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Abstract

This article examines the issues of allocating electricity transmission costs and
power losses among participants in a liberalized electricity market. Methods for
determining the share of network-related costs borne by generating and
distribution companies based on the utilization level of power system elements and
power flow distribution are proposed. The proposed approach enables
economically justified tariff formation for transit services, ensures a fair assessment
of power network utilization, and improves the accuracy of settlements within the
electricity market.
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AHHOTan M

B maHHOV cTaThe MCCIIeAyIOTCS BOIIPOCHL pacpeie/ieHns 3aTpar Ha Ilepefgady
3JIEKTPO3HEPIMM ¥ IOTePb MOIIHOCTM MEXAY YYacTHMKaMM JIMOepa30BaHHOTO
pBIHKa 3JIeKTpo3Hepruu. IlpemyiokeHbl MeTOObl OIIpefeleHMs MOV 3aTpatT
TeHepUpPYyoIINX W pacHopefde/INTe/IbHBIX KOMIIAaHMII Ha OCHOBe CTelleHW
VICIIOJIb30BaHMs  3JIEMEHTOB  3JIEKTPUYECKOV CeTM WM IIOTOKOB  MOIITHOCTH.
ITpenyraraemMbIt TIOIXOZ TIO3BOJISIET 3KOHOMMYECKM OOOCHOBAaHHO (POpMUPOBATH
Tapudbl Ha TpaH3UTHBIE YyCIyIY, obOecreumBaTh CIIpaBeJIMBYIO  OLIEHKY
VICIIOJIb30BaHMs JIEKTPUYECKMX CeTell M HOBBIIIaTh TOYHOCTh PacuyéToB Ha pbIHKe
3JIEKTPOSHEPI M.

KiroueBsbie cjioBa
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PBIHOK  3JIGKTPOSHEpPIMY, TpPaH3UTHBIE YCOJIyIY, IHOTepV  MOIIHOCTY,
JIeKTpuYecKass  ceTb, QopMMpoBaHMe  TapudOB, IIOTOKM  MOIIHOCTH,

regeprpyroiias KOMIIaHVA, paclipeIeJInTeIbHaA KOMIIaHVA, CETEBBIE 3aTPpaThl.

Annotatsiya

Ushbu magqolada erkinlashtirilgan elektr energiyasi bozori sharoitida elektr
energiyasini uzatish bilan bog'liq xarajatlar va quvvat isroflarini bozor
ishtirokchilari o’rtasida tagsimlash masalalari tadqiq etilgan. Elektr tarmog’i
elementlaridan foydalanish darajasi hamda quvvat oqgimlari asosida ishlab
chigaruvchi va taqsimlovchi korxonalarning tarmoq xarajatlaridagi ulushini
aniqlash wusullari taklif etilgan. Taklif etilgan yondashuv tranzit xizmatlari
tariflarini iqtisodiy jihatdan asoslangan holda shakllantirish, elektr tarmog’idan
foydalanishni adolatli baholash va elektr energiyasi bozorida hisob-kitoblar
aniqligini oshirish imkonini beradi.

Kalit so’zlar

elektr energiyasi bozori, tranzit xizmatlari, quvvat isrofi, elektr tarmog’i, tarif
shakllantirish, quvvat oqimlari, ishlab chigqaruvchi kompaniya, tagsimlovchi
kompaniya, tarmoq xarajatlari.

Introduction. Main transmission power networks provide only electricity
transmission services, ensuring the delivery of electrical energy from power
generation companies (power plants and neighboring energy companies) to
customers (electricity supply companies and large-scale consumers).

Retail electricity companies purchase electrical energy directly from generators
under contractual agreements and deliver it to consumers through the transmission
network. Distribution companies hold a monopoly on supplying electricity to end-
users. However, open access to the transmission network is provided for electricity
generators, distribution companies, and large-scale consumers.

In this model, competition can expand significantly, allowing all electricity
producers to sell electrical energy to a large number of consumers. The presence of
numerous buyers makes the market more competitive and dynamic. The benefits of
competition in electricity generation are further enhanced as market and
technological risks are transferred back to the generating companies. Power plant
owners operate within a more structured regulatory framework and are better
positioned to evaluate the benefits of new technologies, enabling them to make
more informed decisions regarding future investments. At the same time, the
increased level of risk borne by power plant owners may lead to higher
transmission costs and necessitates the establishment of market and network
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agreements. This model also allows the government to influence the selection and
adoption of new electricity generation technologies through direct subsidies and
policy directives.

Contracts are concluded between generating companies, energy companies of
neighboring countries, and consumers. At the same time, these agreements provide
for the compensation of electricity transmission (transit) costs.

The total charge for electricity transmission should consist of three
components.

AS; =S s +S,+S,.

Spos- A subscription fee for network access, intended to cover depreciation and
operating expenses (excluding transmission losses). It also includes the recovery of
MES costs associated with the installation of additional equipment required to
provide services for network transmission capacity and dispatch control of transit
flows.

S - A subscription fee for MES profitability.

S oA payment for energy losses (AW) in the MET transmission company.

Wei =Woor to cover the difference.

The total cost of electricity (EE) transit should be allocated among market
participants.

At the same time, the task arises of determining the respective shares of
generation and distribution companies in covering the total costs of the
transmission company. This problem can be addressed using approaches based on
network utilization coefficients. There are various methods for determining these
coefficients, and agreements concluded between market participants are also taken
into account when defining them. Below, different methods of cost allocation are
considered.

Allocation of costs proportional to the consumed electrical energy.

If transmission costs are covered by electricity supply companies (ETK) and
large consumers, each customer should be charged the following payment:

AZ, =K, *AS,. 0

Here, K - is a coefficient determined as the ratio of the electricity consumed by
the i- th consumer to the total electricity consumption of all consumers.

WeIi
W

eXpot (2)

K, =
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Weii - i- the electricity consumed by the consumer, Wespot - the total electricity
consumption of all consumers.

If transmission costs are covered by the electricity transmission systems (ETS)
and power systems (ES) of neighboring countries, the seller’s payment is:

AZ, =K, *AS,.

: 3)

Kj - a coefficient, where j- calculated as the ratio of the electricity sales volume

of a given power plant to the total electricity sales volume of all power plants.

W...
__ sy
K, = W
st (4)
Wi - the electricity sales of the j -th power plant, Wiz - the total amount of

electricity generated/sold by all power plants.

From this transit payment, it may appear that MESs are not incentivized to use
their degree of flexibility to reduce constraints. However, this is not the case. By
utilizing its degrees of freedom (such as network topology, transformer ratios,
reactive power sources, etc.) to reduce network losses and increase the capacity of
transmission lines, the transit company can expand its ability to attract additional
customers and thereby generate additional profit.

Determination based on the share of power losses in the electrical network.

According to the above approach (1), it is assumed that all elements of the
network participate equally in the process of delivering electrical energy from
generators to distribution companies. However, such a model does not take into
account important factors such as the actual loading of network elements and their
contribution to the transmission of energy associated with a specific generating
company (GC) or a specific distribution company (DC).

To address these shortcomings, a more advanced method for determining
network utilization coefficients is proposed. This method is based on an
approximate assessment of the participation level of each electrical network
element in transmitting electricity from a specific generator to a specific consumer.
The degree of participation is determined through the calculation of the steady-
state operating mode of the electrical network. In this case, calculations may be
performed either based on time-averaged parameters or, when sufficiently accurate
data is available, in a manner close to real-time conditions.

Within this approach, it is also possible to determine utilization coefficients for
allocating network costs among generating and distribution companies. In this
case, the participation level of each network element in power transmission is
based on steady-state calculation results. Furthermore, several methods can be
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applied to solve this problem, including approaches based on the principle of
superposition and those based on the calculation of allocation coefficients in
linearized systems.

When applying the principle of superposition, it is necessary to determine
what portion of the total losses in each network element is attributable to a specific
GC or DC. The degree of participation of an element is defined as the ratio of this
portion to the total losses. Allocation coefficients can then be calculated as
derivatives of power flows in network elements with respect to nodal powers.
Based on this, the overall network utilization coefficient for each GC or DC is
formed as the sum of the coefficients determined for individual network elements.

The proposed second approach is based on an approximate assessment of the
participation of electrical network elements in power transmission among market
participants. For this purpose, the steady-state operating condition of the electrical
network is first calculated, and the currents, power losses in each element, and total
losses (AP) are determined. Then, using the superposition method, the contribution
of each element to power transmission is evaluated.

According to this method, generation sources are converted into nodal power
injections represented as currents, while loads are represented as shunt elements.
Then, the network operating mode is calculated for each individual node with an
active current source, and the corresponding share of losses in each network
element is determined. Based on this, the utilization coefficient of each network
element is defined.

In this case, the participation coefficient of the k- th consumer in the i—j

network element, K;j is defined as follows:

2
Iijk

Kijk - I 241 24+ 2
i+l ijn (4)
Ljy — (I =1,.., ng) ij branch current determined when the current at the 1ll-th
generating node is applied (where ngn_gng is the number of generating nodes).
The obtained coefficient can be used to determine what portion of the power
losses in the element is attributable to the power of the k-th node:
APijk = Kijk *AP;

! ©)
where: AP — is the total active power loss in the i—j network element obtained
from the initial steady-state operating condition calculation.
The network utilization coefficient for the k-th generating company is
determined as follows:
' AP
; 6)
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For a distribution company (DC), the determination of the network utilization
coefficient is carried out in a similar manner, however, in this case, the nodal
powers of generating sources are converted into shunt elements, while the powers
of nodal loads are converted into current injections.

Allocation according to load currents

To determine tariffs for transit services, the transmission operator must
conduct a technical analysis to assess the degree of impact of transit on its power
system. First, the possible power flow paths across the entire network are analyzed.
Furthermore, experience shows that it is necessary to examine the characteristics of
the network elements that provide transit as well as the required services.

The available transmission capacity for providing transit services varies across
different power systems and, furthermore, it may differ at various points within a
single system. The unused transmission capacity of a system can only be utilized
for a specific transfer and not for others (even if the transmitted power is the same).
This is due to the physical configuration of the system, including the power supply
structure and the dominant power flows within the transmission network.

These issues can be addressed by adopting an approach based on the
contribution of individual generating companies (GCs) and distribution companies
(DCs) to power flows in the electrical network. Various methods can be proposed
to determine the degree of participation of market participants (GCs, DCs, and
large consumers). Agreements between market participants should also be taken
into account.

Ma'lumki, ij tarmog'i uchun aktiv quvvat yo'qotishlari APij quyidagi formula
bilan aniqlanadi:

AP, = IR,

7)

where, Rj, Ijj- i-j the active resistance and current of the branch.

For steady-state conditions, in order to allocate power losses among
distribution companies (DCs), the nodal powers of generating sources are
represented as shunt elements, while the powers of nodal loads are represented as
current injections. The total power losses in a network element, determined using
steady-state calculation methods, can be expressed as follows:

)2 * Rij (8)

where Ij n- (n=1,..., nl) i-j the branch current, corresponding to a circuit in

AR = (1, + 1+t 1y,
which only the current at the nnn-th node is applied.

(3.8) by transforming the equation, we obtain:

AP = 1Ry (L + Vi + Lo+ L) + LRy (ligy + Lo + g 4 1)

=AP. +AP., +...+ AP.
) ij1 ij2

©)

Fot 1Ry (g + L + Lo+

ijn
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Where APjn -(n=1,...,nl) n-i-j - th is the share of the consumer in the active
power losses of the network element.

(3.9) the contribution of the kkk-th consumer to the total power losses arising
from can be determined as follows:
k

APy, = |ijnRijnZ:1:|ijn | 0

The allocation of power losses among main power plants is determined in a
similar manner; however, in this case, the nodal powers of generating sources are
treated as current injections, while the powers of nodal loads are represented as
shunt impedances.

Conclusion. The proposed methodologies can be applied in determining
tariffs for electricity transmission as well as in forming tariffs for electricity supply
to individual distribution companies (DCs).

Thus, this approach enables a more accurate and fair assessment of electrical
network utilization and plays an important role in the scientifically grounded
formation of tariffs for transit services.

The proposed methodology can also be used in setting tariffs for electricity
transit and in forming tariffs for electricity supply to individual consumers.
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