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In this paper, a universal method has been developed to determine the price
of a hydro resource (one cubic meter) for the operational regulation of a
hydropower plant (HPP), which is a combination of an optimization method
and a method for assessing the marginal utility. The proposed approach is
based on the correct representation of differential incremental rate
characteristics of water at an HPP and fuel at a thermal power plant (TPP).
To know the price of a hydro resource used for electricity generation at a
hydropower plant. This gives the possibility to increase the efficiency of
management both at a hydropower plant, and in a water utilization system as
a whole. Using the examples of Novosibirsk HPP, it is expected to develop
an estimation of economic effect from the implementation of the developed
criteria, the proposed method of the calculation of a hydro resource price at
HPP, and the method of separating fuel costs at CHPP. As a result of the
implementation the developed method for the HPP, a price of electricity sold
in the flexible energy market will be compared to the price of the electricity

produced and sold at CHPP, being equal to approximately 330 rubles/MW h.
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1. INTRODUCTION

In this paper, a universal method which is a combination of an optimization method and a method
for assessing the marginal utility has been developed [1]. Using this method, it is reasonable to solve the
problem of short-term operational optimization of load distribution in hydrothermal power systems. Consider
in detail the novelty and the efficiency of the proposed method in comparison with the existing approach [2].

At present, the problem of optimal distribution of the power system load between hydropower plant
(HPP) and thermal power plant (TPP) is solved using the equality of the differential incremental rate
characteristics of fuel consumption at TPP and water consumption at HPP. Even in the USSR, such
characteristics were called the incremental rate characteristics [3]. It can be said that the problem of
evaluating the price of a hydro resource associated with the operating conditions of an HPP in the power
system has never been solved [4]. This issue will be focused on in the further presentation of the
investigation.

Despite the fact that this task is related to the short-term optimization of operating conditions of
power plants in the power system due to the limited energy resources at the HPP, it cannot be solved
separately from the optimization of the long-term operating conditions of the power system [5]. In this paper,
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the short-term optimization implies daily optimization, while the long-term optimization means water-power
operating conditions of the HPP throughout the year taking into account the seasonal operating conditions of
the HPP [6].

2. THE MATHIMATICAL MODEL OF POWER PLANTS MANAGEMENT
In general, the criterion for the optimal load distribution in the power system without taking into
account the technical constraint is as (1) [7].

bl =b2=:-=bn= Aq = idem Q)

where by, bo,..., bp—incremental fuel rate characteristics at TPP (n is the number of TPP in the power system):
g: incremental water rate characteristics at the HPP;
A: conversion factor, the meaning of which will be considered.

It should be noted that TPPs are presented in optimization tasks as generating sources with
“unlimited energy resources” [8]. This implies that any power of a power plant within the permissible range
of its operation at a given moment will be provided with a reserve of energy resource, regardless of the power
value carried by the power plant at the previous moment. This gives the reason for combining all thermal
power plants into one equivalent TPP, taking into account all the technical constraints [9].

Hydropower plants belong to generating sources with “limited energy resources”, since their amount
is determined by the hydrograph of the river and the final useful capacity of the reservoir. This suggests that
the HPP power at a given moment depends on the power, with which the HPP operated in the previous time
interval [10]. Therefore, the hydropower plants cannot be equivalent, since each of them is unique with the
above-considered conditions.

Differential incremental rate characteristics of HPP and TPP have different dimensions, namely:

_dB

b = (2)
4= 3)

where B—fuel consumption rate (ton of coal equivalent/hour), Q—water consumption rate (m®/second).

Therefore, the coefficient A in (1) represents a conversion factor being called a measure of the
effective use of hydro resources in the power system [11]. Therefore, it is necessary to experimentally select
the value of A taking into account the limited hydro resources at the HPP. In this case, the number of
iterations can be five or more until condition (4) is fulfilled [12]. These circumstances lead to a serious
complication of calculations associated primarily with an increase in the number of iterative procedures,
solution time, and the convergence of this process.

Based on the considerations, the condition of optimal load distribution in a hydrothermal power
generation system can be presented in (4) [13].

b = Aq = idem 4
Qurrer = Qalv,
H = const,

Ps= Nrpp+Nnpe,

Npp min < Ntpp < NTPP max,
NHpPp min < Ntpp < NHPP max,
A = const

where b and g-incremental rate characteristics for water and fuel at the equivalent TPP and the HPP
respectively; Ps, Ntpp, Nupp—power system load, values of power served by the equivalent TPP and the HPP
respectively; Ntep min, Ntpp max, Nupp min, NHpp max—minimum and maximum power for the equivalent TPP and
the HPP respectively: Qeiv—permissible water flow rate at the HPP determined by water-power calculations;
A-the dimension conversion factor. The condition H=const should be considered separately.

At high-head HPPs and the HPP cascade, the downstream changes (in other words, the head
changes) is about 1%, since in this case the error for the head fluctuations is approximately 1%, then it can be
neglected. In the cascade of HPPs, the downstream of one station is the upstream of the other. As is known,
the upstream changes to a lesser extent when 1 m3%/s of water flows from the upstream to the downstream,
since the surface of the upstream is much larger than the downstream [14].
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At medium-head and low-head HPPs, head fluctuations are more significant than at high-head
HPPs. However, the head at any HPP changes insignificantly during 24 hours. Therefore, when deriving
optimization criteria, most often, the head changes during 24 hours (under operational control) is not taken
into account. The proposed approach is based, first of all, on the correct representation of the differential
characteristics (2) and (3). Indeed, these characteristics should be derivatives not from the consumption of
energy resources, but from the costs of their use:

UB:PB *B (5)
Uo=Po *Q (6)

where Pg and Po-the price of fuel at thermal power plants and the price of hydro resource at hydropower
plants respectively. Then, expressions (2) and (3) will be calculated in (7) and (8).

b =98 )
dN

q* :cdiQ 8)
dN

As for the price of fuel at thermal power plants PB, there are no fundamental difficulties with its
calculation. Even in the case of an equivalent thermal power plant, it can be calculated (with some
assumptions) as a weighted average price. It can be said that the problem of evaluating the price of a hydro
resource associated with the operating conditions of an HPP in the power system has never been solved. It is
this issue that will be focused on in the further presentation of the paper.

Despite the fact that this task is related to the short-term optimization of operating conditions of
power plants in the power system due to the limited energy resources at the HPP, it cannot be solved
separately from the optimization of the long-term operating conditions of the power system. In this paper, the
short-term optimization implies daily optimization, while the long-term optimization means water-power
operating conditions of the HPP throughout the year taking into account the seasonal operating conditions of
the HPP. Therefore, the condition of optimal load distribution in a hydrothermal power system can be
presented in the new formulation as (9).

b*=qg*=idem 9)
H = const,

Ps= Ntpp+Nnpp,

Ntpp min < NTpp < NTPP max,

Nupp min < Ntpp < NHpp max

The fundamental differences between the new optimization condition (9) and the previous one (4)
are obvious. Consider them in more detail. Here b* and g* are determined from (7) and (8) being derivatives
of the costs associated with the use of energy resources at TPP and HPP, respectively.

There is also no verification in the condition for the requirement that the average daily water flow
rate at the HPP is equal to the given flow rate obtained from the water-power calculations in the annual
context. This is due to the fact that when plotting incremental rate characteristics for the HPP (g*), the power
is considered, with which the HPP will operate in a given period of the year [15]. This means that the flow
rate and water head were taken into account. Therefore, the verification for the equality of the average daily
water flow rate at the HPP to the given flow rate is redundant. Then, the iterative nature of calculations
mentioned above disappears that is the main advantage of the proposed approach. In addition, there is no
verification for A=const, because the differential characteristics of the costs for the use of energy resources at
TPP (fuel) and HPP (water) have the same dimension in monetary terms.

This makes it possible to use more understandable and correct optimization criteria for optimal load
distribution in a hydrothermal power generation system. Moreover, knowledge of the cost of water resources
that are used to generate electricity at a hydroelectric power station is in itself valuable and informative. It
gives the possibility to increase the efficiency of management both at the hydropower plant, and in the water
utilization system as a whole.
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3. DEVELOPMENT OF THE METHOD TO CALCULATE A HYDRO RESOURCE PRICE FOR
OPERTONAL CONTROL OF THE HPP

Up-to-day level of technological development requires to combine three aspects of optimization:
thermodynamic, technical-economic and environmental-into one system [16]. Hydro resources play a very
important role in saving primary energy and material resources at the input of the technical system. In the
long run they reduce harmful impacts on humans and environment as a whole.

To convert a hydro resource price in [rubles/(m?s)] with the consideration of the HPP operational
features to the price of 1 KW in [rublessMW h], the profit maximization criterion MR=MC was applied [17].
It is necessary to determine the marginal costs at the HPP for power output, or, in other words, to form the

proportion. U, = Ub/tga The incremental rate of fuel at the TPP (b) and water (q) at the HPP are considered

as products.

If utility as a whole is not quantifiable, the same can be related to marginal utility. But the theory of
value does not need any precise definition of marginal utility [18]. If it needs something, then only the
following: when a system of needs for an individual is known and he owns a specified set of goods X, Y, Z,
we can find out his marginal rate of substitution between any two goods. The marginal rate of substitution of
a certain good Y for any other good X is defined as the amount of Y that can compensate an individual for
the loss of the marginal unit of X. Therefore, there should be some value that would leave it in the same state,
in which it was before substitution. Obviously, this marginal rate of substitution is nothing more than the
exchange ratio of utility for X to marginal utility for Y. This ratio is called relative marginal utility [19].

If the quantities of X and Y are plotted on the indifference diagram (assuming the quantities of all
other goods to be given), the marginal rate of substitution between X and Y will be measured by the slope of
the indifference curve that passes through the point, at which the individual is located. It simply depends on a
system of indifference curves [20]. Using the given indifference map, we can directly determine the slope at
any point. If the slopes are given at all points within the area, we can develop the indifference map for that
area. If an individual intends to be in equilibrium with respect to the system of market prices, his marginal
rate of substitution between some two goods should be equal to the ratio of their prices, otherwise he could
undoubtedly benefit by replacing a certain amount of one good with an equal value (at market rate) of the
other good [21]. This is the framework into which the law of proportionality between marginal utilities and
prices fits.

Marginal utility can be represented by the indifference line. Moreover, according to the rules for
constructing the line, see in Figure 1 [22]. In this case, according to the rules for plotting indifference curves,
it is necessary to derive reciprocals of b and g, i.e. 1/b and 1/q, and put them on X-axis and Y-axis, after that
connecting this point by a line as shown in Figure 1.

]. ."Iq_

L

Figure 1. The indifference curve

Such curves should be plotted as many as the power system operating conditions will dominate
during optimization. Typically, this is the number of months in a year that represents the full range of
operating conditions within seasons and a year. Thus, we obtain the condition:

2 = Lat U=const (10)
b q

where U is the location of an individual (in our case, an electricity consumer) on the indifference curve.
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From the power industry perspective, the producer will maximize profits by producing output at the
point where marginal revenue equals marginal cost [23]. A graphic illustration of this condition is shown in
Figure 2.

price
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Figure 2. Calculation of the optimal volume of production: here D is the demand for energy produced for
each season of the year; E opt-the optimal output for each season of the year; R opt is the stated price for the
optimal volume of electricity production

The algorithm for solving the problem is shown in Figure 3. Moreover, it should be noted that it is
necessary to convert physical quantities 1/ [s*kW/m?®] and 1/b [kW*h/ton of coal equivalent] into relative
units, since this will allow comparing the indifference curve represented in relative units and the incremental
rate characteristics for water at the HPP (q) and fuel at the CHPP (b) in one diagram as shown in Figure 4.
When plotting the incremental rate characteristics for water at the HPP and fuel at the CHPP, the current
values of incremental rates were divided by the average incremental rate. From the power industry
perspective, the manufacturer will maximize profits by producing output at the point where marginal revenue
equals marginal cost, see Figure 5 [24]. A graphic illustration of this condition is shown in Figure 6 of water
and fuel, respectively.
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Figure 3. Block diagram of operational control on a flexible market
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Figure 4. Incremental rate characteristics for water at the HPP and fuel at the CHPP combined with the
indifference curve
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Figure 5. Marginal cost indifference line: where Us—marginal costs at an HPP, Up—marginal costs at a CHPP,
b—incremental fuel rate at a CHPP, g—incremental water rate at a HPP, wp-hydro source price for operation
control of the HPP
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Figure 6. The indifference curve and the incremental rate characteristics for water at the HPP and fuel at the
CHPP in the high-water period

Combining three curves in one diagram (i.e. the indifference curve and the incremental rate
characteristics for water at the HPP and fuel at the CHPP), we obtain a new rule for the transition from the
incremental water rate to the incremental fuel rate without using conversion factor A [25]. Figure 4 show the
value of the incremental water rate at the HPP q” locating on the indifference curve, will be equal to the
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corresponding value of the incremental fuel rate at the TPP locating on the same curve, since water and fuel
in this case will have the same importance to the consumer. Moreover, in order to obtain the corresponding
power value for a particular hour according to the daily load schedule, it is necessary to shift the indifference
curve in parallel to itself.

At the same time, for the transition from a hydro resource price in [rubles/(m3/s)] with the
consideration of the HPP operational features to the price of 1 kW in [rubles/MW-h], the profit maximization
criterion MR=MC was applied. To convert water price into [rubles/MW-h], it is necessary to determine the

marginal costs at the HPP for power output, or, in other words, to form the proportion U, = Ub/tga-

As products, the incremental rate of fuel at the TPP (b) and water (q) at the HPP are considered. The
indifference curve in relative units for the high-water period is illustrated in Figure 7. According to the
developed methodology, it is necessary to plot the incremental water rate characteristics for a given structure of
operating equipment at the HPP for each optimization interval, which is a month or a decade for the period of
filling the HPP reservoir [26]. To verify the operability of the proposed model, the simplified HPP operating
modes were used, in particular, seasonal periods of the year is shown in Figure 8.

Taking into account the price of hydro source obtained using the proposed model, it is necessary to plot
the marginal costs characteristics for water flow rate at the HPP, and then calculate the optimal amount of
electricity generation at the HPP is shown in Figure 9. For the head of H=14.05 m the optimal amount of
electricity generation at the Novosibirsk HPP was calculated using the developed criterion is shown in
Figure 10.
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Figure 7. The indifference curve for the relative units for the high-water period
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Figure 8. Incremental water rate characteristic for the Novosibirsk HPP for H=14.05 m
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Figure 9. Marginal costs characteristics for the Novosibirsk HPP for H =14/05 m
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Figure 10. The schedule of operating modes optimization at HPP for H=14.05

The results of calculations are given in Table 1. The data obtained as a result of calculations
correspond to the real values. To verify the developed methodology, it is necessary to compare the found
values of the average daily water flow rate, which are obtained after the distribution of the daily load of the
generation company between the HPP and the equivalent TPP according to the developed methodology, with
the specified guaranteed value of the water flow rate at the HPP.

The calculation results showed that the comparison of the average daily water flow rate obtained by
the developed methodology with the specified guaranteed water flow rate for each period gave an error of
about 5% for the high-water period, 4% for the low-water period, and 1% for operation with natural river
flow, being amounted to 2034.097 m¥/s for the high-water period, 241.98 m%/s for the low-water period, and
630.87 m®/s for operation with natural river flow. This indicates the reliability of the results according to the
developed methodology and allows making a conclusion about its validity and the possibility for application
of the methodology to determination of the price for water as a hydro resource taking into account the
operational features of HPP based on based on the maximization profit criteria.

Similar calculations using the conventional methodology for distributing the load of the power
system between its power plants by the Lagrangian multiplier method showed comparable results. For this
methodology, there is an increase in the share of CHPP in electricity production for the needs of an electricity
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consumer and an increase of the error when comparing the average daily water flow rate obtained by the
Lagrangian multiplier method with the specified guaranteed value of water flow rate for each period. The
comparison gave an error of about 3% for the high-water period, 7% for the low-water period, and 3% for
operation with natural river flow, being amounted to 2086.62 m3/s for the high-water period, 235.06 m%/s for
the low-water period, and 613.47 m3/s for operation with natural river flow. Therefore, it can be concluded
that the developed methodology allows not only determining a price of a hydro resource using the operational
features of the HPP, but also solving energy-saving and ecological problems.

Table 1. Optimal values of Novosibirsk HPP power output

Season For H=14.05 m For H=17.5m For H=17.9m
Profit rate 0% 12% 0% 12% 0% 12%
Power, MW 140 159 118 136 120 137
Electric energy, MW-h 100800 114480 84960 97920 86400 98640
Posted price, RUB/MW-h 257 270 325 336 315 320
Revenue, RUB 77716800 92728800 27612000 32901120 27216000 31564800
Profit, RUB 15012000 5289120 4348800

4. CONCLUSION

The criterion apparatus for a comprehensive assessment and optimization of the processes of electric
power generation at hydroelectric power plants has been substantiated on the basis of the exergy approach
with substantiation of the conceptual apparatus of "environmental parameters”. A method has been developed
to determine the price of water for hydroelectric power plants, which allows not only to improve the
environmental situation in the region, but also to increase the competitiveness of power plants. Relevance of the
concept of marginal utility for determining the price of water for hydroelectric power plants has been
substantiated. A mathematical apparatus has been developed for exergy optimization of the integrated efficiency
of processing primary energy resources on the basis of interrelated thermodynamic and environmental-
economic criteria for the purpose of generating electrical energy. Approbation of the developed exergo-
economic and technical criteria for comparing various technologies for the generation of electricity and heat
based on the optimization of HPP operation modes was carried out. The model for the joint functioning of HPPs
in the electricity market has been developed.

REFERENCES

[1] D. N. Hyman, "Modern Microeconomics. Analysis and Applications (in 2 volumes)," (in Russian), Moscow:
Finances and statistics, 1992.

[2] L. B. Melamed, N. I. Suslov, "Economics of Power Engineering: Foundations of the Theory,” (in Russian),
Novosibirsk: Publishing House of the Siberian Branch of the Russian Academy of Sciences, 2000.

[3] V. M. Sinkov and A. V. Bogoslovsky, "Optimization of power system operating conditions," (in Russian), Kiev:
Vyschashkola, 1973.

[4] V. M. Galperin, "Theory of consumer behavior and demand," (in Russian), Saint-Petersburg: Economic School,
1993.

[5] B. N. Moshkin, Yu. A. Sekretarev, T. V. Chekalina, "Determination of optimal electric power of a power plant
based on profit maximization,” (in Russian), in the Collection of scientific papers, A.l. Shalin, Ed., Novosibirsk:
Novosibirsk State Technical University, Part Il, pp. 45-53, 2002

[6] T. V. Chekalina, "Ensuring of the generating company competitiveness at the energy market due to the assignment
of the optimum states of thermal stations," in Proc. of the 7th Russian-Korean International Symposium on Science
and Technology (KORUS-2003), Ulsan, Korea, June 28-July 6, 2003, pp. 62-64.

[7]1 Yu. A. Sekretarev, T. V. Chekalina, B. V. Malosemov, "Administration Functioning Power Generation Companies
by Criterion of Maximization Profit,” Symposium of papers the 6th International Forum on Strategic Technology
(IFOST-2011), Harbin University of Science and Technology Harbin, China, vol. 1, 2011, pp. 491-494.

[8] Yu. A. Sekretarev, T. V. Chekalina (Myateg), B. N. Moshkin, "Administration functioning power generation
companies based on thermal electrical power station on maximization profit criterion,” (in Russian) Proceedings of
the higher educational institutions. Electromechanics, no. 4 (546), 2016, pp. 82-88.

[9] V. A Venikov, V. G. Zhuravlev, T. A. Filippova, "Optimization of operating conditions for power plants and
power systems (in Russian)," Moscow: Energoatomizdat, 1990.

[10] V. M. Gornshtein, "Most advantageous operating conditions of hydropower plants in power systems (in Russian),"
Moscow: Gosenergoizdat, 1959.

[11] A. Z. Gamm, and I. I. Golub, "Observability of power systems,” (in Russian), Siberian Institute of Power
Engineering, Moscow: Nauka, 1990.

[12] Ye. S. Ventsel, "Operations research: Problems, principles, methodology," (in Russian), Moscow: Vysshayashkola,
2001.

Determination of the price for a hydro resource with consideration of... (T. V. Myatezh)



2742

a ISSN: 2088-8708

[13]
[14]

[15]

[16]

[17]

(18]
[19]
[20]
[21]
[22]
[23]

[24]

[25]

[26]

A. Z. Gamm, "Probabilistic models of operating conditions of power systems,” (in Russian), Novosibirsk: Nauka,
1993.

C. R. McConnel and S. L. Brue, "Economics: principles, problems, and policies,” (in Russian), Moscow: INFRA-
M, vol. 2, 1997.

Zigiang Zenga, Ehsan Nasric, Abdol Chinib, Robert Riesh, Jiuping Xu, "A multiple objective decision making
model for energy generation portfolio under fuzzy uncertainty: Case study of large scale investor-owned utilities in
Florida," Renewable Energy, vol. 75, pp. 224-242, Mar. 2015.

Alireza Fallahia, Reza Ebrahimib, S. F. Ghaderic, "Measuring efficiency and productivity change in power electric
generation management companies by using data envelopment analysis: A case study," Energy, vol. 36, no. 11,
pp. 6398-6405, Nov. 2011.

S. F. Ghaderi, A. Azadeh, B., P. Nokhandan, E. Fathi, "Behavioral simulation and optimization of generation
companies in electricity markets by fuzzy cognitive map," Expert Systems with Applications, vol. 39, no. 5,
pp. 4635-4646, Apr. 2012.

V. M. Galperin, S. M. Ignatyev, V. I. Morgunov, "Microeconomics,” (in Russian), Saint-Petersburg: Economic
School, vol. 1, 1997.

S. Azghandi, K. Mark Hopkinson, K. Robert Laviers, "Benchmarking approach for empirical comparison of pricing
models in DRMS," The Journal of Engineering, vol. 2016, no. 11, pp. 394-401, 2016.

Christos A., "Cogeneration: Technologies, Optimization and Implementation,” Institution of Engineering and
Technology (IET), 2017.

M. A. Rosen and S. Koohi-Fayegh, “Cogeneration and District Energy Systems: Modelling, Analysis and
Optimization,” Institution of Engineering and Technology (IET), 2016.

Y. A. Sekretarev, T. V. Myatezh and A. V. Gorshin, "Justification of the Water Price at Hydropower Plants Based
on its Operational Features According to the Maximization Profit Criteria," 2020 International Multi-Conference
on Industrial Engineering and Modern Technologies (FarEastCon), Vladivostok, Russia, 2020, pp. 1-6, doi:
10.1109/FarEastCon50210.2020.9271220.

B. N. Moshkin et al., "Mathematical model of managing of the generating company on the criterion of the profit
maximization," 1OP Conference Series: Materials Science and Engineering, vol. 552, Art. no. 012016, 2019,
pp. 1-17, doi: 10.1088/1757-899X/552/1/012016.

Sekretarev, U. A. and Mitrofanov, S. V., "Decision support system for hydro unit commitment,” 2016 2nd
International Conference on Industrial Engineering, Applications and Manufacturing (ICIEAM), 2016, doi:
10.1109/ICIEAM.2016.7911424.

Sekretarev, A. Y., and Panova, V. Y., "Investigations of possible using a generalized fuzzy interval for analyzing
operating conditions of power equipment at hydropower plants,” 2016 2nd International Conference on Industrial
Engineering, Applications and Manufacturing (ICIEAM), 19-20 May 2016, IEEE, 2016, doi:
10.1109/ICIEAM.2016.7911025.

Sekretarev, Y., Sultonov, S., and Nazarov, M., "Optimization of long-term modes of hydropower plants of the
energy system of Tajikistan,” 2016 2nd International Conference on Industrial Engineering, Applications and
Manufacturing (ICIEAM), Chelyabinsk, 19-20 May 2016, IEEE, 2016, doi: 10.1109/ICIEAM.2016.7911428.

BIOGRAPHIES OF AUTHORS

Yury Sekretarev, Professor at the Department of Industrial Power Supply Systems. He was born
in 1947 and graduated from Novosibirsk State Technical University in 1970. In 1999, he defended
the thesis “Situation operational management of power plants under normal operating conditions”
(in Russian). He has 200 scientific publications. His scientific line relates to situation operational
management of power plants and HPP, the analysis of power supply system reliability, lifetime
optimization of outdated power equipment, and functioning optimization of thermal power plants
and HPP.

Tatyana Myatezh, Associate Professor at the Department of Industrial Power Supply Systems.
She was born in 1979 and graduated from Novosibirsk State Technical University in 1999. In
2005, she defended the thesis “Optimization of Operation of Electric Power Generating Companies
Including a Number of Thermal Power Stations on the Basis of the Profit Maximization Criterion”
(in Russian). She has 50 scientific publications. Her scientific line relates to the analysis of power
quality in power supply systems, the investigation of higher harmonics of current in electrical
circuits up to the 1000 V, and functioning optimization of thermal power plants and HPP.

Int J Elec & Comp Eng, Vol. 11, No. 4, August 2021 : 2733 - 2742


http://www.sciencedirect.com/science/article/pii/S0960148114005953#aff1
http://www.sciencedirect.com/science/article/pii/S0960148114005953#aff3
http://www.sciencedirect.com/science/article/pii/S0960148114005953#aff2
http://www.sciencedirect.com/science/article/pii/S0960148114005953#aff2
http://www.sciencedirect.com/science/journal/09601481/75/supp/C
http://www.sciencedirect.com/science/article/pii/S0360544211006414#aff1
http://www.sciencedirect.com/science/article/pii/S0360544211006414#aff2
http://www.sciencedirect.com/science/article/pii/S0360544211006414#aff3
http://www.sciencedirect.com/science/journal/03605442
http://www.sciencedirect.com/science/journal/03605442/36/11
http://www.sciencedirect.com/science/journal/09574174
http://www.sciencedirect.com/science/journal/09574174/39/5

