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Abstract. Smart grid is the development trend of power system in China. Intelligent dispatch and 
control system, as an important part of smart grid, is the new development direction of future 
automation system. It is of significant necessity to study on future dispatch and control mode. This 
paper reviews the evolution of power grid dispatch and control mode and analyzes the major influence 
factors and key technologies for its development. A concept design of future grid dispatch and control 
mode is proposed, which adapts to the construction of smart grid with large-scale clean energy 
integration, and provides more comprehensive and intelligent support for operators. 

Introduction 
At present, China's power grid dispatch system mainly includes all levels of dispatch departments, 

substation operational units, and power plants. The operation and coordination in the power system 
involves different voltage levels grid, the main grid and distribution network, centralized and 
distributed generation. They follow the principles in the business: substation operational units and 
power plants must obey the dispatch departments, while the lower dispatch departments must obey 
superiors. In general, the primary objective of the current power system in China is to ensure the safety 
and stable operation, while the economy, environmental protection and other control targets are 
relatively ignored. 

Factors for the future grid dispatch and control mode 
Under the pressure of global environmental and resource problem, energy-saving and 

emission-reduction has become the most important requirement to meet in the future. On the one hand, 
the loss of resources should be reduced; on the other hand we want to change the composition of 
power resources. This means the power generated by fossil energy share in total energy should be 
reduced, thus clean renewable energy such as wind energy, solar energy, tidal energy, geothermal 
power generation proportion should be greatly increased. 

In the generation side, due to the requirements of environmental and economic factors, a large-scale 
renewable energy based and fossil energy supplemented pattern will be formed. The centrally located 
power centers and loads do not coincide, requiring large-scale renewable energy through 
high-capacity, high-voltage, long-distance power transmission, using a variety of new, flexible 
transmission technology connected to the grid. In addition, most renewable power plants connected to 
the grid by power electronic devices, in order to improve the grid power quality after the transforming 
process. Integration of energy storage systems enhance the stability of the grid and accelerate the 
outage recovery. 

Compared to the generation side, there will be more significant changes in demand side in the future. 
Demand-side equipment will be greatly expanded, distributed power, electric vehicles, energy storage 
and other power electronic converter will connect to the grid, so that the structure of the distribution 
network and energy flows will be more complex and flexible. In most areas, these devices pose a 
micro-grid, which can be switched off-grid or on-grid state to ensure continuous power supply to the 
load and reduce the scope of the power grid failures and provide power to support the grid. Intelligent 
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power distribution network equipment, which can flexibly adjust power needs, help maintain the grid 
power balance. This provides the technical support for the realization of the demand-side response. 
Dispatch mode adaptability analysis 

The adaptability of dispatch mode mostly depends on whether it is adapt to the development of 
industrial under high proportion of clean energy power, the specific analysis can be concluded as 
follow: 

(1) wide range of optimal allocation of resources 
The rapid development of enhanced economic integration in today's power industry and other 

related industries, especially with the coal industry and other energy resources is inextricably linked. In 
the energy resource depletion, concerns about the deteriorating natural environment background, how 
to make effective energy resources, produce the greatest benefits becomes a hot issue. Therefore, 
advanced dispatch mode, should be able to achieve the optimal allocation of resources from a larger 
ranger, in many types of energy (including conventional thermal power, wind power, photovoltaic, 
pumped storage, energy storage and demand-side load, etc.) Due to the different characteristics of 
various power generating units, security, economic, energy and environmental factors such as power 
system operation should be considered to meet the various requirements of complex constraints 
random factors from intermittent energy, energy efficiency should be improved. Multi-energy has a 
greater complementary optimization potential. The implementation of a Multi-energy complementary 
scheduling, can utilize all kinds of power expertise, complementary advantages, not only can promote 
wind power and photovoltaic consumptive, support new energy development, and reduce the 
energy-saving emission, but also improve the quality of supply, and guarantee the security and stability 
of economic operation. At the same time, a wide range of optimal allocation of resources can improve 
the level of intermittent energy consumption; reduce the impact of clean energy uncertainty, 
randomness and anti-peaking on the system safety and stable operation.  

(2) system security requirements 
Power system security is a characteristic manifested during operation, which is the ability of 

continuously providing users with stable supply under disturbances. Given the importance of the power 
system in the national economy and social life, countries have developed power system security and 
stability standards respectively, which ensure the safety of the system as a prerequisite for system 
operation. Thus, whether the dispatch mode is advanced, the most important thing is whether the 
operation mode is conducive to the improvement of security of the system. The requirements of safety 
evaluation system can be summed up to follows: higher capacity to withstand accidents, accurate load 
forecasting ability, the ability to secure power supply, control capabilities, the correct rate of 
scheduling and execution of instructions, accident response ability. 

(3) economic operation 
The nature of public utilities power system, determines the electric power system operation should 

meet social benefits; at the same time, nature of the company's electricity business, determines its basic 
goal is the pursuit of profit. From both points of view, the pursuit of efficiency is a core objective of 
power system operation, therefore, a way to maintain and to run the system development, will be able 
to realize sufficient economy under the premise of safe operation. 

(4) adaptation to technological development 
A variety of renewable energy resources has been the rapid developed in recent years and power 

grid moves in intelligent direction, thus, power system operation faces many new challenges. Whether 
the new operating system can respond to these challenges and adapt the latest power technology 
developments, is another key factor to judge dispatch mode adaptation. 
Control mode adaptability analysis 

In the development process of power grid and its control system, the power control technology has 
experienced a long-term history from simple to complex and from lower to higher. With the 
development of technology, a variety of new forms of power generation and consumption will emerge 
and the control requirements will be more diverse and more complex. Roughly speaking, the grid 
control requirements can be divided into external demand and internal demand. From the internal grid 
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view, the requirements for the control objectives include the safety and economy; from the outside, the 
requirements of the control objectives include power quality, environmental protection, interactivity 
and compatibility. 

In order to meet these requirements, the future control performance will have characteristics as 
follows: 

(1) optimization 
The Optimization in the economy includes: low net loss, high capacity utilization, low expense 

control; in power quality: voltage quality, small voltage fluctuation, frequency high pass rate; in 
reliability: power supply reliability, low annual average outage time; in environmental: fewer emissions, 
low energy loss; in user experience: customer satisfaction, feedback evaluation. 

(2) robustness 
Control system design will maintain good control performance under different situations such as 

various operation states, failures, load fluctuations. There will be a large number of users take 
interactive participation in electrical grid in the future. The grid may even be able to obtain 
communications and Internet features, then, the control of the future grid should be able to cope with 
interference entities to preserve robustness. 

(3) adaptability 
Adaptability means that the control law doesn’t need to redesign when the model parameters or the 

state of the grid changes. In addition, the accommodation control of new energy and flexible load 
should also be self-adaptive. The control mode will be adaptive to various power generating units and 
electrical equipment type. 

(4) intelligence 
The future grid will behave like a intelligent robot, which have monitoring, evaluation, event 

analysis and decision-making, and a series of mechanisms to achieve a high degree of artificial 
intelligence, such as automatic identification, recovery and self-healing function. Intelligence of future 
grid will be also reflected in the large number of intelligent control and electrical equipment for 
customer services. In the demand-side view, the function is not only to provide the power supply grid, 
but also be capable of making an appropriate response to instructions and providing power 
optimization, household equipment management and information services. 

Concept design 

Future grid business model includes both centralized and distributed energy, both actively response 
and fixed demand, both centralized scheduling and covert dispatching, covering the power generation 
/ transmission / distribution /industry chain / fair competition systems. 

In power generating, centralized and distributed power will participate in the market freely. 
In energy consuming, fixed load and demand response can participate in different levels markets in 

accordance with t the different types of resources, to seek their own interests. 
In power dispatch department, dispatch center centralized scheduling, while energy storage systems 

and demand response make use of market signals to participate implicitly. 
Coordination among power system optimization modes includes hierarchical partitioning 

autonomous coordinated dispatching, multi-level coordination of reactive power control, situational 
awareness and risk prevention. Multi-period optimized scheduling modes include centralized and 
distributed multi-level coordination, multi-period multi-resource coordination and electricity market 
and so on. 
future grid dispatch mode 

Expected future grid dispatch mode with high proportion of clean energy will be "centrally 
coordinated, local self-government". The wide-area cooperative operation control architecture 
includes independent and robust dispatch operation mechanism. Future grid will form a layered 
coordinated operation autonomous dispatch and coordination of multi-level reactive power control. 
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The transmission network, distribution network, and micro-grid hierarchical control system optimize 
scheduling to achieve a coordinated dispatch between different periods. 

In large grid, the flow of information is enormous. If the information are processing, analysis and 
transmission by the same dispatch center, not only uneconomic, but also not conducive to rapid 
response. In addition, because the most important scheduling decisions are still done by people, the 
dispatchers of a dispatch center will not be enough in the face of such a large grid. A hierarchical grid 
will be need, and if a regional power grid is still relatively large, it can be further subdivided. Dispatch 
scales at each level of the process are not same. More by the upper layer of the dispatch center, its 
scheduling is broader, more macro-grid areas. Closer to the lower, the narrower range of scheduling, 
scheduling work will be more sophisticated. Lower dispatch center obeys the command from upper 
dispatch center, which includes active and reactive power regulation, load forecasting, economic 
dispatch, maintenance plan making, real-time warning and management, security check and so on. The 
main features of the future dispatch mode are as follows: 

(1) Multi-period multi-resource optimization will coordinate scheduling objectives assigned to the 
layer. The difference between actual power and predicted value can be adjusted by demand-side 
response to achieve power balancing. Upper communications support and distributed processing 
mode, changing the traditional information collection and centralized processing pattern, will greatly 
increase the flexibility and complexity of the future grid information flows. Due to the improvement of 
power quality and stability, the dispatching will focus on guiding and controlling the energy flow of the 
entire system, for the optimized allocation of social resources and improving energy efficiency. 

(2) Energy storage devices can store up fossil, hydro and chemical energy as a reserve capacity of 
the system. With the applications of Energy storage device in the power grid, the balance of power 
doesn’t need to be achieved instantaneous. By energy storage device charging and discharging 
operations, some excess energy can be stored and released in other periods, which means that the 
energy of the grid can be flexibly flows across time. When the system fails or power balance cannot be 
met simply by power adjustment, these devices release or store energy, to ensure the system's power 
balance and maintain security and stability of the system. 

(3) Distributed generation, smart electrical equipment and demand side of the energy storage device 
consist of micro-grid, which can achieve a local balance of power, improve power efficiency and 
reduce the scope of grid failure. Micro-grid technology will change the radial supply patterns and build 
more controllable flow channels among distribution network and micro-grids to realize flexible energy 
flows. 

(4) Based on the condition of the grid, demand-side response can control or adjust the load power 
scheduling. It can realize load shifting to improve the overall operational efficiency and ensure grid 
security and stability in case of failure. Demand response will extend the grid to the endings, which is 
able to provide information and accept the dispatch instructions. To maintain balancing, demand 
response will be utilized to establish a two-way information flow between the dispatch center and 
distributed demand side, which includes demand-side micro-grid internal scheduling, dispatching 
between the micro-grids and direct load dispatch. In the micro-grids, information will be produced and 
released through some distributed automatic facilities, while the manual dispatch will only need to 
focus on the external characteristics of these micro-grids on the upper level of the electricity network. 
future grid operational control mode 

Future grid operational control will be AC-DC multi-level optimization of active and reactive 
coordinated control. Price incentives and load shifting will be effectively used to mobilize the power 
side and the demand side to form a interactive control in transmission network, distribution network 
and micro-grid energy management systems. 

At present, the underlying general closed-loop control is local and device-level; the middle level is 
generally closed-loop system-level control. Up to a certain level of control is open-loop, which can be 
considered closed-loop control with the manual participation. The future trend is the top of the 
closed-loop control is fully automatic. 
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In the coming decades, the control mode will made significant progress. These innovations will be 
mainly due to the development of grid architecture changes, and the development of control 
technology will assist this progress. The main features of the future grid control system will be still the 
automation and intelligence, because regardless of the control system development, its ultimate goal is 
to replace people to achieve the set goals, and its performance in implementing scheduled tasks will 
reflect its intelligence. 

(1) Combining centralization and decentralization is the principle of grid control and will have an 
updated content in the future. The traditional power grid emphasizes on centralized optimization, and 
decentralized control mostly focuses on information acquisition. Future grid control trends are 
contrary, which are more emphasis on the individual, decentralized, local control unit autonomy and 
intelligence, trying to solve as many problems in local processing as possible, so that the local control 
unit will not act as a subsidiary unit, but as an autonomous system to automatically complete control 
and operation functions. 

However, this is not to abandon the centralized control, but to a higher level of coordination so as to 
form a hierarchy, autonomy and synergy characterized by distributed control architecture. 

(2) In the future, information and communication and computer technology will provide favorable 
conditions for the global information acquisition and processing. PMU and wide-area measurement 
system will be further developed, a comprehensive wide area measurement system of the whole system 
is likely to be established, in addition, wireless broadband network technology may also be applied to 
the power supply control. These technologies development form the foundation for the wide area 
control system. In order to realize the future local and global optimization target control, more and 
more effective real-time wide-area information must be utilized to achieve local and wide-area 
coordinated control system. 

(3) Future grid control system should be fault-tolerant and self-healing, so that self-organized 
control system is one of the feasible way. Self-organized control system is capable of evolving or 
improving its structure in interaction with environmental conditions. In the future grid, system-level 
control system will coordinate lower levels according to the environment and their own operation 
situation to form the best organizational structure, which can automatically fix defects and faults, 
restore normal structure and function. Self-organized control system for improving the robustness of 
future grid has important significance. 

Conclusions 
Power is the foundation of the national economy, which concerns national energy security and 

social development. Evolution of power grid operation form is a long historical process, which is 
driven by many factors. The evolution of these factors will set forth more requirements in the future. 
Under a high proportion of clean energy, flow of energy and information will be more flexible and 
complex, which rely on energy storage technologies, micro-grid technology, demand response and 
other key technology support. From the technologies and their development, it can be predicted that 
the future power grid will be formed "centralized coordination, local autonomy", forming transmission 
network, distribution network, micro-grid energy management systems interactive dispatch and 
control system. 
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