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Abstract—In order to study the large-scale photovoltaic (PV) 

and energy storage (ES) combined power generation system 

(CPGS) and shorten the time of simulation, the equivalent 

aggregation model is established by the way of parameter 

equivalence on the foundation of the PV unit and ES unit models. 

The detail model (DM) and equivalent model (EM) are 

respectively built in PSCAD/EMTDC to compare with each 

other. Moreover, the electromechanical transient model of the 

large-scale PV-ES CPGS is formed. Based on this model, the 

energy complementary strategy of the PV-ES CPGS is proposed. 

The simulation results represent that the EM established can 

precisely reflect the overall operation characteristics of large-

scale PV-ES CPGS.  

Keywords—Photovoltaic, energy storage, combined power 

generation system, aggregation. 

I. INTRODUCTION 

Under the severe situation of the world energy crisis and 
environmental pollution, an energy revolution from fossil to 
non-fossil is imminent. Different from traditional fossil energy, 
renewable energy represented by solar energy and wind energy 
not only has advantages of inexhaustibility, but also has no 
carbon dioxide emission in the power generation process. The 
installed capacity of renewable energy will be more than four 
times that of 2021 by 2030, and its electricity generation will 
account for more than 60%, which is predicted by the 
International Energy Agency [1]. It can be seen that the 
proportion of new energy will be steadily increased, and 

technological innovation will reduce costs soon. The new 
power system with clean energy as the main role is gradually 
taking shape. 

However, PV and other new energies are intermittent, 
volatile, which pose a huge challenge to the stable performance 
of the power system [2]. The ES system provides a good 
technical way to solve the problems. By introducing the ES 
system and applying the corresponding control strategy, it can 
greatly optimize the performance of the new energy system, 
especially overcome the intermittence and volatility of PV. PV 
and ES form a CPGS together, which can realize complement 
of resources. The combination of PV and ES will become an 
inevitable trend. 

Unlike conventional synchronous generators, both PV and 
ES need power electronic devices to link with the grid. A great 
deal of power electronic interfaces will inevitably have an 
impact on the grid. Establishing a model that can accurately 
reflect the operating characteristics of a PV-ES CPGS is the 
basis for related research on its influence on the power system. 
However, limited by the computing ability, it is almost 
impossible to build a simulation model including every unit 
and make it work. Therefore, it is necessary to aggregate the 
power generation units so as to build an integrated model of the 
PV-ES CPGS, and shorten the simulation time as much as 
possible within the allowed accuracy. 

At present, some scholars have carried out modeling 
research on PV array [3-5], PV inverter [6] and PV power plant 
[7-10]. Among them, the main methods applied to the 
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摘要

在能源危机与环境问题的背景下，风力发电、光伏等清洁可再生

能源的发展迅速，越来越多的大型新能源场站投入建设运行。由于风、

光等新能源存在波动性、间歇性的问题，储能系统因其灵活的充放电

特性常用于平抑风光发电系统的功率波动，因此大规模的风-光-储系

统具有广泛的应用场景。然而风-光-储联合发电系统是由多台单机容

量较小的风、光、储单元机组组成，详细的电磁暂态模型复杂、规模

庞大，仿真计算时间过长，因此有必要对大规模风-光-储系统进行聚

合等值建模研究。

光伏发电系统方面，本文首先研究光伏系统的典型硬件拓扑及控

制策略，分析光伏系统关键设备的电磁暂态模型建模方法，包括光伏

组件、组串式逆变器、集中式逆变器等模块。其次研究了基于参数等

值法的大规模光伏发电系统的聚合建模方法，建立大规模光伏系统的

聚合模型并通过仿真研究验证了聚合模型的准确性。

风力发电系统方面，本文首先搭建了单台永磁直驱风力发电系统

并网仿真模型，包括风机、发电机、机侧变流器、网侧变流器和变压

器等部分以及控制部分。其次介绍了风电场等值模型的等值原理，建

立了风速相同以及风机参数相同情况下等效风电机组模型并通过仿

真对比验证等效模型。最后，考虑到实际风电场中存在的尾流效应，

建立了考虑尾流效应的多台风力机驱动单台发电机等值模型。
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储能系统方面，本文针对以下垂控制方式运行的储能变流器进行

参数等值聚合建模，分别包括储能电池、储能变流器及控制环节等部

分，最后通过搭建仿真模型验证储能系统聚合等值建模的有效性。

在光伏、风力发电及储能的研究基础上，本文利用聚合等效模型

研究大规模风-光-储系统的联网运行及孤岛运行方式，分析了孤岛运

行模式下孤岛电网电压稳定控制技术，提出了大规模风-光-储系统联

网运行及孤岛运行协调控制策略，最后利用基于 PSCAD/EMTDC 仿

真平台的大规模风-光-储系统电磁暂态模型，对所提出控制策略的有

效性进行了验证。

关键词：风-光-储系统；聚合等值建模；孤岛运行
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