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Background 

July 10, 2024: Large Load Loss Incident 

On July 10, 2024 (NERC 2025), the fragility of modern load dynamics was exposed when a 

lightning strike in Northern Virginia caused a transmission-level fault, lasting less than 100 

milliseconds (ms), which triggered the cascading disconnection of approximately 1,500 

megawatts (MW) of data center load (see Figure 1). Despite the grid fault clearing in roughly 50 

ms, sensitive internal protection schemes across dozens of facilities interpreted the voltage sag as 

a valid outage, transitioning information technology (IT) loads to backup power and severing 

grid connection. The resulting sudden drop in demand caused a voltage swell to 1.07 p.u., 

requiring manual operator intervention to stabilize the area. 

Crucially, although the facilities in Northern Virginia effectively operated within the voltage 

immunity bounds of the Information Technology Industry Council (ITIC) curve, the event 

exposed a fundamental misalignment: The ITIC standard is designed to protect individual server 

hardware, not to maintain macro-grid stability. This resulted in the grid losing several hundred 

megawatts of load almost instantaneously, creating overvoltage and oscillation. 

This “near miss” has become a primary case study for North American Electric Reliability 

Corporation and Institute of Electrical and Electronics Engineers (IEEE) working groups, driving 

new regulatory frameworks that treat data centers not just as passive customers, but as large, 

dynamic loads that must possess robust voltage ride-through capabilities, adaptive protection, 

and coordinated control strategies. The Electric Reliability Council of Texas recently released its 

ride-through requirements (ERCOT 2025) for large electronic loads (which includes data 

centers), particularly to address these types of massive load disconnection concerns.  
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Figure 1. Grid voltage faults at Station C (NERC 2025)  
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Current State 
In practice, many data centers use disturbance-count protection that locks out after three 

undervoltage events (below ~0.7–0.8 p.u.) within 60 seconds (s), transferring loads to backup 

power until a manual reset is performed. In the July 10 event shown in Figure 1, the third 

undervoltage (NERC 2025) triggered widespread lockouts, disconnecting approximately 1.5 

gigawatts of data center load and amplifying grid instability as seen in Figure 2. 

 

Figure 2. Aggregate grid load (NERC 2025) 

Recently, some new data centers (Vaidhynathan et al. 2025) have incorporated commercial 

battery energy storage systems (BESS) units that typically include fault ride-through and 

undervoltage ride-through capabilities, as mandated by IEEE 1547 standards. However, these 

responses are typically self-contained and uncoordinated with data center protection logic or 

uninterruptible power supply (UPS) operation to provide a “plant-level” ride-through response. 

As a result, although the BESS remains connected during short faults, it is not synchronized to 

provide grid load recovery/ride-through behavior with UPS load transfer or point of 

interconnection (POI) protection timing. This results in delayed power restoration and short-term 

grid instability following voltage recovery persisting with conventional BESS. 

This observation highlights a key gap: Existing BESS operate effectively at the device level but 

lack integrated control with other critical data center assets needed for a grid-supportive response 

during and after “successive” undervoltage events. 

  

https://research-hub.nrel.gov/en/publications/vulcan-test-platform-demonstrating-the-data-center-as-a-flexible-/
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Innovation 
As data centers represent a larger percentage of overall grid load, it is increasingly critical that 

they stay connected and assist the grid during short-duration grid contingencies (<~5-s) to avoid 

causing wide-area outages. This is accomplished by intelligent control algorithms and/or 

parameter settings for controllable assets in a data center such as IT load, cooling load, UPS, 

protection settings, and distributed energy sources such as BESS and generators. 

The Verrus™ StabiliGrid™ data center architecture involves four steps for data center response 

that improve grid resilience: 

1. Grid contingency event detection. Uses high-resolution power quality monitoring to 

detect grid state (during events such as undervoltage, overvoltage, underfrequency, and 

overfrequency). 

2. Grid-resilient protection settings. POI settings that allow extended ride-through/grid-

connected operation of the data center during the grid contingency, reducing the 

probability of an islanding event. 

3. Control of assets. Depending on detection of grid event, enables grid-state-driven 

autonomous dispatch of the asset to improve grid resiliency (for example, reduce power 

draw from the grid during an undervoltage event or absorb more power from the grid 

during an overvoltage event). 

4. Post-grid event response. Post-grid recovery and following a grid contingency event, 

coordinates data center assets to present firm load to the grid more quickly, similar to the 

levels before the grid contingency event. 
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Results 
Verrus explored the real-life incident shown in Figure 1 in its controller hardware in the loop (C-

HIL) setup at the National Laboratory of the Rockies (NLR) to demonstrate the effectiveness of 

our data center design with large-scale BESS and Verrus StabiliGrid (applicable features 

described previously) in responding to the cascaded grid undervoltage events. The C-HIL setup 

is developed in the Advanced Research on Integrated Energy Systems virtual emulation 

environment at NLR and is based on a digital real-time simulation platform (Vaidhynathan et al. 

2025). 

Note although we present results from undervoltage events, the Verrus StabiliGrid design can 

contribute to grid resilience during other types of short-duration grid contingencies such as 

overvoltage, overfrequency, and underfrequency. Our work with NLR instantiates the previous 

four-step strategy for data centers to ride through short-duration grid contingencies (~ seconds) 

and provide grid support. Controllable assets used are BESS and UPS. Results from the 

undervoltage grid contingency event of Figure 1 are presented in Table 1. 

Table 1. Undervoltage Grid Contingency Event 

1 Grid contingency event 
detection 

High-resolution power quality monitoring is used to rapidly detect the 
grid’s state (e.g., undervoltage, overfrequency). 

Use of protection relays and/or advanced power quality monitoring 
capable of millisecond resolution sampling with communication 
capabilities such as IEC61850. 

Provides the necessary “fast” input signal for controllable assets such 
as the BESS and UPS to initiate a response. 

In Figure 3a, the system simulates cascaded undervoltage events, 
each dropping below 0.7 p.u., and initiates automatic mitigation 
through Verrus StabiliGrid. 

2 Grid-resilient protection 
settings 

Implementing POI protection settings aligned with standards such as 
IEEE 1547 to enable “plant” ride-through response. 

This crucial step changes the data center’s default behavior from 
immediate disconnection (islanding) during a short fault to extended 
ride-through/grid-connected operation, allowing a grid-resilience-
improving response to function. 

Unlike conventional disturbance-count schemes that trigger lockout 
after three undervoltage events, the adaptive logic within Verrus 
StabiliGrid dynamically evaluates voltage magnitude, recovery rate, 
and event duration to prevent premature disconnection during both 
undervoltage and overvoltage transients. 

3 Control of assets (during 
undervoltage grid 
contingency) 

As shown in Figure 3b, the total power drawn from the grid is 
momentarily reduced during the undervoltage events, stabilizing grid 
loading. 

The BESS discharges in volt-watt mode, supplying power to 
compensate for voltage sags and offset the drop in utility import. 

Simultaneously, UPS maintains continuous support for IT loads, 
ensuring operational integrity as grid voltage fluctuates. 

This controlled BESS discharge during undervoltage event minimizes 
the net power imbalance seen by the grid and prevents cascading 
instability. 

https://research-hub.nrel.gov/en/publications/vulcan-test-platform-demonstrating-the-data-center-as-a-flexible-/
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4 Post-grid event response BESS controls are modified to have UPS awareness. 

As soon as grid voltage returns to a nominal state, the BESS begins 
charging and continues until the IT load is no longer relying on the 
UPS. 

In Figure 3d, the data center’s total grid import returns to pre-fault 
levels within 100 milliseconds of voltage normalization. 

This immediate restoration of firm load prevents secondary 
overvoltage or oscillation events and supports grid recovery 
dynamics. 

 

Next, we show the four-step framework also enables ride-through capabilities for overvoltage 

events. Because of the lack of real-life overvoltage events, we look at a synthetic case of 

overvoltage to 1.1 p.u. in the grid for 1-second duration (see Table 2). 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 3. Coordinated response of a BESS-enabled data center during repeated undervoltage events 

(a; top) Grid voltage: Undervoltage events, each dropping below 0.7 p.u., detected within a 60-s window; (b) Utility 
power import: Controlled reduction in grid power draw during undervoltages and rapid (<100-ms) restoration to pre-
fault levels once voltage normalizes; (c) BESS output power: BESS operating in volt-watt mode discharges to offset 
grid voltage dips, then transitions to controlled charging post-recovery in coordination with UPS hand-back; (d;) Data 

center UPS load: UPS provides transient support for IT loads during grid disturbances, maintaining uninterrupted 
operation and enabling seamless load transfer back to grid power.  
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Table 2. Overvoltage Grid Contingency Event 

1 Grid contingency event 
detection 

As shown in Figure 4a, illustrates the overvoltage scenario reaching 
1.1 p.u. for a sustained 1-s period. 

Upon detection, Verrus StabiliGrid activates the grid voltage support 
sequence, commanding the BESS to absorb excess grid energy to 
restore nominal voltage levels. 

2 Grid-resilient protection 
settings 

The POI settings prevent unnecessary islanding during “short” 
overvoltage peaks. 

By allowing ride-through, the data center remains grid-connected 
long enough for StabiliGrid to stabilize the voltage. 

3 Control of assets (during 
undervoltage grid 
contingency) 

Figure 4b and 4c illustrate the overvoltage response, where the 
BESS transitions into power absorption mode, drawing controlled 
power from the grid to support the voltage rise on the grid. 

The UPS supports the IT loads during the overvoltage event with no 
interruption or power quality degradation. 

4 Post-grid event 
response 

Figure 4b shows a similar smooth recovery following the overvoltage 
event with no secondary oscillations or overshoot. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 4. Coordinated response of a BESS-enabled data center during an overvoltage event 

(a; top) Grid voltage: A transient overvoltage reaching approximately 1.1 p.u., sustained for ~1 s before returning to 
nominal levels; (b) Utility power draw: The BESS operating in volt-watt mode charges to offset grid overvoltage, then 

transitions to controlled charging post-recovery in coordination with UPS hand-back; (c) BESS output power: The 
BESS transitions to absorption mode (negative power), dynamically drawing excess energy from the grid in 

proportion to the voltage deviation and gradually tapering as the voltage normalizes; (d; bottom) Data center UPS 
load: UPS provides transient support for IT loads during grid disturbances, maintaining uninterrupted operation and 

enabling seamless load transfer back to grid power.   
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Conclusion 
Through this coordinated strategy implemented in Verrus StabiliGrid, the data center achieves 

fault ride-through and rapid recovery for both undervoltage and overvoltage conditions without 

triggering protection lockouts. The digital real-time simulations demonstrate by synchronizing 

BESS, UPS, and protection logic behavior, the data center transitions from being a disturbance-

sensitive load to an active, grid-supporting participant—a key requirement for future grid-

integrated data center operations. 
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