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Courtesy of:  REN21, “RENEWABLES 2023 GLOBAL STATUS REPORT.”

NB Power GHG emissions: 450g/kWh in early 2000’s to 270g/kWh today
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System Operation: Resources for Ancillary Services
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$Need more flexible resources
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4Distributed Energy Resources (DERs)
• DER:  distributed generation (DG) systems (the largest 

share now),  electricity storage facilities (incl. EVs), 
managed loads (e.g. demand response, energy 
efficiency, indirectly & directly controlled loads)

• Conversion
• Integration 
• Control & 
Management
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DER: Dropping Prices and Improving Performance 5
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Wide Bandgap Power Semiconductors 6

SiC/GaN devices enable more efficient, 
lighter, smaller form factor power 
converters operating at high frequencies, and 
at elevated temperatures with reduced 
cooling.

25W, $100      55W, $50    65W, $16
1990’s           2000’s         2023
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Evolution of Standards –
Increasing Grid Support Functions of DERs
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8Traditional DER Inverters – to be improved

Passive Power Filters: 
20% ~ 40% volume

Passive  Solid-State Power Filters?作者授权中国电源学会发布，未经作者同意禁止转载



9Costs Are an Issue, but Opportunities Exist
• Costs of active components 

are still high as compared to 
passive components at the 
DER converter level

Copper Prices 

Labours 

Opportunities
■ High density devices
■ Digital controller
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Active Power Decoupling: replacing large electrolytic capacitors 10
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Power Decoupling for PV Inverters 11
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Cd Decoupling capacitance 160 μF
Cb DC-link capacitance 80 μF
fAC Output AC frequency 50 Hz
fsw Sw. freq. of bridge 20 kHz

fs Sw. freq. of front-end 40 kHz

Opportunities to reduce dc link 
capacitance by 10 times
Electrolytic capacitors  Film capacitors

Output filters (grid-side) are still large 
and heavy  solid-state power filters
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Active Power Filters – replacing passive PF 12

Mitigating power quality issues:
• Harmonics
• Reactive power
• Other power quality issues
• Generally used for power systems

作者授权中国电源学会发布，未经作者同意禁止转载



13Two-Terminal Active Capacitors

Source: Haoran Wang and Huai Wang, “A two-terminal active capacitor,” IEEE Transactions on Power Electronics, vol. 32, no. 8, pp. 5893-5896, Aug. 2017. 

Circuit topology and control
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Two-Terminal Active Inductor 14
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28 mH passive inductor with 0.51 J 
rated inductive energy storage

8 mH passive inductor

The active inductor with 0.14 J 
rated inductive energy storage

■ Current control based on internal voltage and current 
information of the auxiliary circuit

■ Similar impedance with passive inductor in frequency of 
interest

The cost, volume 
and weight are 
80.6%, 68.6 %
and 70.7 % of the 
passive solution, 
respectively.

Source: Haoran Wang and Huai Wang, “A Two-terminal Active Inductor with Minimum Apparent Power for the Auxiliary Circuit,” IEEE Transactions on Power 
Electronics, pp. 1013 – 1016, Feb. 2019. 作者授权中国电源学会发布，未经作者同意禁止转载



15Bridge Inverter with Active Power Filter
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Solid-State Power Filters 16

 Significantly reduced passive 
components  PCB-based power 
inductors 

 Fast dynamics
 Programmable characteristics
 Adaptive to grid parameters
 PCB-based inverters at kW level
o Lowering manufacturing costs
o Reducing volume and weight
o Improving reliability and life span
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Solid-State Power Filters – extended functions 17

 Filtering out harmonics – primary SSPF function
 Reactive power control – mitigating power curtailment
 Common-mode filtering
 Grid interactions – mitigating power quality issues

Q

maxS
P

ratedP

-0.484 ratedP 0.484 ratedP
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18Closing Remarks
• DER market is growing, potentially providing more functionality and flexibility for 

grid operation.
• New power electronic technologies are being developed for DERs, driven by the 

pursuit of high performance and additional functionality
• Passive components are being (gradually) replaced by active power components, which 

presents opportunities for WBG, topological and control technologies

• Solid-state power filters may be developed as an integral part of converters with 
programmable parameters

• Power converters at several kWs can be manufactured on PCBs with significantly reduced 
size and weight
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Thank You Very Much!
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