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PREFACE 

The work in this report is being carried out within the framework of the U.S. Emergency 
Energy Program for Eastern and Central Europe and the Baltic Republics under a Resource 
Management Associates of Madison, Inc. (RMA) contract with the U.S. Agency for 
International Development. RMA, as Prime Contractor to USAID, is currently 
implementing the Energy Pricing Reform Project and the Industrial Energy Efficiency 
Project in Romania, Czechoslovakia and Lithuania. The report is one of a series describing 
the activities, results and recommendations of the projects. 

The report, entitled "A New Electricity Tariffs Design for the Lithuanian Power System" is 
one of a series of four papers written by Lithuanian subcontractors. The study was done by 
Lithuanian energy analysts with limited guidance from the RMA. The authors are M. 
Krakauskas and G. Volskis, are at the Lithuanian Energy Institute and the Lithuanian State 
Power System respectively. 

The report demonstrates that the energy analysts for the Government of Lithuanian are well 
on their way to conceptually understanding the structure of and methods used to determine 
electric tariffs in the USA. The study is an interesting analysis of the structure of the 
Lithuanian power system's costs and tariffs. The most important aspect of this study is the 
marginal cost evaluation of Lithuania's power production. 

This is a working document published informally by RMA. To present the results of the 
project with the least possible delay this report has not been prepared in accordance with 
procedures appropriate to our formally printed documents. The report was not edited and 
received only very light review by RMA. Comments were made on the first draft of the 
paper. RMA does not necessarily endorse the views expressed or the findings presented in 
the text. The document's subject matter warrants its distribution. 



ABSTRACT
 

A NEW ELECTRICITY TARIFF DESIGN IN THE LITHUANIAN POWER SYSTEM 

by M Krakauskas and G. Volskis 
December, 1992 

LPS (Lithuanian Power System) consists of one generating utility and seven distribution 
utilities, all operating as monopolies. Currently variable costs (predominately fuel) account 
for about 90% of expenses. The generating utilities sell energy to the distributing companies 
and tile distribution companies set prices dependent on usage and capacity. Although cost 
differ, prices are uniform across the distribution utilities. Inter-utility electricity sales are 
priced in such a manner that profits are equalized, Thus price does not reflect true costs. 
Industrial capacity charges are applied only when a firm exceeds their normal operating 
capacity by a factor of two. Industrial consumers subsidize the electric prices of the 
residential sector, particularly the rural residential sector. The current structure of the 
electrical system offers no economic means for the residential sector consumer to reduce 
consumption. Distribution companies profits are based on sales volume, thus here is 
disincentive for energy conservation. The gentrating utility operates at an even load, not 
varying with demand. Excess production (mainly at off peak times) is exported at contracted 
prices (which are below marginal costs). Electricity export prices are dependent on 
interstate contracts with Belarus and Kaliningrad. In the Baltic region, base electricity 
sellers are Lithuania and Estonia the peak seller is Latvia. 

This paper proposes and calculates cost-based electricity tariffs, based on Western models. 
The authors suggest that 70% of the average costs of the distributing companies are related 
to usage and 30% related to capacity (i.e. 30% of all costs should be recouped by capacity 
charges). Currently, with demand falling, there is excess capacity, thus the marginal cost of 
increasing demand at peak is very low. 

The authors apply marginal costing to asses the Lithuanian power generation structure. The 
Elektrenai thermopower plant, cogenerators, and the Kaunas hydropower station are 
possible marginal generators. Marginal fuel cost calculations suggest that the pumped 
hydro-storage power plant ispreferable to using cogeneration plants in condensate operation 
(i.e. operating cogenerators as power only). The authors recalculated tariffs using 
international fuel and capital costs, and applied Western accounting practices (charging for 
depreciation, and return on capital) and found the recalculated tariffs to be 160% of the 
current tariffs (6.1 and 10.4 talonas/kWh respectively). 

In the report the authors make several recommendations. Price must be determined 
according to costs on a usage and capacity basis. Subsidies between distribution companies 
and between endusers (residential subsidized by industrial users) should be eliminated. 
Utility incentives structure should encourage conservation; the rate of return should be 
increased for utilities making demand side investments. Taxation should not be basec on 
capital but on energy production. Fixed costs should be assessed for five consumer groups: 
rural, retail, urban, industrial (low tension) and industrial (high tension), and levied 



accordingly. Independent small energy producers should be encourage to enter the market. 
Off peak electric production beyond Lithuanian requirements should not be exported but 
converted to pumped storage and sold at peak times for export. 



ERRATA
 

General: 
1. Rubles and talonas are used interchangeably in the text of the report. The Lithuanian 
currency was officially changed from the ruble to the talonas on October 1, 1992. In 
December of 1992, the exchange (selling) rates were 284.2 rubles/ US$ and 0.8 
talonas/ruble. 

Page Specific: 
Page 	 Comment 
5 The graph, figure 2, is not normalized. 
6 Caption on table 1 "increase in prices (SUR/kWh)" SUR refers to Soviet 

Union Ruble. The six columns are for six time periods in 1991 and 1992. 
21 	 In the first sentence, the figure referred to is figure 11. 
26 	 Figure should be labeled figure 14. 
42 	 Table 18, the value for the "return on capital" column for scenario "I", should 

be 19500 not 195000. 
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I. The present sLtuation
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Increasa of electricity prices for different 

consumer 

prices (SUR/kWh) 1991-1992
Increase in 

-consumers
Energy 

1 2 3 4 5 6
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0.066 0.35 0.5

Residential 


Residential 
- - 0.25 0.35 2.0 . 

during night 

Energy storage 
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160 250
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 ..
.
peak energy charge 


are different
the existing tariff system
Defficiency of 


groups of consumers. A
 
energy charges according to different 


consumer has no economical tools to reduce 
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and its
 
Furthermore, every state utility is profit seeking, 


the amount of energy sold. An application o
 
profit depends on 
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this principle at an energy distribution enterprise 

is 


as a supplier isn't
conservation,
serious hindrance to energy 


interested in energy saving at a consumers 
side.
 

Though there was created a number of independent 
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one monopoly was substituted by

the power system, in practice 


the utilities,

ones. There could be no competition among
several 


power distribution

while they were established instead of former 


were natural monopolies. Energy

network enterprises which 


could be introduced, is still
 
generation, where competition 


So
 
supervised by the state enterprise "Lithuanian power 

system". 


system is operating as a ionopoly, and
 
the Lithuanian power 
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-slaw*. Such an energy" market 
has no antimonopolyLithuania even 

isn't clear.and the pricing system
rather complicated 
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So a 
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to create an optimal operation
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Fig. 5. Relation between power systems costs, 
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and tariff structure
 

A type of consumer could be characterised according to:
 

the power

of energy supply, controllability from


continuity 


a nominal tension. These parameters aren't
 
system, level of 


measured, they are evaluated.
 

the required
is characterised by
A consumers capacity 


(P ) and the
load of the energy system
capacity during maximal 

capacity (P ). These parameters could be 
required maximal 


measured.
 

pay his energy bill according to these
 
Consumer must 


parameters. Hence a new tariff system could be as 
follows:
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m 
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m-

P - required capacity at the peak time, 

used energy at the low, middle 
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not only to cover all the
 
This system will enable a consumer 


its own consumption
 
system operation costs but also 

to regulate 


diminishing expenditures as also 
overall costs.
 

a
neeas
rather complicated and 

Such a tariff system is 


oerioc tnle
transitional 

sophisticated account. Hence during 

the 


simpler system should be implemented. 
Simplification o tne system
 

Possible
number of componenets.
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reduction
leads to a 


simplifications are:
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tariff structuJre
 
4 Diferentiatton of energy acordirtg Lo 

Planing income from sold energy acording 
to different tariffs
 

a period.
total used energy over 

requires some detalization of 


should be provided according to tarifz
a 

This detalisation 

fig. 6, 7, 8, 9. From analysis oI- energy 
structure shown in 


consumption characteristics were concluded 
the folowing relations:
 

o- annual consumption,
winter energy consumption share is 65% 

7.5%o annual consumption, 
summer energy consumption share is 
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79% alnnual
weekday energy consumption share is *f 


consumption,
 
of annual
wee'iend energy consumption share is '7" 


consumption,
 

share is 28% of daily
peak-tariff energy consumption 


consumption,
 

is of daily
middle-tariff energy consumption share 47% 

consumptio, 

low-tariff energy consumption share is 25",:-f :aI 

consumption, 

peak-tariff energy consumption share is 2.0% of inonth 

consumption, 

middle-tariff energy consumption sharE' is 35% of month 

consumption, 

low-tariff energy consumption share is 45% of month 

consumption, 

peak-tariff energy generation share is 25% oF daily 

generation, 

is 42% of daily
middle-tariff energy generation share 

generation, 

low-tariff energy generation share is 33% of daily 

generation, 

is 16% of nonthpeak-tariff energy generation share 


generation,
 

month
middle-tariff energy generation share is 37%. of 


generation,
 

share is 45% 0f month
low-tariff energy generation 


generation,
 

Acording to this relations energy planning was provided for
 

an every utility .It is shown in table 2.
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Pricing conceptions
 

ASPECTS EMBEDED COST MARGINAL COST 

P Cost of components stem directly Assigns costs In a forward looking 

0 from allocation of revenue manner to send appropriate price 

consumersS requirements providing total signals to 

I coverage of cost responsibility 
Pricing may complement resourceT 


I Coats are assigned on the basis development
 

V of the reasons they were Incurred External impacts of electricity use 

E can be flcorporated into pricing 

N Historic drivers of system Not tied to utility accounts ideal 
E 

prices may not generate desiredG development may no longer be 

A related to current uses revenue requirements
 
T 
I May not send correct price Requires projections of incremental 

V signals to consumers costs 
E 

Fig. 10. Analysis of two pricing conceptions 



Table 2 

Energy planned for II quarter MWh
 

MIDDLE LOW
TOTAL PEAK
UTILITIES 


Generating utility
 
342 41L
924 166


'Lithuanian power system' 


Network utilities:
 

153 197
437 87
Vilnius 


243
540 108 189

Kaunas 


131 170
376 75
Klaipeda 


138 176
392 78
Siauliai 


110 140
312 62
Panevezys 


112
250 50 88

Alytus 


49 63
140 28
Utena 


tariff components
5.VaLuation o/ 


to
 
When determining the tariff components the 

main problem is 


tneory optimal

evaluate production costs. According to economicai 


prices must reflect marginal costs. Marginal 
costs 
are extra costs
 

extra output. In a 4air competition system these
 
to produce an 


a price. In our energy system
costs are automatically reflected in 


they must be determined artificially.
 

energy or services (like

Increased 	 output of capacity, 


a power system is connected mostly with increased

reliability) in 


of cost should be -forecasted
 
costs (4ig. 11). This increment 


according to the least cost planning principle and tecnno7oo-cai
 

aspects of the power system (distribution 	of electricity in 

of plants).
networ, technical and economical indicators power 


neasure.
This approach is aimed to regulation but not a 	financial 
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is an average ... t 
in electricity pricing
Broadly used 


a Zinlalncia
revenues with

It relates tariffs and


approach. 
In various approaches it's very 

situation in a power utility. 

costs. In
perspective
there are operation costs or 
important if 


these approaches 
are
 
10 the more detailed characteristics 

of 

fig. 


Hence
revealed.
each are 

given, positive and negative sides 

of 


some mixed approach could be determined.
 
c
+onula :e


rhe main points of the proposed approach could be 


as follows:
 
to -,er:ao±according
are determined 


energy valuations 


marginal costs,
 
to constant
 

-


according

capacity valuations are 

determined 

-


average cost,
 
of the planned
cover the rest part


- fixed charge must 


revenue.
 

cost in
 
6. Energy charges reflecting marginal variable 


the generating utility 'Lithuanian Power 
System'
 

According to this approach energy demand 
vary, i.e. increases
 

generation, transmission and istrib:1i
 
or decreases. Energy 

This reaction caLuses 
to these variations.
system should react 

these costs is a Iacl.grouno 0C 
costs. Determination of
additional 


are
 energy prices. These costs 

establish base and peak 


some power plants only.
to 


there are several generators, wit' aecreasing
 
ciaracteristic 


For example, if 

Ana with
be switched ofi. 


demand the most expensive generator 
will 


most expensive generator will De
 
increasing energy demand the 


a marginal generator. ln the
 
switched on. This generator is called 


the marginal generator accorcing rc

-tLihuanian power system 

,varying conditions could be the Elektrenai 
tnermopower plant or 

pooer plants worring in condense conditions, or tne 
q e.,e rainL-

, -taor enerov iaria Ce 
: '.a, yr'ropoLer station, peake 

-uei. So marii a± 
cost n the generating utilit-/ is expenses oT 

marginal aLel conSUmOtin n tre 
cost de4Ainec 

consumption is evaluated i , ne appenoi 
.r -cie i= by 

:Alieta. Marginal Ze 
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and shown in the fig. 

From the figure we can see the marginal Fuel eefoi-,res = 

how energy demand chargesall the conditions. It is also shown 


with crossing various electricity generation condi-ions. It.
 

time periods with different marginal fuel
determines the 


These time periods are separated by
expenditures (fig. 9, above). 


vertical lines according diferentiation energy used time like in
 

fig. -_r exmple, energy price in the first tirne i n -1 .ra 

aeter-nined by increments o- fuel e..pendit-_,res :.n a .- 

one could see there -re se"vera ti= eregul'ation conditions. As 

fuel expenditures. so veri' :Srrintervals with different marginal 

or very similar time intervals could be united.
 

On this base marginal fuel consumption energy cnargeF could
 

be always calculated by the following formula: 

Mb k( 7 + 100) (S)
100 

where m. - energy price in the,i-th time interval, 

k - fuel price,
 

17 - share of own consumption, equals to 4.34 %.
 

Results of calculation are shown in table 3
 

Table 3
 

Marginal Fuel Energy
 

Interval fuel expens price price
 

name (g/kWh) Crub/t) Crub/'kWh)
 

Low 240 4200 1.00
 

Middle 350 4200 1.47
 

Peak 430 4200 1.81 

7. Hydro pwnuped storace pLant n the mar ir.al e.alUatLIon 

A hydro pumped storage power plant (HFSPP) at the minimum 

load operates like consumer. &o hydro pumped storage plant at tne 

minimum load should be evaluatted by a marginal ;te I consumption. 
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1,Dynamics of marginal fuel consumption g/kwh 
___ __ ___,,o_,________,__o____ 

420 430 420 343 20
245 343 20 430 


MW__ _ _ 

6 i HE 

4.5
 

4g 

g 

4 8 12 16 20 24
 

h 
FV~l Principle of a marginal fuel consumption (1992.11.8) 



at the minimum ioaa marc-Ia f,.e-
We have already found that 

about 240 g/kWh. During the pea k tiFimeeiiconsumption is 

eleczricT'% from a 
generate electricity with 70% efficiency. So 


a marginal fuel consumOtion in the
 
HPSPP could be evaluated as 


following way:
 

240 / 0.7 = 343 g/kwh
bhps = bnight /0.7 = 


mer z orcer 411 ze
 
So we can see that a HPSPP in the 


c-rdene

included before including cogeneraticn plants in 


condensing operaz i:
)
-


operation. Peak energy evaluated according to 

+.-r a 
of cogeneration plants (430g/kwh) create incertives 


profitable HPSPP operation in the Lithuanian power 
system.
 

8. The BaLtic p:wer moret and a margtnaL concept on
 

complicated as

At present application of this approach is 


a minimal, even load and

Lithuanian power plants are operating on 


4ig.

doesn't react to variations of demand. As one could see 

f-om 


demand causes export variations only. Hence export

9 variation of 


prices should reflect marginal cost and valuations should be
 

determined as follows:
 

I 

ml = Pe 

m 
m P
M ex
 

m 
m P
 
p ex
 

the
Export prices will depend on interstate contracts in 


14), where base energy
newly created Baltic power market (fig. 


seller is

sellers are Estonia and Lithuania and peak energy 


kinds energy 'mill purchase Belarus and Kaliningrad.
Latvia. All 


They could chose where -rom to buy night, day and pea: energy.
 

Peak energy prices should be determined by the Latvian pcwer 

s/stem proposed prices. Base energy price shoulo be determined by 

the Estinia power system proposed price, and if their deliv=erie 
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not be su+ficient the base energy 	
prices could be oic...ed by 

will 


the Lithuanian power system.
 

c o n t r a c t s
 
ESTOIA 


POOL.rmto
 

POWER
 

POOL
 

Fig. 3. The Baltic power market
 

g. CO e of e re Tredc cy r f the e 

n the 6 eniercn6 utiLty
 

During the peak time price of required capacity 
acording to
 

a

marginal cost principles theoretically must reflect 

perspective
 

and, hence, to optimize development of the
 
development cost 


should be not only

system. But from utility point of 	view tariff 


too. So in total tariff Should
 
optimizing measure, but finansing 


R~evenuiecost to colect necessary revenue.reflect all the embeded 

can be defined in such a way:
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REVENUE = EXPENSES + CAPITAL 4 RETURN.
 

in generating
constant and variables costs
Expenses consist of 


utility and shown in the table 4
 

Table 4
 

Expentes in the generating utility "LPS" in the second 
quarter of
 

1992
 

%
mln.rb.
Items 


10
124
constant cost 


90
1154
variable cost 


100
2178
expenses 


important for an economical
 
Return on capital is very 


private capital.

regulation in generating utility in the case of 


measure investments
 
in a private electricity system through this 


the case of state capital which can not
 
can be regulated. In 


this measure play only an
 
participate in the capital market 


in the existing situation
on. capital
accounting role. Return 

on capital


covers interest, profit and taxes. We agree that 
return 


in our case should cover interest on a state capital 
. But some
 

on amount o+ sold
 
allowance for profit and taxes should depend 


energy. This problem requires an additional discussion. But in
 

items are covered by return on
 
this report we asume that all 


capital like in the existing situation (tab 5).
 

So a revenue can be evaluated in a following way:
 

1278 + 968 * 0.037 = 1314.mln.rb.
 REVENUE = 
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Fable 5 

secona quarter oT
An existing projection on return of capital, 


1992
 

mln.rb. %
Items 


state capital 988 i00
 

return on capital 37 . 

11 1.1
taxes 


17 1.7
interests 


profit left in the utility 9 0.9
 

One part of revenue consists from energy sold and the other 

- from charged capacity. So capacity price can be defined in the 

ollowing way: 

REVENUE - INCOME FROM ENERGY
 
_ _ _ _ _(9)= _ _ _ _ __ _ _ __ 

mc REQUIRED CAPACITY
 

= 
INCOME FROM ENERGY = m * E + m * E + m *; 

• p m m I 

= 1.81 * 166 + 1.47 * 342 + 1.81 * 416 = 1219 mln.rb. 

REQUIRED CAPACITY =100o000 kW
 

(1314 - 1219)*106
 
m = = 97 rb./kW
c 1000000 

9oLAbout a fixed charge in the generating utiLtty 

Fixed charge should reflect a cost due to allocations c+
 

consumers. Generating utility "LPS" doesn't supply ereroy to 

or t-ype zrconsumers directly. So any cost depending consumers 

Allocation doesn't occur. Therefore a -i>ed charge is assumed t: 

be zero. 

m =1) 
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10. Energy charzges ref/Lectrng arS0n-taL arL abe 

eLectrtcity network uiLLZL'es 

reflect production costs
 
Above evaluated energy components 


only, so according to it electricity could 
be sold only to network
 

formulate a consumers tari
distribution utilities. They will 


network utilities
 
covering network operation costs also. A total 


The
variable cost.
constant cost and a 

cost consists from a 


is connected with an electricity -n s L.
 
variable cost 


is shown in table and fig 5.
Transmission cost 


Ii one wants to evaluate a variable network cost, jn t.e
 

marginal terms, he must know their dependance 
on a demanc cUrve.
 

It losses in the electricity networK.
 
can be defined by marginal 


low, middle and peak demand are evdluateo
 
Marginal losses (1.) at 


in the appendix. Then energy distribution marginal 
cost in each
 

time period could be calculated according to:
 

m.t = f.m.(1) 
L L L 

time interval
where mt - marginal energy transmission cost in an i-th 

9 
a network nntility

energy price paid to producer by
m 

an i-th time period.
 

energy to consumer oy a price

A network utility will sell 


determined from
 

t 9 9 

= m. m +i = m (1+f) ([) 
L I . L 

the i-th time period.consumer inwhere m. - energy charge for 

all the electricity
Calculation of concrete energy charges in 


distribution network utilities is shown in table 6.
 

to

In this table energy prices are calculated accorifng 


charges,
calculated producer energy
formula (15), using earlier 

gg = 1.47 rub/kWh, m = !.81ruoikWh.mg = 1.00 rub/kWh, m

m P 
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,able 

nn 'C i7 

1 p1 m p m 
Utilities rub/kWh rub/kWh rub/kWh
 

0.125 0.167 0.175 J.12 1.72 2.12
 
Kaunas ENU 


2.24
0.236 1.13 1.77
0.137 0.202
Vilnius ENU 

.11
 

8i auliai ENU 0.1-36 O.156 0.165 1.13 1.70 

0.175 1.14

Panevf±ys ENU 0.140 0.168 1.72
 

Kiaipoda ENU 0.143 0.205 0 .225 1. i 1.7 

o.253 1.15 -. 77 
Alytus ENU 0,152 0.20 


1.19 i.87 2.750.198 0.269 0.297
Utena ENU 


at di-f'erent uti 
-t -i es so
 

Energy valuations are very similar 


the
 
it seems that the same price could be used. But we'll use 

the end we'll make conclusions.different prices and only at 


il. Charg'e of a requilred capacity at the peahk time 

cover all
 
The main tariffs principle is that consumers 

should 


the costs caused by energy generation, transmission and
 

this report we couldn't say exactly what snare 
o4

distribution. In 


enerov
a
costs in networks is connected with maximal 

constant 


70% 0-. toaI
 
consumers type. We think that 
demand and what with 

only C0% are connected with a consumer and 
constant network cost 


with the required capacity. It is easily explained as insailed
 

in most cases 's
 
of lines and transformators
capacity 


capacity, particulary
required maximal
significantly higher than a 


the present time, when demand is decreasing. According 
to the
 

in 


marginal cost principle extra increase of demand during load
 

cause no extra costs. So it is no sense to send
maximum time could 


about expenses for increasing networks
 strong signals to consumers 


be enough to include in a
 
capacity. 30% of constant cost would 


be orcvi,-ed

,epacity charge. Calculations of capacity charge can 

iJ: two ways: diferent for eatch utility Or- the same 4,r a 

utilties acording to folowing -formulas: 
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t 0.3 * constant cost
 
mi =
 
c P.
 

or
 

t 0.3 Ei(constant cost) i
 

EiPi
c 


required capacity at the peak time in tne i-otii:y.
where P 1
 

Data and results of this calculation are given in the table 7.
 

Table 7
 

Utilities constant cost capacity req. m
 
at peak time(P)
 

rb/kW
t.rb. MW 


300 29
Vilnius 29604 


26
Kaunas 31067 360 


Klaipeda 32300 250 38
 

34
Siauliai 30215 260 


Panevezys 22906 180 38
 

Alytus 21646 120 54
 

70 70
Utena 20700 


36
Total 188438 1540 


From table 7 could be made a conclusion: the smaller capacity
 

incentive from an optimizing
the higher charge. It is a wrong 


network point of view. In utilities with tendency of growing
 

capacity this process will be stimulated by a decreasing charge.
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dtcreasing demand 	 and not -Ul:'
In u'ilities with tendency of 


using installed capacity. This process will be stimulat-d T'/
 

use an average charge mc=3C
 
increasing charge. Therefore we'll 


rub./kW per quarter.
 

Fixed charee and demand side manaementf,. 


Pricing system should provide good incentives from 
the demand 

point of view. Profit see-ing .rFZ ....
side management 


selling processes must be decoupled. In this case two orci
 

arise:
 

- rate of return planning,
 

- pro:'it collection from consumers.
 

field
return it is necessary to check in what

In planning rate of 


of activity the utility has made an investment. If it was made in
 

return must be higher.
energy saving field the norm of 


not insist to sell energy as much as possible

A utility will 


depend on tariff components not
 
if profit they could collect will 


a component is a
 
connected with an amount of energy sold. Such 


fi;4ed charge.
 

f3. A fixed chaz-re 0-t network utLtties 

A fixed charge should fulfill a revenue requirement, because a
 

and capacity charges were established without relating
 

revenue for network utility car
with a required revenue. A required 


a case of generating utility
evaluated like in 


n nn n 
REVENUE = EXPENSES 	+ CAPITAL * RETURN
 

and variables cost in network.
E.xperses consist of 	constant 

to expenses for electricity pLrchaseA variable cost is equal 
T1 sevaluated cnarges.


generating utility "LPS' according to 


shown in the table 8.
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Purchase of electricity from the 	generating 
utility '.FS'
 

II quarter expenses

capacity energy for 


for
 
MW mln.kWh 	 buyng
 

electricity
 

mln.rb.
UTILITIES 	 PEAK MIDDLE LOW 


300 87 153 197 15
 
Vilnius 


758
189 243
360 108
Kaunas 


530
131 170
250 75
Klaipeda 


551
138 176
260 78
Siauliai 


434
110 140
180 62
Panevezys 


112 346
120 50 88
Alytus 


63 196
70 28 49
Utena 


Table 9
 

Expenses in the network utilities mln.rb.
 

Uten Total
 
Items Viln. Kaun Klp. Siaul 	Panev Alyt 


constant
 
29 31 32 30 23 21 20 188
 

cost 


variable 615 758 530 551 	 434 346 196 3430
 
I
cost 


581 367 216 3618
 
expenses 644 789 562 	 457 


a case of generating utility 'LPS'
 Return on capital like in 


the main in accounting financial balance in the retwork 
utilities.
 

in the table 10
return on capital is given
A detail project of 
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Table 10 

in network utilities
return on capital
An existing projection of 


second quarter of 1992
 

RETURN ON CAPITAL
STATE 


taxes profit total
interest
CAPITAL 

%7mn.b %
% mln.rb
% mln.r
mln.rb
mln.rb % 


-.
1.1 2.05 9 3 
224 100 3.93 1.75 244 


Vilnius 

1.1 2.45 .9 10. .7 

268 100 4.69 1.75 2.91
Kaunas 

1.75 3.00 1.1 2.52 .9 10. 3.7
 

276 100 4.83
Klaipeda 

1.1 1.98 .9 8. -. 7
 

217 100 3.80 1.75 2.36
Siauliai 

7. 7.7
1.1 1.78 .9
100 3.42 1.75 2.13
Panevezy 195 


1.75 1.83 1.1 1.54 .9 6. 3.7
 
168 100 2.94
Alytus 


1.1 1.67 .9 6, 3.7

3.21 1.75 2.00
Utena 183 100 


5.7.7 Z .7 
1532 100 26.82 1.75 16.67 1.98 .9 


Total 


should be changed removing
projection
We think that this 

with capital.
 

taxes. Taxes should be related with energy 
but not 


But in this
additional discussion.

So this question requires an 


return on capital will be used.
 
report the existing project of 


So revenue for each utility is evaluated 
in table 11
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ab e 11 

Plan of revenue for the second quarter of 1992 

expenses return on 
capital 

revenue 

mln.rb mln.rb mln.rb 

Vilnius 

Kaunas 

Klaipeda 

Siauliai 

Panevezy 

Alytus 

Utena 

644 

784 

562 

581 

457 

367 

216 

8.4 

10.0 

10.4 

8.1 

7.3 

6.3 

6,8 

652.4 

794 

572.4 

588.1 

464.3 

373. 3 

222.8 

Total 1532 57.47 3667.3 

One part of revenue consists of an energy sold and the other
 

revenue should 
consist
 
- from a capaoity charge. The rest part of 

fixed charge. This part can be defined for each 
network utility

of 


according to following formulas:
 

RRi= REVENUE i - INCOME FROM ENERGY.- INCOME FROM CAPASITY
 

Results of calculations are given in table 12
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Table 12
 

The rest part of revenue in the second quarter of 1992
 

revenue the rest
income income 
 revenue
Utili- from from 


ties energy capacity
 
mln.rb.
mln.rb. mln.rb mln.rb. 


26
Vilnius 46 579 652.4 


Kaunas 56 715 794 2
 

Klaipeda 39 497 572.4 36
 

519 588.1 29
Siauliai 	 40 


28 413 464.3 23
Panevezy 


Alytus 18 331 373.3 24
 

185 222.8 26
Utena 	 11 


238 3239 3667.3 187
Totall 


divided
The rest part of revenue in each utility should be 


through fixed charge between varius consumers. We assume that t7

revenue could be covered by forht categories of ccrsuiners;
part of 


the retail rural consumer,
 

urban consumer,
 

industrial low tension consumers,
 

industrial high tension consumers.
 

The fixed charge could help to collect a revenue needea but 

according to theirit could be distributed between consumers 


the constant utility operation
categories and their influence to 


is gven in the table 5
cost. Structure of consumers 


Every rural consumer needs a higher service cost from the
 

utility. Industrial consumers possess more complicateo ccrnecctons
 

a n-:h tension
and it causes additional costs. especiila! 4or 


propose tne next relation to cet-errnne the
cornection. Hence we 


-i,:ed cost:
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mR =, 2 mR 

Li. mU 

F F 
S= 20m
 

mm = 0m
 
F F
hR L u i 

o eso
 
weemR ,m L m -fixed charges for rural, ubn 


mFhr F' r
 

and high tension industrial consumers.
 

Then the following balance equation couio 
be prcoosez:
 

Zm *N = RR 
F t
 

where N. - number of urban, rural, industrialwith low and high 
L
 

tension consumers.
 U 

one could calculate m" :
 
From the balance equation F 

MU = U + 2 N R + 20 NLi.hi+ 200 NmF RR/(N 


Table 17
 

Al Ut Total

Viln Kaun Klaip Siaul Panev 


Constant
 
cost 29 31 32 30 22 16
 

ml n.rub.
 

29 23 24 2o 

Rest of rev 26 23 36 181
 

ml n.rub.
 

Number of
 
59000 58000 451000
60000 59000
rural cons. 82t00 69000 64000 


Number of 209000 166000 123000 101000 73000 63000 42000 777000 

urban cons. 

Number of
 
low ten. 194 183 162 135 92 85 104 955
 

ind. cons.
 

Number of
 
254 236 146 120 104 95 71 102a

high ten. 

ind. cons.
 

100175 1.2
291448 235419 187310 161255 132196 122180
Total, th. 

mln.
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and some
 are only examples

We must add that these equations 


use.
 
appropriate method should be defined 

for a practical 


Results of calculation are given 
in the next table
 

Table 14
 
Fixed charge rb./q 


2
Panev Aiyt Utenaconsumers.iVii Kaunas Klaip Siaul 


114
107 118
126 117
60 64
Urban 

236 228
252 234 214


Rural 120 128 


Low tens.
 
2280
2140 2360
2520 2340
ind. 1200 1280 


High tens.
 

25200 23400 21400 23600 22800
 
12000 12800
industrial 
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Table 15
Final tariff system 


Tariff komponents 

utilities fixed charge rb.q. capas low midlie peak 

kategories rub rub rub rub 

I I kw. kwh kwh kwh 

GENERATING
 

- - 97 1 1.47 1.81'LES' 


NETWORKS
 

Vilnius 	 60 120 1200 1200(, 126 1.12 1.72 2.12
 

64 128 1280 12800 123 1.13 1.77 2.24
Kaunas 


126 252 2520 25200 135 1.13 1.70 2.11
Klaipeda 


117 234 2340 23400 131 1.14 1.72 2.13
Siauliai 


107 214 2140 21400 135 1.14 1.77 2.22
Panevezys 


118 236 2360 23600 151 1.15 1.77 2.27
Alytus 


Utena 	 114 328 3280 32800 167 1.19 1.87 2.35
 

14. S~mpificaton 

When network utilities doesn't use an additional charge for a
 

the revenue should be covered by a
capacity during peak time all 


fixed charge. Exspenses do to losses could be included into the
 

fined charge too. So planned revenue, in such cace could be
 

calculated according to
 

Revenue = constant cost + losses + return on capital
 

and fixed charge calculated by the same formula as above. Resullts
 

o4 calculations reprezented in the table 16
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Table 16
 
SimplifieI final tariff system 


Tariff components
 
capa- low middle peak I
 

fixed charge rb.q. city
 Utilities 

rub rub 
 rub rub


categories 

kwhJ
kwh
kwh
IV kw.
1 111 


GENERATING
 

1.47 1.8197 1 

'LES' 


NETWORKS
 

1.47 i.81

131 262 2620 26200 97 1 


Vilnius 


1 1.47 1.81
200 400 4000 40000 97


Kaunas 


1 1.47 1,81

155 310 3100 31000 97


Klaipeda 


1.47 1.31

260 520 5200 52000 97 1 


Siauliai 


1.47 1.81

234 468 46EO 4680d 97 1 


Panevezys 


1 1.47 1.81

169 340 3400 34000 97


Alytus 


1 1.4 7t1-.2
172 344 3440 34400 77

Utena 


15. SOME SCENARIOS
 

of
in organization structure 

There are two directions 


integrated and disintegrated.

electricity industry in the world: 


As an example o{ a good integrated 
power system is the U.S.A.
 

powe," sysstem where big companies own generation, 
transmission and
 

are ea-:icient
On the other hand there 

distribution systems. 


ano
Europe. Disintegration
systems in
disintegrated power 


power systems are proposed by European Community 
in
 

unbundling of 

induszries. 


crder to create competitive electricity Thi=
 

of the EEC document
 
requirement is reflected in the 23 article 


'°=ropsal for a Counsil Directive concerning common rulas o- t-e
 

4).

internal market in electricity" (see Annex 


surp'us of Installed
 
The .ithuanian Power System with a 




the common Eurooear marke-.:apacity should be prepared to enter 

So the decentralisation principle must be incluced i

17 the

the institutional order. In the table 


restructuring of 


unbundled accounting is provided for network utilities.
 

see that prices in different
From this table we can 


utilities without subsidies are different. But these 
differencies
 

17 at the en o- 1=91
 we can see from the table
are decreasing. As 

--- Ae-w._r- _he Siauliai
differencies between prices in 


"i2 tthe Utena Network Utility were 40% and at the end of !': 


be only about 20%.
 

Table 17 

A new approach in calculating average prices in 1991 and 1992
 

Network utilities
 

Kaunas Siauliai Utena
 

1991
1992 1 1991 1992 1 1991 1992 


180 276 107 252 41 74
GWh
Purchased en. 


0.31 1.4 0.W1 
Wholesale pr. rb/kWh 1.4 0.31 1.4 


52 7_ 

Purch. expense M rb 252 8.6 150 7.3 


Fixed cost 25 3.3 22 2.5 - 2.
 

6 .
277 11.9 172 10.3
Total cost 


S77 185
Capital 1265 273 1054 217 


Rate of return 0.0125 0.0125 U.,"12
 

on cap. M rb 15.8 3.41 13.0 2.71 1.(:, 2.31
Return 


80 b.7Th rb 293 15.3 185 13.0
Revenue 


Energy sold GWh 173 250 106 217 :3 62
 

Average price Rb/kWh 1.69 0.061 1.74 0.06 2.1 0.1
 

The main reason of it was an increasing share oz , *-,. -he 

-rice ard -,_e! cost was almost the same irn e-2ac2 t;-- ; =,_ etsre 

have the same price in e-,-r. :' -c 
were no real -eeds to 

-o n-ed for cross-subsidi es'. accCuntinq system. 

fZter reshaping the accounting system the impoctan:mer 
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power t cr

when the other thirCs s'
 
thing in the pricing system is costing. In a syssem 


fuel cost is evaluated by market, 


there are given
 
should be defined artificially. 

In the table 18 


three scenarios 	for costing in the pricing 
system.
 

Table 18
 

Fuel Ret. Reve- Tarif+
Depre- Labor 

Scena Assets ciation cost Cost Cn nue " ca" -n 

tal/kW/y tal/kW/y tal/y a t a l c*a -a.. 
rios tal/kW 

315 30426 6.1 -26
37 74 30000
1 2100 


1% 100%
98.6%0.12% 0.24% 


30000 315 39055 7.8 9055 6
 
II 2100 8666 74 


22.2% 0.19% 
76.8% 0.8% 100%
 

30000 195000 51895 10.4 21895 6
 
III 130000 	 2321 74 


4.5% 0.14% 58% 37% 100%
 

Where:
 
in the existing
situation
I scenario reflects the present 


world level,
accounting, i.e. only fuel price is on 


fuel price and
international
includes 


at world prices,
 

II scenario 


depreciation is 	evaluated by replacement cost 


of fuel prices as
 
scenario includes international level
III 


on capital.
also of capital 	and of return 


CONCLUSIONS
 

could be
some calculations
1. In favour of 	simplification 


removed.
 

that energy charge depending on
showed 


be the
 
2. ~Calculations 


networks utility differs insignificantly, so price 
could 


the same price.

i.e. networks are purchasing and selling at 
same, 


the tariffs the principle of unbundled

3. When determining 


accounting should be valid. So calculations based 
on averaqe costs
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charge for capacity in e.ectri::

should be removed. A 


to that prcoosea tbe
 
distribution utilities could be equaled 


generating utility. I.e. utility is buying and selling capacity at
 

the same price.
 

4. 	The fixed charge in utilities is very uzeful to oblige
 

side. Fixed
 
utilities to worry about energy saving at the 

demand 


charge is also very important in an unbundled accounting.
 

the 4i:ec
 
5. Some allowance for profit should be provided 

in 

charge after approval in the tariHf Pegulatory m:isci. 
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- A-APPENDIX 


marginal fuel expenditures in the power

I. 	Determination of 


system
 

expenditures and their
 
We should determine the marginal fuel 


Let's start our calculation with
 
a demand curve.
dependance from 


the existing capacitias jere

data from 1990, then all 


employed (fig. 15).
 

Let's study a winter weeekday energy demand curve and a
 

expenditures

corresponding generation process from a marginal 

fuel 


point of view. Marginal expendit.ires mean an increment of f+,el
 

one could
 
consumption when energy demand increases by a 

unit. As. 


a day, and it causes
 
see from fig. 11 energy demand varies during 


the different energy generation conditions (shown in figure by
 

increasing

different stripes). These conditions are arranged in 


called marginal
a demand curve are
order. Conditions crossed by 


fuel cost is calculated
the marginal
conditions. In general, 


according to formula:
 

(12)
b = b + Ab 
L r 

where b. - marginal fuel expenditures during i-th time period, 

b - increments of fuel expenditures in marginal conditions, 

caused by
Ab - changes of fuel expenditures in the system 


increased energy generation in j-th conditions.
 

to this
 
Marginal fuel expenditures calculated according 


formula depend on marginal conditions. All the conditions shown in
 

could become marginal except of

fig. 8 according to load level 


and 2.
 

Marginal fuel expenditures in the power system
 

Marginal conditions No..
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(i:3)B + b x P 
Bt 
 a Mtn 

b=
 
r P
 

to 8,46 t,
expenditures, equal
where B - idle fuel 
in
fuel expenditures
of comparative
b increments 


0,273 t/MWh,

conditions of technical minimum, 

equal to 


units, equals to
 
Pmn - a technical minimum for a 300 MW 


120 MW.
 

(8) these values we get
Putting into formula 


= 343 a/kWh
b = 8,46 + 0,273 x 120 = 0,343 t/MWh 
120
r 

B p a4) 

.bt
 
mtn
 

time of units standstill, could 
equals to 6 h,
 

where t -

MW unit
 

to start operation of 300 

BBpaL - fuel expenditures 


equals to 70 tonnes,
after 6 h standstill, 


= b 12070- 6 - - 0,0972 t/MWh 

could be avcided iF
 
these expenditures
minus sign means that 


fuel expenditures ir

Hence marginal
use energy.
consumer will 


these conditions will be
 

b = b + Ab = o.343 - 0.0972 = 0.245 t/MWh 
r 

Marginal conditions No. 4
 

There - B t = 5.025 t,
 

b 0.288 t/MWh,
 

P mtn =60 MW,
 

5.025 + 0.288 x 60 -71 t/M1m. 

b r 60= 0. / 

t = 6 h (assumed),
 

B = 30 t,
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30 = 0.0833 t/!Wh.
60x 6 

= 0.287 t/iMWh,
b = b + &b = 0,371 - 0.0833 

r 

Marginal conditions No. 5
 

b'(P - S P m .n + b"(P n - P t(l 
b r p _pn Mn 

comparative fuel expenditures 
increments)


Caverage of 

a 700 MW 

where b
° - comparative fuel expenditures 

increments for 

'7 t/MWh,equals to 0.273
 
unit in efficient load interval, 


a 300
expenditures for MtW
 
b- - comparative increments of fuel 


unit in inefficient load ircerval, 
equals to 0.313 t/MWh, 

the unit, equals to 222 MW 
P - efficient load of 

t!MWh,0.273 	(222 - 120) + 0.313 (300 - 722)= 0.290 
300 - 120br 


the other conditions),
(has no influence to
Ab = 0 

0 = 0.290 t/MWh= b + Ab = 0,290 +b 

Marginal conditions No.6
 

-)+b" (P P)b" (P -P 	 I (16)b =P SnP - ..r 
mtn
n 


fuel expenditures)

Caverage of comparative increments 

of 


for a 
 15o
fuel expenditures

where b- - comparative increments of 

load interval, equals to 0.98S 
an efficient
MW unit in 


t /'MWh, 

fuel expenditures -cr a 
b"- comparative increments of 

MW unit in inefficient load interval, eqLal3 t 0C.333 

t/MWh, 

of the unit, ecuals to 1-W. 
P - an efficient load 
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0.288 (100 - 60) + 0.3S6 (150 - . 
- 60b r -15 

Ab = 0 (no influence). 

Marginal conditions No. 7 

cogenerafuel expendit-ures in 

430 g/kWh (increments of
Here b 


r 	 tion plants operating in conePSrl 

(has no influence to the other 
conditions,


Ab = 0 


430 + 0 = 430 g/kWh = 0.430 t/MWh

b = b + Ab = 


Marginal conditions No. 8
 

= 0 (HPS doesn't use fuel),
Here b 
r 
0,430 t/MWh Cwe assume the most 

inefficient
 
Ab= 430 g/kWh = 


thermal conditions),
= 
+ 0 = 430 g/kWh 0.43.0 t/MWh

b &kb ='430b = + 

energy components of tari4 f
 
II. 	Determination of 


network utilities
 
according to marginal costs 

I 

in 

the varian1e
cost approach 	 cost
 
According to the marginal 


energy losses, in the Metwork. These
 
is connected with marginal 


every time moment. II
 
losses consist from load losses 

at 


they could be calculated by a 
formula:
 

general, 


zP 2z = R7 (7)
AP = R I = R (-	 p 

- load losses,
where AP 


active network resistance of transmission,
R 

required consumers load current,
I -


P - required consumers demand, 

U - tension in network.
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-
tension U are 


a one electricity transmission line ard zcr one
 
In this formula resistance R and 


determined for 

tigh lines o
 

transormator. For a more complicated network 
with 


indicator
 
various length with various tensions a general 

networ: 


(16) could be rewritten:
is determined. Then formula 


(18)
AP = r PZ 


a general netwc-k indicator.
where r 

load losses means increasing of load losses

Marginal 


load is increased by a L.nit.

in network when demand 


as a derivative of (13)

Mathematically it could written 


S AP - 6 (rp) -2 rP (19)
6P =6P 


real load losses one needs to

For an evaluation of 


Though this indicator
network indicator.
dceermine a general 


its calculation

reflects an engineering side of the network, 

is
 

could be calculated from the data
 
very complicated. Hence it 


according to the formula:
 

(20)
AP t + AP t + AP P t P = A,
N N D D 

- load losses in network during night,

where APN_10DI AP 


during day and during peak time,
 

day, night and peak time intervals,
V V, t - duration of
,t D


- energy losses during a day.
A 


Putting C18) into C20), we get 

+P 2 t + P2 t) A, (21)r (P2 t 
N N D D P P 

r
(21) we could determine a general network indicator
from 


r= 2(22) 
r= p2 t + pZ t + p2 t
 

N N D D P P 

one could roughly calculate
According to these formulas 


concrete increments of losses in different network utlities.
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Kaunas electricity network 
utility
 

E L
 
A=-0
 

network
electricity 

energy daily demand in the 

Kaunas 

where E 

equals to 13672 MWh),
 
utility Caccording to fig. 

losses in Kaunas ENU Cequals 
to 7.72 % data of 

L - share of 


1989)
 

= 1055 MWh:7.72
13672 xi00
 

average capacity at night, 
equals to 450 MW,
 

P 

- average capacity at day, 

equals to 600 MW,
 
P 


average capacity during 
peak time, equals to 630 

MW,
 
P 

= 0.00013941055 

2r= 2 + 630 

2
x 58 + 600 x 11450 x 

x 450 = 0.125 
ii = 2 x rP. = 2 x 0.0001394 

= 0.167 
2 x rP D = 2 x 0.0001394 x 6001=m 

x 630 = 0.175rP = 2 x 0.0001394n =.2 x PP 

Vilnius electricity network 
utility
 

8434 x9.52 = 603 MWh
100
A 

2 = 0.000274
803
r 

x 
11 + 430x 5

250 x 8 + 3702


250 = 0. 137 
1= 2 x rPN = 2 x 0.000274 x 

x 37C) = 0.202
2 x rP = 2 x 0.000274[l = 

m o 

x 430 = 0.236 
lp = 2 xRP 1 = 2 x 0.000274 
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Siauliai electricity-network utility 

7699 x 7.1 = 546 MWh 
A = 100 

= 0.000244 
r=546 


8 + 320 x 11 + 340x 5 r =0x 

x 20 = 0.136 
r 1 = 2 x rP = 2 x 0.00244 

x Zr,- 0.156rP 2 x 0.000244S2 x Dm 

0.165
2 x rP = 2 x 0.000244 x 340 = 

V = Pp 

Panevo2ys electricity network 
utility
 

A=5638 x 7.9 = 444 MWh 
100
 

= 0.000350r44 

+ 240 x 1 + 250 x 5200 x 8 

i= 2 x rP. = 2 x 0.000350 x 200 = 0. 140 

= 
n = 2 x rP = 2 x 0.C?)0350 x 250 0.168 

m D 

250 = 0.175 n = 2 x rP = 2 x 0.000350 x 
P P 

Klaipoda electricity network utility
 

A= 4472 x 9.61 = 430 MWh
 
100
 

- .000512430 

140 x 8 + 200×x 1 + 220 x 5 

140 0.143P x 0.000512 x = 

Il 2 x rPDOCMEN 
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[nm = 2 xcrPo = 2 0.000'512 ,x 2c)0 = 0.205 

n = 2 rP = 2 0.000512 x 220= 225 

Alytus electricity network utility
 

3131 x 9.11
 
= 285 MWhA 

= 0.00o848285 
902 x 8 + 120 x 11 + 150 x 5 

I = 2 x rPN = 2 x 0.000848 90= 0. 152 

r 2 2 2 

r1

2 x rP = 2 x 0.000848 x 120 = 0.203nm = ID 

r1 = 2 x rP = 2 x 0.000848 x 150 = 0.253 
p P 

Utena electricity network utility
 

1981 x 11.68
 
A 100 231 MWh 

0 231 = 0.0001653 
60 x a + 80 x 11 + 90 x 5 

[i= 2 x rP = 2 x 0.0001653 x 60 = o. 198 

[1 = 2 x rP = 2 x 0.0001653 x 80 = 0.264 
.m D. 

fn = 2 x rP = 2 x 0.0001653 x 	 90 = 0.297 
p P 

III. 	COMPUTER MODELLING OF MARGINAL COSTS IN THE LPS
 

created to calculate marginal
There is a mathematical model 


The task is solved using a Ftandard linear
 
costs in LPS. 
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MATHEMATICAL MODEL OF MARGINAL COSTING 

0 IN THE POWER SYSTEM 

TRANSMITION COST GENERATION FUEL COST• 	 MIN 

L 

FUEL MATRIX I v 0 
N E
 
E C

L T DmPOWER BALANCE * A E 	 A 0 

RG"- " A R A 

o IMAT X 	 D 

AE L 
THE N OTHE 2ND KIRKHOF AN 0IKO
 

RA
LAW 
A D
 
TNETWORK 
F

MATRIX 	 u
E 
L 



EC 1046. The mc.
the mainframe computer
programming software on 


the power
the points of
costs in all 

enables to determine marginal 


system at every moment of time.
 
in power
fuel consumption
relative
The model evaluates a 


in the grid as also load
 
plants and energy distribution 

laws 

The
 are also evaluated. 


restrictions. Energy production 
costss 


costs which reflect an optimal 
regime of the
 

model gives marginal 

of all the units are
 curves 


power system. So optimal load 


presented.
 
complex
 

The model is an autonomous part of the modelling 


principles 
 o.
 
It uses the decomposition


energy system.
the 

arrive at
 

Dantzing-Wolf and Benders. These 
principles enables to 


system
 
compatible decisions in different 

subsystems of the energy 


all the system.
a global optimum in
in order to reach 

on a PC
 

could be used broader with transfering 
it 


This model 


computer.
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