Fa41% Fol
2021 £3 H 20 H

HOE L

T B % W
Proceedings of the CSEE

Vol.41 No.6 Mar. 20, 2021
©2021 Chin.Soc.for Elec.Eng. 2115

DOI: 10.13334/1.0258-8013 pesee.200514  CEHRE : 0258-8013 (2021) 06-2115-10 HESHHES: TM 73

SCERARERD: A

SSEEMN T2 SVC 5 SVG 4MEF
Fhae R H M H#aEs B ThERE M4 o 4T
FE, KIAE, Bk, X SUR

GRem IR EHRPARRELEZETERTAKF), Hls KXTH 430074)

Analysis of Power Transmission Characteristics of Renewable Energy Grid-connected
Converter Considering SVC and SVG Compensation Under Weak Grid Condition
KANG Yong, LIN Xinchun®, PAN Chen, LIU Wenbin
(State Key Laboratory of Advanced Electromagnetic Engineering and Technology

(Huazhong University of Science and Technology), Wuhan 430074, Hubei Province, China)

ABSTRACT: When the large-scale renewable energy is
connected to the power grid, the reactive power consumption
of the weak current network will lead to voltage drop of its
parallel network. To ensure the effective delivery of renewable
energy, static var compensator/static var generator(SVC/SVG),
and other reactive power compensation devices will be
centrally connected to the common coupling point(PCC).
However, it is not clear how much the reactive power
compensation device improves the power transmission capacity
of the renewable energy grid-connected converter under the
condition of weak grid and the influencing factors. In this paper,
the renewable energy grid-connected converter was taken as
the research object. Firstly, its power transmission
characteristics when it is connected to the weak grid without
considering reactive compensation were analyzed, and the
formation mechanism and key factors of the limit output power
of renewable energy grid-connected converter were discussed.
Secondly, the working mechanism of two kinds of typical
reactive power compensation devices(SVC and SVG) was
analyzed, the power transmission characteristics of renewable
energy grid-connected converter considering reactive power
compensation were studied, and the constraint relationship
between its limit the output power and short circuit ratio(SCR),
the capacity of reactive power compensation device, and type
of reactive power compensation device was analyzed. Finally,
Matlab/Simulink simulation was used to verify the correctness

of the theoretical analysis.
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Fig. 1 The typical circuit and control system for

grid-connected converter
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Fig.3 Equivalent AC-side circuit of grid-connected

converter connected with weak grid
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Table 1 The main parameters for grid-connected

converter, SVC and SVG
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Fig. 4 Pout-Iscurves of grid-connected

converter under different SCR
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Fig. 5 Typical circuit structure and

control block diagram of system while adopting SVC
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In China, renewable energy resources are mainly

concentrated in remote areas with weak grid
characteristics. Grid-connected converter (GCC) is the
energy conversion device between renewable energy and
power grid. When it outputs active power to the grid, the
reactive power consumed by the equivalent reactance of
the weak grid will lead to the voltage drop of the
common coupling point (PCC), which will limit the
output active power of the GCC. Therefore, static var
compensators (SVC) and static var generators (SVQG) are
often connected to PCC to provide reactive power
compensation.

While ignoring the dynamics of PLL and current
loop, the AC-side fundamental frequency equivalent
circuit of GCC connecting with power grid is obtained,
and then the power transmission characteristic curve of
GCC can be achieved. When SVC and SVG with the
capacity limit are connected to PCC, the output active
power of GCC can be expressed as shown in (1) and (2),
and GCC’s power transmission characteristic curves are

drawn in Fig.1.
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It can be seen that the SCR, the capacity and type
of reactive power compensation devices will have
influence on the power transmission characteristic of
GCC, which exhibits segmented characteristics when

S18

adopting SVC/SVG for compensation. If SVC/SVG can
compensated the PCC voltage to the reference value
which means the output reactive power is within its
capacity, the output active power of GCC is linear with
its output active current. However, while PCC voltage
can’t be compensated to the reference value by
SVC/SVG, implying that both SVC and SVG have
reached their capacity limits and can be equivalent to
constant capacitance for SVC and constant reactive
current source for SVG. At this time, the output active
power of GCC presents a parabolic characteristic with its
output active current, and under the same capacity, the
reactive compensation effect of SVG is better than that
of SVC.

Moreover, when SCR is small, GCC will reach its
maximum output power when SVC and SVG just reach
their capacity limit. While for large SCR, GCC will
reach its maximum output power, when SVC and SVG

exceed their capacity limit, as the points marked in Fig. 1.
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Fig. 1 Power transmission characteristic curves of
GCC while adopting SVC and SVG

Finally, the correctness of the above theoretical

analysis is verified by MATLAB/Simulink simulations.



