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Abstract: With the rapid development of renewable energy, power supply structure is changing.
However, thermal power is still dominant. With the background in low carbon economy, reasonable
adjustment and optimization of the power supply structure is the trend of future development in the
power industry. It is also a reliable guarantee of a fast, healthy and stable development of national
economy. In this paper, the sustainable development of renewable energy sources is analyzed from
the perspective of power supply. Through the research on the development of power supply structure,
we find that regional power supply structure development mode conforms to dynamic characteristics
and there must exist a Markov chain in the final equilibrium state. Combined with the characteristics
of no aftereffect and small samples, this paper applies a Markov model to the power supply structure
prediction. The optimization model is established to ensure that the model can fit the historical
data as much as possible. Taking actual data of a certain area of Ningxia Province as an example,
the models proposed in this paper are applied to the practice and results verify the validity and
robustness of the model, which can provide decision basis for enterprise managers.

Keywords: renewable energy; power supply structure prediction; Markov analysis; error
optimization; optimal adjustment strategy

1. Introduction

With the development of the economy, the consumption of primary energy in China grows
more quickly: The emission, pollutants and environmental deterioration caused by primary energy
consumption are increasing. The contradiction between economic development and environmental
protection have become increasingly prominent. Against the backdrop of exhausted traditional fossil
fuels and environmental deterioration, renewable energy has been particularly favored by countries all
over the world for its environmental friendliness, low pollution and regenerative ability [1]. Under With
the encouragement and support of national policy, renewable energy power generation in China has
developed rapidly over the past decade. So far, we have the largest scale and fastest-growing wind
power in global comparison. By the end of 2013, wind power-installed capacity in China reached
91.7446 million kW, and wind power generation reached 140 billion kWh. Meanwhile, China is
also a major solar power country. Up to the end of 2013, the solar power installed capacity reached
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14.79 million kW, and solar power generation reached 8.7 billion kWh. In addition, nowadays, China is
actively studying the exploitation and utilization of biomass energy, geothermal energy, ocean energy
and other renewable energy resources [2—4].

With the rapid development of renewable energy, power supply structure is changing.
However, thermal power is still dominant, and the proportion of use is too large. China’s thirteenth
“Five-Year Plan” [5] clearly pointed out that we should vigorously develop renewable energy and
substantially increase the proportion of renewable energy. Study of the prediction and optimization of
power supply structure is not only conducive to a short period of economic development, but also
related to the country’s stable and sustainable development [6]. Therefore, optimizing the power
supply structure and building a safe, stable, economical and clean power supply system has practical
significance. To deeply grasp the future development of renewable energy in addition to the accurate
prediction of renewable energy power generation, it is also necessary to understand the structural
proportion of renewable energy and trends of future development. The twelfth “Five-Year Plan” [7]
in China clearly stated that the proportion of non-fossil energy consumption in primary energy
consumption will reach 11.400% in 2015. The importance of renewable energy will be further enhanced
during China’s energy structure adjustment. The optimization of energy structure is related to the
sustainable development of economy and society [6]. Therefore, the prediction of the power supply
structure has great significance. There are many methods for structure development prediction, such as
the moving average method, the regression analysis method, the exponential smoothing method, grey
theory [6], the neural network model [8], the Markov model [9] and so on. The Russian mathematician
Markov proposed the Markov process in the study of random variables sequences; and subsequently
developed the concept and principle of the Markov chain [10]. So far, Markov modelling has already
formed a perfect theoretical system, and has satisfied prediction accuracy for non-aftereffect sequences.
The Markov prediction method takes the state and the state transition of a dynamic system as the
study object, and it requires recent data to predict the future instead of continuous historical data [11].
Through the research on the development of renewable energy structures, we can see that if the state
of the study object follows a certain condition, it will eventually reach a stable state through the state
transition over time, and the final state has nothing to do with the initial state. The regional renewable
energy development mode accords with dynamic characteristics, so there must exist a Markov chain
before the final equilibrium state [9]. This model has been widely used in many fields, such as image
processing, communication, medical treatment, etc., and has achieved excellent results in the prediction
of energy structure [12], power consumption structure [13], passenger traffic structure [14] and other
areas. Therefore, using the Markov model to study the development of regional renewable energy
structure is in line with the law of its development.

Based on the above analysis and the status of the development of renewable energy, this paper
applies Markov structure transition analysis for power supply structure development forecasting
to optimize regional power supply structure. As determining the transition probability of Markov
model is the main difficulty in model research, an optimization model is established to reduce the
square error sum of the actual probability matrix and the calculated probability matrix in prediction
model and make the result fit the historical data as much as possible. Accordingly, related technology
strategies, management strategies and policies are proposed to increase the proportion of renewable
energy power generation. The validity of the model is verified by the example of renewable energy
data in a certain area of Ningxia province. Determining the structure of the future renewable energy
development through the model will provide decisive support for the construction planning of regional
power grids.

2. Basic Theory

2.1. Markov Property, Markov Process and Markov Chain

Markov property is also known as non-aftereffect property, and specifically at a certain moment ¢,
the state of the process is known. At the moment #; > t, the conditional probability distribution has
nothing to do with the state at the time 1 and is only related to the state at the time .
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The probability distribution function is used to describe the Markov property, and it can be
expressed as follows [9]:

The state space of the random process {X(t),t € T} is I. If at any moment n of time ¢, that is
<ty <---<tyn =3t €T, and under the conditions of X(t;) = x;, x;€ [,i=1,2,--- ,n—1, the
conditional probability distribution function of X(t;) is equal to the conditional distribution function
of X(t,) under the condition of X(t,,_1) = x,,—1. Namely:

P{X(tn) < xn|X(t1) = x1,|X(t2) = x2,---, | X(ty—1) = xp_1}

= P{X(ty) < x4 | X(ty—1) = xp—1},xn € R @

The process {X(t),t € T} has the Markov property, and is called a Markov process. In general,
a Markov process with discrete time and discrete state is called a Markov chain. It is described by
mathematical language as follows.

The state space of the random process {X(t),t € T} is I. For any m non-negative integer
ny,ny, -, (0 < np < np < ---ny) and any natural number k as well as any iy, iy, - ,im,j € I,
it satisfies the following conditions:

P{X(?’lm -‘rk) :j|X(Tl1) =1 ,X(T“lz) =iy, X(ny) = im}

= PAX(np + k) = j|X (1) = im} @

The stochastic process {X(t),t € T} is called Markov chain.

2.2. Transition Probability

The state space of the random process {X(f), t € T} is I. Under the condition of being in the state i
at the time m, n-step transition probability that the system is transferred to the state j through n steps is
called the n-step transition probability of the time m, as shown in the equation

pz(]ﬂ)(m) = P{Xin4n =j|Xm =1},i,jel ®)

In particular, when n = 1, pl(].l)

transition probability.

(m) can be called p;j, and called it the Markov chain

The transition probability pi(j") (n) has the following two properties:

pl(f) (n)=>0,i,jel @)
Spm =1iel 5)
jel

The literature theorem shows that the n-step transition probability of a Markov chain meet the
Chapman Kolmogorov equation, i.e., for any positive integer h, [, there are:

P n) = PO PO+ 1) ©)
The next equation can be obtained through a recursive process:
P =) )

From the Equation (7), a Markov transition matrix can be obtained directly by a one-step transition
matrix, thus providing a simple transition probability calculation method.
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2.3. The Ergodic Property of a Markov Chain

The ergodic property of a Markov chain is that if the limit of a Markov chain transition probability
exists and has nothing to do with i it is:

Jim pyj(k) = pjiijel ®)

Moreover, it can be proven that for any i,j € I;i,j = 1,2 - - N, there must exist pi]-(k) > 0. Thatis
to say, Markov chain has ergodicity. In addition, limit distribution 7w = (771, 712, - - - ) is the unique

N N
solution of equations 77; = ‘21 7ipij (namely 7t = 7P) under the 77; > 0, 2= 1-conditions [15].
i=

j=1

2.4. Error Optimization Transition Probability Matrix Estimation Method

The determination method of the state transition probability matrix of Markov’s prediction
method has been a hot topic in research [16]. This paper introduces the error optimization idea to
determine the transition probability matrix, making the error sum of squares of the probability matrix
calculated by this model and the actual probability matrix reach the minimum, and establishing the
optimization model.

Assuming that a(t) = (pt(1), pt(2), --- pe(n)) (t =1, 2, --- , m) is a probability vector of a system
for the time  in a certain state, the one-step status transition probability matrix is P = (p;), - In fact,
due to the changes of the objective environment, the one-step status for the transition probability
matrix of an adjacent time is not the same, so there is a certain error between a(f + 1) and «a(t) P.
Based on the principle of the minimum sum of squared errors, the optimization model is established
as in Equation (9):

minf(p) = 5 Hat+1) —a(®) P12 =S (a(t+1)— a(t) P)(a(t +1) — a(t) P)T
t=0 t=0

n

pij=1,i=12-n ©)
s.t j=1
p1]>0/]:1/21n

3. Case Study

3.1. Prediction of Power Supply Structure Based on the Optimized Markov Model

Nowadays, the Markov model is a perfect theory system, and achieves good prediction accuracy
in no-aftereffect sequence prediction. Based on the characteristics of Markov theory, in this study;,
the Markov model is applied to the prediction of the renewable energy development structure in a
certain area of Ningxia. As the difficulty in the model study is the transition probability of the matrix’s
determination in the Markov prediction model, this paper aims to establish an optimized model to
make the error sum of squares reach the minimum, and ensure that the model calculation results can
fit the historical data as much as possible. Through access to information and analysis, we know that
since 2009, the region’s renewable energy power generation began to accelerate. Accordingly, this
paper selected the power supply data from 2009 to 2014 as a basis data for the exemplary analysis of
this case study. The annual electricity generation and power supply structure are shown in Figure 1
and Table 1.
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Figure 1. The chart of annual electricity generation and power supply ratio from 2009 to 2014 in
Ningxia Province.
Table 1. Data form of power supply generation and structure from 2009 to 2014 in Ningxia Province.
. Photovoltaic Power Thermal Power
Year Wind Power Generation Hydropower Generation
Electricity Ratio Electricity Ratio Electricity Ratio Electricity Ratio
(twh) (%) (twh) (%) (twh) (%) (twh) (%)
2009 358.810 1.976 15.710 0.001 7.550 4113 0.0035 93.910
2010 485.780 2.482 16.700 0.113 12.810 3.237 0.580 94.168
2011 866.950 1.870 15.860 0.208 16.860 1.760 1.880 96.162
2012 866.950 3.980 18.850 0.832 36.630 2.049 7.650 93.140
2013 930.090 5.788 18.620 1.003 58.910 1.829 10.210 91.380
2014 1080.500 5.820 24.300 0.783 68.840 2.054 9.260 91.343

Note: twh, billion kilowatt hours.

It can be seen from Figure 1 that, despite the increase in the amount of energy power generation,
the proportion of thermal power is declining, while the proportion of renewable energy power
generation is increasing (both regarding growth rate and general structure). In Table 1, the ratio of
wind power and solar photovoltaic power generation increased from 2009 to 2014 in Ningxia. As there
are less hydropower resources available and renewable energy power generation from other sources
increase, the proportion of hydropower generated electricity quantities decreased. The proportion of
thermal power remained above 90%, but from observing the trend, we assume that the proportion
will decrease.

Predicting the power supply structure in the region by using the Markov prediction model based
on error optimization, and through the MATLAB software [17], we can obtain the transition probability

matrix as follows:
0.7922 0 0 0.2078

0.5329 0.2680 0.1575 0.0416
0 0.0033 0.0844 0.9123
0.0140 0.0051 0.0205 0.9605

P =

According to the transition probability matrix and the Markov forecasting model, the prediction
results of power supply structure are as shown in Table 2. Traditional Markov is selected as the contrast
method. Setting the data from 2009 to 2015 as the test sample, and taking objective factors of the
development of renewable energy sources (the environment, location, cost, etc.) into account, the
predicted results obtained by the two methods are compared with the actual values. Thus, the relative
errors are gained as shown in Figure 2. This paper selects the mean absolute percentage error index as
quantitative evaluation of the prediction results.
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Table 2. The prediction results of the power supply structure in Ningxia Province from 2009 to 2020.
Wind Power Photovoltaic Power Hydropower Thermal Power
Error Error Error Error
1\cht1ua1 Markov  Optimization Q]c’;ual Markov  Optimization %ctlual Markov  Optimization 1\cht1ua1 Markov  Optimization
alue Markov alue Markov alue Markov alue Markov
2009 1.976 1.857 2.054 0.001 0.002 0.0012 4113 4.136 3.9568 93.910 94.005 93.988
2010 2.482 2.294 2.509 0.113 0.151 0.124 3.237 2.257 3.156 94.168 95.298 94.211
2011 1.870 2.04 2.037 0.208 0.235 0.224 1.760 0.924 2.039 96.162 96.801 95.700
2012 3.980 3.29 4.016 0.832 0.872 0.859 2.049 1.686 1.833 93.140 94.152 93.292
2013 5.788 4.598 5.750 1.003 1.048 1.017 1.829 1.468 1.73 91.380 92.886 91.503
2014 5.820 5.739 5.780 0.783 0.831 0.794 2.054 1.154 1.988 91.343 92.276 91.438
2015 5.870 5.190 5.870 0.650 0.753 0.650 2.170 2.182 2.165 91.320 91.875 91.315
2016 4.250 6.271 0.658 0.647 2.873 2.165 92.219 90.929
2017 4710 6.582 0.787 0.644 2.439 2.153 92.064 90.630
2018 4.618 6.712 0.899 0.641 2.677 2.144 91.806 90.495
2019 5.663 6.798 0.683 0.638 2.820 2.152 90.835 90.415
2020 4.520 7.013 0.726 0.637 2.623 2.149 92.131 90.205
MAPE (%) Markov of error optimization 3.76 Markov 14.81
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From Figure 2, we gather that the relative error of the optimized Markov model is smaller than
that of a traditional Markov. Due to the volatility of renewable energy power generation, the prediction
is more difficult. Compared to the stable output of thermal power, the forecast accuracy of renewable
energy power generation is lower. Thus, thermal power prediction has the smallest error and the
most stable trend. In terms of thermal power forecasting, the error of the two methods are both
small and an advantage of the optimized Markov model is not obvious. Nevertheless, in terms of
the renewable energy power supply structure prediction, the optimized Markov shows an absolute
advantage. The traditional model has a larger error and error fluctuation range, whose maximum
reached 100%. In addition to the two abnormal points, the relative errors of the optimized Markov
model in other years are controlled within +10%. Meanwhile, the relative error is relatively smooth,
which shows that the prediction performance of the proposed method is stable. Thus, the optimized
Markov model is more suitable for the prediction of the power supply structure of renewable energy
sources, and has better stability and robustness.

120—
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80—

F—5—F
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|
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Figure 2. Relative error diagram of the two methods.

Based on the prediction results of the optimized Markov model, we can obtain the power supply
structure of Ningxia Province from 2015 to 2020, as shown in Figure 3.

Wind power 0 i )
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Figure 3. Cont.
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Figure 3. The proportion of the power supply structure for the years 2015 (a); 2016 (b); 2017 (c); 2018 (d);

2019 (e); 2020 (£).

Based on the prediction results, the proportion of wind power consumption will continue to
increase from 2015 to 2020, reaching 7.013% in 2020. In the next five years, the region’s installed
capacity of solar photovoltaic power generation is small, and the proportion of photovoltaic power
generation will remain relatively stable. The proportion of thermal power will still decrease and drop
to 90.205% in 2020.

3.2. Analysis of the Equilibrium State of Regional Power Supply Structure

On the basis of the transition probability matrix of the power supply structure, we can gain the
balance of power structure system, i.e., that the probability of each state remains the same in the system.
The balance state prediction results of the power supply structure are shown in Table 3 and Figure 4.

Table 3. The balance state prediction results of the power structure in a certain area of Ningxia Province.

Photovoltaic Power Hydropower (%) Thermal Power
Generation (%) ydarop ° Generation (%)

Balance state 7.644 0.634 2.111 89.611

Wind Power (%)
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Figure 4. The proportion of the power supply structure under the balance state.

The proportion prediction results of the power supply structure under the balance state display
that the power supply structure will not change much in the future. Although the proportion of
thermal power will decline gradually, the power structure dominated by thermal power will not
change and thermal power will still occupy a large proportion in the short term due to its energy
structure characteristics. In virtue of the further development of wind power technology and related
supporting policies, the proportion of wind power will increase. The installed capacity development
and the growth rate of solar photovoltaic power generation and hydropower will be relatively slow,
with stable power supply structure. Finally, the proportion of wind power, photovoltaic power
generation, hydropower, and thermal power generation under the balance state are 7.644%, 0.634%,
2.111%, 89.611%, respectively. The final equilibrium state is formed under the following objective
influence of different energy sources.

Ningxia Province is the coal production base of China. Coal development in the Ning Dong
region of Ningxia Province is strictly in accordance with national planning, which has better
links in terms of natural conditions, coal size and market demand compared with other regions.
Therefore, the thermal power resources in Ningxia Province are more abundant for large installed
capacity. Although renewable energy technology continues to progress, thermal power will remain the
region’s major energy form in the future. Its coal based power supply structure is difficult to change in
the short term.

Wind power generation has the advantage of not polluting the air, while the cost of construction
unit is high. Also, it needs to pay attention to the city’s wind resources and placement, which will
directly affect the stability and cost performance of wind power generation. Ningxia Province, as
one of the provinces with abundant wind energy resources, has 356 Million kilowatts wind energy
resources for development. And the climate is suitable for the operation of wind turbines throughout
the year. Therefore, the future proportion of wind energy generation in Ningxia Province will increase
year by year.

Photovoltaic power generation has incomparable advantages: Solar energy resources are not
exhausted and widely distributed. Silicon, as the main material of solar cells for photovoltaic
power generation, can rely on an abundance of raw materials. Without mechanical rotating parts,
photovoltaic power generation makes little noise and is stable. It also simple maintain and thus has
low maintenance costs. Yet, it cannot achieve continuous power generation and is greatly affected
by meteorological conditions. Moreover, the cost of a photovoltaic system is relatively high with
system costs of 40,000-60,000 yuan/kW. In addition, the process of solar cells production will cause
pollution. At present, most of the enterprises in Ningxia use metallurgical methods to produce the
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polycrystalline silicon required, and have high energy consumption and cause serious pollution.
Besides, Ningxia photovoltaic power generation resources are in conflict with the distribution of
land resources. These reasons make for the slow development of photovoltaic power generation in
Ningxia Province.

Hydropower is clean and renewable energy. It has the advantage of low running costs and
convenient power peaking, which is better for improving the utilization ratio of resources to
comprehensive economic and social benefits. However, it can be greatly affected by climate and
geographical location. Groundwater resources in Ningxia are small and have poor quality, and display
great differences in distribution. Consequently, the development of hydropower is slow and lags
behind the development of wind power.

4. Optimization Adjustment Strategy for Power Supply Structure

In view of the status of electric power supplies in Ningxia Province, combined with the
development strategy of renewable electric reform as well as the thirteenth “Five-Year Plan” [5],
the basic idea of power supply structure optimization in this paper is: clean energy priority, scientific
utilization, energy conservation priority, double control and coordinated development. From the three
aspects of technology, management and policy, this paper puts forward related strategies to promote
the development of renewable energy and improve the proportion of power generation [18].

4.1. Developing Renewable Energy Friendly Power Systems

A renewable energy-friendly power system has three main features: a strong grid, flexible
operation and advanced technology [19]. A strong grid is the basis and premise for the safe and stable
operation and the rational allocation of resources of a power grid. Flexible operation refers to the
flexible operation of a renewable energy-friendly power system, which adapts to the instability of
renewable energy power, has a certain scale of flexible adjustment of power supply and can fully
mobilize the demand side resources. Advanced technology means more advanced power system
technology with intelligent renewable energy-capacity scheduling. In order to meet the demands of
power grid dispatching and monitoring at all levels, it needs to construct grid dispatching decision
support systems to achieve static, transient and dynamic analyses of security and early warning
functions at the different stages of power grid planning, scheduling and real-time operation. It is
crucial to optimize renewable power and conventional power units, make full use of load forecasting
data and renewable energy power generation forecasting data, reasonably arrange power generation
plans and realize the optimization of power grid dispatching.

4.2. Rational Planning of Development Scale Power Grids and Renewable Energy Power

The unbalanced planning of power grids and renewable energy power has always been the main
factor restricting the access of renewable energy to the grid. For example, in September 2012, the
National Energy Bureau has released a wind power development plan [20]. However, the development
plan of the electric network obviously lags behind and renewable energy, especially the rapidly
developing wind power, has far exceeded the power grid company’s grid capacity. The future total
scale of renewable energy power generation will have a larger growth for a period of time, and on-grid
renewable energy power generation needs to be solved urgently. This calls for the coordination
of power grid planning and renewable energy power supply, indicating that it must match the
development of renewable energy power through rational planning of grid [21].

The following three aspects are considered in this paper to promote renewable energy
power planning:
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(1) Central and local governments should be coordinated in renewable energy source planning.
The central level of renewable energy power development planning should be strategic and
directional planning, while the local renewable energy power supply planning should carry out
the specific scientific planning within the frame and scope of central planning. Central planning
and local planning must coordinate with each other to form a scientific and rational planning
system. That is, on the one hand, it is important to enhance the attractiveness local renewable
energy development; on the other hand, the construction scale and speed of local renewable
energy sources should planned with reason to avoid renewable energy power generation projects
being blindly launched.

(2) Renewable energy power planning, overall power planning and other power planning should
be coordinated with each other. To achieve sustainable renewable energy development in the
future, we need a flexible peaking power plan to speed up peaking power planning of fuel
power generation and pumping storage power, actively develop coal-fired units with great peak
performance, high parameters, large capacity and high efficiency. Under the premise of ecological
environment protection, the construction of large hydropower stations with good regulation
performance should speed up to meet the needs of the power system load, and promote the
coordinated development of new energy power and supporting peaking power.

(3)  Renewable energy source planning should be coordinated with regional power grid planning.
With the further expansion of the scale of renewable energy power construction, renewable energy
source development planning must be explicitly given priority regarding its status in the power
system. For a large-scale new energy power base, planning schemes which promote consumption
must be elaborated ahead of time to realize the coordinated development of renewable energy
power and regional power grid planning.

4.3. Improving Operation

Practically, there is a big difference between Chinese and foreign renewable energy power.
Foreign renewable energy power distribution is relatively dispersed and can be directly connected to
distribution system. By contrast, distribution of China’s renewable energy resources, especially wind
energy, is concentrated in the northeast, north and northwest areas. It is large-scale and displays great
distances from the load center, which makes it difficult regarding local consumptive power generation.
The power structure in these areas is single and peaking capacity is limited. Ningxia Province, the
selected study object of this paper, is located in the northwest in China. The ratio of the power which
can be flexibly adjusted is comparatively low. The proportion of heating units that cannot be flexibly
adjusted is larger in winter, resulting in the particular prominent problem of winter peaking. In view of
the above problems, we must pay attention to the advantages of regional power grid interconnection
and promote unified management and scheduling, scientific arrangement and operation mode of
power grids for to secure regional renewable energy consumption. Specifically, this can improve the
operation level of the regional power grid operation with regard to the following three aspects [22]:

(1)  We should give full play to the advantages of scheduling systems to achieve coordination and
cooperation at all levels. At present, China’s power grid has formed a three level-scheduling
system, dispatching on the state, province and regional levels. We should make full use of existing
management modes, give full play to scheduling functions of all levels, achieve scheduling
coordination at all levels, further enhance the interprovincial transmission capacity and realize
cross-scheduling by optimizing regional power grid operation modes.

(2)  We should learn from foreign advanced scheduling operation management technology and
methods. By setting up special grid-dispatching operation research institutions and establishing
renewable energy power analysis platforms, we can realize real-time tracking of the national
and world’s major countries’ renewable energy power operation. On this platform, timely
analysis and comparison could be carried out to further understand and grasp the latest trends
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of developments in renewable energy sources and advanced power grid dispatching operation
experience, which will further enhance and improve renewable energy power dispatching
operation management methods and means.

(3)  Areal-time scheduling monitoring network for renewable energy should be established. To realize
the controllability and adjustment of renewable energy power generation, power grids must
establish a dispatching and monitoring network, which covers the whole renewable energy
electricity market to achieve grid interconnection. Research on renewable energy power
prediction methods and technology would help to improve the precision of power prediction
and enhance dispatching and control capabilities of power grids.

4.4. Actively Promoting Renewable Energy Quota System

The renewable energy quota system requires power companies to guarantee a certain proportion
of the total purchased electricity generated from renewable energy [23]. Nowadays, Western developed
countries have implemented renewable energy quota systems to promote development of the
renewable energy industry. In the United States, the government began the implementation of
the renewable energy quota system in early 1990s: Although the quota system has not been introduced
at the federal level, most federal bills are related to the mandatory quota system. Even though there
are differences regarding targets and means of implementation among all states, and the renewable
energy utilization has greatly increased in states with and those without an implementation of quota
system [24].

Some scholars conclude that the economy of renewable energy power generation will be greatly
improved if the quota system is introduced into the field of renewable energy in China [25]. At the
same time, the investment recovery period of renewable energy power generation projects will also be
greatly reduced, and it can effectively solve the three major problems of renewable energy regarding
power generation, grid connection and consumption. The core problem of the implementation of
quota system is quota market transactions. At present, the green certificate trading system has been
adopted as a means of trade in foreign countries, which can realize a balanced quota among different
types of enterprises. Specifically, a government first approves of the renewable energy electricity
production or consumption by the subject of quota responsibility. Then, it issues the corresponding
green certificate, matching the quantity of renewable energy production and consumption with the
corresponding quota. If the subject of quota responsibility was unable to complete the designated
quota, it can purchase extra green certificates from those who have achieved a surplus over the quota
in order to complete its own quota obligation [26].

Presently, the National Energy Bureau of China organizes experts and scholars to develop
a “renewable energy quota management approach”, which aims to introduce the restricted
renewable energy power quota for power generation companies, power grid enterprises and local
governments [27]. Firstly, power generation enterprises assume the obligations of renewable energy
power generation; secondly, power grid enterprises bear purchase obligations; thirdly, consumers take
the obligation of using renewable energy. The local government will guarantee the implementation
of the quota scheme as the main administrative responsibility of renewable electricity consumption.
Power grid enterprises need to become the main subject of quota implementation to guarantee the
purchase of the quota. Renewable energy power generation enterprises need to become the main
subject of the quota obligations to ensure the supply of green power. Since the implementation of quota
systems involves multiple responsibility subjects and stakeholders, the system should be improved
and perfect. Due to the core position of power grids in a quota system, the incentive measures to
power grid enterprises have become the key to the successful implementation of quota systems.

5. Conclusions

On account of the current situation of renewable energy and power grids, this paper establishes a
Markov prediction model based on error optimization from aspects of renewable energy development
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structure and proposes an optimization strategy of power supply structure. The validity of the model
has been verified by an example in a certain area of Ningxia Province. From the study, we can draw
the following conclusions:

(1)  Through the establishment of a Markov prediction model based on error optimization and the
prediction of renewable energy in Ningxia Province, we conclude that the model can accurately
reflect structural trends of the renewable energy on-grid generation in the area. In comparison
with the traditional Markov model, the fitting degree of the prediction results is higher, which
verifies the effectiveness of the optimization model.

(2) By constructing a structure transfer model for Ningxia Province and predicting the power supply
structure, it shows that the future supply structure will remain largely unchanged when regarding
the equilibrium state of the area. Although the proportion of thermal on-grid power generation
has declined gradually, due to the characteristics of the region’s energy structure, the overall
power structure that is mainly based on thermal power will change in the short term and thermal
power will continue to occupy a large proportion of the on-grid power generation. Finally, the
structure of the balance of on-grid generation is: 7.644% wind power, 0.634% solar photovoltaic,
2.111% hydropower and 89.611% thermal power.

(3) In order to improve the renewable energy grid electricity ratio and promote the coordinated
development of renewable energy and traditional power grid, this paper has proposed
optimization adjustment strategies for renewable energy power supply with regard to the three
aspects of power grid development, power planning, scheduling and policy, which indicate
direction for the development of renewable energy and power supply structure in the future.
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