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RESEARCH ON HIERARCHICAL DISTRIBUTED
OPTIMAL CONTROL STRATEGY FOR GRID-CONNECTED
MICROGRIDS BASED ON IMPROVED PINNING
CONSISTENCY

ABSTRACT

With rapid economic growth, mankind is facing an increasingly
severe energy demand and environmental crisis. The use of traditional
fossil fuel energy sources, such as coal, oil and natural gas, has led to
increasing problems such as global warming and ecological damage. As a
result, attention has been focused on the development of clean energy
sources such as solar and wind, which have smaller scale and lower
operating costs and are known as Distributed Generation (DG). In order
to cope with the characteristics of diverse, large and scattered distributed
power sources, the concept of * microgrid~ has emerged, which
integrates DG, loads, energy storage and other equipment, and connects
with the power grid through a public connection point to establish a
bridge between distributed power sources and the power grid. Due to the
randomness, volatility and uncertainty of the output of each DG, it will
bring power, frequency and voltage disturbances to the power system,
affecting the power quality and optimal scheduling of the microgrid, and
seriously affecting the stability and security of the power system.

Therefore, it is of great significance to synergise the power output of each

I
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DG, ensure the stability of voltage and frequency, and achieve stable and
economic operation of microgrid. This paper takes grid-connected AC
microgrid as the research object and proposes an economic optimal
scheduling strategy for grid-connected microgrid based on the two-layer
neighbourhood pinning consistency algorithm and a secondary control
strategy for voltage and frequency of grid-connected microgrid based on
the improved pinning consistency algorithm. On this basis, a hierarchical
distributed optimal control strategy is proposed, which is able to achieve
rapid recovery and stabilisation of voltage and frequency, economic
optimisation of microgrid operation, and reasonable distribution of active
power. The specific studies are as follows:

(1) The research background and significance of the topic are first
introduced. Subsequently, the control strategy of microgrid, the main
control methods and the control methods of each DG inverter are
introduced in detail, while a brief overview of the knowledge of graph
theory is given. Finally, a brief description of multi-intelligent body
consistency is given, introducing the concept of multi-intelligent body
and the theory of multi-intelligent body consistency as well as some
existing consistency protocols.

(2) In order to improve the economic optimization response speed of
the grid-connected microgrid system and reduce the overall generation
operation cost, a second-order neighbor pinning consensus algorithm is
proposed. The incremental cost rate (ICR) is defined as a state variable,
the power deviation elimination term is introduced to quickly eliminate
the total power deviation, and the second-order neighbor term and pin

term are used to achieve fast convergence to the optimal ICR. The

v
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optimal active output reference value for each distributed generation is
calculated, so as to achieve the system economic optimization as well as
the balance of load power supply and demand. The simulation results
show that the proposed method can complete the economic distribution of
active power output, and the system has excellent response performance.
When the system is affected by factors such as sudden load increase,
power overlimit, time-of-use tariffs, topology switching, line loss and
plug and play, etc., the proposed method can make the microgrid reach
the economic optimization state quickly.

(3) Aiming at the rapid recovery of voltage frequency drop in grid-
connected microgrid,a secondary control strategy for voltage-frequency
of grid-connected microgrids based on improved pinning consistency is
proposed. The improved algorithm introduces a predicate term on the
basis of traditional pinning consistency to achieve fast convergence of the
algorithm, and the stability and convergence of the algorithm are
proved.Subsequently, for how to simultaneously achieve rapid recovery
and stabilisation of microgrid voltage and frequency, economic and
optimal operation of the microgrid, and rational allocation of active
output, a hierarchical distributed optimal control strategy for grid-
connected microgrids is proposed, which is divided into three layers, with
the first control layer being a dual closed-loop feedback droop control.
The second control layer is voltage-frequency optimal control, which uses
the improved pinning consistency algorithm and PI control to derive the
voltage-frequency compensation term, and feeds the voltage-frequency
compensation term back to the first control layer to achieve the fast

recovery and stabilisation of voltage frequency.The third control layer is

v
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the economic optimization dispatch layer, which uses the second-order
neighbour pinning consistency algorithm to derive the optimal active
output of each DG, and then sends the optimal active output of each DG
to the first control layer to allow each DG to operate at the optimal active
output, thus realizing the economic optimization of the microgrid.Finally,
the effectiveness and superiority of the proposed hierarchical distributed
optimal control strategy for microgrids are verified through examples and

simulations.

KEY WORDS: Grid-connected microgrids, Pinning consistency,
Voltage-frequency optimal control, Economic optimal, Hierarchical

distributed
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