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Research on generation
scheduling mechanism of
Interconnected power system
based on runoff forecast

Shiming Jiang, Ping wu, Xuhong Peng and Yibo Tang*

Provincial Key Laboratory of Informational Service for Rural Area of Southwestern Hunan, Shaoyang
University, Shaoyang, China

In order to reduce power energy consumption and ensure the sustainable
development of resources, a research on the generation scheduling
mechanism of interconnected power systems based on runoff forecasting is
proposed. First, by studying energy-saving power generation scheduling and
using the average distribution method, there will be a lot of energy
consumption and pollution emissions, so it is necessary to formulate a
reasonable power generation scheduling plan; secondly, the medium and
long-term runoff forecasting method is analyzed, and artificial neural
networks are used to select appropriate hidden nodes Finally, the economic
characteristics of the two-stage power generation of the hydropower station
are explored, and the marginal benefit of the water level storage capacity and
the total power generation is obtained by combining the current operating
status and forecast information of the reservoir. Through experiments, it is
proved that the method in this paper can better predict the power generation
scheduling mechanism of hydropower stations, and the annual power
generation of the optimized scheduling is 1.92% higher than that of
conventional scheduling, which has significant advantages, ensuring the
reasonable distribution of power resources and preventing unnecessary waste.

KEYWORDS

runoff forecast, power system, power generation scheduling mechanism, energy
saving, sustainable development of resources

1 Introduction

The current power production scheduling method in the country is to share the power
generation of each unit equally, and such a scheduling method will generate a lot of energy
consumption and pollution (Le et al., 2021). Under the needs of energy conservation and
environmental protection, the country has proposed the implementation of energy
conservation and emission reduction plans, in order to achieve the purpose of energy
conservation and emission reduction, promote the optimization of the energy structure
(Zhang et al., 2022), and guide the energy structure to develop in the direction of high
efficiency and low pollution (Li et al., 2021a). In today’s energy shortage and increasingly
prominent environmental pollution, developing clean energy, developing green power,

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenrg.2022.964516/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.964516/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.964516/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.964516/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenrg.2022.964516&domain=pdf&date_stamp=2022-07-22
mailto:626323320@qq.com
https://doi.org/10.3389/fenrg.2022.964516
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#editorial-board
https://www.frontiersin.org/journals/energy-research#editorial-board
https://doi.org/10.3389/fenrg.2022.964516

Jiang et al.

and promoting the transformation of energy strategies have
become a new trend in global energy development (Li et al,
2021b), and it is also an important direction of energy strategy
development. China has developed rapidly in the past 5 years,
and will maintain rapid development in the next 10 years. While
the country is developing clean energy on a large scale, how to
conduct electricity market transactions in the new environment
to ensure its efficient use and achieve optimal resource allocation
is a practical problem that urgently needs to be studied and
solved (Husin and Zaki, 2021), (Yang et al., 2021a).

In order to realize resource complementarity and improve
power system operation security (Shang, 2007), it is necessary to
interconnect small and medium power grids through tie lines to
form a multi-domain interconnected power system. At present,
all regions and provinces in China have gradually realized
networking, and the networking form has changed from
simple bilateral networking to complex networking. After the
power systems are interconnected, each system can obtain power
from other systems through tie lines, realize mutual support
between interconnected subsystems, and obtain benefits such as
mutual assistance, peak shifting and mutual backup, thereby
improving the reliability level of the entire region. Reference (Fan
et al, 2009) proposes an energy-saving power generation
dispatching method that takes into account the government’s
macro-control and market mechanism, and implements optimal
dispatching of various generator sets according to the energy
consumption and pollutant emission levels to achieve the power
generation dispatching target requirements. Reference (Zhang
et al., 2009) proposes a regional power grid energy-saving power
generation dispatching model that takes into account the bidding
in the electricity market. First, it is sorted by province, and then
the grid replacement algorithm is matched in the province, and
finally the dispatching situation under various modes is
calculated. Reference (Li and Tan, 2012) uses short-term
marginal cost pricing as the premise to design a power
generation scheduling model. According to the two-part on-
grid electricity price mechanism, the transaction plan is clarified
by ordering the electricity price of units approved by the
government to form a suitable power generation scheduling
mechanism. Reference (Yang et al., 2022a) uses the benefit
compensation mechanism of the distribution model to
formulate a dispatch model, and is compatible with coal
consumption ranking and market bidding to implement the
power generation dispatch mechanism of the transfer of
power generation rights (Fan et al.,, 2009; Zhang et al., 2009;
Li and Tan, 2012; Yang et al., 2022a).

The power generation scheduling situation is not perfect,
there is a large planning deviation, lead to serious energy
this  paper the
interconnected power system based on runoff forecast

consumption, therefore, puts forward

scheduling mechanism research, through the artificial neural
network simulation runoff forecast method, analysis of
scheduling, research of

energy-saving power generation
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hydropower station optimization scheduling, make a
reasonable plan. A power generation model of hydropower
station is designed, combined with Markov correction of
scheduling error, to improve the mechanism. Through this
model, the annual power generation of optimized scheduling
is 1.92% higher than that of conventional scheduling, and the
optimization effect is obvious. The scheduling scheme
formulated by the optimized BP neural network for prediction

and runoff is closer to the actual scheduling operation process.

2 Energy-saving power generation
scheduling analysis

The current power generation planning mode in the country
is to distribute the power generation time of the units equally. For
small thermal power units with high energy consumption and
high pollution, the power generation time of the high-efficiency,
environmental protection, and energy-saving units, no measures
have been taken to encourage clean units to generate electricity.
Due to the existence of a large number of clean and low-energy
equipment in the country’s power system, the use of an even
distribution method has resulted in a large amount of energy
consumption and pollution emissions. With the rapid
of the the electricity
consumption of the whole society has increased rapidly, and

development national economy,
the energy consumption, pollutants, and carbon dioxide
emissions have also increased rapidly. The traditional power
generation planning model can no longer meet the new needs.

However, the implementation of energy-saving power
generation scheduling is a wide-ranging (Yang et al., 2022b)
and complex system engineering, and it is also a major reform of
the country’s current power generation scheduling system. This
reform will have a major impact on the security, continuous and
reliable power supply of China’s power grid, and will also cause
major adjustments to the interests of power companies (power
generation companies and power grid companies) and local
interests (local government tax revenue). At the same time, in
the actual scheduling process, a large number of technical
support systems developed according to the original ideas
need to be upgraded, and the operation process needs to be
changed.

The power industry is also a producer and user of energy.
China’s power industry accounts for more than 80% of coal
production and more than 50% of China’s coal consumption.
China’s power industry is a real energy-consuming country. On
the one hand, energy consumption and emissions can be reduced
in the short term through the power-saving dispatch of power
plants. On the other hand, in the process of investing in power
generation, the introduction of energy-saving and emission-
reduction technologies to maximize the elimination of
backward production capacity (Wei et al, 2016) has a
profound impact on the development of enterprises. The
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implementation of the energy-saving power generation plan will
greatly change the profit distribution of the country’s power
generation industry, and will also have a certain impact on power
grid companies and users. Research on optimal dispatching of
energy-saving power plants is helpful to formulate a reasonable
power generation plan. At the same time, in the energy
production plan, more technical support is needed, such as
optimizing the dispatching scheme.

The economic essence of the current energy-saving power
generation dispatching policy is to realize the “macro-control” of
power generation (production) between units with different
energy types and units with the same energy type and
different energy consumption levels through the promulgation
of administrative decrees.

1) The purpose of regulation is to overcome the limitation of
simply using the market for resource allocation (Liu, 2021),
which does not consider the externalities of electricity
commodities that damage the environment and consume
resources. Regulation is a supplement to market instruments.

2) The power generation of each unit before regulation is
gradually determined according to the development and
competition of power grids

enterprises over the years. It can be regarded as similar to

and power generation
“market allocation” in economics, that is, each economic
entity makes production and trade decisions according to
its own economic interests, and the determined production
capacity is also the result of market resource allocation. Under
the premise that the market is fully competitive and all
stakeholders have sufficient information, the result of this
resource allocation can be regarded as an efficient, reasonable
and optimal allocation for the present generation without
considering the environmental impact on future generations.
3) The power generation of each unit after regulation is the
result of the government’s redistribution of the production of
each enterprise on behalf of the interests of future generations
and in accordance with the goal of sustainable development,
so as to optimize the interests of present and future

generations.

3 Medium- and long-term runoff
forecasting methods

3.1 Multiple linear regression model

The multiple linear regression model is a commonly used
model in medium and long-term runoff forecasting, and its form
is as follows:

Y = iaiXi +b (1)

i=1
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In the formula, Y describes the forecast object; m describes
the number of predictors; X;(i=1,...,m) describes the
predictor; a; describes the contribution coefficient of the
predictor; b describes the constant.

The multiple linear regression model treats the relationship
between the forecast object and the forecast factor as a linear
relationship. The principle is simple and the parameters are easy
to set. It has always played an important role in hydrological
forecasting. However, when the forecast object and the forecast
factor have an obvious nonlinear relationship, the forecast
accuracy of the multiple linear regression model will be
significantly reduced.

3.2 Support vector machines

Support vector machine is a new type of machine learning
method based on statistical learning theory and structural risk
minimization principle (Pan et al., 2020). To this end, the support
vector machine regression method equation for medium and
long-term runoff forecasting is established as follows:

n
7= (B ~B)K(X,X)+B )
i=1

In the formula, y describes the forecast object, 3; and B;
describe the Lagrange multiplier, X describes the predictor
vector, n describes the sample size, X;(i =1,...,n) describes
the sample predictor vector, and K (X, X;) describes the sample
predictor vector. Is the kernel function and B describes the bias
(Ming et al., 2007). The corresponding runoff forecast model can
be obtained through formula calculation, but it requires a long
waiting time and occupies a large storage space.

In summary, Support vector machines use quadratic
programming to solve support vectors. When the number of
samples is large, quadratic programming involves high-order
matrix calculations, which consume a lot of machine memory
and calculation time. In addition, when using support vector
machines to solve nonlinear problems, the kernel function
should be selected carefully (Yang et al., 2021b).

3.3 Grey forecasting model

The grey theory was developed to solve the problem of lack of
clarity and uncertainty of information, and gradually gained
important attention internationally. There are a large number
of location factors and uncertainties in medium and long-term
runoff forecasting, so this theory can be used to construct a grey
forecasting model. The formula is (Feng et al., 2010).

(©)

Inx;; = (Inx, - b/a) [e'“i - e'“(i'l)]
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In the formula, x; describes the first sample number in the
runoff sequence; x;,1 describes the i + 1-th sample number; a and
b describe the gray model parameters, which can be determined
by the least squares method.

The grey prediction model can effectively use the limited
medium and long-term runoff data to forecast future runoff, but
when the uncertainty of the runoff sequence is the main
component, the prediction accuracy of the model will be
seriously reduced.

3.4 Predictor identification and error
correction of artificial neural networks

Artificial neural network is a nonlinear, self-adaptive
information processing system that simulates the activity of
biological neurons, and includes powerful nonlinear mapping
capabilities. When the number of neurons in the hidden layer is
not limited, the three-layer neural network can approximate any
nonlinear function infinitely, and is widely used in hydrological
forecasting.

According to Kolmogorov’s principle, the empirical formula
to clarify the number of nodes in the hidden layer of the neural
network is as follows:

ng=n +np+1+1

In the formula, ny describes the number of hidden layer

(4)

nodes, 17 describes the number of input nodes, np describes the
number of output nodes, and I describes a constant between
1 and 10.

For nonlinear networks, it is difficult to select an appropriate
neural network learning rate (Li et al., 2012). A learning rate that
is too large will make learning unstable, and a learning rate that is
too small will take a long time to learn. In addition, the number of
nodes in the hidden layer of the network should also be limited to
a certain area, otherwise there will be under-fitting or over-fitting.
For this reason, the error is corrected by the Markov model, so
that the forecast accuracy is higher and the power generation of
the interconnected power system of the hydropower station is
better dispatched.

Multivariate linear regression, artificial neural network and
support vector machine for medium and long-term runoff
forecasting models need to input predictor vectors. A set of
predictors is constructed by correlation analysis, and on the
premise of the significance level a = 0.05, a stepwise regression
analysis method is used to select important influencing factors
from the set of predictors. Assuming that the number of
important influencing factors does not exceed 3, then find the
three predictors with the highest correlation with the forecast
object as important influencing factors.

Under normal circumstances, there is still a corresponding
deviation between the predicted value and the actual value of the
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medium and long-term runoff forecasting model. Using the
Markov correction model to correct the error can better
improve the forecasting accuracy of the model. In this paper,
the positive error describes that the predicted value is greater
than the actual value, and the negative error describes that the
predicted value is smaller than the actual value. Usually, the error
indicates that the difference between the predicted value and the
actual value is small. Using the mean and standard deviation
method, the errors are divided into 5 grades: extra large positive
and negative errors, large positive and negative errors and general
errors, and calculate the error mean and error state one-step
transition probability matrix of all grades. If the error process
satisfies Markov, the error correction expression is:

5

cor __ avg .

e; —Zej Py (i-1)
j=1

(©)

In the formula, e{°" describes the correction error of the
ii=2,..
error sequence, e}’ describes the j-th state average without

.,n)-th predicted value, n describes the length of the

correction error, and Py, (i — 1) describes the uncertainty of the
i — 1-th predicted value. The one-step transition probability from
the k(k =1, ...,5) state where the correction error is located to
the j state.

4 Analysis of benefit characteristics of
hydropower stations

The power generation benefit function of a hydropower
station is related to the water head and power generation
flow, and is affected by the relationship between the water
level storage capacity and the tail water level flow. Simplify
the problem and treat the tail water level as a constant. In
many cases, the dynamic effects of tailwater levels cannot be
ignored. Therefore, under the premise of considering the
dynamic influence of tail water level, this paper analyzes the
economic characteristics of the two-stage power generation of the
hydropower station, so as to provide a more effective decision-
making basis for the real-time operation of the reservoir (Wang
et al., 2012).

4.1 Mathematical description of two-stage
power generation of hydropower station

Reservoir scheduling is a two-stage rolling decision problem.
Among them, Sy, Sy4; is the initial and final storage capacity of
period ¢, respectively; Sy, is the final water storage capacity of
t + 1in period ¢ (Tan etal,, 2012); I, Iy is the inflow of period ¢
and t + 1, respectively; r,, 7441 is the outflow of reservoir t + 1 in
period t, respectively. During the dry season, the reservoir water
level is low and the incoming water is small, so the reservoir
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usually operates with guaranteed production. If the guaranteed
output cannot be met, the reservoir operates at a reduced output.
During the flood season, when the amount of water inflow is
large, there is still wastewater in the installed power generation,
and the reservoir generates power according to the installed
capacity. Therefore, this paper only studies the case of 74 min +
T+t min <7t +Ver1 <7t max + 741, max (Pt min 1S the minimum
power generation water volume required by the hydropower
station to meet the guaranteed output of the t phase, 74, max is the
maximum power generation water volume of the ¢ phase of the
hydropower station, and the installed capacity corresponds to the
minimum power generation water volume and the turbine
overcurrent capacity.
The two stages of power generation are:

[SSR(SI) + SSR(St41)
E =nx — 2

SSR(St+1) + SSR (St.2)
2

—SDR(S; +1; *Sr+1):| X (Se+ 1t = Sear)

(6)

EH,:WX[ fSDRGH1+LH—sH»]x (it + 111 = S112)

Eqpny = Ec + Ent

In the formula: E;, E;,; is the first stage (face stage) and the
second stage (remaining stage) (Sakthivel and Sathya, 2021); E (441
is the total power generation of the two stages; # is the power
generation efficiency of the hydropower station; SSR (%) is the
relationship between water level and storage capacity; SDR () is
the relationship between the tail water level and flow rate.

In Eq. 6, it is assumed that the power generation efficiency %
of the hydropower plant is known for a given reservoir. At time t,
the initial reservoir capacity S; is known, and the two-stage inflow
of I, I+,; can be obtained from the forecast information. The end
storage capacity of Phase II S, is the remaining storage capacity,
and its size has an important impact on the later operation of the
reservoir. According to the time of the two stages, combined with
the current operation status and forecast information of the
reservoir, it is determined according to the statistical law of
historical operation. It can be seen that the two-stage power
generation Ey, E;,; and the total power generation E ;) are
both functions of S;,; facing the end of the stage.

4.2 Analysis on the benefit characteristics
of power generation in two stages

The total power generation E ;.1 is not only related to the
storage capacity S;,; at the end of the facing phase (Ansarian
et al., 2015), but also related to the state of the reservoir in the t
phase, the engineering characteristics of the reservoir itself, and
the characteristics of the downstream river. There are many
influencing factors. How to decide to optimize the two-stage
power generation E (). Therefore, through mathematical
analysis, this paper reveals the variation law of the two-level
power generation E;, E;,; and the total power generation E ;)
with the storage capacity Sy, of the facing level (Ye et al., 2008),
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which provides a basis for making optimal decisions. This section
mainly studies the variation law of power generation with the
terminal storage capacity S, in two stages.

The marginal contribution of the storage capacity A at the
end of the facing period to the two-stage power generation (Zhan
and Zuo, 2012) is:

= q{(%+SDR’(7,)> X — [w-sDR(n)”

dE,
o

fm = dEi“‘ = n[(w+spR’(r’)> X1y — [w_ SDR(r,)”
dS., 2 2

@)

In the formula, f;, fi4 is the marginal benefit of two-level
power generation, that is, the change in power generation caused
by the change of the terminal storage capacity Sy.1; SSR (St+1) is
the increase of the storage capacity of the unit Sy; and the
increase of the reservoir water level (Tan et al., 2014), and
SDR’ (r;) is when the reservoir flow is 7;., the increase in unit
flow and downstream tail water level. In Formula 7, (% +
SDR' (r;)) refers to the head increased by increasing the unit
storage capacity (i.e., decreasing the flow rate by one unit) when
the storage capacity at the end of the first stage is Sii.
q(% +SDR' (r;)) x r; refers to the increased power
generation by increasing the water head (% +SDR/' (r,))
when the power generation is ;. 7 (w + SDR' (1)) refers to
the increased power generation by increasing the unit power
generation when the water head is [w —SDR(ry)].
Therefore, the positive and negative marginal benefits of the first
stage depend on who controls the water head and volume.

From Taylor’s first-order expansion, we get:

SDR(r;) + SDR () x r, = SDR(2r;)
SSR (St41) — SSRI(SHI) X 1y = SSR(Sp1 = 14)

®)
&)

Substitute S;,; = S; + I; — r, into the above Formula 7, and
combine Formulas 8, 9 to obtain:

(10

SSR(S;) + SSR(S; + I, — 2r
o= SR (a7 - SRS SSRGS 1, -20)

2

Put —SSR(S’HSS];(S’”’*Z”) ~ SSR(S; + % - 1) into Eq. 10, we

can get:

fi= q[SDR(Zrt)—SSR(St+%—rt)] (11)

In Formula 11, SSR(S; + % — ;) represents the power
generation of the reservoir with the amount of water r, when
the inflow in the period t is 17’, and the water level value at the end
of the period (Kumar et al., 2018). SDR(2r;) represents the
downstream tail water level, and the amount of water
corresponding to the power generation of the reservoir is 2r;.
The results show that with the increase of r;, SDR (2r;) increases,
SSR (S; + % —r¢) decreases, and f; also increases. Because
0 ft = N[SDR(2r;max) = SSR(S; + L —1,).
addition, during normal operation of the reservoir, S; > Spnin

re < 7't, max > In

(Smin is usually the dead storage capacity), that is:
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o = n[SDR (27, max) — SSR (Smin — 71)] (12)

Since reservoirs with a large drop (Jinghua and Hua, 2011)
usually satisfy SDR (27¢, max) — SSR (Smin — 1¢) <0, that is, f¢ <0,
this paper mainly studies the hydropower station satisfying
SDR (274, max) — SSR (Smin — 7¢) <0, and then brings S¢yo = Spi1 +
Ity1 — 1441 into the above Eq. 7, and combines Eqs 8, 9 to obtain:

[ SSR(Sts1 + 7e41) + SSR(Sper + T + Iy = 2741)
fm =N 2

—SDR(2r41)

Iy t+1

I
~ q[SSR(SM - ) - SDR(ZrM)] > q[SSR(Smm +

— SDR (2r4,,, max)
) J
(13)

It can be seen that for the reservoir satisfying
SDR (27 max) = SSR (Smin = 71) <0, fr1>0  is
established. To sum up, the marginal benefit of the first

always

stage is less than 0, and the marginal benefit of the second
stage is greater than 0, that is, when the water storage Sy,
increases at the end of the stage, the power generation in the
facing stage decreases, and the power generation in the
second stage increases, that is, two stages. There is a
competitive relationship between power generation (Zhao
et al., 2009). Next, we will further discuss the change law and
economic characteristics of the two-stage total power
generation with the decision to store water at the end of
the stage.

4.2.1 Analysis of factors affecting total power
generation

The marginal benefit of the total power generation f(;s.1) is
the sum of the marginal benefits of the two stages of power
generation, which can be obtained by Formula 7:

dE(1441)

Sy = a5 g [SSR'(Sm) X (r¢ + 1141) + SSR(Sp12) — SSR(St)]
t+1

~1[SDR (r111) + SDR' (r111) X 71y = SDR(r;) = SDR' (r,) x 14
(14)

Using G (S;+1) and D (ry, 7441) to represent the first half and
the second half of the marginal benefit of the total power
generation respectively, the Formulas 15, 16 are obtained:

G(Si) = g [SSR(Sis1) X (71 + rer) + SSR(S112) — SSR(S,)]
(15)
D(ri 1) = n[SDR(rM) + SDR/ (£441) X 144y — (SDR(n)
+ SDR/ (r,) x rt)]
(16)

It can be seen from Eq. 14 that the marginal benefit of the
total power generation is affected by the current status of the
reservoir and the engineering characteristics of the reservoir,
namely the water level-capacity relationship of SSR (*) and the
tailwater level-discharge relationship of SDR (¥). Eq. 15 expresses
the influence of the relationship between water level and storage
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capacity on the marginal benefit of total power generation, and
Eq. 16 expresses the influence of the relationship between tail
water level and flow on the marginal benefit of total power

generation.

4.2.1.1 Influence of water level and storage capacity
relationship

From the water balance [30] r; + rpy1 =S — Spip + It + L1y,
we can get:

SSR' (Sp41) X (r¢ +71e1) = SSR' (Sp41) X (St — S12)

+SSR' (Si1) X (I + Ipar) (17)

In addition, through the first-order Taylor expansion, it can
be obtained:

SSR (St+2) ~ SSR (SH-I) + SSR, (St+1) X (St+2 - St+1) (18)

SSR(S) = SSR(S:s1) + SSR'(S141) X (S = Si1)  (19)
From Eqgs 15, 17, 18 we get:

G(Si) = L [SSR'(Si) x (L + )] >0 (20)

In the formula, SSR’ (St+1) x (It + I141) is the increment of
the reservoir water level when the reservoir capacity is S¢; and
the total water inflow in the two stages is stored in the reservoir.
According to the characteristics of the relationship between water
level and storage capacity, SSR’(#)>0,SSR”(*)<0 can be
known. Therefore, it can be seen from Eq. 20 that when the
two-stage inflow is known, G (S;,1) decreases with the increase of
the storage capacity S, at the end of the facing period, but is
always positive, that is, the total inflow of the two-stage inflow is
determined by the relationship between the water level and
storage capacity Affects the marginal benefit of the total
power generation, but promotes the increase of the total
power generation, and G (Ss) increases with the increase of
the two-stage influent I, I;,. In addition, Formula 20 shows that
for different reservoirs, when the two-stage water inflow is
constant, the greater the slope SSR'(*) of the water level
storage capacity curve, the greater the reservoir slope, the
greater the G(Sy1), that is, the difference between the water
level storage capacity relationship and the marginal benefit of
total power generation. The greater the impact, the smaller the

vice versa.

4.2.1.2 The influence of tail water level and flow
relationship

In Eq. 16, both the first half and the second half are functions
of displacement. First the of
SDR(r;)+:SDR' (r;) x r, analyze change
characteristics of D (74, 741).

The  derivative  of  SDR(r,)+:SDR'(r,) xr s
SDR" (r/)r; +2 x SDR' (r;). According to the relationship
between tail water level and flow characteristics, we can know:

analyze law

then

change

and the
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TABLE 1 The running process of the conventional scheduling plan.

Month Inbound Initial End Output
traffic water water flow
level level

1 1932 650 650 1932

2 1538 650 592.13 1987.51
3 1812 592.28 587.29 2051.49
4 1279 587.24 570.64 2324.18
5 2487 559.41 540 3186.28
6 3407 540 590 2708.93
7 9974 590 590 9974

8 8573 590 590 8573

9 9308 590 650 7517.21
10 5397 650 650 5397

11 3624 650 650 3624

12 2207 650 650 2207

TABLE 2 The scheduling plan running process of the method in this paper.

Month Inbound Initial End Output
traffic water water flow
level level
1 1930.81 650 650 1930.81
2 1526.1 650 594.21 1987.51
3 1823.23 594.21 593.15 1849.31
4 1298.16 593.15 586.10 1911.82
5 2485.05 586.10 594.24 1883.09
6 3409.18 594.24 552.05 5182.82
7 9974.03 552.05 540 9652.20
8 8537.63 540 540 8537.63
9 9305.27 590 650 7419.26
10 5394.35 650 650 5394.35
11 3632.92 650 650 3632.92
12 2204.16 650 650 2204.16
SSR’ (") >0,SSR" (") <0 (21)

It can be assumed that the tail water level flow relationship
curve conforms to the series of formulas:

SDR(r,) =a(r, +b) +d (22)

In the formula, a>0,b>0,0<c<1, its first-order formula
can be obtained:

SDR'(r,) = ac(r, + b)" (23)
Its second-order formula is

SDR" (1) = ac(c - 1) (r; + b)2 (24)
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Water Contribute Power Abandoned
head generation water
flow
225.16 370.13 24.74 0
221.23 374.35 26.04 0
231.92 374.35 26.87 0
196.87 409.04 29.12 0
172.33 469.18 34.78 0
174.06 399.18 27.89 0
174.98 1225.86 91.18 1680
175.16 1337.59 93.28 265
195.72 1263.41 91.37 0
217.99 1007.81 74.03 0
222.34 688.40 49.56 0
225.72 418.59 31.34 0
Water Contribute Power Abandoned
head generation water
flow
226.41 359.16 26.47 0
224.16 344.78 22.81 0
219.94 344.68 24.66 0
212.96 345.18 25.90 0
212.76 341.84 24.51 0
193.45 867.38 62.30 0
168.99 1194.58 88.50 1354.20
175.16 1237.59 93.63 264.37
195.72 1263.18 90.28 0
217.97 1007.78 74.09 0
223.42 685.84 48.13 0
224.72 419.76 32.12 0

From the above Formulas 23, 24, we can get:

SDR” (r,) X r; + 2 x SDR' (r,) = ac(c — 1) (r; + b)* > x r, + 2ac(r, + b)™"
>ac(c—1)(re + b2 x (r, +b) + 2ac (r, + b)!
=ac(c+1)(r:+b) ' >0

(25)

SDR () + SDR’ (r;) x r; is an increasing function of r,. When
Tie1 >Te, D (1 7e41) >0, when 744 <71y D(r4,7441) <0. As the
water storage capacity of Sy, increases, r; reduces the power
generation of the facing stage, 1, increases the power generation
of the second stage, the first half of D(r;,7.;) increases, the
second half decreases, and D (1, r;,1) increases as a whole. The
negative impact of total power generation is gradually increasing.
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FIGURE 1

Comparison of monthly power generation.

In addition, it can be seen from Eq. 16 that the change of
D(rs,1441) is also related to the relationship SSR(*) of tail
water level and flow. When the relationship between the tail
water level and flow rate is steeper, that is, the greater the slope,
the narrower the lower part of the corresponding swim channel,
the larger the relative variation range of D(ry,7¢), and the
greater the influence of the tail water level on the total power
generation.

4.2.2 Concavity and convexity analysis of total
power generation
The second derivative of the total power generation is:
, PE . SSR” (1)
feen= dS(ZH 2= n 2 =

t+1

(re +7401)

—n[SDR" (r;) x r, + 2 x SDR' (r,) + SDR” (r111) X 741 + 2 X SDR' (r141)]
(26)

According to the characteristics of the water level
storage capacity relationship curve, it can be known that
SSR’ (*) >0,SSR” (*) <0. addition,
Formula 28, it can be seen that no matter what number
r, takes, SDR" (r;)r; + 2 x SDR’ (r,) is larger than 0, and
because of SSR'(*)<0, f(g0)is. When the total power
generation of the two stages is a concave function of the

In combined with

storage capacity S at the end of the facing stage, it proves
that with the increase of the storage capacity at the end of
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the facing stage, the marginal benefit of the total power
generation decreases.

4.2.3 Monotonicity analysis of total power
generation
It can be obtained by Formulas 8, 16:

D(rs,7141) = SDR(21,,1) — SDR (2r,) 27)
It can be obtained by Formulas 14, 20, 27:
S = W[%SSR' (St+1) X (I + Iiry) = (SDR(27.1)
- SDR(2rt))] (28)

To sum up, it is assumed that SSR’(S;.1) x (I; + I141) is
always positive after the reservoir situation is clear; the water
volume of the two-stage power generation changes with the
change of the storage capacity S;; at the end of the facing
stage, so that SDR(2r1) — SDR(2r;) shows a positive and
negative change.

It can be known from Formula 28 that if Sy =S,
r¢ = 111, SDR(2r441) —SDR(2r,) =0, then  f(ey>0. If
Sta1 <Sr=r0,5 SDR (274,1) — SDR(2r;) <0,  then
ft4+1) >0, then increase the water storage capacity S, at the
end of the stage, the total power generation E 1) will increase;
7t <7441, SDR(21441) — SDR(214) > 0,

is

Tt > Teels

assuming  Sgy1 > Sp—r,,,»
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FIGURE 2

The actual operation process of the two scheduling methods and the operation process of different forecast runoff plans. (A) Comparison of the
monthly average output process and the water level process in the actual process and planning process of traditional dispatching. (B) Comparison of
the monthly average output process and the water level process in the actual process and planning process of optimal scheduling.

since the total power generation in the two stages is a concave
function for the final storage capacity S, At this time, with the
increase of the water storage amount S at the end of the stage, the
marginal benefit gradually decreases. According to whether f ;4.1
will be smaller than 0, it can be divided into two ways. 1) Assuming
that there is a condition of f (¢4+1) <0, when S, increases, the total
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power generation E ;) in the two stages increases first and then
decreases, and the total power generation has an extreme value
E{,;41)> Which is the maximum value; 2) Assuming that there is no
condition f (;¢1) <0, this When E (1) increases with the increase
of S;.1, the two-stage total power generation reaches the maximum
value at the upper boundary.
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5 Experiment and analysis of
experimental results

This paper takes a hydropower station as the research object,
and studies the medium and long-term power generation operation
of the reservoir. The hydropower station is a comprehensive water
conservancy project focusing on power generation and taking into
account flood control. In addition, it also has comprehensive
utilization benefits such as retaining sand, improving the
navigation conditions of the reservoir area and the river section
under the dam. The controlled area of the reservoir is 438,800 square
kilometers, accounting for 95,200 square kilometers of the entire
basin. The total storage capacity is 12.43 billion m?, the normal water
level is 650 m, and the dead water level is 590 m. The corresponding
storage capacity is 11.02billion m*s and 5.025 billion m*/s
respectively. Its annual regulatory performance is incomplete.
The rated total installed capacity is 12 million kW, and the
average annual power generation is 56.04 billion kW hours.
Guaranteed output of 3.409 million kw h.

Combined with the artificial neural network model
mentioned in 3.2, the runoff in 2018 is predicted month by
month. According to the forecast runoff combined with different
scheduling methods, the scheduling scheme is obtained, and the
actual working conditions are obtained according to the actual
water flow combined with different scheduling methods.

According to the neural network optimization scheduling
model, using Java language programming, taking the hydropower
station’s maximum power generation as the optimal scheduling
objective, a medium and long-term optimal scheduling model for
hydropower stations is established. Input the runoff data
representing the year, and the model parameters are set as
follows: the penalty coefficient is 1, the penalty index is 2, the
convergence accuracy is 5 x 107%, the maximum discrete step size is
0.4, and the maximum number of iterations is 100. Optimize the
water level process for each month in 2018, and then perform
scheduling calculations based on the optimized water level process.
It was concluded that in 2018 the hydropower plant has a planned
annual power generation capacity of 61.340 billion kWh. Tables 1, 2
are the scheduling of traditional and this method respectively.

It can be seen from Tables 1, 2 that in July, the amount of
discarded water under conventional dispatch has reached 1680, while
the amount of discarded water in this dispatch method is less than
1354.2. In August, the amount of water discarded by the conventional
dispatch mechanism was 265, and the amount of water discarded by
the dispatch mechanism in this paper was 264.37. This shows that the
dispatching mechanism method in this paper has great advantages,
reduces the waste of water resources, and can ensure the increase of
the power generation of the hydropower station.

To better understand the scheduling situation, Figure 1
the the
scheduling model and the scheduling model in this paper.

shows comparison results between traditional

It can be seen from Figure 1 that the power generation of the
hydropower station under the conventional dispatching method
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is not as much as the optimized power generation in this paper,
especially in June, when the amount of rainwater is large, this
paper can better allocate the water resources of the hydropower
station, make better use of resources, and reduce waste, thereby
producing more power energy.

The actual operation process of the two scheduling methods
and the operation process of different forecast runoff plans are
shown in Figure 2. Among them, plan one represents the running
process of traditional BP neural network forecasting runoff plan,
and plan two represents the running process of optimizing
artificial neural network forecasting runoff plan.

The following conclusions can be drawn: the optimal
dispatching effect after the whole year is better than the
conventional dispatching effect, indicating that the optimal
water level adjustment process is obviously helpful to increase
the annual power generation. In the process of formulating the
dispatch plan, the optimized BP neural network is reasonably
used to provide the predicted runoff input for the dispatch
model.

6 Conclusion

In this paper, a hydropower station is designed as the research
object, and a systematic study on medium and long-term power
generation dispatching of the reservoir is carried out according to a
series of characteristics such as integrity and dynamicity of reservoir
dispatching. It can be seen from the experiment that the annual power
generation of optimal dispatch is 1.92% higher than that of
conventional dispatch. Comparing the results of conventional
dispatch and optimal dispatch, as well as the planned operation
process and actual operation process of the two dispatch methods, the
following conclusions can be drawn: It further verifies the rationality
of BP neural network to provide forecast runoff input for scheduling
planning; secondly, compared with conventional dispatching, optimal
dispatching has an increase in total power generation; thirdly,
according to the operating water level process, optimal dispatching
The drop of the dispatched water level is smaller, and the water level
process is more stable; fourth, because the water supply period does
not fall to the dead water level at the end of the water supply period,
the output value of the optimal dispatching in the first month of the
water storage period is higher than that of the conventional
dispatching, thereby increasing the power generation. To a certain
extent, this paper reflects the flexibility of changes in the optimization
of power generation scheduling in the medium and long term, and
verifies the rationality of the BP neural network to provide runoff
input for medium and long-term scheduling. Important guiding role.
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