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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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Аннотация 

В данной статье исследуются вопросы распределения затрат на передачу 

электроэнергии и потерь мощности между участниками либерализованного 

рынка электроэнергии. Предложены методы определения доли затрат 

генерирующих и распределительных компаний на основе степени 

использования элементов электрической сети и потоков мощности. 

Предлагаемый подход позволяет экономически обоснованно формировать 

тарифы на транзитные услуги, обеспечивать справедливую оценку 

использования электрических сетей и повышать точность расчётов на рынке 

электроэнергии. 
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рынок электроэнергии, транзитные услуги, потери мощности, 

электрическая сеть, формирование тарифов, потоки мощности, 

генерирующая компания, распределительная компания, сетевые затраты. 

 

Annotatsiya 

Ushbu maqolada erkinlashtirilgan elektr energiyasi bozori sharoitida elektr 

energiyasini uzatish bilan bog‘liq xarajatlar va quvvat isroflarini bozor 

ishtirokchilari o‘rtasida taqsimlash masalalari tadqiq etilgan. Elektr tarmog‘i 

elementlaridan foydalanish darajasi hamda quvvat oqimlari asosida ishlab 

chiqaruvchi va taqsimlovchi korxonalarning tarmoq xarajatlaridagi ulushini 

aniqlash usullari 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 chiqaruvchi kompaniya, taqsimlovchi 

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.                                                  

..рпposT SSSS 
 

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. 

рS
  - A subscription fee for MES profitability. 

пS  - A payment for energy losses (ΔW) in the MET transmission company. 

potrst WW 
 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: 

 

.* Тili SКZ 
                                                           (1) 

Here, Ki - is a coefficient determined as the ratio of the electricity consumed by 

the i- th consumer to the total electricity consumption of all consumers. 

.
pote
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                                                                    (2) 
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Weli - i- the electricity consumed by the consumer, WeΣpot - 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: 

.* Тji SKZ 
                                                    (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. 




st

stj

j
W

W
К

.                                                                  (4) 

Wstj - the electricity sales of the j -th power plant, WstΣ - 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 (ΔP) 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, 𝑲𝒊𝒋𝒌 is defined as follows: 

22

2

2

1

2

... ijnijij

ijk

ijk
III

I
K




                                           (4) 

Iijl — (l = 1,..., ng) i–j branch current determined when the current at the lll-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: 

ijijkijk PKP  *
  (5) 

where: ΔPij — 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: 

c
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  (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, i-j tarmog'i uchun aktiv quvvat yo'qotishlari Pij  quyidagi formula 

bilan aniqlanadi: 

ijijij RIP 2
,                                     (7) 

where, Rij, Iij - 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: 

ijijnijijij RIIIP *)...( 2

21 
                          (8) 

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

which only the current at the nnn-th node is applied.  

(3.8) by transforming the equation, we obtain: 

,...)...(...
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        (9) 
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Where Pijn –(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

n

ijnijijnijn IRIP
1 .                                   (10) 

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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