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Abstract. In modern conditions of market relations in the electric power industry, a mechanism is needed 

to regulate the purchase and sale of power, which should not lead to a deterioration in the EPS reliability. 

Competitive power take-off became the main component of this mechanism. Within its framework, nuclear 

power plants, hydroelectric power plants, new power units, as well as thermal power plants, which are 

necessary for heat supply to consumers, are mandatory selected. The article examines the process of price 

formation for capacity, its relationship with demand, shows the main features that affect its final indicators. 

1 Introduction  

In the early 2000s, as a result of the reform in electric 

power industry, the Russian market for capacity 

electricity was created. To date, the model has 

undergone a number of changes, but the basic principles 

laid down then work and now. However, there will 

always be controversial issues in the operation of any 

complex system, and the capacity pricing model is no 

exception. 

At the time the market was created, the main problem 

was to provide high-quality generating capacity to 

rapidly growing consumption. This must be done in 

advance, because commissioning of generating facilities 

takes time, during which the existing fund inevitably 

grows old. To solve this problem, it was necessary to 

create a competitive environment in the energy sector, to 

separate Russian joint stock company "UES of Russia" 

by type of activity, to attract investments and to privatize 

assets in potentially competitive types of activity [1, 2]. 

Simultaneously with the division of Russian joint 

stock company "UES of Russia", wholesale trade in 

electrical energy was organized on the Federal (All-

Russian) Wholesale Market for Electricity and Power 

(FWMEP). FWMEP was a system of contractual 

relations of many of its participants (subjects). For the 

final consumer of the retail market, if he is not a 

population or an equivalent category of consumers, the 

cost consumed electricity consists of several 

components: 

• the cost of electricity directly purchased by a sales 

company on the wholesale market; 

• the cost of capacity, which is formed from the 

capacity selection procedure (CSP), the capacity of the 

competitive selection procedure of modernized 

capacities facilities (CSPMod), Long-term power 

contracts (LTC), renewable energy sources (RES), 

hydroelectric power plants and nuclear power plants, the 

cost of new generation capacity in Crimea and Far East; 

• cost of electricity transmission services and 

electricity losses in networks; 

• sales markups. 

The first 3 indicators form the price by 95-98% and 

the last by 2-5%. Let's consider the first three 

components in turn. 

2 Electricity price 

The price of electricity is most influenced by the cost of 

energy resources. Therefore, the final price directly depends 

on the cost of electricity production at the most inefficient 

plant in the price zone. In the European part of Russia, CHP 

plants run 80% on gas and about 20% on coal (other types 

of fuel are not of high importance, therefore, they can be 

excluded from the analysis), in Siberia and Far East the 

situation is the opposite, where 80% of CHP plants run on 

coal and only about 20% on gas. Based on this, the main 

effect on pricing is the cost of energy resources. Its rise or 

fall, one way or another, will directly affect the final price 

of electricity. In addition, the final price is influenced by the 

perfection of the equipment, and therefore the introduction 

of new generation limits the growth of the price of 

electricity. Thus, while gas prices have increased by 43% 

over the past five years, electricity prices have increased by 

19%. Another important factor affecting the price of 

electricity is the balance of supply and demand. Since 

pricing takes place at the most expensive price, the higher 

the demand, the more expensive the supply will be.  

3 Power price 

From the point of view of pricing, the price of power 

purchased on the market consists of 3 components [3, 4]: 

• Power taken at capacity selection procedure 

• Power supplied as forced generation (FG) 

• Capacity supplied to the market under Long-term 

power contracts 
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Capacity tariffs are set for generators which are 

deemed necessary to operate on the market (backbone 

generators whose decommissioning is impossible for 

technological reasons). This tariff is always higher than 

the CSP price. At the same time, not all generation can 

receive a tariff, but only one that will be approved by the 

Ministry of Energy and the System Operator (SO). The 

more generation will be introduced, the more CSP will 

not pass it.  

 

 
 

Fig. 1. Power selected as forced. 

 

Figure 1 shows a picture of the change in forced 

generation over 10 years. The general tendency is to 

reduce the volume of capacity selected according to 

tariffs for generators operating in a forced mode. This is 

due to the often multiple excess of this tariff over the 

CSP price. The influence of this component on the 

resulting price CSP is gradually decreasing (Figure 2). 

 

 
 

Figure 2 – Price component of CSP from FG. 

 

During the reform Russian joint stock company "UES of 

Russia", a model was formed according to which all 

generation was sold with obligations to commission new 

stations or units, these agreements were called the 

“Long-term power contracts”. The essence of the LTC is 

that the state guarantees payment and profitability for 

these projects at a certain level, which was recorded in 

the documents that were signed between buyers and 

sellers in the market. As with forced generation, the 

price of LTC is significantly higher than the price of 

CSP and the payment for this category is borne by the 

consumers of the price zone in which the LTC capacity 

has been taken. Below is a graph of the selected capacity 

under LTC from 2016 to 2025 (Figure 3). 

 
 

Fig. 3. Capacity selected under CSP from 2016 to 2025. 

 

Capacity selection procedure is essentially the most 

market-based procedure out of 3. In 2015, a new CSP 

model was presented, which implies long-term selection 

by price zones using an “elastic demand curve”. The 

plans to launch a long-term CSP have been discussed 

since the establishment of the capacity market in 2010. 

The three-year capacity payment guarantees, according 

to the original plan, were to increase the attractiveness of 

this market segment as a mechanism for attracting 

investments. Theoretically, the CSP should be used in 

the future instead of the LTC, which is unreasonably 

expensive for consumers. An elastic demand curve 

should create effective price signals for generating 

companies to decommission equipment - this tool should 

solve the problem of excess capacity in the UES of 

Russia. The elastic demand curve assumes that if the 

supply of capacity exceeds a predetermined limit, then 

the total price of the CSP is below the price ceiling 

(Article 32, paragraph 1 [5]). This CSP model assumes 

power take-off in two price zones, and not in 21 “free 

flow zones”. 

Let's consider how the CSP model works and 

evaluate what changes were made in 2015. To 

understand the CSP model, we will use a single-node 

isolated electric power system (EPS), in which there are 

no losses and restrictions on the volumes of transmitted 

power. EPS has many power suppliers (power plants). 

Power suppliers are characterized by the following 

indicators: 

Pi - is the available capacity of power plant i; 

Сi - conditionally fixed costs of power plant i (or 

conditionally fixed costs minus the profit expected in the 

electricity market). 

For the demand for power Pc, varying from 0 to the 

total installed capacity of all power plants in the EPS, 

consider the total conditionally constant costs of 

suppliers selected in the power market in a certain 

system. Suppose the EPS contains 15 power plants with 

installed capacities and conditionally fixed costs, given 

in a random way. 

CSP model until 2015. The predicted demand for 

capacity Pс is specified, which does not depend on the 

price of capacity. Capacity suppliers form applications 

for CSP. The bid consists of the supplier's capacity Pi 

and the price of this capacity ci. Suppose that the price is 

related to the supplier's cost of maintaining capacity by 

the expression: 

  ci = Ci / Pi .                         (1) 
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During the CSP, the submitted bids are sorted in 

ascending order of price ci and power plants are 

determined by sequentially selecting them in ascending 

order of price ci. The selection is carried out until the 

total available capacity of the selected power plants 

equals or exceeds demand: 

 

max(ci) -> min        (2) 

 

with restriction 

 

           (3) 

 

The price of the most expensive selected unit of 

capacity becomes the price of capacity in the price zone: 

 

c = max(ci)      (4) 

 

This option was used for capacity selection procedure 

in the Russian Federation until 2015 and was carried out 

in free-flow zones annually for a period of 1 year. 

CSP model after 2015. The current CSP model 

differs from the previous one in that demand depends on 

the price Pс (c). In this case, the "demand curve" is set as 

a straight line starting at point 1 and passing through 

point 2. Points 1 and 2 are set as follows: the volume of 

demand for capacity at point 1 corresponds to the 

projected volume of demand, the volume at point 2 

corresponds to the projected volume, increased by 12 %:  

 

P1 = Pс , P2 =1,12* Pс       (5) 

 

The price at both points c0, c2 is set by the 

Government of the Russian Federation. 

 

 
Fig. 4. Graphical representation of CSP with price-

dependent demand. 

 

The volume of the selected capacity and its price are 

determined by the intersection of the supply function 

obtained by ordering bids in ascending order of price, 

with the “demand curve” (Fig. 4). This option applies to 

price zones for a period of six years in advance with 

annual price indexation for suppliers selected based on 

the results of the CSP. 

Let's try to see these changes with an example. 

Suppose that the EPS has fifteen power plants that 

supply power (Table 1). Conditionally fixed costs of 

suppliers random numbers in monetary units (units). 

The results of solving the problem of capacity 

selection procedure according to the considered models 

are shown in Figure 5. 

It can be seen that the use of the model with elastic 

demand slightly changes the selection of suppliers, but it 

does so in a rather narrow range of capacity (in fact, a 

price corridor was organized). That is, the change in the  

CSP model does not save the cost of maintaining 

capacity, but is primarily aimed at greater variability in 

the provision of capacity (to sell more capacity, but at a 

lower price, or a smaller volume of capacity at a higher 

price). For example, for a projected demand of 5200 

MW, both models select all suppliers up to the 10th, 

providing a total cost of maintaining capacity of 285,805 

units. For the projected demand value of 5500 MW, the 

results differ. Option 1 gives a cost of 285,805 units. 

(first 10 suppliers selected). Option 2 gives a cost of 

305325 units. (selected all suppliers except 12-15). The 

numbers of the suppliers selected in these two cases and 

their total costs are shown in Table 2. 

 

 
 

Fig. 5. Total conditionally fixed costs of suppliers of electric 

power selected as a result of CSP for a) a linear model with 

demand that does not depend on price (CSP until 2015); b) a 

linear model with price-dependent demand (CSP since 2015). 
 

Table 1. Characteristics of power plants. 
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Total conditionally fixed costs of suppliers, 

units (By Option 1) 

Total conditionally fixed costs of suppliers, 

units (By Option 2) 

№ 

Available 

capacity, 

MW 

Conditional 

post costs, 

units 

Unit conditional 

post costs, units 

/ MW 

1 1100 3300 3 

2 350 1400 4 

3 500 5500 11 

4 425 15725 37 

5 465 22320 48 

6 275 18975 69 

7 1200 85200 71 

8 300 25500 85 

9 405 47385 117 

10 500 60500 121 

11 160 19520 122 

12 1200 146400 122 

13 240 31200 130 

14 35 4725 135 

15 750 111750 149 

SUM 7905 599400 
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Table 2. Selected suppliers and total capacity costs for 

different variants of the capacity market model. 

 

Projected 

demand, 

MW 

CSP model until 2015 CSP model after 2015 

Suppliers Costs, 

units 

Suppliers Costs, 

units 

5200 1-10 285805 1-10 285805 

5500 1-10 285805 1-11 305325 

 

It should be understood that the changes were 

primarily aimed at increasing interest in investments in 

the construction of new generation by moving away 

from LTC in favor of prices obtained through CSP. 

Conducting a CSP for a six-year perspective imposes the 

need to forecast demand for the same period. Consider 

the impact of changes in demand on the price selected as 

a result of the CSP. 
 

Table 3. Components of the CSP. 

 

Component,% \ 

Year 21 22 23 24 25 

LTC 13,1 12,63 0,771 2,667 3,19 

FG 0,524 0,421 0,043 0,16 0,152 

Demand 3,844 8 0,614 2,507 4,254 

Rate 117,5 121,1 101,4 105,3 107,6 

The influence 

imperfection of 

order No. 431 in 

terms of taking 

into account the 

temperature 

factor 0,307 0,64 0,049 0,201 0,341 

The influence 

lead time of the 

load forecast 0,039 0,083 0,007 0,027 0,047 

Influence of 

both factors 0,347 0,723 0,056 0,228 0,388 

Reduced to 1% 

rate increase 0,02 0,034 0,039 0,043 0,051 

 
It is clearly seen that the demand for a direct line 

affects the generated price, and an increase in the 

forecasting period leads to an increase in the planning 

error for the maximum load. The procedure for 

determining the demand is carried out in accordance 

with Order No. 431 according to which it is formed from 

the value of the combined maximum load and the 

planned reserve ratio. The analysis given in (Chukreev 

Yu., Chukreev M. Components of the power balance 

consumption and their influence on the procedure of 

competitive power selection of the UES of Russia // 

current collection) that the value of the combined 

maximum load grows with an increase in the lead period. 

Moreover, this growth is in no way associated with the 

analysis of retrospective information on changes in 

actual parameters [6]. Taking into account the data 

provided in the work SPD for 2019-2025 it can be seen 

that an increase in the forecasting period to six to seven 

years will lead to at least a 4% increase in the maximum 

load in both price zones of the UES of Russia. To this 

should be added the inconsistency of the NTD in the 

form of Order No. 431 and MR 2003 in terms of taking 

into account the temperature factor of the cold season. 

This factor is taken into account in the Russian Ministry 

of Energy approved by the MR 2003. Thus, an increase 

in the lead-in period during the CSP and the 

inconsistency of different NTDs lead to at least a 

decrease in demand for capacity by 8%. 

 
Table 4. Contribution to the unit price of energy costs. 

 

 Energy efficiency costs per unit of 

production,% 

Metallurgists 18.5 

Coal miners 13.9 

Agrocomplex 4.5 

Refining 51.8 

Pulp and paper 21.2 

 
Table 5. Contribution to the cost of expenses year-on-year. 

 

Company  

Contribution to the cost of expenses year-

on-year (19/20),% 

Rate 

Finished 

product price Margin 

% of 

margin 

Metallurgists 1,1 -19,6 12,1 9,091 

Coal miners 0,9 -13,7 18,3 4,918 

Refining 3,7 -33,3 10,2 36,274 

 

All these actions lead to an increase in the price of 

CSP, which would seem to improve the investment 

attractiveness, but this also leads to a further increase in 

the reserve, an increase in its share in the total tariff and 

an increase in the cost of all manufactured products. 
At the same time, such activities are pushing more 

and more large industries to move away from centralized 

power supply in favor of their own power supplies with 

lower prices and maintenance costs. And this, in turn, 

leads to an even greater burden on other consumers. 

4 Transfer rates 

The first component is an investment program, 

according to which grid companies should build lines, 

substations, and update current equipment. During the 

reform of the energy sector, plans were laid for the grid 

companies to significantly increase demand and, 

accordingly, generating capacities. This was based on 

the available statistics for the last 10 years by that time. 

But at the same time, they did not take into account that 

these indicators were largely achieved due to the "low 

base". In fact, in the period from 2010 to December 2019 

by 7%. And in the first half of 2020, this figure dropped 

to 3.2%. Of course, in addition to the two economic 

crises (which always exist and will repeat), the desire of 

consumers to optimize their consumption, including 

through new technologies, also played a role. All this has 

imposed an additional burden on consumers who are 

forced to pay for these unnecessary opportunities of the 

"transport" system. Many of them preferred to develop 

their own generation, which further increases the load on 

the rest. On this basis, recently, many investment 

programs of grid companies have been revised and 

adjusted. This problem is typical for countries all over 
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the world, since technical re-equipment is an expensive 

process, but it must be carried out in the energy sector 

every few decades. 

Another important aspect is the large number of 

network companies. At the time of the start of the reform, 

there were more than a hundred of them, now this figure is 

much lower and the impact on the tariff is insignificant. 

Last but not least, the so-called cross-subsidization is 

when the costs of transporting electricity for the population 

are partially transferred to the bills issued to industrial 

enterprises. The crossroads problem is quite significant for 

many regions of the Russian Federation, but at the moment 

no decision has been made on this problem. There was an 

attempt to partially start reducing this component, but at the 

moment everything remains as it is. 

5 Conclusions 

Having considered the main components of the tariff, 

two main areas can be distinguished, where, in our 

opinion, changes should be made to the existing model. 

The first is the change in the form of price formation 

based on the results of the CSP. In our opinion, it would 

be more correct to conduct a CSP for 3 years with price 

fixing, and for the next 3 years to indicate approximate 

prices with their further refinement in each subsequent 

year. This will reduce the error in load prediction. The 

second thing is that it is necessary to change this 

discrepancy between the NTD in the form of Order No. 

431 and MR 2003 in terms of taking into account the 

temperature factor of the cold season. This factor is 

taken into account in the MR 2003 approved by the 

Russian Ministry of Energy. In its current form, together 

with an increase in demand forecasting, this leads to a 3-

5% increase in the tariff, and if we take into account that 

the excess demand is also included when taking into 

account transmission tariffs, the figure rises to 6-9 %. 

One cannot ignore the problem of growth in payments 

under LTC, which, according to the current plan, will 

begin to decline only by 2027. It should be understood 

that the modernization or construction of modern 

generation will not lead to a decrease in the tariff in the 

near future, because the policy of overestimating demand 

will not change, and therefore the price of CSP will be 

determined by the most inefficient equipment. 

In the author's opinion, it would be correct not to 

artificially overestimate the demand and price of CSP to 

increase investment attractiveness, but to give generating 

companies recommendations for a policy of disclosing 

the value of the company through greater openness, 

optimization of production processes and, at the expense 

of this money, carry out modernization and construction 

of equipment. While now supplier companies are not 

interested in this, and they spend all excess profits in 

various write-offs, thereby not revealing their market 

value, reducing the attractiveness for investors and 

reducing tax revenues to the budget. 
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