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Fig.1 Integrated energy system structure diagram
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Fig.2 VMD flow chart of uncertain variables
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Economic Optimization of Integrated Energy System Scheduling Considering
Uncertainty Variables Variational Mode Decomposition and
Green Certificate-Carbon Joint Trading
Liu Xiaojun Xiong Jian Wang Yibo Liu Chuang Xu Yueyang

(Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology
Ministry of Education Northeast Electric Power University Jilin 132012 China)

Abstract With the increasing volatility and randomness of uncertain variables such as load and new energy,

how to rationally dispatch multiple equipment such as cogeneration, gas boiler and energy storage equipment in

integrated energy system (IES) according to the response characteristics of the existing potential response
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resources in IES to cope with the changes of uncertain variables has become the key to explore the differentiated
response ability of IES multiple equipment. To solve the above problems, this paper proposes an economic optimal
scheduling method for integrated energy systems, which takes into account variational mode decomposition
(VMD) of uncertain variables and green certificate-carbon joint trading. By analyzing and mining the potential
differential response ability of multiple devices in IES, the response ability of IES system to uncertainty variable
volatility and randomness is improved.

Firstly, according to the commonness and difference of multiple types equipment operating response in time
scale and regulatory amplitude in IES, uncertain variables such as wind power, electricity/heat/gas load are
decomposed into low/medium/high frequency components with different amplitude and frequency through VMD
to adapt to the response characteristics of multiple types equipment. Secondly, on the basis of considering the
green certificate trading mechanism (GCT) and the carbon trading mechanism (CET), quantitatively calculate the
carbon emission reduction of new energy compared with fossil energy in the process of online access, and offset
part of the carbon emission through the carbon emission reduction caused by the green certificate, so that the
carbon emission source can be reduced to a certain extent in the calculation of carbon emissions, which indirectly
affects the carbon trading mechanism. Based on this, the green certificate-carbon joint trading mechanism is
constructed. Finally, the medium and large-sized equipment with large inertia responds to the low-frequency
component with low frequency and large amplitude, and the energy storage equipment that needs repeated charging
and discharging responds to the medium/high-frequency component with small amplitude and positive/negative
periodic oscillation, and then an economic optimisation scheduling model of the IES with the objective of
minimising the comprehensive cost is established on the basis of the model, which is then passed layer by layer
and iteratedly solved based on the order of VMD's low/medium/high-frequency components.

Through theoretical analysis and case simulation, the following conclusions are drawn: (1) The predicted
power, electrical load, thermal load and gas load of wind power are decomposed into low, medium and high
frequency components through VMD, which are suitable for the operation characteristics and response
characteristics of energy storage equipment. The scheduling method proposed in this paper reduces the operation
state of overcharge and overdischarge of energy storage equipment, which can effectively improve the utilization
rate of energy storage equipment and further improve the system's ability to absorb new energy. (2) Compared with
a single energy storage device, the hybrid energy storage system can better smooth and absorb wind power in
different frequency bands according to the different frequency characteristics of wind power, so as to eliminate
more wind abandonment and reduce the comprehensive cost of the system. (3) Compared with the single CET or
GCT mechanism, the GCT-CET linkage mechanism can not only improve the absorption capacity of renewable
energy in the integrated energy system, but also promote the further reduction of carbon emissions of the system.

Keywords: Variational mode decomposition, green certificate trading mechanism, carbon trading mechanism,

wind power consumption, integrated energy system
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