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The problem of wind power abandonment in the north areas of China is serious, which is mainly caused by the
uncertainty of wind power and the "thermoelectric coupling" characteristics of cogeneration units. Aiming at this
problem, this paper establishes the optimal scheduling model of generation-load-storage coordination in the
electrothermal joint system with the goal of minimizing the amount of wind power discarded and the total scheduling
cost of the system. Firstly, the responsive electrical and thermal loads on the demand side are divided into three types
according to their types, namely, translatable, transferrable and reducible, and the demand response models are
constructed to improve the fineness of the optimization on the demand side. Then, the scenario method is used to solve
the uncertainty problem of wind power. Meanwhile, the influence of the energy storage side on system scheduling is
considered. Finally, the results based on examples verify the effectiveness of the proposed model in promoting the
absorptive of wind power and improving the overall economic benefit of the system. References 23, figures 8§, table 1.
Key words: the uncertainty of wind power; generation-load-storage coordination optimization; optimized scheduling;
wind power consumption; demand response.

1. Introduction. In recent years, renewable energy such as wind power has developed rapidly in
China. However, with the gradual increase of wind power penetration in the power system, the problem of
wind abandonment is prominent nationwide, especially in northern China, which has become an important
factor limiting the development of wind power [1-3]. There are two reasons for the wind abandoning problem
in northern China. One is the uncertainty of wind power output and the influence of reverse peak regulation
characteristics. Second, the system scheduling is limited by the operation mode and thermoelectric coupling
characteristics of CHP (Combined Heat and Power) units in northern China. Therefore, how to deal with wind
power uncertainty and reverse peak regulation characteristics, as well as how to solve the thermoelectric
coupling problem of CHP units are the key to solve the wind abandonment problem in northern China.

In view of the problem of wind abandonment in northern China, some scholars at home and abroad
propose to add energy storage devices or electric boilers at the generation side to realize "thermoelectric
decoupling", and preliminary results have been achieved. The authors [4-6] are not only limited to the power
system level, but also improve the energy allocation capacity of the electric-thermal combined system by adding
heat storage devices. The authors [7-8] studied the influence of heat storage devices at different locations on the
wind abandonment rate and economy of the system. In [9], combined with the characteristics of regional energy
structure in northern China, wind power heating was added as a dispatchable resource on the heat load side on the
basis of heat storage to enhance the flexibility of the system.

According to the above research, the electric boiler and energy storage device have a certain positive
effect on the decoupling of CHP unit and the consumption of wind power. However, there are still many key
technologies to be broken through, especially the research and development of the storage device. Its installation
capacity is limited, and the overall economic improvement of the system is not significant. Therefore, at present
many scholars are conducting researches on the load side, hoping to improve the flexibility of the system and the
consumption space of wind power by optimizing the load curve.

The authors [10-12] divide responsive electrical loads into three categories: reducible, transferable
and translatable. Interactive load models are established respectively, which adjust the electrical load curve
and realize the economic operation of the system. The authors [13-14] establishe a demand response model
based on electricity price, build the elastic demand relationship between electricity consumption and price,
and guide users through time-of-use electricity price to optimize the load curve. The authors [15] consider
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the electro-thermal coupling relationship while considering the demand response of electric load, giving full
play to the role of demand response in the electro-thermal combined system.

On the basis of energy storage equipment, the above literature added research on the demand side,
which improved the consumption of wind power and the economic benefits of the system to a certain extent,
but there are still some shortcomings. Firstly, most of its demand response only considers electrical load,
without considering the role of thermal load response in the system. Secondly, its demand response strategy
mostly adopts the mode of interruptible load or direct control, without considering different types of
responsive electric and thermal load response models, and the planning is not detailed enough. Finally, they
only consider the influence of one or both parties of generation, load and storage, which can no longer meet
the current requirements of wind power consumption and economic benefits.

Therefore, this paper aims at minimizing the amount of abandoned air and the total scheduling cost of the
system, and adds consideration to the generation and load side on the basis of the combined system with storage,
electricity and heat. In addition to constructing demand response models for different types of electrical loads, the
construction of demand response models for thermal loads is also considered. The scenario method is used to deal
with the uncertainties of generation-side wind power, and a coordinated optimization scheduling model for
generation-load-storage of an electric-thermal integrated system is established. Finally, the simulation results
based on the constructed examples show that the proposed method and model can effectively improve the
consumption of wind power and the system economy.

2. System structure and principle of CHP unit containing storage.

2.1. Generation-load-storage coordination optimal scheduling system architecture. The combined
electric and thermal system studied in this paper is mainly composed of wind power unit, conventional thermal
power unit, CHP unit, thermal energy storage device, electrical load and thermal load.
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Fig. 1 shows the structure diagram of generation-load-storage coordinated optimal dispatching
system, which adds the consideration of wind power uncertainty on the basis of the combined system with
storage, electricity and heat, and models the electric and heat loads on the load side respectively according to
the type to adjust the load curve. Through coordination and optimization of generation-load-storage, it can
provide more space for absorbing new energy while improving system economy.
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mode of "determined by heat", and cannot fully absorb new energy.

After adding the heat storage device, the operation interval of the extraction steam CHP unit is
increased to ABCDEFG, where ABCDEI is the heat release interval of the heat storage device and HEFG is
the heat storage area of the energy storage device. As can be seen from Fig. 2, the addition of heat storage
device expands the power output adjustment range of extractable CHP unit and significantly improves the
flexibility of the system.

3. Demand response and wind power uncertainty treatment.

3.1. Demand response model. In this paper, on the basis of flexible and responsive electric heating
load, the models are divided into three types according to their respective characteristics, so as to improve
the accuracy of the scheduling model.

1) Translatable load refers to the uninterruptible and integral translation of the responsive electric
heating load [16]. The scheduling time interval in this paper is 1 hour, so in order to ensure the continuous
load, the formula as follow should be satisfied:

7,+t, -1

Z ap :tll
: (1)

7+, -1
a, =1,

t=1,
where 7, and 7, are the starting time of the time interval of thermal and electrical load after translation
respectively; #, and ¢, are the durations of translational heat and electrical loads respectively; a; and a,, are 0-
1 state variables of whether the thermoelectric load is translated, and 1 represents load translation.

2) Transferable load refers to the responsive electric heating load with continuity constraints. The

required electric energy remains unchanged before and after the electric heating load is transferred, and shall

meet the following formula:
T

S -r)=0
r , )
S -r)=0

t=1

Ptrans Ptrans . . . Ptrans Ptrans
where ‘e and ‘¢ are transferable electric load power before and after dispatching; w and ‘w  are

transferable heat load power before and after dispatching.
3) Reducible load refers to the responsive electric heating load that can be reduced under the
condition of meeting the needs of users. The electric heating load after reduction is expressed as:

P =(1-p,) 5
Phiut = (1 _ﬂh )PhC[:lt
where P and P, are the electric heating load before cutting at time t; #, and g, are the proportion of

3)

electric heating load reduced, and 0 < ( B,. B, ) <I.

3.2. Uncertainty treatment of wind power. Scenario method simulates the output uncertainty of
wind power by generating a large number of wind power scenarios. The prediction error of wind power is
assumed to follow the normal distribution with the mean value of 0, which is ap,, ~ N (0,5,”). Based on the

wind power output forecast data of a typical day, Latin Hypercube Sampling (LHS) is used to generate the
scene. The steps are as follows:

1) Samples to generate. Suppose that [P, Pys...... P,7] is an independent random variable of wind
power output under a scheduling period, and P, is a random variable at time ¢, and its cumulative probability
distribution function is Y=F; (P,,). Then, during sampling, the interval of cumulative probability distribution
function [0,1] at each scheduling time is first divided into M equal parts, and the median value of each
subinterval is selected. Then the inverse transformation of the cumulative probability distribution function is
used to get the sampling value, that is, the output of wind power. Finally, a typical daily wind power output
matrix of MxT is obtained.

2) Sorting. When sampling values are used to simulate wind power uncertainty, there is always
correlation between the sampled data of random variables, which will affect the accuracy of the simulation.
Therefore, Cholesky decomposition method is needed to be used for sorting to eliminate the correlation and
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improve the accuracy of the simulation.

The generated rank correlation coefficient matrix p,, of the MxT wind power output matrix and the
rank correlation coefficient matrix p, of the M *T sequence matrix L are calculated. Cholesky decomposition
of p,,and p;:

p,=BB',p,=DD",0, =B"'L,0,=DQ,, 4)
where matrices B and D are lower triangular matrices.

After this transformation, the original generated M7 wind power output matrix can be arranged
according to the order of the elements of matrix Oy to maintain the same correlation between the sample
matrix and the random variable.

3) Scene reduction. The sample matrix obtained through LHS has a large amount of data, which will
increase the amount of calculation and reduce the efficiency of solution in the actual calculation process.
Therefore, a few specific scenes need to be selected to represent the overall scene. Therefore, this paper
based on SBR method to reduce the scene, specific steps can be found in literature [17].

4. Generation-load-storage optimization scheduling model for electric and thermal systems.

4.1. The objective function. In this paper, the objective function is to minimize the penalty cost of
wind abandonment and the total dispatching cost of the system, and comprehensively consider the generation
cost of conventional thermal power unit, the generation cost of CHP unit, the operation and maintenance cost
of heat storage device, the penalty cost of wind abandonment and the demand response cost. The
mathematical expression is as follows:

minC, = C, (P, )+ Cs (Prsne Prtsse ) + Cir (P ) + G (B )+ C (B ) (5)
where C7 is the total scheduling cost of the system, Cp, is the generating cost of conventional thermal power
unit, Cy is the power generation cost of CHP unit, Cs is the operation and maintenance cost of the heat
storage device, Cy is the penalty cost of wind abandonment, Cy is the demand response cost, Pg; is the
electric output of the No. i conventional thermal power unit at time ¢, Py is the conversion output of the No.
j CHP unit at time ¢, Psgore(?) and P, relcase(?) are the heat storage and release power of the heat storage device,
Pf is the actual amount of wind power online at time ¢, Pp, is the total load that is reduced, transferred and

translated at the time ¢.

1) The cost of power generation of conventional thermal power units. In general, the cost utility of
thermal power units mainly considers the operation cost and the start-up and shutdown cost, and the general
form of its cost utility function is as follows:

O (1 QGi(t 1)) Toy T
Fo)= , (6)
¢ ; ; QGzt RGzt ( Glt)
where the specific mathematical expression of operating cost Rg;(Pg;) is as follows:
RGzt ( Git ) a[ + bl PG:[ + cl PGUZ . (7)

In the formula, Qg;; and Q1) respectively represent the start-stop state of Unit i at time periods ¢ and -1, 0
represents shutdown and 1 represents startup, Ng represents the total number of thermal power units
participating in dispatching, T represents the scheduling period, zg; stands for the start-stop cost of the
thermal power units, Rg:(Pgi;) represents the operating cost of thermal power units, a;, b; and ¢; are the
operating cost parameters of the unit.

2) Power generation cost of CHP unit. In the system studied in this paper, the heat load is set to be
supplied by the heat generated by the operation of CHP unit. Therefore, CHP unit will operate without
shutdown, and the impact of CHP unit start-up and shutdown will not be considered, only its operation cost
will be considered [18]. Its expression is as follows:

(Fei)= ZZ(Q,PI-E, +b, Py +e;), ®)

=1 j=1
where Ny is the number of CHP units, a;, b; and ¢; are operating cost parameters of CHP unit respectively.

In order to deal with the operation cost of extraction steam CHP unit, the electrical and thermal
power under the extraction steam condition should be converted to the pure condensing condition for
calculation. The conversion expression is as follows:

Per |k| hjt 5 (9)
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where Pg;, and Py, are the electrical and thermal power values of the No. j CHP unit at time ¢, k is the slope of
the thermoelectric characteristic curve of the CHP unit under the steam extraction condition.

3) Operation and maintenance cost of heat storage device.

In general, the operation and maintenance costs of heat storage devices are related to their heat
storage and release characteristics. The following formula is the heat storage and release characteristics of
the heat storage device

Hs (t) = HS (t - 1) + (nS‘storePS,slore (t) - PS,release (t) / ﬂS,release )At’ t2 2 B (10)

where Hy(¢) and Hs(#-1) are the heat storage of the heat storage device at time ¢ and #-1, when the heat input
and output are zero, the physical meaning is that the heat stored does not change [19]. The #sstore aNd #5release
are the heat storage and release efficiency of the heat storage device at time ¢. Therefore, the operation and
maintenance cost of the heat storage device can be expressed as follows:

CS (Ph'jt) C S,store (t)_PS,release (t) B (11)

where ¢, is the unit operation and maintenance cost of the heat storage device. Thus, combined with the
formulas (8-11), the operating cost of CHP unit containing storage can be rewritten as

53] (P + (B, + R () )+

A ,1( git |k|(Ph/t + B ( )))+c‘/

According to formula (12), thermal power output, charging and releasing heat plan and CHP unit's own
characteristics will affect the power generation cost of the unit.

4) Wind abandonment penalty costs and demand response costs. The formulas (13-14) are the
penalty cost of wind abandonment and the cost of demand response

Cy (P )cz( e~ P2) (13)
PRI):Crgzsz:z , (14)

£=1 =1
where P, rca 1s the actual wind power of wind power at time ¢, ¢, and c¢,: are unit wind abandonment costs
and unit demand response costs of different types of loads respectively.

4.2. The constraint.

1) Power system constraint. Electrical power balance constraints:
N(;

Z Git ZP +Pm Rg/l +APg/t ) (15)

i=1

(12)

where P, is the system load at time ¢, APy, is the load offset generated by the demand response at time ¢.
Positive value means increased load and negative value means reduced load.

In addition to power balance constraints, power system constraints also include wind power output
constraints, thermal power unit output constraints, thermal power unit climbing constraints, thermal power
unit outage and start-up output constraints, and positive and negative rotation reserve constraints, which have
been a lot of literature research will not be repeated here [20-23].

2) Thermodynamic system constraints Thermal power balance constraints:

Z Phj[ +PS rclcasc Ph/z + APhlt + PS store ( ) H (16)

where Py is the heat load before the dernand response at time ¢, and APhlt is the change of thermal load after
demand response at time .
Constraint of heat storage device:
I)S,store ( ) RS'msatzre
R?,release( ) R?m;)l(ease D) (17)
H(t)<H™
where Py, B and HJ™ respectively represent the maximum heat storage and release power of the
heat storage device and the maximum heat storage of the heat storage device.
In addition to the above constraints, thermodynamic system constraints also include CHP unit output
constraints and CHP unit climbing constraints, which are similar to the constraints of thermal power units.
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Thermal output should be equivalent to electrical output, and the equivalent process is shown in the formula (9).
3) Demand response constraints. In the established responsive load model, in addition to the
formulas (1-3), the transferable electric heating load needs to meet the following constraints.
Transferable interval constraints:

re[ar]. (18)

Minimum duration constraint:

Z; (19)

r+

where ¢~ and ¢ are the upper and lower limits of the interval where load transfer can be allowed, 7™ is

the minimum continuous running time, v, is the 0-1 state variable to determine whether the load is transferred,
v~1 means that the load is transferred at time ¢.

5. Generation-load-storage optimization scheduling model for electric and thermal systems.

5.1. The example designs. The model established in this paper is a mixed problem, so the more
mature commercial solvers YALMIP and CPLEX are used to solve the problem. The "source" of the
calculation example of the established electric-thermal combined system consists of four conventional
thermal power units, two CHP units and one wind power unit. The power of the wind power unit is SOMW,
and the specific parameters of the unit are referred to Literature [13]. The "storage" side of the system is
composed of a heat storage device with a transmission power of 100MW and a capacity of 1000MW. The
system scheduling cycle is 24 hours, and the unit scheduling period is 1 hour. A typical day was selected as
the research object in this paper to simplify the comparison. When the uncertainty of wind power is not
considered, the wind power output is set at 20MW, in which the unit heat storage operation and maintenance
cost is 0.01 CNY/kW, and the unit wind abandonment penalty cost is 0.2 CNY/kW.
Fig. 3 shows the electric heating load curve, the

3 e P /’“m\ actual wind power curve of the typical day and the wind

o en T “----\_\ power prediction curve after the uncertainty treatment

- N——, //’ o of the scenario method. Electrical and thermal loads
b o before optimization are shown in Fig. 4, in which the

a0l Fesgas E— left figure is the electrical load and the right figure is the
PR thermal load. The electric heating load can be reduced

wl —e—Actml b of mainly for residential heat and lighting electricity. The

wnipmerienst | transferable  electrical load is mainly household
electricity. Translatable electric loads are mainly for
G p 10 o o 1n  clectric vehicles. Transferable and translational heat
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Fig. 3

In the calculation example, the demand response prices of the electric heating load that can be
reduced, transferred and translated are 0.03, 0.02 and 0.01 CNY/kW respectively.
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Fig. 4

5.2. Optimization result analysis. The model and method established in this paper are used to
optimize the calculation example, and the optimization results are as follows.
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Fig. 5 shows the electrical and thermal loads of each type after optimization in which the left figure
is the electrical load and the right figure is the thermal load. By comparison with Fig. 4, it can be seen that
the trough of heat load is just the peak of electricity consumption. If the operation mode of "setting power by
heat" is adopted, the scheduling is not flexible enough due to the coupling of thermoelectric units. However,
after considering the side response of electric and thermal loads, the electrical loads in periods 16-18 are
shifted to periods 4-6, and the loads in periods 9-12 are transferred to other periods of low electric loads,
smoothing the electric load curve and alleviating the impact of electric and thermal coupling. Compared with
electric load, the main reduction period of heat load is the trough period of heat load. However, due to the
existence of heat storage devices, the cost of heat storage and release is lower than that of demand response,
so the reduction amount of heat load is not much. The thermal load is mainly transferred to period 0-12, and
the translational thermal load is transferred from period 20-22 to period 13-15.
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Fig. S
In Fig. 6 the schematic diagram of the power output
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of each unit in the optimized system is shown. It can be seen
from the figure that the system meets the electric power
balance, and the power output of the thermoelectric unit is
much higher than that of the thermal power unit. The main
reason is that CHP unit has higher energy utilization rate and
lower fuel cost compared with the thermal power unit. The
operation of the heat storage device and the heat output of
the system are shown in Fig. 7 and Fig. 8.

According to Fig. 7 and Fig. 8, the thermal power
balance of the system is satisfied, and the heat storage of the

007 . : . . heat storage device remains unchanged within a scheduling
oy (SN cycle. By comparing Fig. 5, it can be seen that the main heat
600 | ‘,"‘«'F“ Mg [ e | release period is concentrated in period 14-22, namely the

peak period of electrical load. Due to the existence of
electrothermal coupling, the output electric power of CHP
unit is limited in order to meet the thermal demand in the
peak period of electricity, and the thermal power deficit
needs to be provided by the thermal power unit. However,
the fuel cost of the thermal power unit is high, so the heat
output of CHP unit needs to be reduced, and the heat storage

Fig. 7 device can release heat to provide the thermal power deficit
and reduce the operating cost of the system.

: mnw-n“-gm;g;u B oo deis ' From the analysis of results, it can be seen that the
| [ BB : il "storage" and "load" of the system will influence each other
o in the process of optimal scheduling. Therefore, it is
Em. | necessary to consider the coordination and optimal
0! | scheduling among generation, load and storage to optimize

o | the economy of the system.
s/ | 5.3. Comparison and analysis. In order to verify
H i - " - » the effectiveness of the optimal dispatching method based on

Th

o the coordination of generation, load and storage and the
Fig.
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influence of wind power on system economy and wind abandonment absorption, the following three
scenarios are selected for analysis. Since the influence of energy storage on system economy has been
verified in many papers, a comparative study will not be conducted here.

Scenario 1: The system considers the electro-thermal load response and energy storage, without
considering the uncertainty of wind power. Scenario 2: The system considers wind power uncertainty and
energy storage, but does not consider the response of electrothermal load. Scenario 3: The system considers the
electro-thermal load response and energy storage, as well as the uncertainty of wind power, namely the model
established in this paper. Comparison of system costs under three scenarios is shown in Table.

Index Scenario 1 Scenario 2 Scenario 3
Generating cost of thermoelectric unit CNY 114,800 CNY 126,200 CNY 116,700
Costs of thermal power generating units CNY 11,500 CNY 14,900 CNY 14,300
Operating cost of heat storage device CNY 7,300 CNY 8,100 CNY 7,400
Demand response cost CNY 8,300 - CNY 7,900
Wind abandonment penalty costs CNY 40,700 CNY 16,800 CNY 14,600
Total system cost CNY 182,600 CNY 166,000 CNY 160,900
Abandon the wind rate 16.48% 16.09% 12.16%

According to the data in Table, under different emphases, there are slight differences in the costs of
systems in the three scenarios. Due to the consideration of the demand side response in Scenario 1 and
Scenario 3 and the optimization of the electric heating load curve, the generation cost of thermal power and
CHP units is greatly reduced, compared with Scenario 2, the generation cost of thermal power unit is reduced
by CNY 3,400 and CNY 600 respectively, and that of CHP unit is reduced by CNY 11,400 and CNY 9,500
respectively. Scenario 1 does not consider the uncertainty of wind power, and the penalty cost of wind
abandonment is CNY 40,700. This cost not only includes the penalty of wind abandonment, but also includes
the penalty cost of the burden of system scheduling caused by incorrect wind power prediction. In scenario 2
and scenario 3, the uncertainty of wind power is taken into account, and the penalty cost of wind
abandonment is CNY 16,800 and CNY 14,600 respectively. The penalty cost of wind abandonment in
Scenario 2 and 3 is obviously less than that in Scenario 1, which indicates that considering the influence of
wind power uncertainty in the optimization dispatching process can significantly improve the system
economy. However, the penalty cost of wind abandonment in Scenario 2 is CNY 2,200 higher than Scenario
3, indicating that the change of electric and heating load curve affects the output plan of wind turbine. It also
reflects the mutual influence of generation-load-storage in the process of system optimization dispatching.
Therefore, a comprehensive consideration should be taken to improve the overall economy of the system.

Finally, the total scheduling cost of the system in Scenario 3 is CNY 160,900. Compared with
Scenario 1 and 2, the total dispatching cost of the system is reduced by CNY 21,700 and CNY 5,100
respectively, and the wind abandonment rate in Scenario 3 is 12.16%, which is lower than that in Scenario 1
and 2. The results show that the method proposed in this paper has good system economy and high wind
power consumption rate, and can provide effective technical support and reference for the production and
management of combined electric and thermal system.

6. Conclusions. In this paper, with the goal of minimizing the total dispatching cost of the system, an
optimal dispatching model of source-load-storage coordination was established based on the combined system
with storage, electricity and heat, and the influence of wind power uncertainty and demand response was
considered. The optimization results and comparison results are analyzed in detail, and the results show that:

1) The problem of wind abandonment is not only caused by the lack of flexibility of the system, and
it is not comprehensive to analyze the electro-thermal coupling problem of CHP unit only. At the same time,
considering the uncertainty of wind power can not only further reduce the amount of wind abandonment, but
also improve the economy of the system.

2) In this paper, electrical and thermal load responses are considered in the load-side demand
response, and they are classified and modeled according to their characteristics. Through the demand-side
response, the electric and thermal load curve is optimized, the output of the unit on the generation side is
improved, and the interaction between the generation and the load is realized. In addition, the energy storage
device increases the flexibility of the unit. The heat release from the heat storage device provides the thermal
power gap, reduces the operating cost of the system, and realizes the interaction of storage and charge.
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Therefore, in the optimization scheduling process of the electrothermal combined system, generation-load-
storage influence and restrict each other, and it is very necessary to comprehensively study these three
aspects compared with unilateral or two-sided studies.

3) In this paper, a coordinated optimization dispatching model of generation-load-storage is
established for the combined electric and thermal system. The numerical example analysis proves the
effectiveness of the model presented in this paper, which achieves a higher wind power consumption rate and
a lower system scheduling cost.
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Y3IOAKEHE TA OIITUMI3OBAHE BIAIIPABJIEHHS JI’KEPEJI, HABAHTA’KEHb TA
HAKOINUWYEHHS EHEPTTI B KOMBIHOBAHUX EJEKTPUYHUX TA OIAJTIOBAJIbHUX CUCTEMAX,
IO BPAXOBY€ HEBU3HAYEHICTbD TA BIAIIOBIAb INOIIUTY

Ruiqing Lian', Yiran You?, Yong Li’, Shiwei Su'
!College of Electrical Engineering & New Energy, China Three Gorges University,

Yichang 443002, China
’Quanzhou Power Supply Company of State Grid Fujian Electric Power Co., Ltd.,
Quanzhou 362000, China, E-mail: yyr937@foxmail.com

’Dawu Power Supply Company of State Grid Hubei Electric Power Co., Ltd.,
Dawu 432800, China

Obmedicenns simpoenepeemury, GUKIUKAHI, 20JI06HUM YUHOM, HEBU3HAYEHICMIO 8impoeoi cenepayii i nos'szanicmio
enexmpuunoi i mennoeoi nomyxcrnocmi TEL] € cepiio3noio npobremoro niguiunux paiionie Kumaio. 3 memoro eupiuienus
yiei npobnemu 6 Oauiu cmammi 3anPoNOHOBAHO MOOeNb ONMUMANLHO20 YAPABINIHHA BUPOOHUYMEOM-CHONCUBAHHAM-
AKYMYTIOBAHHAM eHepeii 6 00'€OHanill eleKmpomeniosiil Cucmemi 3 Memor Minimisayii oomedceHb 8imposoi enepeii i
3aeanvHuUxX eumpam Ha ynpaeninus cucmemoio. Hacamnepeo, pecynioioui enekmpuuni ma mennogi HABAHMANCEHHS.
CROJICUBAYIE PO3OLIEHO HA MPU MUNU BIONOBIOHO 00 IXHbO20 NPUSHAYEHHS, 4 came, HA NePeKIaoHi, nepecyeni ma
SMEHULYBAHI I 0151 KOJICHOL 3 HUX N0OYO08AHO MO0 8I02YKY 3a0/8 NIOSUWEHHS MOYHOCMI ONMUMI3AYii Ha CMOPOHI
cnooicuganns. Tlomim Ons supiuiennss npooreMu HeGUIHAYEHOCI GIMPOEHePLeMUKU UKOPUCMAHO CYEHAPHUT Memoo.
Y ueomy epaxosano ennus akymyniosawns eHepeii Ha ympaeninHs cucmemoro. Hapewmi, epexmuenicmo
3anponoHo8anoi Mooeni 01 NPOCY8AHHA BUKOPUCMAHHA GIMPOBOI eHepeii ma NiOGuujeHHs 3a2abHOI eKOHOMIYHOI
8U200U NiOmMeepdceHo Ha npuriadax ii ukopucmanna. bion. 23, puc. §, Tadm. 1.

Kniouosi cnoea: HeBW3HAYCHICTh BITPOCHEPTeTHKHU; ONTHMI3allisi KOOPIWHALIT TeHepallisi-HaBaHTKEHHS-CXOBHIIE;
OINTHMI30BaHe IJIAHYBaHHS; CIIOKUBAHHS BITPOBOT €HEPTii; BiAMOBIIb HA BUMOTY.
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