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 Economic growth: Gross World Product (GWP) will grow 130% by 
2050 (from 2015) 
By mid-century, even today’s rapidly growing emerging economies will experience 
significantly slower growth as their economies de-industrialize and become more service 
orientated

 Learning Curves: forecast average cost reduction per doubling of 
installed capacity - wind 16% solar PV 16%
Non-renewable energy sources have shown impressive cost cuts in recent years, but 
installed capacity of such sources will not expand at the same rate as renewable sources; 
hence a lower cost-learning curve effect 

 Population: projected global population in 2050 of 9.2 billion
This is 6% lower than the latest (2017) UN median forecast, and reflects our view that  rapid 
urbanization and rising education levels will lead to more sharply declining fertility levels

 Global energy intensity: decline in units of energy required per units of 
GDP will improve from an historical average 1.4%/yr to 2.5%/yr
This is linked to many technology and usage efficiency gains, but is mainly the result of the rapid 
electrification of the world’s energy system, driven by efficient renewables



Power Electronics – Underpinning Technology
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A Power Electronics Dominant Grid
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Challenges and Issues
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Source: C. Li, “Unstable Operation of Photovoltaic Inverter from Field Experiences,” IEEE Trans. Power Deliv., vol. 8977, no. c, pp. 1–1, 2017.

J. Sun, C. Buchhagen, and M. Greve, “Impedance Modeling and Simulation of Wind Turbines for Power System Harmonic Analysis”, Session 3A-1, Wind Integration Workshop 2017, Berlin, Germany.

• Subsynchronous oscillation
• Supersynchronous oscillation
• Non-characteristic harmonics
• Setpoint dependent



Grid-connected VSC applications
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Modelling of Voltage-Source-Converter (1)
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Modelling of Voltage-Source-Converter (2)
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Discontinuous Linear Time Varying System



Modelling of Voltage-Source-Converter (3)
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Modelling of Voltage-Source-Converter (4)
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Impedance-based Stability Criteria
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Nyquist Stability Criterion

Impedance-based Stability Criterion



dq-frame input admittance matrix
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Experimental Results – Laboratory Setup



1 VSC Setup
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Harmonic Stability
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Generation Mode – Id0= + 11.2 A



Generation Mode – Id0= + 14.58 A
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2 VSC Experimental Results



Results - Table

• PLL controller impact

• Setpoint dependent impact

• ACC controller impact



Summary
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• The grid-connected VSC can cause small-
signal voltage instability when its digital
delay is adversely interacting with the
impedance resonance point formulated by
LCL filter and the equivalent grid impedance.

• Active damping is an effective method to
improve the phase margin of the small-
signal voltage stability

• The PLL of the grid-connected VSC is
identified as dominant contributor to the
small-signal voltage instability phenomena.

• The increased penetration level of the two-
level VSC connected renewable generation
can lead to the small-signal voltage
instability.

• Increasing ACC controller bandwidth of the
VSC can improve overall voltage stability
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