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Typical Power Electronics Designs

Double Conversion UPS

Switched Mode Power Supply1

Large 3φ UPS

Data Center: Centralized UPS

Site Equivalent

Data Center: Distributed UPS

Cryptomine

Cooling
1φ, 3φ Motor Drives

(10% of Load)

Lights & Misc. Support
Passive Circuits

(5% of Load)

Electronic Loads
Varies by End Use

(85% of Load)

1φ PSU w/ built-in UPS

1φ SMPS

Kept open

13.8 kV : 0.48 kV 

230 kV : 13.8 kV 

Compute

Load

1Samanta et al, Electromagnetic Transient Model of Cryptocurrency Mining Loads for Low-Voltage Ride Through Assessment in Transmission Grids

Variations: 1 PH VSC PSU; no UPS

Recommendation: NERC questionnaire

https://arxiv.org/html/2312.15067v1
https://arxiv.org/html/2312.15067v1
https://arxiv.org/html/2312.15067v1
https://arxiv.org/html/2312.15067v1
https://arxiv.org/html/2312.15067v1
https://www.nerc.com/comm/RSTC/LMWG/Data%20Center%20Information%20Collection%20Questionnaire.pdf
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Challenges

Fault Ride-Through 

Performance2

Short Interconnection 

Timeline1

14.7 Hz at Virginia Datacenter3

~10 Hz at Offline Datacenter4

1Large Loads and the Changing Grid, an ERCOT Perspective, NERC LLTF April Meeting
2Incident Review, Considering Simultaneous Voltage-Sensitive Load Reductions
3Understanding the Inception of 14.7 Hz Oscillations Emerging from a Data Center
4Battery Storage Applications at Data Centers, NERC LLTF April Meeting

https://www.nerc.com/comm/RSTC/LLTF/LLTF_April_Meeting_&_Technical_Workshop_Presentations_.pdf
https://www.nerc.com/comm/RSTC/LLTF/LLTF_April_Meeting_&_Technical_Workshop_Presentations_.pdf
https://www.researchgate.net/publication/389098360_Understanding_the_Inception_of_147_Hz_Oscillations_Emerging_from_a_Data_Center
https://www.nerc.com/comm/RSTC/LLTF/LLTF_April_Meeting_&_Technical_Workshop_Presentations_.pdf
https://www.nerc.com/comm/RSTC/LLTF/LLTF_April_Meeting_&_Technical_Workshop_Presentations_.pdf
https://www.nerc.com/comm/RSTC/LLTF/LLTF_April_Meeting_&_Technical_Workshop_Presentations_.pdf
https://www.nerc.com/pa/rrm/ea/Documents/Incident_Review_Large_Load_Loss.pdf
https://www.nerc.com/pa/rrm/ea/Documents/Incident_Review_Large_Load_Loss.pdf
https://www.nerc.com/pa/rrm/ea/Documents/Incident_Review_Large_Load_Loss.pdf
https://www.researchgate.net/publication/389098360_Understanding_the_Inception_of_147_Hz_Oscillations_Emerging_from_a_Data_Center
https://www.nerc.com/comm/RSTC/LLTF/LLTF_April_Meeting_&_Technical_Workshop_Presentations_.pdf


“Unlock” transmission 

capacity with congestion 

relief
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Energy Storage Applications

• Additionally: fast frequency response, synthetic inertia, reactive power

Stabilize system by 

replacing tripped load

Attenuate load oscillations 

before they enter the grid

Fault 

occurs

t

Load
ESS

Fault 

clears

MW

t

MW

Load
ESS

Capacity

Limit

~2 hr

~0.1 s t

~0.1 s

Load
ESS

100%

20%

Net
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Key Design Factors

Storage technology

• Key is the power electronics interface:

• Match rapid shifts in active power consumption

• Dynamic reactive power not the pivotal feature

• Measurement delay, system impedance 

• Options include supercapacitors, hydrogen fuel cells, batteries

Sizing (MW, MW-Hr)

• Can’t escape conservation of energy

• Battery MW-Hr technology-dependent (Li, flow, etc.)

Integration with Load 

Electronics

Use for both load and grid 

support functions?
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Near-Future Architectures

• Trend towards LVDC (0.4 to 1 kV) distribution (hardware under R&D)

Fall 2024 OCP Global Summit

VSC-based Inverter

(GFM or GFL)

Infineon DC-DC Resonant Converter

https://www.youtube.com/watch?v=l8ChVDv5aoo
https://www.infineon.com/assets/row/public/documents/24/42/infineon-design-example-resonant-llc-converter-operation-and-design-applicationnotes-en.pdf
https://www.infineon.com/assets/row/public/documents/24/42/infineon-design-example-resonant-llc-converter-operation-and-design-applicationnotes-en.pdf
https://www.infineon.com/assets/row/public/documents/24/42/infineon-design-example-resonant-llc-converter-operation-and-design-applicationnotes-en.pdf


Thank you
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