondary loop are consumer owned The remander of 
consumers are served by direct substations in whch hot water from the pnmary loop flows 
directly into the building space heating elements and domestic hot water is taken directly 
from the pnmary loop supply Industrial trunk p~pellnes are owned by industrial consumers 
The 1994 sales staQstics are summanzed in Table 2-2 

- 
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Sect~on 2 Dlstr~ct Heat~nq Supplv and Demand 

Table 2-2 
Sofia Dlstnct Heatlng Production and Sales Statlst~cs- 1994 

Gcal 
Heat Generauon 6,709,187 
Transmssion Losses 1,277 467 
Sales 5,43 1 720 

Steam 323 153 
Hot water 5,108,567 

There has been virtually no metenng at substations so that transrmssion losses are only 
calculated The calculated losses of 19% are approximately double what should be expected 
There is no metenng of individual customers so that there IS no measure of distnbution 
losses Sofia Dlstnct Heating supplies heat to substations, ownlng and operating generation, 
transmission, and substahon facilities Ownership and operation of distribution facilihes is 
unclear at this time 

The steam sales shown in Table 2-2 represent sales to ~ndustry Hot water sales were made 
to Households and two categones of Public Sector customers- Budget and Non-budget The 
share of each customer category is shown in Figure 2-2 

In 1993-95, a feasibility study was conducted for a number of options for the Sofia system 
(Reference 3) Existing equipment was inspected, projections of future demand made, 
investment options were evaluated, and investment plans developed Equipment condition of 
generating units was found to be poor, primarily as a result of inadequate fundlng for 
maintenance and operation outside equipment specifications The transrmssion and 
distribuhon system was found to be unreliable due to the low quallty of the piping matenal 
and inappropriately selected insulation matenal, experience high leakage from "gasket type" 
compensators and at substations, and having low thermal efficiency 

Flgure 2-2 
Share of Sales by Customer Category- 1994 
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Sect~on 2 D~str~ct Heatrng Supply and Demand 

The conclusions of that study was to rehabilitate existing generating units for safety, 
environmental impact, and immediate reliability, while deferring investments in generahon 
for Increasing efficiency and replacement Lack of capltal, current and projected 
overcapacity were cited as major reasons for this conclusion The projected supplyldemand 
balance used in Reference 3 is shown in Table 2-3 

Expected growth m demand from Household and Public Sector customers IS projected to be 
more than offset by demand reductions resulting from conservation and reduction m 
transmission losses The result is that there is no Immediate need for capacity additions, 
although investment will be required for rehabilitation of generation and the transrmssion 
system and environmental improvements 

The energy planmng data provided by COE and NEK indicate the installahon of CHP 
capacity at Sofia and Sofia East early in the next century with a electnc generahon capacity 
of 240 MW each This size is larger than any of the options considered in the Reference 3 
feasibility study This plants may well be needed in the context of the overall energy system 
In particular, the need to replace decommissioned capacity at the Kozluduy Nuclear Plant 
wlll require addihonal electricity capacity as discussed in Volume 1 However, the need for 
these units is not driven by the requirements of the Sofia distnct heahng system 

Table 2-3 
Projected Hot Water Supply and Demand- Sofia System (MWt) 

1994 1995 1996 1997 1998 1999 2000 
Histoncal peak demand 1 598 1,598 1 598 1,598 1 598 1,598 1 598 
Adjustment for design amblent -15 266 266 266 266 266 266 266 - 
degrees C 
Curnulame new household 18 36 53 71 89 105 122 
customers 
Cumulahve new public sector 13 25 39 52 65 80 95 
customers 

(9) (24) (45) (76) (118) (174) (232) 
L 

Effect of conservation 
Transmssion losses 442 446 420 39 1 362 33 1 313 
Gross peak demand 2 327 2,346 2,331 2,303 2 261 2,206 2,162 
Capacity 3,359 3,359 3,359 3 359 3,359 3 359 3,359 - 

The adjustment for -15 degrees C is a reliability requirement ensuring adequate spare 
capacity 

Table 2-4 shows the projected hot water energy demand by customer category This was 
developed using the Reference 3 projection for total hot water energy demand and allocating 
among customer categones according to 1994 statistics 
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Sect~on 2 District Heating Supply and Demand 

Table 2-4 
Projected Hot Water Energy Demand by Customer Category (Tcal) 

Households 
Publlc Sector 

Budget 
Non-budget 

Industry 
Total Sales 
Network losses 
Generahon 

The demand for steam on the Sofia system is much smaller than for hot water The projected 
supply/demand balance for steam on the Sofia system from Reference 3 is shown in Table 2- 
5 It is not clear what the reduction in public sector demand is, although it appears to 
represent a slufting of some heating customers from steam to hot water The reductions in 
steam demand represented by thls shift, conservation and reduction in transrmssion losses 
more than off-sets projected increases in industnal demand Table 2-6 translates the capacity 
projection to steam energy demand by customer category assumng all steam sales are to 
industry 

Table 2-5 
Projected Steam Supply and Demand- Sofia System (MWt) 

1994 1995 1996 1997 1998 1999 2000 
Hlstoncal peak demand 236 236 236 236 236 236 236 
Adjustment for design ambient -15 
degrees C 
Cumulahve new lndustnal 
customers 
Cumulative reduchon m public 
sector demand 
Effect of conservation 

Transmssion losses 
Gross peak demand 
Cauaci tv 

2 6 Bulgar~a Energy Tanff lmplementat~on Project - D~stnct Heating 



Sect~on 2 D~str~ct Heat~ng Supply and Demand 

Table 2-6 
Projected Steam Demand by Customer Category (Tcal) 

1994 1995 1996 1997 1998 1999 2000 
Households 

Public Sector - 
Budget 

Non-budget 
Industry 323 309 295 286 283 292 303 
Total Sales 323 309 295 286 283 292 303 
Network 196 188 159 145 135 130 126 
losses 
Generabon 323 309 295 286 283 292 303 

2 3 REFERENCES 
1 World Bank Bulgma Energy Strategy Study December 1991 
2 Danish Energy Group Study on Ident~ficauon of Guideline Projects for the Sustlnable Development 

of the Distnct Heahng Sector of Bulgana, February 1993 
3 Gilbert/Cornmonwealth Internauonal, Inc , Bulgman Distrrct Heabng System Feas~billty Study 

February 1995 
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Review of D~str~ct Heat~ng Tar~ff Structure, Pr~c~ng and Regulat~on 

The objecQve of this section is to present and evaluate the current pncing of d~stnct heatlng 
in Bulgana, including the structure (1 e , the pricing relat~onship between customer 
categones), the level of pncmg, and the regulation of pnces 

3 1 REGULATION OF DISTRICT HEATING 

As Qscussed in the prevlous section, the following three types of entities provide district 
heating the Natlonal Electric Company, industry, and distnct heating companies The final 
type of entity provides all of the non-industrial district heating Pnor to 1992, the district 
heating companies were under the COE There are now independent legal entltles The law 
allows for a vanety of ownership possibilities including state ownersh~p, lirmted liabihty 
companies and joint stock companies At present, the only municipally owned company is 
Sofia Distnct Heatmg 

COE has regulatory authonty over the general strategy of the companies and approves 
budgets for operations and maintenance In general, the companies are unprofitable because 
of low prices to non-industrial customers An exception is the small Trjavna system wbch 
pnmanly supplies industry As a result, direct subsidies are required under the direction of 
COE and the actual Independence of these companies IS limited Direct subsidies have 
continued to Sofia Distrrct Heabng after municipal ownersh~p 

Pnces for Households and Public Sector- Budget (made up of entlties funded by the 
government budget) are set by the Commssion of Pricing (COP) under the category of 
"fixed" prices, the heaviest form of pnce regulation Electricity, residual fuel 011 and gas 
prices are also m thls category Beginning in July 1994, prices for Public Sector- Non- 
budget (primanly pnvate offices) went to a less regulated price category called "supervised" 
prices Bread and mllk are in th~s  category Steam pnces to industry are not regulated 

3 2 DISTRICT HEATING TARIFFS 

Whlle dlstnct heatlng remans heavily subsilzed, progress has been made in increasing 
prices over the past five years Figure 3-1 shows this increase for the Households and Public 
Sector- Budget, the customer categones receiving heavy pnce regulation Although, there 
was a normnal price Increase in March 1995, pnces for these categones have remsuned 
unchanged in real terms since Apnl 1994 

The current tanffs (September 1995) for Households and Public Sector- Budget are as 
follows Opbon 1- 610 leva / Gcal and 1 6 leva / m3 of heabng space per month, and Ophon 
2- 810 leva / Gcal (12 1 $/Gcal at 67 leva/$) m s  compares with a LRMC at the for d~strict 
heating at the from the substation estimated at 1880 leva/Gcal (28 1 $/Gcal) Thus current 
tanffs cover slightly more than 40% of cost The losses experienced by Sofia Distnct 
Heatlng in 1994 reflect this situation 

The average revenue collected in 1994 by tanff category is shown m Flgure 3-2 compared 
with the estimate long-run marginal cost (LRMC) for that category as calculated in Section 
4 

Bulgana Energy Tarlff lmplementatlon Project - Dlstrlct Heat~ng 



Section 3 Revlew of Dlstrrct Heatrng Tar~ff Structure, Prlclng and Regulat~on 

Flgure 3-1 
Evolut~on of Household District Heatlng Prlces (1995 $/Gcal) 
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Flgure 3-2 
Revenue by Customer Category- 1994 
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Sect~on 3 Rev~ew of D~str~ct Heating Tar~ff Structure, Pr~c~ng and Regulat~on 

3 3 METERING AND CONTROL 

In the past, distnct heahng has been unmetered Plant production was measured, losses were 
calculated and costs were allocated to customers on the basis of the floor area of their flats 
There was no metenng or control for individual flats Temperature could only be controlled 
through the opening of windows Heat d~stnbuhon follows the radial design with rad~ators 
connected in senes throughout flats so that future metenng and control of individual flats 
will be very complicated and costly 

The situation is largely the same today However, under Phase I of a program administered 
by COE, 2,500 substabons now have meters All substahons are targeted to have meters by 
the end of 1997 In the intenm, customers served by metered substations pay on the basis of 
actual delivered energy to the substahon Interviews with distnct heating managers have 
indicated that this is resulting in a 10-25% reduction in pnce to these customers As part of 
this program rehabllitabon of the network is being funded in order to reduce system losses 

From the point of view of the distnct heating servlce, the customer is the substation A 
signed contract is associated with each substation for supply to surrounding buildmgs It is 
techcally possible to &sconnect a building, but not individual flats The distr~ct heating 
companies bill individual flats If individuals do not pay their bills, there is not way to 
disconnect them with disconnecting the enbre building Current regulations do not allow 
this Interviews with district heating managers indicate that the rate of non-payment 1s 
approximately 26% Most managers feel that they should have the control to disconnect 
buildings if some of the ind~viduals living there are delinquent However, even if they were 
given t h s  authority, we feel that compames would be unllkely to exercise this prerogative 
given the importance of heabng to survlval 

Under Phase I1 of the above-mentioned program, some flats w11l be equ~pped with 
thermostats and controls However, this wlll have no effect in the near term Any district 
heating tanff and billing procedure reforms will have to reflect the significant metenng and 
control constrants whch exlst 

3 4 IMPACT OF COMBINED HEAT AND POWER OPERATION 

Dismct heating compames can sell elecmcity generated by CHP plants to NEK The 
buyback rates currently in effect are shown in Table 3-1 

Table 3-1 
Buyback Rates for  Electrlclty Generated by D ~ s t r ~ c t  Heatlng Companres 

Time of Day leva/kWh, $/MWh, 
Peak 1 82 27 2 
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In the near term, the effect of this is that the distnct heahng companies loss money for every 
kwh sold because the buyback rates do not cover fuel costs except in the peak penod In the 
long term future CHP projects ,such as those envis~oned at Sofia and Sofia East and part of 
the overall energy plan of Bulgaria, cannot be justified 

To Illustrate, the reported fuel requirements for produc~ng electncity by Sofia Distnct 
Heating In 1994 was 7,874 HkWh At 3 13 $/GJ for gas, the fuel cost was 24 6 $/MWh 
Thus, the buyback rate is inadequate to cover fuel costs even in the peak penod The actual 
reported revenue from electncity sales was 720 leva/Gcal (19 2 $/Gcal at 37 5 leva/$ in 
1994) indicating that some significant sales were made outside the peak penod 

This situation exacerbates the already financially straned condition of the distnct heahng 
cornparues Either the buyback rate is fair and the generation of electnc~ty by CHP units 
should be discouraged or the rate is too low, reflecting less that the value of CHP electncity 
generation to NEK 

These buyback rate are less than the Short Run Marginal Cost for the electncity system 
calculated in Volume 1 in all penods except the peak and significantly less than the LRMC 
for generation The fact that generahon from the CHP un~ts is dnven by heat demand and 
may not fully correspond to NEK needs may jushfy a pnce less than LRMC However, new 
Sofia and Sofia East CHPs have been proposed as partial replacement for the Kozluduy Unit 
1-4 Thls proposal ~mplies a capacity value In any case, we see no justification for buyback 
rates less than SRMC 

- 
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The objective of this sectlon is to present a pncing strategy for Qstrict heating based on strict 
long-run marginal cost (LRMC) not considenng financial, social, or political factors that 
could affect the tmff structure The per unit LRMC IS defined as the levelized incremental 
Investment and operahng cost of sewing an additional kwh of energy demand (or kW of 
peak) for an indefinite period of time One component of LRMC is short-run marglnal cost 
(SRMC) This is defined as those parts of LRMC that vary immediately with demand The 
remander of LRMC vanes with demand in the long term, but the variation is delayed by 
fixed cost components of the system 

4 1 OVERALL APPROACH AND ASSUMPTIONS 

The overall approach to district heatlng LRMC eshmation was to estimate LRMC of each 
component of the system (1 e , generahon, transmssion from the generating plants to 
substations, and distnbutlon of heat from substations to individual customers) The concept 
of "opportunity cost of capital" was used in the calculations This is defined as the value of 
an incremental amount of capital Economies wlth more severe capltal constraints have 
higher opportunity costs of capital A value of 10% was used m the calculat~ons 

Natural gas firing was assumed with the 1% real pnce escalation The result fuel pnce 
forecast is shown in Table 4- 1 

Table 4-1 
Natural Gas Prlce Forecast for Dlstnct Heatlng 

4 2 GENERATION LRMC 

A theoretically ideal way of estimating generation LRMC is to develop a least-cost 
investment plans for a reference forecast of demand and an Incremental increase in demand, 
estimate fixed and vanable costs for both, and estlmate LRMC based on the differenhal fixed 
and varlable costs between the two plans Thls approach is based on an assumption of 
current economcally efficient operation Prlce subsidies and mvestment, mantenance and 
operating cost constraints have distorted the operahon of dlstnct heating in Bulgana and 
limit the practical application of this approach 

An alternative is termed the Incremental Plant Approach The Incremental Plant Method was 
applled In the follow~ng way 

Energy-related (1 e , vanable) costs were estimated based on short-run 
marginal cost (SRMC) For purposes of this estimate only fuel costs were 
assumed to contnbute to SRMC Some part of non-fuel operating and 
maintenance costs is often included in this value as well, however for 
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purposes of the calculat~ons In thls section all non-fuel costs were considered 
to be capacity-related 

Capacity-related costs (I e , fixed) costs were estimated based on the 
investment and non-fuel operahng and malntenance costs of the incremental 
plant A planmng reserve margin of 20% was used 

Levellzed capacity-related costs were calculated per unlt of peak demand 
increase and per unit of energy demand increase 

Energy- and capac~ty-related costs per unit of energy demand Increase were 
comblned for a total generahon system LRMC 

The incremental plants were assumed to be a stand-alone hot water heater for the hot water 
system and a stand-alone steam boller for the steam system The assumed charactenstlcs of 
thls plants are summanzed in Table 4-2 

Table 4-2 
Charactenstlcs of Incremental Plants 

Water Heater Steam Boller 
Thermal Capaclty (MWt) 20 30 
Capltal Cost (mlhon $) 0 75 1 55 
Construcaon Time (years) 1 1 
Econormc Llfe (years) 25 25 
Overall Efficiency 85% 85% 
O&M (thousands $/year) 22 5 46 5 

The resultmg LRMC calculation 1s show in Table 4-3 

Table 4-3 
Generation LRMC ~a lcu la t~on~  

Water Heater Steam Boller - 

Capacity-Related Costs ($/kWt) 
Investment 

Plannlng Reserve 
Total 
Expressed In Terms of Energy Production ($/Gcal) 
Levellzed Fuel Cost 
Levellzed SRMC 
Capacity-Related Costs (assumng 25% capaclty factor) 

4 13 5 69 A Per umt capltal 
cost/PMT(10%,25 1) - 

1 13 1 55 B Annual O&M/ 
Capaclty 

1 05 1 45 C (A+B)*20% - 
6 31 8 69 D A+B+C 

13 53 13 53 E from Table 4- 1 
15 92 15 92 F E/85% - 

3 41 2 48 G D/(8 76*25%) 

Total LRMC 19 33 18 40 H E+F+G 
I Based on the assumptron that generatLon capaczty addztzons are requ~red zrnmedrately wzth an - 
tncremental demand zncrease 
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The SRMC vanes over time depending by time-of-day and season depending on the fuel 
price and the charactenstics of the facilities providing incremental demand The data 
necessary to make the calculation of SRMC by tlme of day is not rea&ly available There IS 

currently no seasonal pncing for natural gas so that there should be significant seasonality to 
district heating SRMC Table 4-4 shows the projected average SRMC as a funchon of time 
based on the projection of natural gas cost 

Table 4-4 
SRMC as a Function of Projected Natural Gas Price 

If capacity is not required immediately, the contribution of capac~ty-related costs is 
diminished In Table 4-3, lt IS assumed that new capacity is need immediately The existing 
overcapacity in the generation system of Sofia Dlstrict Heahng suggests that this is not the 
case Table 4-5 shows the effect of a delayed need for new generahon capacity on LRMC 

Table 4-5 
Capacity-Related Costs as a Function of Need for New Capacity ($/kWt/year) 

Year Capac~ty Needed Water Heater Steam Boller 
1995 6 31 8 69 A 
1996 5 73 7 90 N ( 1  1) 
1997 5 21 7 18 N(l I)* 
1998 4 74 6 53 N(l I ) ~  

1999 4 31 5 94 N(l 114 
2000 3 92 540 N ( 1  l Y  

Because of the overcapaclty in the Sofia Distr~ct Heating generahon system, the year 2000 
for new investment requirements was used m our eshmate 

4 3 TRANSMISSION 

Transmss~on costs are generally considered to be fixed (1 e , capacity-related) since the 
design of these facilities is pnmarlly determined be peak demand (kWt) Generally, the 
Average Incremental Cost (AIC) Method is used to estlmate transmission LRMC The 
formula for thls calculation is as follows 

( I ,  + OM, - OM,-, ) l (1 + occ) ' (D, - Dt-, ) / (1 + occ)' 

where 

IC = average incremental cost (proxy for LRMC) 

T = plannlng period (years) 

L = time delay between investment and commisslonlng of facilities (years) 
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1, = annual investment in year 1 

OM, = fixed O&M in year I 

DI = demand in year 1 

occ = opportunity cost of capital 

Data required to make t h s  calculation was not readily available Therefore, an estimate was 
made based on an esbmate of replacement cost 

Exlsbng transmssion assets were revalued accordng to replacement value 

The revaluation was discounted to reflect the average number of years until 
replacement Because of the need for immediate rehabilitation of the 
transmission system, immediate need for replacement was assumed 

The theoretical design peak for the size generation system was estimated 
(The system IS overcapacity so that the design peak is much hlgh than the 
actual 1994 peak of 2890 MWt ) 

a The replacement value as a function of peak load was esnmated 

The application of thrs procedure is shown in Table 4-6 

Table 4-6 
Transmlss~on LRMC ~alculatlon' 

Physical unlts per unlt cost Total Cost (mllhons $) 

Lines 1027 1 km 12 1 3 $/meter (Ref 1) 249 A 
Substations 4420 substa~ons 41 7 $kWt (Ref 2) - 184 B 
Total 43 3 C A+B 

Generating 4420 M W ,  D 
capacity 
Theoretical 3683 MW, E Dl(1 2) 
design peak - 

Per unit 1 17 63 $/kW, of peak F C*1000/E 
Investment 

LRMC ($/kW,/year of peak) 
Investment 12 03 $kW,/year G F *  - 

PMT(IO% 40 1) 
Fixed O&M - 1 18 $kW Jyear H F*l% 
Total LRMC 13 21 I G + H  - 

I Based on the assumptzon that transmzsszon capacztv addrtzons are requzred zrnmedratel) with an 
zncremental demand zncrease I 

As with generation LRMC, this value is discounted if capaclty IS not immediately needed as - 

a result of a demand increase Because of the immediate investment required in the - 

transmission system to reduce losses, no discount~ng was applied 
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4 4 DISTRIBUTION 

The AIC Method, descnbed in the previous section, can be applied to the dlstnbution system 
The data to apply the method was not readily available so a method utilizing replacement 
cost was applied This is illustrated in Table 4-7 

As with generation LRMC, the estimated value IS discounted if capacity is not immediately 
needed as a result of a demand Increase Because most new customers would require 
extensions of the dlstnbution system, no discounting was applied 

Table 4-7 
D~stnbut~on LRMC ~alculat~on' 

Descnphon Value Label Explanation 
Reference dlstnbutlon cost (1982 $1' 1335 A 
based on 

heatlng denslty (kwhlm2) 200 B 
peak W t )  200 c 

Adjusted to 1995 $ 1960 D A* (1 03) '~  
Expressed as a funchon of non-simultaneous demand ($/MW,) 9 80 E D I C  
Sofia heabng denslty (kwh~m') 263 F 1994 Stahstlcs 
Adjusted to Bulgman heatlng dens~ty ($/MWt) 7 46 G E * B / F  
Sofia dverslty factor 85% H 
Expressed m terms of s~multaneous demand ($/MW,) 878 I G I H  
LRMC ($kW,/year of peak) 

Investment 0 93 J I * ~ ~ ( 1 0 %  30 1) 

F~xed O&M O K I *  1% 
Total LRMC 1 02 L J + K 

1 Based on the assumptzon that dzstrzbutzon capaczt). addztions are requzred zmrnedzately wzth an 
zncremental demand zncrease 
2 Swedzsh example zn Reference 3 

4 5 PRICING 

The LRMC pncing structure is summanzed in Tables 4-8- and 4-9 The losses assumed for 
the calculahon correspond to the projected 2000 loss rate as discussed in Section 2 

Table 4-8 
LRMC Pnang- Hot Water 

Average Average 
Loss Energy Load Capaclty 

, Potnt of Sale ~acto: ~ontrlbuttod Capaotv Contr~but~on to LRMC ($/kW, vr) Factor Contnbutnon Average Total LRMC 
($/Gcal) Generatton Pnmarv Secondary Total ($-I) (1evlGcal) - 

Generation 1 00 13 9 3 9 3 9 25% 21: I g Q -  1206 
Substat~on level 1 17 1% 6 4 6 13 2 17 8 25% 5x4 28 f 1880 
Household 123 " 19 d 4 8 13 9 1 0  19 7 25% MfS 301 2016 
Publlc Sector 1 23 $9 6 4 8 13 9 10 19 7 25% t@$ 3% 2016 
1 Loss factors are based on hot water svstem loss goals for 2000 (14 5% for the prcmary loop and 5% for secondary loop) 
2 Energy conrnbut~on u based on the projected levellzed cost of natural gas through 2000 adJusted by productton eficiencv 
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Table 4-9 
LRMC Pricmg- Steam 

Average Average 
Loss Energy Load Capac~ty 

Polnt of Sale F'acto: ~ontnbut~oIf C a ~ a c ~ t v  Contnbutlon to LRMC ($/kWt vr) Factor Contnbutlon Average Total LRMC 
($/Gal) Generat~on Pnmary Secondary Total ($IGcal) ($/Gcal) (lev/Gcal) 

Generat~on 1 00 2.5 9 8 7 8 7 60% 1 9 , .  1713 1196 
Substation level 1 20 " #3 2 10 5 13 2 23 7 60% 5 2 %4 1636 
Industry 1 20 19 2 10 5 13 2 0 0 237 60% x . 5 2  244 1636 
1 Lass factors are based on steam system loss goals for 2000 ( I  7% for the prrmary loop) w~ th  Industry served drrectly from prrmary loop 
2 Energy contrrbutlon rs based on the projected levellzed cost of natural gas through 2000 ad~usted b j  productcon eficcencv 

4 6 COMPARISON WITH EXISTING TARIFFS 

The exising tariff is based on customer ownership of facilities downstream of the substahon 
Therefore, the tanff is at the substation level However, economic compmsons of 
alternative heating costs should include the cost of these facllibes 

The tanff can take the form 

Revenue = A x Energy + B x Maximum Heahng Demand 

Maximum heating demand 

Table 4-10 shows the LRMC for hot water expressed in comparable terms to existing tariffs 

Table 4-10 1 

LRMC-Based Tanff 
- 

Energy component (A)= 18 6 $/Gcal 
- - 1248 leva/Gcal at 67 leva/$ 

Capac~ty component of LRMC = 17 8 $kW, /year 

1995 System peak = 2 346,173 kW, - 

Esumated heat load (m3) = 83,842 223 m3 (based on area from Reference 3 and 2 5 meter - 
ce~lmgs) 

Demand component (B) = 0 055 $/m3 of heatlng space - 
- - 3 7 leva/m3 at 67 leva/$ 
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4 7 REFERENCES 

1 Bechtel Corporahon, Reconstruchon of the Tmava Municipal and Indusmal Distnct Heahng Plant, 
December 1995 

2 Gilbert/Commonwealth Internatlonal Inc Bulgarian District Heahng System Feasibility Study, 
February 1995 

3 Internatlonal Energy Agency, D~stnct Heatlng and Combined Heat and Power Systems- A Technology 
Rev~ew, 1993 

Bulgana Energy Tar~ff lmplementat~on Project - Dlstnct Heatlng 4 7 



Sect~on 5 
lmplementat~on Issues 

The objective of this section is to investigate the financial impact associated with ths  
proposed pnce increase, approaches to assunng that econormcally disadvantaged groups 
receive heat, treatment of non-payers, and proposed changes in price regulation 

5 1 FINANCIAL IMPACT 

The LRMC tanff as estimated would have covered the financial costs of Sofia Distnct 
Heating as reported in 1994 This is illustrated in Table 5-1 Revenues based on steam 
system LRMC are estimated to be slightly lower than what was actually collected in 1994, 
however, revenues from hot water sales are estimated to be more than twice as large under 
LRMC pricing Under such pricing no subsidies would have been required, Sofia Distnct 
Heating would have contributed income taxes to the government and would have earned a 
profit whch could be applied to its investment requirements 

Table 5-1 
Hypothet~cal Impact of LRMC Tarlff on 1994 Income Statement 

as reported w ~ t h  proposed tanff 
(1995 $) ~ncrease and full 

payment 

Revenue 
Hot water 64,073 143,375 
Steam 8,321 7 892 
Elecmc~ty 12 580 12,580 
Other 5 083 5,083 

Total Revenue 90 057 168 930 
Expenses 

Fuel 122,107 122,107 
Depreclatlon 10,778 10,778 

Other 26,504 26,504 

Total Expenses 159 389 159,389 
Operating Income (69 331) 9 541 
Interest 114 114 
Income Taxes 3 959 

Subs~d~es 
Net Income 

We evaluated four different cases to assess revenue requirements under different future 
assumphons The four cases include 

Case A- Revenue requirements estimate was made based on extrapolation of 
1994 financial data and investment plan from Reference 5-1 No adjustments 
were made to the value of existing assets or to electncity buyback rates 

Case B- Same as Case A except that net asset values were adjusted to 
replacement cost 
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. Case C- Same as Case B except that electncity buyback rates were increased 
to electric system marginal cost 

w Case D- Same as Case C except an allowance was made for nonpayment by 
some customers amounting to 10% of operating cost 

F~gure 5-1 
Summary of Revenue Requ~rements Analysls for Hot Water Supply 

2050 

2000 

1950 

IevalGcal 1900 

1850 

1800 

1750 
CaseA Case B Case C Case D LRMC 

The Case A revenue requirement estimate was slightly higher than hot water LRMC 
However, this tmff was found to be insufficient to support the proposed investment plan 
Asset values were adjusted to reflect replacement cost in Case B and th~s  was found to 
support the proposed investment plan However, the resulting tmff would be substantially 
higher than LRMC (1 e , more than 5%) Higher buyback rates for electncity would reduce 
the revenue requirements for hot water supply and there is reason to believe that higher 
buyback rates are economically justified In Case C the future buyback rates are set at the 
LRMC of generation on the electncity system The result was to reduce the projected 
revenue requirements to slightly less than the hot water LRMC 

Cases A through C are based on the assumption that there is full payment from all customers 
If some customers do not pay and are allowed to receive service then the cost has to be borne 
by the remaining customers Case D was based on an assumption of nonpayment amounting 
to 10% of operatmg cost Discussions with distnct heating managers indicate that 
nonpayment is currently higher than t h s  The resulting revenue requ~rements for paying 
customers would be almost 10% greater than LRMC 

Based on this analysis, one can conclude that future tanffs to Household and to Public 
Sector- Budget based on LRMC would be adequate to meet the financial requirements of 
Sofia Distnct Heating only if the buyback rate for electncity can be increased to the electrlc 
generation system LRMC and non-payment by &strict heating customers can be severely 
reduced Otherwise, ~t will be impossible to support investment requ~rements without 
subsidies even with LRMC pricing 
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5 2 COMPETITION WITH OTHER HEAT SOURCES 

As market forces increasingly affect energy pncing, competition between fuels and heat 
supply systems will become increasingly important Figure 5-2 shows relahve heatlng costs 
from a vanety of sources in Bulgana Natural gas is not currently used for household heating 
and a range of potentla1 heating costs is presented based on a price of natural gas delivered to 
the household of between 150 $ per thousand cubic meter (tcm) and 260 $/tcm This range 
represents potential varlat~ons in future pricing policy for gas to households and distnbution 
costs between communities The full economc cost of distnct heating and electncity is 
based on LRMC to households, including distribution Electncity LRMC is addressed in 
detal in Volume 1 Oil heating costs are based on a delivered cost of fuel oil to households 
of 6 $/GJ and represent full economc cost 

F~gure 5-2 
Relatlve Heatlng Costs from Vanous Sources 
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The following observations can be made base on these estimated heating costs 
Distnct heating and electnc heahng are the least expensive modes of heating 
under current prlcing This is due to direct subsidles in the case of district 
heating and cross-subsidies in the case of electncity The deregulation of 011 
prices has made oil heahng uncompetltive 

Current price distortions are the greatest for electncity Current pncing 
makes it the heat~ng source of cho~ce for anyone without access to a district 
heating system It is by far the most expensive source when full economic 
costs are considered 

When full econormc costs are considered, oil is cornpetitwe with other forms 
of heahng 

Natural gas will be competitive with other forms of heating for communities 
with the lowest distrrbuhon costs 

The distortions in electncity pricing have already resulted in a massive shift away from oil 
heating (1 e , from approximately 1200 thousand tonnes per year in 1985 to a negligible 
amount in 1995) Its replacement with electnc heating represents a large econormc cost to 
the country The lesson is that while it is important to increase distnct heating pnces, ~t is 
important that this be done m conjunction with electncity price reform Otherwise, d~strict 
heahng consumers will incorrectly perceive that electnc heating IS less expensive than from 
their d~stnct heahng systems 

Under pricing based on full economic costs, distnct heating will reman compehtive with 
other forms of heating However, if Sofia District Heating is to malntain its current customer 
base ~t will be important to reduce costs and gradually offer customers greater control over 
their usage 

5 3 IMPACT ON ECONOMICALLY DISADVANTAGED GROUPS 

Generally energy for household use should make up no more than approximately 10% to 
15% of a household budget As shown in Figure 5-3, this cntenon was met for all Income 
groups in 1993 

- - ---- 
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F~gure 5-3 
Contribution of Energy to Household Budget as a Function of Income- 1993 

0 o $ 8  $ 0  ,o $ 0  ,o $ 0  , A 0  & g  g 
o 0 0  0 8  88 g 8  g E  8 8  0" 0 0  o g %  g q  q * 0 2 .- 8 g g ,, , 

A 

Annual Income (levlcaptlalyear) 

Source Reference 5-2 

The proposed dlstnct heahng household tmff increase is more than 300% lugher than the 
1993 levels A slmilar tmff increase has been recommended for household electncity tanffs 
in Volume 1 Had these tmff levels exlsted in 1993, expenditures for energy would have 
represented would have approximately 20% of thelr Income Thls group represented 17 6 
percent of the populahon This is the segment of the population to which protection from 
tariff Increases should be provlded There are a variety of ways that rellef can be provided, 
with varylng degrees of effectiveness m protecting low-mcome customers The current 
method of providing direct subsides to the district heatlng companies reduces tmffs for all 
customers and provides the largest subsidy to those who heat the most, usually those with 
h~gher Incomes Cross-subsidies between customer classes are not an option because the 
pnce to other customer classes (1 e , Industrial and Public Sector- Nonbudget) is no longer 
heavily regulated Cross-subsidles withln the Household customer class would result in 
tanffs greater than LRMC and would most likely result in d~stnct heatmg becoming more 
expensive to paying customers than oil heating Thls leaves some form of direct assistance 
to the poor 

5 4 PROPOSED PRICE REGULATION 

Pnce regulation for dlstnct heating should have the following charactenstics 

Regional or municipal administration to allow for geographic differences in 
fuel prices and distnct heating system cost 

Oversight at the natlonal level to coordinate distnct heating tariffs wlth 
electr~city pnce reform 

A formula for automatic adjustment to reflect inflahon and fuel pnce 
changes 
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The formula should provide incentives for efficient operation The formula could either be 
based on LRMC or be based on cost-of-service or a hybnd of the two All pncing 
approaches will be limted by metenng The following discussion is based on the 
assumphon that all substations will be metered Calculated usage will have to substitute for 
unmetered substations 

5 4 1 LRMC Pr~c~ng Formula 

For metered substahons, the tariff would take the form 

where 

R~ = payment in month i for substation J 

A, = coefficient based on SRMC for month z 

EI = usage in month i for substation J 

B I = demand charge in month 1 (leva/cubic meter of heating space 
connected to substation) based on capacity component of LRMC 

4 = heating space connected to substahon J 

The energy coefficient, A,, should be adjusted to reflect changed in fuel costs as shown by 
the following formula 

A, = Aoxe 1 Fo 

where 
Fl = per unit fuel cost m month z 

FO = per umt fuel cost in month in base month o 

The demand charge, B,, should be adjusted to reflect general inflabon as shown by the 
following formula 

B, = BoxCPIo / CPI, 

where 
CPI, = Consumer pnce index in month i 

CPI, = Consumer pnce index in base month o 

The demand coefficient, B, is based on the capacity component of LRMC and expressed as a 
funchon of cubic meters of heating space Therefore the imtial coefficient, Bo, is calculated 
as follows 

where 
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LRMC, = the capacity component of LRMC including generation and 
transmission divided by 12 ($lkWJmonth) 

PO = projected peak in first year (kW,) 

HO = connected heating space in first year (m3) 

It is expected that the coefficients A and B will vary among district heatlng systems reflected 
cost differences 

The energy coefficient, A,, should be revised periodically (e g , 5 years) to reflect changes in 
system losses In between revisions, the utility will have an incentive to reduce losses in 
order to reduce costs and maximize profits The penod between revisions should be long 
enough to allow the ut111ty to recover investments m loss reduction 

The demand coefficient, B, should be revised on a periodic basis to reflect structural changes 
m cost and the performance of the utillty in providing service 

Pncing based on a "far" rate-of-return on an historical value of assets is the most common 
regulated energy utility pncing in the U S This approach results in coefficients for energy 
and demand (A and B) The difference w~th  the LRMC approach IS pnmanly with the 
treatment of the demand coefficient Under this approach, 

where 
FOMk = projected annual fixed operating and maintenance costs for year k 

Dk = projected annual depreciation for year k 

NFAk = net fixed assets for year k 

R = f a r  rate of return 

The pnmary problem with rate-of-return price regulation is that energy companies are 
rewarded for capital investment, but not necessanly for increasing operating efficiencies 
There is a trend to move away from rate-of-return price regulation where competition is 
technically feas~ble (e g , electricity generation) and in situations in which the approach has 
resulted in prices which deviate significantly from LRMC 

The approach depends upon a reliable valuabon of assets In the U S , most energy utilities 
are pnvately owned so that their value is subject to market forces In addition, low inflation 
allows historical accounting value to be meaningful in most cases Neither of these 
conditions is true in Bulgana As a result, analytical approaches can be used to estimate 
asset value, these estimates are not subject to the discipline of the market Furthermore, 
constant revision is required for net fixed assets and depreciation to reflect inflation 
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In the U S , value of R is usually a weighted average of cost of capital of the enterprise It is 
then applied to hstorical asset values (1 e , historical value of fixed assets minus histoncal 
accumulated depreciation) A portion of R is "real" return and the remander is intended to 
adjust the return for inflation The following formula expresses thls relationship 

R = (l+real return) x (1 +general Inflation rate) 

If net asset values are periodically corrected for inflation, as will be the case in Bulgana, 
only the "real" portion of R should be applied to the corrected net asset values "Real" rate- 
of-return is usually in the range of 2% to 5% 

5 5 TRANSITION PRICING 

Sofia Distnct Heating tanffs to Households and Public Sector- Budget should nse from the 
current 810 leva/Gcal (12 1 $/Gcal) to approximately 1880 leva/Gcal (28 l$/Gcal) delivered 
to substations to fully reflect economic cost How quickly should thls change be made? The 
factors which support a quick transition are 

w Contlnue low distnct heating tanffs cannot support investment in the distnct 
heatmg systems 

Direct subsiQes are straining the budget 

Customers have little incentive to conserve 

On the other hand, the &sadvantages of a rapid change to higher tanffs are 

A rapid change could damage economcally vulnerable groups unless 
accompamed by some form of assistance 

w The change could actually contribute to overall price distorbons if not 
accompanied by electtlcity pnce reform 

w It could appear unjust because of the low degree of control that customers 
have over their usage 

In Volume 1, transitional pricing approaches to the electncity sector are proposed resulting 
in household electncity tanffs being in line with LRMC by 2000 Table 5-2 shows the effect 
of a simllar transition pricing plan Sofia Distnct Heating A linear increase m tanffs in real 
terms unit1 LRMC is reached in 2000 is shown The revenue requirements estimates used in 
the table are preliminary The shortfall shown represents required subsides from the 
government in order to meet revenue requirements Even wlth LRMC pricing, ther is some 
shortfall due to an assumpt~on that there will continue to be a non-payment problem In this 
analysis it was estimated at 10% of operat~ng expenses 

The advantages of this priclng plan are that it 1s with proposed elecmclty tanff increases and 
it is accompanied by investments in metering The pnmary &sadvantage is that is calls for 
cohtinuing although dechning, subsidies from the government 
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Table 5-2 
Effect of Transition Pncing on Finances 

1995 1996 1997 1998 1999 2000 Label Explanation 
Total Revenue Requ~rements 150 229 163 924 163 081 164 428 165 124 166 053 A 
(thousands $) 

Adjust for Pubhc Sector- 
Nonbudget 
Public Sector-Nonbudget 28 1 28 1 28 1 28 1 28 1 28 1 B 
LRMC ($/Gcal) 

Demand (Tcal) 85 1 881 906 924 940 945 C 
Total Adjustment 23 891 -24718 25 418 -25 936 26 372 -26 520 D -(B*C) 
Revenue Requirements for 126 338 139 206 137 663 138492 138 752 139 533 E A+D 
Household and Pubhc Sector 
Budget (thousands $) 

Proposed Tanff ($/Gcal) 12 1 15 3 18 5 21 7 24 9 28 1 F 
Demand (Tcal) 4 300 278 4 401 574 4 476 182 4 521 418 4,528 991 4 489,808 G 

Revenue (thousands $) 51 988 67 277 82 720 98 002 112 638 126 009 H F*G 
Shortfall (thousands $1 74 349 71 929 54 943 40490 26 114 13 524 I E H 
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