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Figure 2 (Color online) Dominant power-type wind farms and photovoltaic plants (DC grid-connected).
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Table 1 Calculation table of 3.0 MW wind turbine inertia
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Figure 3 (Color online) Enhancement of frequency characteristics by
dominant power-type renewable energy. (a) Two thermal power units;
(b) thermal power unit and dominant power-type wind farm.
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Figure 4 (Color online) North-south wind farm in Ganhekou, Gansu.
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Table 2 Key technical metrics for dominant power-type renewable energy plants

Technical metrics Wind farm PV plant
Response time #, (ms) 400 380
Inertia response
Inertia time constant H (s) 12 15
Response time £, (ms) 380 330
Primary frequency regulation
Adjusting rate 10% 4.3%
Current rise time ¢, (ms) 8.7 17.3
Low voltage support
Maximum short-circuit current (pu) 3 3
Current rise time ¢, (ms) 13.8 8.7
High voltage support
Maximum reactive current (pu) 0.7 1.6
Weak grid adaptability Minimum operating short circuit ratio 1.2 1.2
Black start Zero-start boost time (s) 65 63
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Table 3 Comparison of the characteristics of dominant power-type wind farms and photovoltaic plants

Grid following wind farms Dominant power-type wind

Characteristics Synchronous generator and PV plants farms and PV plants
Delay time s <50 ms (frequency detection) <20 ms
Adjustment time <45s <ls <ls

Primary frequency

regulation Frequency regulation power

(Po: operating point)

Duration

Upward: 1.1 Pn-Po;
downward: Po

Minute timescale

Upward: without;
downward: Po

Upward: 1.1 Pn-Po;
downward: Po

Second-to-minute timescale Minute timescale

Secondary frequency regulation function

Inertia time constant

Voltage regulation response time <I5s

Transient voltage support

Bidirectional

3.6 s (fixed)

Rise time < 20 ms

Unidirectional Bidirectional

0.01-20 s (adjustable) 0.01-20 s (adjustable)
<100 ms <100 ms

Rise time > 50 ms Rise time < 20 ms

Maximum short-circuit current 610 times 1.1 times 3 times
Typical black start time requirement 16 ()hnfiﬂrie(r}rlr}lzzlrg;:\:g,) Without 1 min
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Renewable energy as dominant power source and its grid integration:
Considerations and empirical study

CAI Xu', WANG FuWen’, WANG Han', ZHANG Yu', GUO ZiTeng' & LI Zheng'

'School of Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China
2Shanghai Zhonglv New Energy Technology Co., Ltd., Shanghai 200240, China

The rapid development of wind and photovoltaics (PV) has gradually become the dominant power sources in the new power system in
terms of installed capacity. However, renewable energy has yet to fully assume the responsibilities of dominant power source.
Therefore, this article points out that self-synchronous voltage source grid-forming technology is a feasible technical pathway for
developing dominant power-type renewable energy generation equipment. A systematic review is conducted on key technologies,
including grid-forming control, active frequency response, transient voltage support, and grid adaptability. The concept, composition,
technical specifications, and critical challenges of dominant power-type renewable energy plants are proposed, forming a
comprehensive technical framework that integrates power generation units, energy storage, and system-level control. The Ganhekou
dominant power-type wind farm in Gansu and the Nileke dominant power-type PV plant in Xinjiang were implemented and
comprehensively tested, validating the technical feasibility and economic viability of this approach. All of the evidence above proves
that it is an economically feasible way to construct the new power system by having the dominant power-type wind farms/PV plants
to undertake the transient power balance of power system, by having the power market and demand response to reshape the load
characteristics, and by having various types of energy storage and wide-range conventional units to realize the power electricity
balance.

dominant power source, renewable energy, grid-forming technology, active support
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