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ABSTRACT

The time and space distribution characteristics of future high proportion of renewable energy sources will
bring unprecedented challenges to the electric power system’s processing and planning, the basic form of
electric power system and operating characteristics will have fundamental changes. Based on the research
status quo at home and abroad, this paper expounds the four scientific problems of the transmission
network planning with high proportion of renewable energy. Respectively, from the network source
collaborative planning, transmission network flexible planning. With the distribution network in conjunction
with the transmission network planning, transmission planning program comprehensive evaluation and
decision-making methods. This paper puts forward the research ideas and framework of transmission
network planning considering the high proportion of renewable energy. At the end, the future high
proportion of (renewable energy) grid-connected transmission network’s opportunities and challenges are
presented.

Keywords: flexible planning, comprehensive evaluation, high proportion of renewable energy, transmission
network planning, network source coordination

INTRODUCTION

21st century’s energy security and climate change are two major challenges facing human society. Vigorously
develop wind power, Solar energy, hydropower and other renewable energy, are the need to time to achieve energy
and economic sustainable development (Energy Research Institute, 2015; Hand et al., 2014; Price Water House
Coopers LLP, 2014; Lu et al,, 20106). In the current renewable energy grid connected scenarios, the system has
been seriously abandoned. For example, in china “The national wind power operation” pointed out that in the first
half of the year 2016, wind power 32.3 TW.h was abandoned, and the increase was of 14.8 TW.h, the average rate
of abandoned 21%, an increase of 6 percent. In the first half of 2016, the average utilization rate of wind power
was 917 hours, down by 85 hours. Abandoning the wind and abandoning the light have greatly hindered the healthy
and sustainable development of China’s renewable energy resources. To solve the problem of renewable energy
has become the major need of the country.

One of the most important principles of power grids is that they always meet the power requirements and equal
the electricity consumption, the fluctuation of the network load leads to the dynamic balance between the power
generation level and the power load, namely the stability of the grid, and the grid itself does not store any power.
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Today’s power grid does not have the flexibility to transmit a large amount of scattered and diversified renewable
energy. These two features of renewable energy directly impede the integration of new energy into the grid. In
March 2016, the guidance issued by the National Energy Administration ‘Guiding Opinions on Establishing the
Guiding system for the Development and Utilization of Renewable Energy Resources’ further strengthened the
position of renewable energy in China’s power system (Arslan et al., 2017).

For the transmission network, the high proportion of renewable energy access will complicate the operation of
the power system and complicate the AC / DC connection of the power grid (Kang and Yao, 2017). Although
there is are certain research foundations for the transmission network planning of renewable energy sources in the
world, there is still a lack of research on the impact of high proportion renewable energy on the planning,
mechanism research and mature planning methods. This paper focuses on the transmission network planning of
high proportion renewable energy sources. Firstly, on the basis of full investigation and study of the current
situation, the scientific problems faced by the transmission network planning under high proportion renewable
energy resources are put forward. Then, the research framework of transmission network planning theory is
expounded from the following three aspects: (D) Network source collaborative planning method; (2) Transmission
network flexible planning method; (3) with the distribution network in conjunction with the transmission network
planning method. Then, in view of the complexity of the planning decision making for the transmission network
planning with high proportion of renewable energy sources, the comprehensive evaluation and decision-making
methods of the planning scheme based on security check and production simulation fusion technology are
expounded. Finally, the prospect and summary of the transmission network planning for high proportion
renewable energy.

RESEARCH STATUS QUO

The transmission network is connected with the power supply and the load, the planning decisions directly
affect renewable energy consumption, is a very important basic work in power system (Hemmati et al., 2013;
Latorre et al., 2003). In the context of high proportion renewable energy access, the theory and method of
transmission network planning need more research.

From the point of view of network source coordination, power grid planning and power planning are large-
scale, high dimension and nonlinear mixed integer programming problems, and optimization calculation is very
difficult. In the traditional power planning, the source uncertainties are relatively few, so the power planning and
power grid planning can be solved separately. With the continuous infiltration of the strong and uncertain
renewable energy sources, the uncoordinated and mismatched optimization of the power supply and the grid makes
the problem of abandoning the air and abandoning the light increasingly prominent (Guy et al., 20012), It is
necessary to study the network source collaborative planning method with high proportion of renewable energy.
The existing literature builds the network source collaborative planning model based on different angles. For
example: the literature (Rouhani et al., 2014) proposed a distributed power source considering the network source
collaborative planning model, and in the actual large-scale system testing; literature (Aghaei et al., 2014) the
reliability index into the network source collaborative planning model; In (Gao et al.,, 2012), a network source
collaborative programming model is proposed to consider the combination of regulator and grid planning. In
(Zhang et al., 2016), a covariant cohort programming model with both randomness and ambiguity of wind power
is proposed. However, there is a lack of research on the network source co-planning for the future consideration
of the spatial and temporal distribution of high proportion of renewable energy.

From the perspective of flexible planning, access to high proportion of intermittent renewable energy will give
the grid more uncertainty. The flexible planning method takes into account the uncertainties in the planning
process in order to find a flexible planning scheme with better flexibility and adaptability (Cheng et al., 2007).

MAS (Multi-Agent System) is a kind of artificial intelligence computing method; its independent characteristics
make it possible for electronic devices with common or conflicting goals to coexist in complex power systems.
MAS based on JADE (Java Agent Development Framework) platform for Agent information interactive,
distributed simulation based on JADE simulation platform has become an important research direction in recent
years (Habib et al., 2017).

At present, in network planning uncertainty mainly has two kinds of methods: stochastic programming (Alvarez
et al., 2007; Majidi-Qadikolai and Baldick, 2016; Akbari et al., 2011; Roh et al., 2009; Carrion et al., 2007; Orfanos
and Georgilakis, 2013) and robust optimization method (Chen and Wang, 2016; Chen et al., 2014; Ruiz and Conejo,
2015). Transmission network stochastic programming research is more mature. Literature (Yuan et al., 2009) apply
the method of multi scenario probability to consider the uncertain factors such as wind power output and load
change, and put forward the planning method of transmission system taking into account large-scale wind farm;
Literature (Zhou et al., 2011) uses a field based on extreme scene sets the scene method replaces the scene method
based on Monte Carlo simulation, and improves both the computation time and the precision. Literature (Ding et
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al., 2012) describes the uncertainty of wind power by the certainty of multiple scenarios, and gives the cost of line
investments in planning scenarios based on constraints such as DC power flow, Optimal power flow calculation
model with generation cost, outage cost and load minimization as objective function. Document (Yu et al., 2009)
based on wind speed distribution and wind power curve of wind-driven generator, the probability distribution
function and probability density function of wind power generator are derived. In (Huang et al., 2013), the
influence of the power generation scheme on the transmission network is analyzed and considered without
considering the correlation between the output of the wind farm, on the basis of this, a two-layer model of
transmission network planning considering the capacity of intermittent power supply is constructed. Transmission
network planning based on multi scene technology is the mainstream method at present, but there are still many
problems such as large-scale problem solving, low frequency event, random characteristics difficult to obtain and
so on. Different from the stochastic programming method using robust optimization method in transmission
network planning is still in the initial stage of research, which does not require the probability distribution of
uncertain parameters, solving scale is relatively small compared with the stochastic programming. Literature (Jabr,
2013) proposes a robust planning method for transmission network considering the uncertainty of output and load
of renewable energy. The uncertainty set is constructed to describe the uncertainty factors. The robust
programming method can resist the bad scene, but the planning scheme is too conservative, Adaptive robust
optimization (Dehghana et al., 2017), light robust optimization (Tan et al., 2016) and so on are one of the
approaches to solve the problem of conservatism, Literature (Zhao and Guan, 2013) combines robust optimization
with stochastic programming to improve conservatism.

Energy storage devices are arranged in the non-grid-connected wind power generation system to ensure the
power quality, and it has become the key to full utilization of renewable energy. In the case of wind speed
fluctuation, the DC bus control strategy of the wind turbine is proposed in this reference. It can reduce the impact
on the unit converter and the power load; this ensures safe and stable operation of non-grid connected wind
turbines (Habib et al., 2017).

From the perspective of transmission and distribution grid coordination, the degree of coordination of
transmission and distribution network is an important basis for power system security and economy. To ensure
the full coordination of the voltage level of the grid, neither the formation of bottlenecks, nor produce too much
waste, it is important to study the coordination model of transmission and distribution grid, which is of great
significance to improve the coordination degree between the various parts of the power grid. In China, the voltage
level of the power grid is often by different levels of power grid enterprises or power supply business planning,
managed by different departments. All levels of power grids should support each other, coordinate and optimize
the planning, ensure the reliability and economy of the power grid, and avoid the problems of capacity mismatch
between different voltage levels and unbalanced power supply. In the context of China’s comprehensive
construction of a strong smart grid with ultra-high voltage (UHV) grid as its backbone and coordinated
development of power grids at all levels, it is a trend to speed up the coordination of power grids at all levels. At
present, a few literatures have studied the coordination of transmission and distribution network (Duan and Yu,
2002; Zhang et al., 2010; Feng et al., 20106), and there is no literature report on the transmission network planning
in line with distribution network. Smart grid has a crucial and beneficial role in ensuring network security in clean
energy generation and improving power utilization efficiency. A large number of smart grid technology research
and engineering construction work has been carried out at home and abroad, which provides a technical basis for
conducting DR research (Habib, 2017).

KEY SCIENTIFIC CHALLANGES

The Flexible Planning Method of Network Source Coordination and AC/DC Transmission Network
Considering the Temporal and Spatial Distribution Characteristics of High Proportion Renewable
Energy Sources

When the ratio of non-water renewable energy exceeds a certain percentage, the structure of the power system
will change from quantitative to qualitative change. The power system will appear the power balance probability,
the power system operation diversification, the power flow two-way, Power system stability mechanism
complexity, power system flexibility resource scarcity, transmission and distribution system source and scope limits
fuzzy and other characteristics (Kang and Yao, 2017). Renewable energy share refers to the proportion of
renewable energy generating capacity to the total electricity load; for the power base, renewable energy accounted
for the proportion of renewable energy generation accounted for the total amount of local power generation.
Under the combined effects of strong fluctuation and randomness at the source end and large load carrying load
at the load terminal, the planning and operation characteristics of the transmission and distribution network will
also undergo fundamental changes. In particular, for the source and the charge end, it is often necessary to predict
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Table 1. Comparison of Transmission grid planning methods

Planning method New grid form Object of Planning
study model
High proportion AC and power Transmission Distribution Random  Robust Multi -
of renewable DC  supply network network  planning  planning objective
energy hybrid programming
Network source collaborative v v v v v v
planning
Transmission network random v v v v v
planning
Transmission network robust v v v v
programming
Distribution network in line with v v v v v v

the transmission network planning

the medium and long term and short term renewable energy output and load, which provides the corresponding
boundary conditions for the planning and operation of the power system, while the renewable energy output is
more uncertain about the time and space coupling; In addition, distributed renewable energy access to the “Net
Load” forecast also brought great challenges; System operation mode diversification, decentralization, complexity,
how to make the transmission network planning to accommodate all the running state, but also has the economy,
are the power grid planning is facing important scientific problems. A flexible planning method of network source
Coordination Planning and AC / DC transmission network planning is required to consider the high proportion
of renewable energy sources, so as to adapt to the strong uncertainty of multiple time and space.

AC/DC Transmission Network Planning Scheme for Adaptive Energy Generation and Grid Operation
Characteristics, Multi-Dimensional Fine Operation Simulation and Comprehensive Evaluation Method

Future high proportion of renewable energy grid will change the power system operating characteristics
fundamentally. At the same time, with the development of multi-terminal DC and DC power grid, the future of
AC / DC hybrid power grid to the power system will bring a series of planning and key technical issues such as
topological structure, economic evaluation, safety evaluation, reliability evaluation and optimization. At present,
the operation and planning of transmission network are mainly aimed at AC power grid. How to consider the
characteristics of AC / DC hybridization in the operation and planning of transmission network is the focus of
research. In particular, the incorporation of DC power grid will inevitably lead to changes in the overall topology
of the grid, while incorporating a large number of power electronic equipment, its control strategy and operational
characteristics will have an important impact on the operation of the grid. Power flow calculation method of
AC/DC hybrid power grid, all kinds of constraints are different. (Cao et al., 2016) economic evaluation, security
assessment and reliability evaluation need to establish a suitable mathematical model for power electronic
equipment in power system. In the new grid form with high proportion of renewable energy and grid-connected
AC-DC hybrid, the multi-dimensional fine operation simulation and comprehensive evaluation method of
transmission network planning scheme are the key problems to be solved and solved urgently.

MAIN LINE OF STUDY

For high proportion of renewable energy and grid, AC and DC hybrid new grid form, this paper presents a
study of transmission grid planning theory considering high proportion of renewable energy, Which is divided into
the following four directions: (1) network source collaborative planning considering the spatial and temporal
distribution of high proportion of renewable energy; (2) flexible planning of transmission grid based on stochastic
programming and robust optimization; (3) Transmission network planning coordinated with distribution network;
(4) Comprehensive evaluation and decision-making method of planning scheme. The first three points are the
study of the transmission grid planning method, and the last point is the comprehensive evaluation method of the
planning scheme. Different transmission network planning methods and their focus are shown in Table 1.

MULTI-OBJECTIVE PROGRAMMING METHOD FOR AC/DC TRANSMISSION
NETWORK

Network Source Collaborative Planning

The output of wind power, photovoltaic and other renewable energy sources has the characteristics of strong
volatility, randomness and time series. The massive power generation scene is directly integrated into the network
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Figure 1. Research framework for Network source collaborative planning

source planning, and the workload of calculation is enormous. Based on the clustering method of massive power
generation scene, the classification of power generation scene can be reduced, and the scale of network
collaborative planning can be greatly reduced, but it is easy to omit the key scenes that have great influence on the
system’s power balance and peaking balance. Therefore, the need to consider the renewable energy power
generation scene and load coupling characteristics, this paper presents a screening and clustering method for
clustering scene and key scenes of renewable energy power generation, and establishes a multi - scene timing and
probability distribution model for renewable energy power generation.

The basic task of running simulation is to objectively simulate the operation mode of the planned annual power
system, verify the feasibility of the network resource collaborative planning scheme, and calculate the relevant
economic and technical indicators. High proportion of renewable energy and the network will bring complex,
multi-dimensional, uncertain operation of the power system. It is necessary to study a new method for coordinated
operation of network sources to adapt to the high proportion of grid connected renewable energy, and
requirements of mass solution evaluation for collaborative planning of AC / DC hybrid network soutces. In
addition, the modeling of network source coordination planning should take full account of the characteristics of
high volatility and randomness of the high proportion renewable energy power generation, as well as the economic,
security and environmental protection of the power system. Therefore, the cooperative mechanism of network
source planning is the focus of the model optimization. A grid synergy research framework considering high
proportion renewable energy is shown in Figure 1.

Transmission Network Flexible Planning

Stochastic Planning of Transmission Network based on Multi-Scene Technology

The main idea of the stochastic programming of transmission network based on multi-scene technology is to
use uncertain factors as random variables with probability distribution, the scene set is generated by the discrete
value process. The original uncertainty optimization problem is transformed into the deterministic optimization
problem under the scene set. The key lies in the creation and reduction of scene sets, as well as the planning model
and solution. In the new type of transmission network, with the increase in the proportion of renewable energy
grid, uncertain factors doubled, the number of scenes will be exponentially grow. In order to solve the problem of
sudden increase in the number of scenes, according to their thinking method the current researchers put forward
a number of random planning in the scene reduction technology, it can be divided into the following two
categories.

© 2018 by Authot/s 5



Habib et al. | Opportunities and Challenges of AC/ DC Transmission Network

(1) According to the clustering, its mathematical principles can be simply understood as by comparing the
“distance” between the different scenes, thus merging the similar scene. This method has a relatively
complete theoretical basis in mathematics, but it does not make full use of the nature and characteristics of
stochastic optimization problems, thus it becomes relatively independent of stochastic optimization.

(2) According to the fruit clustering, this method uses the information of the optimization problem to cut the
scene, for example, the reduction of the objective function based on the single scene problem is reduced
by measuring the influence of various scenes on the objective function value, and the representative scene
is reduced under the stochastic optimization problem. Compared to the strict mathematical derivation by
clustering method, according to the results clustering scenario reduction method makes better use of the
information of the original problem, but the lack of solid theoretical basis, belong to a kind of method of
empirical and heuristic.

Considering the difference between scenes and the particularity of optimization problems, scene reduction is
mainly divided into two steps: scene clustering and scene selection (Hong et al, 2016). K-mean value, K-
core/center, Class and fuzzy clustering are mainstream clustering methods. The main idea is to choose the most
probabilistic scene. Rates of extreme events may be excluded, and the scenario will be more robust to delegates
when appropriate extreme scenarios are retained. Scene selection studies need to evaluate whether the existing
scene with the highest probability is selected or whether all the scenarios are combined into one of the most
representative scenes based on multiple fields.

The optimal variables of the transmission network planning are the line investment decision variables and the
system operation variables. The objective function generally includes the line investment cost and the system
running cost. Constraints include investment constraints and system operational constraints. System operation
constraints generally only consider the economic scheduling model, regardless of the unit start and stop state
constraints. In the system operation constraint, it is necessary to establish the line flow constraint considering the
line investment state. At the same time, the large M method is used to transform the constraints into linear
constraints. Then, the whole planning model is transformed into a Mixed Integer Linear Programming (MILP)
model.

Robust Planning of Transmission Networks with High Proportion of Renewable Enetgy and Grid
Connection

Transmission network robust programming is a transmission network planning method based on robust
optimization theory. Unlike stochastic programming, robust optimization describes uncertainties through
indeterminate sets (Wei et al., 2013), and does not require probability distribution information for uncertainties.
The design and construction of the uncertain set has important influence on the accuracy and complexity of the
model.

The robust planning model of transmission network is usually the three layer optimization model: The upper
objective function is the minimum investment cost and operating cost, and the decision variable is the linear integer
variable of the line investment to determine the investment scheme of the line; The intermediate objective function
is the largest operating cost to determine the worst operating scenario under the upper level investment scheme.
The decision variables are new energy output and uncertain load, or other uncertain factors; the lower-level
problem is the optimal power flow problem. The objective function is the minimum running cost, and the optimal
power flow in the worst scenario under the upper investment scheme is determined.

The existing robust transmission network planning method in renewable energy output and load forecast
uncertainty based on interval model characterization, but did not consider the relationship between renewable
energy output correlations and inter node load. Therefore, we need to consider the correlation of uncertain factors
and establish a robust programming model that characterizes the correlation between renewable energy output and
forecast load. Transmission grid flexible planning research framework shown in Figure 2.

Transmission Network Planning in Coordination with Distribution Networks

Value Indicators

The value indicators in transmission grid planning are usually measured by the functional relationship between
cost and benefit (Zhang et al., 2014). This function can be either a difference between the two, or a ratio of the
two. The value indicator derived from the difference relationship indicates the size of the net income, but it applies
only to cases where the cost and benefit have the same dimension; the value derived from the ratio relationship
indicates the yield of the unit cost. Although it is applicable to the case that the cost and the income dimension are
inconsistent, the ratio relationship is easy to be introduced into the nonlinear, and the embedded model will
increase the difficulty of solving the model. Lifecycle Cost (LCC) refers to all direct, indirect, derivative or
derivative products that occur or are likely to occur in the product life cycle or the expected life cycle, product
design, research investment, use, maintenance and product assurance. The sum of all the costs are non-derivative
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Figure 2. Power network flexible planning

(Caietal., 2011). LCC is more accurate and comprehensive than traditional economic indicators (Liu et al., 2012a).
In (Liu et al., 2012b) paper, a three-dimensional LCC hierarchical model including time dimension, component
dimension and cost dimension is established for the transmission network, and the economic evaluation strategy
of power system based on LCC is proposed. The difficulty and key of LCC modeling is the system cost structure
or decomposition structure, which guarantees neither omission nor repetition. The existing LCC model only
considers the equipment fault uncertainty, without considering intermittent renewable energy and other uncertain
factors, so it is necessary to study the uncertainty of the transmission network specification scheme of LCC model
under the environment of different factors (Zhang et al., 2016).

Risk Indicators

Risk assessment in power system is to identify the possibility of uncertainty, the possibility of accidents and the
severity of the consequences, its essence is to further measure the uncertainty to achieve the risk of investment in
the grid controllable (Tian et al., 2014). From the point of view of grid planning, the risks exist mainly in the
feasibility and optimality of the planning scheme (Wang et al., 2009). There are technical risks in the feasibility of
the planning scheme. The technical risk is caused by the uncertainty of the parameters required for the system
simulation. It mainly involves the satisfaction of the planning and stability conditions in the future environment,
such as the existence of power grid planning program for the safety and stability of the operation may be more
limited. There are economic risks in the optimality of the planning scheme. The economic risk is due to the
unpredictable market forecast and the uncertainties of the market behavior of the participants, but if the volatility
of the quotation parameters in the market transaction makes the grid income uncertain.

Effective risk assessment relies on the construction of risk indicators, i.c., the description of risk. At present,
the way of describing the risk in the power system is mainly divided into certainty and probability: One is the use
of random variables such as the expected value and variance and other mathematical features; the other is the use
of finance for risk (value at risk, VaR), management risk value and conditional risk value (conditional value at risk,
CVaR) (Cao et al.,, 2014). The risk makes the process of grid planning more complicated, and it is an important
research direction to avoid the risk of power grid planning through reasonable allocation.

Transmission and Distribution Gtid Coordination Indicators

At present, the transmission and distribution network coordination assessment system has not yet been formed,
which needs further study. Reasonable coordination evaluation of transmission and distribution network should
be constructed from the aspects of reliability, economy and technology to construct the coordination index system
of transmission and distribution network. In the vatious indicators of the evaluation system, it can be divided into
transmission network index, distribution network index and transmission and distribution grid index, the first two
are based on the transmission and distribution network as two separate research objects to build coordination

© 2018 by Authot/s 7



Habib et al. | Opportunities and Challenges of AC/ DC Transmission Network

Risk Assessment Index of AC AC and DC transmission and

Appraisal Index of AC /
/ DC Transmission Network )

DC Transmission Network

distribution grid coordination

evaluation index

Considering the Multi - Considering the Multi -
temporal  Distribution  of

Renewable Energy

temporal Distribution of
Renewable Energy

1
1 1
1 (I
1 '
o [
o [
1 '
1 '
1 '
1 '
1 L]
1 '
o [
o [
1 P
Modeling ot !
) [ 1 . . .

— uncertainties ! ! > LCC ! : > _Plagnmg coordination
1 [ indicators
o [

—p| Risk Definition - Definition of value ;! Transmission and distribution
1 I indicators 1 capacity coordination index
1 1
1 P

. . . 1 1 . . < . . . 1

L_p Risk index solution o Value index solution : : } Coordination  index |
N ol solution !
[ b i

Multi - objective Programming Method of AC / DC Transmission
Network in Relation to Distribution Network

Objective function: the comprehensive cost including outage
loss is the smallest, the risk index is minimum, and the value
index is the biggest
ion Network Considering

nd Economy Cooperative

smission and Distribution Constraints: power flow constraint, power balance, output
Network limit, coordination index of transmission and distribution
network

Figure 3. Multi-Objective Programming of AC / DC Transmission networks in coordination with Distribution
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indicators, while the latter is to build a coordination index with the transmission and distribution network as a
whole. Indicators should have clear physical meaning and concise and clear mathematical expression, the
relationship between indicators and screening is the need to focus on the content. The coordinated index system
of the transmission and distribution network can also be used as a strong support for the definition of the
coordination of the transmission and distribution network, and the two are complementary.

Multi-Objective Programming of Transmission Networks in Coordination with Distribution Networks

On the basis of value index, risk index and coordination index of transmission and distribution network, A
multi objective programming method for AC / DC transmission network considering the economic and safety is
developed. The technical route is shown in Figure 3.

Comprehensive Evaluation and Decision Making of Planning Scheme

In order to establish a power system operation simulation model considering network topology and renewable
energy randomness, first of all, the influence of network constraints and peak shaving constraints on the abandoned
power of high proportion renewable energy is analyzed, and a method of power system balance analysis based on
fine operation simulation is put forward.

(1) Considering the temporal and spatial characteristics of renewable energy power generation, the time series
output model of renewable energy base is established, and the renewable energy generation technology is
proposed to meet the requirements of production simulation.

(2) The time series production simulation technique considering the mass operation scenario of renewable
energy is put forward to improve the accuracy of power and power balance analysis.

(3) In order to meet the requirements of the simulation of the difference between the output of the renewable
energy and the load characteristics in the high proportion of the multi - region, the paper puts forward the
simulation method of the grid topology and the transmission capacity, the network constraint of energy
dissipation for renewable energy and the precise calculation method of peak regulation constraints are put
forward.

Analysis of effective and reasonable convergence of electrical power system operation simulation and

calculation of power system planning, extraction to meet the high proportion of renewable energy consumption
of the power grid safety operation margin is relatively small, Considering the characteristics of renewable energy
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output, it is necessary to propose a deep fusion technology for safety verification, time series production simulation
and electrical calculation which adapts to the temporal and spatial distribution characteristics of high proportion
renewable energy sources.
Specifically include:
(1) to establish a data model that meets the requirements of data fusion such as power load forecasting, power
planning, grid planning and so on;
(2) the automatic generation of power flow data based on the simulation data of time series operation is
proposed, HVDC is proposed to improve the convergence of the power flow planning in the power grid.
In this paper, the convergence method of the power flow in the power grid is improved by considering the
high proportion of renewable energy and high voltage direct current; (3) a typical method of grid extraction
is proposed to meet the needs of planners. Finally, a comprehensive decision theory and method of grid
planning scheme with multiple planning models and multidimensional evaluation indexes are constructed.
The framework is shown in Figure 4.

CHALLENGE AND OPPORTUNITIES

Difficulties and Solution of Network Resource Collaborative Planning

Massive renewable energy power generation scene into the network source collaborative planning model, the
calculation of a huge workload, the need to achieve through the clustering scene reduction. Conventional clustering
methods tend to miss out on scenes with small probabilities and greater impact on power system operation. In the
process of clustering and screening, consider the coupling characteristics of renewable energy power generation
and power system load, the key scenes which influence the system power balance and peak shaving balance are
increased, and the multi scene time series and probability distribution model of the renewable energy power
generation is constructed together with the clustering scene.

The network source collaborative programming model is a large-scale, high-dimensional, non-linear mixed
integer programming problem, and computational solution is more difficult. On the one hand, by studying the
corresponding coordination mechanism, the large-scale network source planning problem is decomposed and
decomposed to form a number of easy-to-solve sub-problems; On the other hand, we can study the high
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performance hybrid optimization method of network source collaborative planning model based on the intelligent
optimization method with strong global search ability and the mathematical optimization method with high local
optimization efficiency.

Difficulties in Flexible Planning of Transmission Network and Solution

Due to the uncertainty of factors such as renewable energy and load, the planning scheme developed by the
conventional grid planning method is difficult to implement or has a large deviation. At present, the main challenge
of transmission network planning based on multi-scene technology is: (1) how to consider the modeling and
operation control mode of AC / DC power network; (2) although the use of scene reduction technology, but the
planning model is still large scale, so the need to study the efficient planning model Solving technology. The
establishment of robust programming theory is a difficult point in the study of power system, and there are not
many research results at home and abroad, based on the study of robust optimization, robust control and robust
scheduling of power system, the system theory of robust planning for power system is established.

In the robust planning of power system, the method of stochasticity or randomness of intermittent power
supply is based on the probability model of intermittent power output. The system operating state is reduced to
multiple scenarios (uncertain sets), and the mixed integer programming method is used to solve them. Model
solution can be considered to make full use of CPLEX and other commercial mathematics optimization software
for algorithm research. On the other hand, the game theory method of robust programming for power systems is
also studied.

Difficulties and Solutions to Transmission Network Planning in Relation to Distribution Network

The AC / DC transmission network planning model, which is coordinated with the distribution network, is a
complex large-scale nonlinear mixed integer programming model, and it is difficult to obtain the optimal solution.
The modern heuristic optimization algorithm has some advantages in solving the nonlinear mixed integer
programming model. The modern heuristic optimization algorithm and the original dual interior point method can
be used to solve the planning model. The modern heuristic optimization algorithm is used in the planning scheme
Formation and optimization; the original dual interior point method is used to verify the security of the planning
model.

In addition, whether it is benefit or cost, the calculation depends to a great extent on the accuracy of the data.
Data not only with time changes, but also with the social, economic development, policies are closely related, it is
difficult to accurately obtain. In the cost part, LCC technology in the power system planning application is rare, its
cost elements involved in many factors, the typical value of each factor is inconclusive. In the benefit section, the
existing grid as a whole, the benefits of different voltage levels of the grid are difficult to distinguish.

In order to capture all kinds of state information and meet the needs of the application system, the sampling
frequency of the apparatus is getting higher and higher. For example, in the state (China) monitoring system of
power transmission and transformation apparatus, in order to diagnose the condition such as the insulation
discharge, the sampling frequency of the signal must be above 200 kHz (UHF detection needs GHz sampling rate).
Thus, for a smart grid equipment-monitoring platform, the amount of data stored in the monitoring or testing is
very large (Habib and Hafeez, 2017).

High proportion renewable energy grid connection will become an important feature of the future power
system. However, the future power of high proportion renewable energy access in system, Wind power and solar
energy as an important pillar of power supply, the temporal and spatial distribution characteristics and uncertainty
will lead to power system operation mode change. So, its urgent to re-explore the power system planning and
operation mechanism (China’s National Bureau of Energy, 2016).

Study the value and impact of the cost elements in the LCC, while keeping up with the national, industry and
enterprise policy standards. For example, in the scenario where the electricity market has not been fully liberalized
and the sale price has not yet been differentiated, the optimal flow income model can be used to calculate the
financial return, (according to the Opinions of the Central Committee of the Communist Party of China and the
State Council on further deepening the reform of the electric power system) with the formal development, the
calculation methods of power system benefit are greatly affected. Therefore, a new method to calculate the
economic efficiency directly using electricity price is needed.

Comprehensive Evaluation and Decision-making Difficulties and Solution of Planning

Based on the simulation results of production operation, it is difficult to generate the power flow data with
better convergence, which lays the data foundation for electrical calculation. In the large-scale renewable energy
and network, the random characteristics of renewable energy determines the power system operation of the
diversity, there is no significant typical scenes and extreme scenes. The traditional manual power flow adjustment
method is difficult to adapt to the demand of mass flow mode analysis. Therefore, it is necessary to study the
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automatic generation of power flow based on the simulation results of production operation simulation. The
technology of automatic generation of tidal current mainly converts the DC power flow data of the simulation
results of production operation to the data needed by the special simulation software (such as BPA) for AC power
flow calculation. Comparing the BPA AC power flow with the DC power flow input data, the main difference is
that one is the reactive power flow calculation including reactive power balance, and the other one is the active
power flow calculation without reactive power balance. Therefore, the automatic flow production technology aims
at the DC power flow data of each production operation simulation operation result, according to the active power
planning of each node and its power factor, etc., using node based square lattice method, the initial value of reactive
power planning for power generation and load with reactive load nodes or equipment is calculated; On this basis,
the reactive power balance of the system is calculated in the unbalanced situation, the initial value is adjusted and
optimized according to the sensitivity coefficient. As the initial value of the reactive power output plan, the fusion
of the simulation results of operation and the automatic generation of the power flow is realized.

At the same time, for the generation of automated batch generation, the ill conditioned power flow in power
grid planning data is refined for the realization of batch AC flow with new energy sources and large-scale HVDC,
Automatic calculation, put forward the solutions of the system, including the unreasonable flow data identification
technology, the trend of auxiliary analysis technology, reactive power planning and regional adjustment of reactive
power optimization technology, the convergence of calculation data effectively improve the trend of power grid
planning.

CONCLUSION

In this paper, the scientific problems of transmission grid planning under the new grid form are put forward.
Based on the research status in the world, the research direction and content of transmission grid planning with
high proportion of renewable energy are discussed. Network source Coordination Planning Considering the
temporal and spatial distribution characteristics of high proportion renewable energy resources, flexible planning
of power transmission network based on stochastic programming and robust optimization, the research framework
and technical route of transmission network planning are put forward from four aspects of transmission network
planning, planning scheme, comprehensive evaluation and decision-making method. At the same time, the
corresponding solutions are proposed to provide guidance and suggestion for the future research of grid
transmission planning considering the high proportion of grid connected renewable energy.
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