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Introduction

Only a few years ago, data centers were built around the compute space, vast data halls of servers, with
power and cooling systems taking up a smaller share of the footprint. Then came the GPU revolution,
transforming the data center into “Al Factories”. As shown in Figure 1, GPU racks are approaching 100
times greater power density compared to web servers and are increasing in power at a near-exponential
pace, flipping the balance. Power infrastructure, once secondary, now rivals or even exceeds the space
dedicated to compute.
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Figure 1: Increasing Power Generation over Generation

As CPUs or GPUs are improved, there is typically an incremental increase in the GPU thermal design
point (TDP) for power of 20% generation over generation. This leads to an increase in power required
per server over time. Nvidia’s NVLink allows multiple GPUs to be networked together to effectively act as
one large synchronous GPU and provide a significant improvement in performance when compared to
operating over Ethernet connections. This networking of GPUs is most effective when connected over
copper from both a power and cost standpoint, but at the expense of a limited reach due to signal
integrity. Since the highest performance can be achieved when more GPUs are on the same copper
domain with a limited reach, the maximum performance is tied to maximum power density. This means
power increases are no longer 20% generation over generation, but can easily be 2x, 4x or 8x with the
increase in NVLink networking domain size.
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Figure 2: A 75% increase in TDP power, but a 50x increase in performance

An example in Figure 2 above is the performance increase from Hopper to GB300. The TDP power
increased by 75%, but the performance increased 50x with these changes. This also led to a 3.4x
increase in rack power density going from an 4x8 GPU NVLink domains (32 in the rack) to a 72 GPU
NVLink domain. As GPU packing and packaging improves and networking topologies move to larger
domain sizes, this power density can continue to increase.

This increase in power generation over generation and with NVLink domain drives a much more rapid
increase in power than has been seen in the past with GPUs. A secondary goal is to remove as many
power components from the NVLink domain radius as possible since this is the highest value real estate
in the rack for performance. This combination of driving to higher power level and pushing the power
components away from the GPUs drives requirements for a different rack power architecture.

To meet these unprecedented demands, 800 VDC has emerged as the optimal architecture for next-
generation power distribution. It allows for minimizing the conversion and routing volume in the
compute space while minimizing datacenter distribution losses and total end to end conversion stages.
800 VDC significantly reduces current, copper use, and cable bulk compared to 54 VDC inside the rack or
facility level 480 VAC systems, while remaining safe and scalable. It benefits from the growing maturity of
Silicon Carbide (SiC) and Gallium Nitride (GaN) power conversion devices and the widespread adoption
of 800 VDC systems in the electric vehicle (EV) industry. This enables seamless, end-to-end integration
from grid to rack, higher power density beyond 1 MW.

Datacenters historically consisted of thousands of servers running diverse workloads. With GPUs these
workloads can be synchronous across the datacenters leading to massive load swings in very short time
intervals. Energy storage can be used to mitigate these swings. This rapid shift in datacenter power
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infrastructure requirements puts the industry at a crossroads. To keep up with future GPU demands, we
need to rethink how we deliver power. This leads us to the next-generation distribution system that is
more efficient, scalable, and ready for the extremely dynamic Al workloads. Integrating 800 VDC
architectures with energy storage is key to future-proofing Al Factories for the era ahead. This
whitepaper covers what is driving the datacenter changes and a vision for a path forward to distribute
power from the grid to the chip for high power density Al factories.

Load Swings and Energy Storage

One consequence of GPUs being synchronized is that their workloads and therefore power profiles are
also synchronized. This has been a problem in supercomputers for decades but is now becoming widely
understood as a challenge during Al factory deployments. During a typical LLM workload there are
intervals of intense matrix computation followed by intervals exchanging data. Unmitigated, this leads to
rapid swings from idle at approximately 30% of rack power to 100% power utilization. This becomes a
problem not only for the rack power distribution, but with large enough cluster sizes, it is an issue at the
datacenter level and even the power grid.

Solution 2: Energy Storage
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Figure 3: Energy storage to flatten the load demand

To deal with these load swings there are multiple approaches that can be taken as seen in Figure 3:
Energy storage to flatten the load demand.

Solution 1 — Optimize Idle Periods in Software — If these idle periods can be minimized in software this is
the ideal solution since it reduces datacenter power requirements.

Solution 2 — Energy storage — This is an energy efficient method to deal with these load swings is to use

energy storage. Energy storage allows charging during the idle periods and discharging during the peaks
to low pass filter the rack current demand. This energy storage can come in multiple forms, electrolytic

capacitors, supercapacitors, batteries, etc.

Solution 3 — Burn Power — This is done in the Nvidia GPU via the Power Smoothing feature. This allows
for burning power after a delay so that power only burned after the limit of the energy storage has been
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reached. This is not ideal on it’s own, but in conjunction with energy storage can provide a backstop for
longer idle periods than the local energy storage can maintain.

Solution 4 — Throttle GPU performance to reduce peaks — These software controls are available in the
Nvidia GPUs, but this is not ideal because it can reduce performance with some workloads.

All 4 solutions can be used together to provide a comprehensive load swing mitigation strategy. Ideally
the energy storage is used to cover a majority of the load swing durations while burning power and
throttling performance only act as a backstop in corner cases. As shown in Figure 4, the actual load is
much more dynamic than the idealized waveform shown above.
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Figure 4: GPU Load Swings during an LLM workload
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Figure 4: Power Envelope over a full compute cycle

Looking across the GPU workload in Error! Reference source not found.Error! Reference source not
found. are events at multiple timescales. Looking at the overall system, there are grid level fluctuation
requirements and the GPU load demand requirements. Energy storage needs to fill the gap between
these two conflicting requirements; the grid needs a stable predictable load, and the GPU needs a very
dynamic source.

GPU overshoots known as the Electrical Design Point (EDPp) and peak power consumption and typical
workload idle periods are in the range of up to100ms, checkpointing can take 1 to 5 seconds, and then
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the workload ramp up and ramp down needs to occur over several minutes. In addition, depending on
the use case, energy storage might be required as transition power to ensure that the load remains
operational even during the transfer to a backup power source after a loss of primary power.
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Figure 5: Volume of energy storage by technology vs. time duration

Figure above shows volume of different energy storage solutions vs. time. Volumetrically electrolytic
capacitors are a good solution for anything below 100 ms. There is a mix of solutions that are more
optimized for the period between 100 ms and 10 seconds and then beyond this timescale batteries are
the better volumetric solution. Mitigating the load swings as close as possible to the GPU is desired to
keep slew rates on the datacenter manageable as well as to reduce the RMS current increases. A square
wave with a 50% duty cycle and a 50% peak over the average then going back to idle will result in a 25%
increase in RMS losses. Equipment in the datacenter needs to be sized to handle the peak current of the
rack as well as the increase in RMS losses so reducing these peaks as close as possible to the GPU is
valuable for reducing overall datacenter equipment costs and impacts.

Grid Interconnect Requirements

The load demands described above provide unprecedented interconnection challenges due to the scale
and volatility of their power demand. Grid operators are starting to require greater load flexibility,
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controllability, and predictability to maintain power grid stability, avoid overbuilding for peak demand,
and reduce stress on transmission infrastructure.

Unmitigated step changes in Al workloads, especially from large, synchronized GPU clusters, can cause
rapid voltage and frequency deviations outside of acceptable bands. These events risk violating
interconnection requirements, degrading grid performance, and triggering delays or denials in
interconnection approvals.

To secure timely grid access and ensure stable long-term operation, Al compute loads should incorporate
compute settings adjustments, active power conditioning, and grid-compliance controls over Ethernet,
including:

e Energy storage systems: energy storage (longer and shorter duration) with fast, real-time power

compensation to stabilize power consumption, control ramp rates, and mitigate large step changes.
e  GPU performance tuning and workload pacing: Adjust compute firmware and operational settings to

smooth rapid power fluctuations, limit cycle-to-cycle ramp rates, and suppress peak power behavior.
e Coordinated control strategies: Integrate storage, compute, and facility power distribution systems

to ensure compliance with utility requirements for ramp rate, transient stability, harmonics/flicker,
and voltage ride-through (VRT), while supporting overall grid stability.

Looking ahead, Al Factories have the potential to evolve into grid-supporting assets rather than
operating solely as large, passive loads. By adopting advanced capabilities, industry partners can help
ensure that Al infrastructure not only scales sustainably but also strengthens the energy systems it
depends on.

e Grid-forming and fast-response controls via Ethernet that actively support voltage and frequency
stability during grid disturbances.

e Enhanced fault ride-through capability for internal IT loads, surpassing current ITIC curve
expectations by referencing ERCOT Voltage Ride-Through (VRT) requirements, for large electronic
loads, to maintain critical operations and support grid recovery during voltage sags or faults.
Enhanced fault ride-through capability for internal IT loads, surpassing current ITIC curve
expectations by referencing ERCOT Voltage Ride-Through (VRT) requirements, (For detail information
please refer to the Link: https://www.ercot.com/calendar/07112025-LLWG-Meeting), for large
electronic loads, to maintain critical operations and support grid recovery during voltage sags or
faults.

e Real-time power support, delivering supplemental power when the grid is under stress and
absorbing excess power when available, helping smooth sudden changes and maintain utility grid
stability.

e Resilient system designs and operational practices that position Al Factories as contributors to
overall grid reliability and resilience, enabling faster, more predictable scaling of deployments.

To ensure grid stability and power quality in high-density Al Factories, energy storage must be
strategically deployed at both ends of the electrical architecture. Energy storage, such as a Battery
Energy Storage System (BESS), is placed adjacent to the utility interconnection and on-prem generation
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to manage steady-state power fluctuations from large-scale GPU clusters. The BESS provides load
averaging, grid-forming support, and transitional power during utility-to-generator switching events. At
the other end, short-duration storage such as capacitors are integrated near the compute racks to
mitigate fast dynamic power behavior (as fast as 400 microseconds) generated by Al workloads. These
devices serve to limit ramp rates and absorb power peaks and troughs, ensuring a stable and predictable
800 VDC supply to sensitive compute infrastructure. This dual-layered storage strategy is critical to
meeting the performance and reliability demands of Al-native power systems.

6lnterconnection approvals remain a major bottleneck for Al Factory deployment, largely due to the
unpredictable nature of GPU-driven load swings. Industry collaboration is needed to establish
standardized load behavior profiles, response metrics, and conditioning requirements. Clear alignment
on ramp-rate limits, load flexibility, and energy storage integration will help utilities evaluate Al Factory
projects more confidently, speeding approvals and enabling faster, more scalable deployment.

Energy storage must be treated as a core element of Al Factory architecture. Beyond stabilizing GPU
loads, its standardized roles should cover transient mitigation, backup source, and load shaping, with
common integration interfaces for seamless deployment at rack, row, or facility level. This approach
ensures interoperability with power conversion systems and grid interconnection schemes, improves
equipment utilization, and enables reliable scaling without compromising compute performance.

Power Distribution Options

Traditional 415V or 480V 3-phase AC power systems have long supported data center growth. However,
as compute rack power density approaches and exceeds the megawatt scale, these systems are reaching
their practical limits.

e Whip Size and Ampacity: Typical AC whips are rated at 60 A or 100 A, constrained by thermal limits

and connector standards such as IEC 60309.
e Rack Power Inlets: Higher rack power demands require more and/or larger input connections,

consuming valuable rack space and complicating cable management.
e  Power Asset Coordination: Managing and protecting multiple AC feeds adds design complexity and

increases the equipment footprint.

As rack-level power rises, the use of traditional AC distribution results in greater system complexity, more
components, and reduced scalability, driving up both capital and operational costs for next-generation
deployments.

Looking at the amount of power that can be transferred through a fixed wire gauge rated at 48A
continuous vs. voltage in the table below it can be seen that going from 415 VAC to 800 VDC allows for
157% more power to be transmitted through the same cross-sectional area of copper. Acommon
method to get more power out of the same infrastructure in North America is to use 480 VAC, but that
only gives a 16% improvement in infrastructure. Looking further out to 1500 VDC distribution gives a
382% increase in power through the same conductor sizes.
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Table 1: AC vs. DC Power Cable Comparison

Voltage Wires Power per cable diameter Power Increase ref. 415
(kW/mm?) VAC

415 VAC 4 (P1,P2,P3,PE) 0.6 =

480 VAC 4 (P1,P2,P3,PE) 0.8 +16%

800 VDC 3 (POS,RTN,PE) 1.7 +157 %

1500 VDC 3 (POS,RTN,PE) 31 +382%

Transitioning to 800 VDC Distribution

Moving to 800 VDC facility-level distribution addresses these challenges and offers several key
advantages:

o Simplified Power Interface to IT: As GPU rack power density rapidly outpaces traditional web servers,

reaching megawatt levels, the existing 415/480 VAC cables and connection schemes are no longer
viable. A shift to 800 VDC enables a streamlined physical interface to the rack, dramatically reducing
the number of cables and components needed. This simplifies installation, minimizes space use, and
improves operational agility: critical factors as power infrastructure now rivals compute in footprint
and complexity.

e Streamlined System Architecture: Migrating AC/DC conversion upstream from the IT rack to the

facility level, and ultimately to direct Medium Voltage AC-to-DC conversion, eliminates unnecessary
stages. This results in a leaner, more efficient architecture that reduces equipment layers, cost, and
space, while increasing reliability and deployment speed as key enablers for future-ready Al
Factories.

e Direct Compatibility with GPU Racks: While facility-level DC distribution can be designed to support a

range of voltage architectures, the final delivery to compute must maintain an 800 VDC differential.
This ensures seamless interoperability between facility power infrastructure and rack-level hardware,
simplifying integration, reducing customization needs, and enabling a unified deployment strategy
across Al Factory deployments.

Adjacent Industry Blueprints for LVDC Distribution

Several adjacent industries have already proven the viability of LVDC power distribution, offering
valuable reference points for Al Factory power systems:

e Electric Vehicles (EV): EV platforms have evolved from 400 VDC to 800 VDC and higher, as seen in
Porsche, Hyundai, and GM vehicles. Their systems emphasize fast charging, high power density,

reduced copper usage, and feature high-efficiency rectifiers, large-ampacity portable cables,
advanced safety connectors, and fault-tolerant protection schemes.
e Photovoltaics (PV): Utility-scale PV farms typically operate at 1000-1500 VDC, supported by a mature

ecosystem of DC-rated switchgear, fuses, and combiner boxes, mostly optimized for outdoor, lower-
current applications.
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e Rail & Industrial: Long-distance LVDC distribution is widely used in transport and industrial
microgrids. Examples like Mercedes-Benz Factory 56 leverage DC to integrate renewables and
storage, demonstrating scalable and efficient deployment.

These industries demonstrate that proven equipment, safety strategies, and operational practices can be
adapted for Al Factory use. However, even with this existing maturity, data center deployments require
significant engineering adaptation to address much higher power densities and stricter electrical safety
requirements unique to hyperscale computing environments.

Facility-Level DC Distribution Options Under Evaluation

Leading data center operators and cloud service providers are currently assessing several facility-level DC
architectures:

800 VDC (NVIDIA MGX): Directly supports the Nvidia 800 VDC rack architecture. Benefits from the
growing maturity of Gallium Nitride (GaN) and SiC devices-based conversion devices and widespread EV

adoption. Enables seamless end-to-end integration for Al compute.

750 VDC (ODCA / VDE-SPEC 90037): A widely adopted European industrial standard promoting a
simplified 2-wire system. Offers short-term compatibility with existing 1000 V-class equipment and

electronics. It is gaining traction across transportation and industrial facilities.

1400 VDC (OCP Standard): Technically feasible and develops based on the previous 400V DC
architecture. However, the midpoint reference creates a 4-wire system, introducing complexity in

grounding, phase balancing, and fault detection especially when scaled to datacenter level distribution.

1500 VDC (Potential Future Target): 1500 VDC is an established limit of the low voltage class under NEC
Article 690 (photovoltaic systems) and IEC 62477-1 (industrial converter environments). It is widely used

in solar and rail applications for its efficiency in power delivery and ability to reduce copper usage by
supporting high power density loads.

However, applying 1500 VDC inside data centers, especially within compute racks, faces significant
challenges. Current UL and NEC standards for IT and indoor environments are still evolving, and few
certified components exist at this voltage level. In addition, device clearance and creepage distance
requirements, component voltage ratings, and arc-flash safety concerns make 1500 VDC difficult to
implement safely within confined rack spaces.

As a result, 1500 VDC remains a potential long-term target for large-scale Al factories, while 800 VDC
serves as the practical near-term solution, balancing efficiency, conversion stages, equipment availability,
and regulatory compliance.

A phased adoption strategy is recommended:

e Near-term: Deploy 800 VDC to the rack using commercially available 1000 V-class components.
e Potential Long-term: Transition to 1500 VDC as the in-rack protection device and DC/DC density

increases, safety standards solidify, and supporting equipment becomes widely available.
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800 VDC MGX Architecture

The above requirements for exponentially increasing power, pushing power out of the NVLink domain,
and energy storage for mitigating load swings all come together to define the requirements for the 800

VDC power architecture.

Power Rack IT Rack

DC
Power Whip 7

AC
Power Whips

Servers

800 VDC Busbar

A
©
o
%)
>
(23]
O
o
>
o
o
©

Figure 8: 800 V MGX Rack Overview

The overall rack architecture takes 800 VDC directly into the rack and distributes 800 VDC direct to the

compute node.

Safety is a critical design feature for the 800V system. Because of this touch-safe connectors are used in
all locations that are user accessible. To ensure safety while connecting and disconnecting loads
mechanical interlocks are also used in all connectors to ensure that there is no disconnect occurring
under load. This helps to minimize the risk of arcing as well as act as a secondary protection ensuring
that there are no live accessible parts. These techniques are commonly used in EV chargers which are
widely available and used by untrained consumers. The presently planned connectors are leveraging this
existing technology and optimizing for a datacenter environment.

To minimize connector sizes and volume of copper, the DC/DC conversion is pushed as close as possible
to the GPU. This takes advantage of the 800 VDC to minimize power overhead in the system. The
conversion is then done from 800 VDC to 12 VDC and routed a short distance to the voltage regulators.
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The 800 VDC is converted directly to 12V with a 64:1 LLC converter and a matrix transformer. This helps
to eliminate the separate 400V -> 50V and 50V -> 12V converters that are used in the present standard
datacenter DC/DC converter power tree giving an additional 1% in efficiency improvement and a 26%
reduction in area when compared to a multistage approach. This is in the critical area near the GPU.

Reinforced Isolation
Primary | Secondary
PWR_POS |
-

goovoc | pc/pc | 54Vor12V
PWR_RTN . —~ |
' |
PE . |

Optional
Grounding for |
PWR_RTN |
77
Source Side Load Side Ground Bond

Figure 9: DC/DC with symmetrical fusing and hotswap controllers to allow for +400 VDC
or 800 VDC sources

The IT rack as shown in Figure 9 is also designed to support sources with an 800 VDC total potential with
multiple grounding schemes. This makes it so +400V equipment can be reused to power the rack. This is

supported by having fuses on both the high side and low side input of the DC/DC converter and ensuring
that both inputs have reinforced isolation from the secondary. To generate the 800 VDC powering the IT

rack, there are multiple methods that can be used: side power racks, facility level rectification, medium-

voltage rectifier and solid-state transformers.

The decision to implement an 800V DC single-ended configuration was driven by practical considerations
around protection device availability and system simplicity when moving to datacenter level distribution.
While bipolar configurations such as £400V DC offer theoretical benefits in grounding and fault isolation,
they require specialized three-pole breakers and protection devices that are not widely available in the
industry. Developing such components would introduce delays and increase engineering overhead. In
contrast, the single-ended 800V DC approach aligns with existing two-pole breaker designs, allowing for
faster deployment and reduced complexity. In addition, single ended distribution on the datacenter level
does not have any load balancing issues across the positive and return sources.

Figure 10 illustrates the evolution of data center power distribution from the current 415 VAC
architecture to future-ready 800 VDC systems designed to meet Al Factory demands. The existing 415
VAC architecture, shown in the top architecture in Figure 10, involves multiple components: MV step-
down transformers, LV switchboards, AC UPS, PDUs, and AC distribution panels (RPP or busway). Power
is delivered to each compute rack at 415 VAC, where an in-rack Power Shelf Unit (PSU) converts it to 54
VDC for compute trays and IT equipment. Optional external energy storage may be added to buffer
dynamic power swings from the GPU workloads.
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To support rising power densities and to provide an adapter to existing facilities, a transitional 800 VDC
architecture relocates AC/DC conversion outside the rack as shown in the second architecture in Figure
10. Targeting for White Space retrofit alone with minimal impact, an 800 VDC side power rack is a
dedicated power rack containing rectifiers and power distribution units to convert from AC to DC local to
each rack. This is required in the near term as components become more readily available to deploy 800
VDC datacenters. This is not the optimal solution end-to-end due to the extra stages of conversion, but
it allows moving to higher compute rack densities by pushing power conversion out of the compute rack.
As 800 VDC power distribution equipment and data center operations become more readily available,
the side power rack can be replaced by higher power density rectifier and being placed at the upstream
of power distribution.
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Figure 10: Datacenter architecture over time
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Facility-level AC/DC power rectifiers, as another variation shown as the third architecture in Figure 10,
deliver 800 VDC from low-voltage AC (< 600 V). A typical rectifier string targets ~1.5 MVA capacity and
can be paralleled via a common DC bus. Positioned downstream of LV switchboards or directly under
MV/LV transformers, these systems reduce rack-level complexity and support integration of energy
storage at the DC output. While step-down transformers remain necessary, rectifiers offer mature, high-
efficiency (¥99%) solutions widely used in BESS and renewables. This architecture simplifies power
delivery and scales to support high-density compute with minimal white space burden.

To meet the rising power demands of Al Factories, NVIDIA is exploring MV Rectifier application
(converting MV AC power to 800 VDC) and pursuing Solid State Transformer (SST) technology as future
proof facility power distribution solutions. Shown in the bottom architecture in Figure 10, MV Rectifiers
and SSTs are targeted to enable direct conversion from Medium Voltage (e.g., 35 kV AC) to 800 VDC,
eliminating the need for traditional low-voltage (480 VAC) layers and simplifying the facility power
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architecture. Size of MV Rectifier and SST can be as large as 7.5 MVA per unit with 98.5% or better
efficiency.

A medium-voltage rectifier is a proven, high-capacity power conversion system widely used in industries
like mining, electrolysis, rail, and grid-scale storage for delivering stable, high-power DC. Comprising a
step-down transformer, rectification modules, filters, and protection systems, its mature design offers
high reliability and supply chain readiness. Compared to the evolving SST, MV rectifiers provide a faster
and proven path for quick 800 VDC deployment, making them a strong candidate for near-term Al
Factory applications.

The SST system combines a medium-voltage AC intake, power rectification modules, and a DC output
distribution section. Its compact and high-power capacity design supports compute rack density growth
being scalable and great space saving with DC power equipment. However, scaling SSTs to multi-
megawatt capacity presents challenges in the development and reliability of high-power rectification
modules and managing thermal and electrical stresses at high density. NVIDIA is actively collaborating
with leading industry partners to co-develop SST-based solutions.

The design of the facility-level DC power system must prioritize both resilience and scalability to meet
the evolving needs of Al Factories. Resilience requires robust protection schemes, fault isolation
strategies, and redundancy across power paths to ensure continuous operation during faults or
maintenance. Scalability demands a modular and flexible architecture that enables seamless power
expansion without major rework, while upholding safety and efficiency. Key development areas include
high-capacity, reliable power rectification, advanced DC distribution boards, coordinated protection with
DC devices, clearly defined isolation points for safe maintenance, simplified power interfaces to IT racks,
and integrated DC energy storage to mitigate dynamic power swings. Together, these elements form the
foundation for long-term reliability and operational agility in high-density compute environments.

Datacenter Reference design

NVIDIA’s strategy to accelerate ecosystem readiness is by sharing facility-level reference designs that
showcase the feasibility of advanced power architectures. These designs are not rigid specifications, but
rather illustrative examples to guide ecosystem partners in aligning on scalable, interoperable solutions
for Al Factories. They help identify development opportunities and enable faster co-development of
supporting technologies. The reference design will evolve in parallel with NVIDIA’s compute product
specifications to ensure continued alignment and applicability.

As shown in Figure 11, the proposed conceptual electrical architecture supports scalable and resilient Al
Factory deployment through a 17.5 MW power block leveraging five 3.5 MW medium-voltage (MV)
rectifiers in a “5-to-make-4" redundant configuration. Each rectifier converts 35 kVAC to 800 VDC and
feeds a centralized 5000 A DC distribution board.

Power is distributed via 1500 A busducts or liquid-cooled cables, each equipped with a load-break
contactor, solid-state circuit breaker, and blocking diode to ensure safe isolation, fault protection, and
containment of fault currents. The system delivers power to four 1.1 MW compute racks along with
associated CDUs and IT support equipment.
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Each compute rack is supported by local or aggregated energy storage to provide slew-rate control,
power smoothing, voltage regulation, and optional backup capability. To maintain concurrent
serviceability and uptime, racks are configured with 1+1 redundant feeds sourced from independent
rectifiers.

In the event of a single rectifier failure (e.g., loss of Source #2), the system automatically transfers load to
an alternate source, ensuring uninterrupted operation. Even under worst-case loading, a single rectifier
(e.g., Source #1) can sustain up to 3.3 MW of compute load. This demonstrates full-load survivability and
readiness for high-density, mission-critical Al workloads.
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Figure 11: 800 VDC 17.5 MW Power Block Illustration

Industry Collaboration and Path Forward
To realize this architecture requires multiple points of collaboration with the industry moving forward.
Align on common voltage ranges, connectors, and current levels to maintain modularity

Establishing standardized voltage levels, current ratings, and connector interfaces is essential to enabling
modular and interoperable solutions across vendors and system integrators. For Al Factories adopting
800 VDC architectures, industry-wide alignment will minimize customization, accelerate time-to-deploy,
and support scalability. A consistent framework allows for flexible deployment strategies while reducing
complexity in design, installation, and maintenance.

Develop and certify DC-native equipment

The transition to facility-level DC distribution requires a new generation of DC-native equipment
including rectifier, distribution system, protective devices, cabling, connectors, transfer trip schemes and
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metering. Coordinated development and certification efforts are needed to meet performance, safety,

and reliability expectations for data center environments. Collaboration with equipment manufacturers

and testing agencies is critical to expedite validation processes and build confidence in large-scale DC
Power adoption.

Align safety standards and operational practices for datacenters to support 800 VDC and beyond

Operating at 800 VDC voltages introduces new safety considerations that must be addressed through
industry-aligned standards and procedures. Clear operational guidelines, including maintenance
practices, arc flash mitigation, grounding strategies, and training, will ensure safe handling of 800 VDC
infrastructure. Industry working groups and regulatory bodies must collaborate to update or expand
applicable codes and best practices.

Conclusion

The exponential increase in GPU power consumption and evolving requirements for power grids and
GPU load profiles are driving the need for a new rack and datacenter power architecture. This new
architecture will help to reduce system complexity, cost, and improve efficiency. By combining energy
storage and an 800 VDC distribution the problems of synchornous load swings and GPU power density
increasing for maximum compute efficiency can be solved for future generations of Al factories.

800 VDC Architecture for Next-Generation Al Infrastructure
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