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Digital Electricity® as an
Alternative to 800VDC
for Al Data Centers

This paper investigates the use of Digital be installed in separate trays, or even exist within
Electricity (DE) as a nearer-term, lower-risk the same cable jacket as communications or data
and more flexible alternative to proposed circuits. Finally, every wire pair contains digital data for
800VDC architecture for high-performance monitoring, metering and control.

and Al computing. Digital Electricity is the most widely adopted and field-
proven form of fault-managed power (FMP), setting the
benchmark for the industry. The National Fire Protection
Association (NFPA) assigned a new power class to FMP
when it was formally adopted in the National Electrical
Code (NEC) in 2023: It is now defined as a Class 4
power system.

DE installs with the same rapid, low-cost practices

as a USB or Ethernet cable, but it eclipses those
technologies in terms of power delivery. As this paper
describes, DE has the ability to match or exceed the
power density of 800VDC while being touch safe and
free from the dreaded arc flash hazards known to
operators. DE circuits can coexist in the same tray,
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Fig. 1: Digital Electricity General Topology

How Digital Electricity Works

Digital Electricity equipment transmits high-power
electricity over structured (communication) cable
from a transmitter to a receiver in the form of energy
“packets.” The packets contain electrical energy and
control data. Each packet has only a small amount

of electrical energy and is checked for safety as it
leaves a transmitter en route to a receiver. The safety
check tests all fault modes, including human touch,
short circuit, ground, and arc fault. By sending 500
packets per second, high power levels are achieved.
In a data center application, the transmitter units are
packaged in a common cabinet with batteries to form
a transmitter/uninterruptible power supply (TX-UPS).
The receiver unit becomes an integrated portion of the
power shelves that provide power to the backplane of
the modern Open Compute Project (OCP) racks used
by hyperscalers. When referring to proposed 800VDC
architectures, a good overview is provided in the
Diablo 400 specification recently released by the
OCP consortium.!

How Digital Electricity Ensures Safety

From a safety perspective, most U.S. data centers
utilize 415VAC, 3-phase power to server racks.
Already at the 415VAC level, potentially lethal arc
flash events will no longer self-extinguish.? But the
1. https://www.opencompute.org/documents/ocp-specification-diablo-400-vOp5p2-2025-05-30-pdf

2. “Arc Flash Safety in 400V Data Centers,” Dave G. Loucks, Eaton Corp, https://www.eaton.com/
content/dam/eaton/markets/data-center/Arc-flash-safety-in-400V-DCs.pdf

demands of high-performance computing are driving
a conversation around even higher voltage levels.

The safety aspects are further complicated by the
addition of liquid cooling in the same spaces as
electrical distribution. The size and weight of electrical
distribution in a data center are not driven as much

by the cross-sectional area of the copper conductors
(which decrease with voltage) as they are by the
accompanying devices and structure required to
protect people and buildings from electrical hazards.

DE offers large reductions in the number of required
power distribution components because most of the
electrical infrastructure used in traditional systems
is related to separating hazards from people and
buildings. These components aren't required for DE.
Moreover, DE uses a nominal operating voltage of
350VDC, which is already compatible with many
off-the-shelf server power supplies.
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Why Electrical Equipment Footprint Matters

In today’s Al data centers, GPUs are often linked

to other GPUs within the rack using high-speed
connections. In this case, the groups of linked

GPUs are referred to as “superclusters” because
they perform almost as if they were a single, super-
powered processor. For example, NVIDIA's Blackwell
NVL72 rack system is a 72-GPU supercluster linked
using NVLINK™. NVLINK represents a short-distance
active electrical cable (AEC) communication system
operating at extreme bandwidths (1.8 Tb/s at
around 2 meters)®. Communication delays of just
nanoseconds within a supercluster can have serious
effects on overall performance because all the GPUs
run in parallel like race cars on a track. The race is not
complete until the slowest car reaches the finish line,
meaning that one straggler wastes the advantage of
all the others that arrive first. Because no signal can
travel faster than the speed of light, it's extremely
important that GPUs are grouped physically close
together. GPUs can be so tightly packed that a single
rack can cost between $2 million and $3 million*.
Considering this, the figure below depicts how the
value of floor space increases dramatically based on
the GPUs in an Al data center.
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Comparing 800VCD and Fault-Managed Power

As described earlier, the most valuable real estate in a
data center is the space closest to the GPUs that need
to form clusters. As architectures evolve, this no longer
applies only within a server or a single rack but extends
to adjacent racks in high-density, multi-level designs like
the one Microsoft recently announced?®.

Ironically, higher voltages levels will not significantly
improve density problems closest to GPUs. That's
because the batteries and power converters that
dominate the non-compute volume in hyperscale racks
do not get smaller. At best, they stay the same size (all

3. https://www.diskmfr.com/nvidia-gpu-copper-cable-interconnect-technology-explained/ 4. ASP estimate by HSBC analyst Frank Lee, May 30, 2024
5. https://news.microsoft.com/source/features/ai/from-wisconsin-to-atlanta-microsoft-connects-datacenters-to-build-its-first-ai-superfactory
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other things being held equal) and are more likely to
moderately increase in size due to the larger electrical
clearance requirements for conductors, connectors
and other components.

Think about the battery cells in a toy. The same
number of cells can be placed in series or parallel
configurations to increase or decrease voltage, but
that does not affect their overall size or weight for the
same delivered energy. They are the same batteries,
just connected differently. This is also true for power
supplies. In fact, many power supply manufacturers
are approaching the 800VDC problem by placing two
existing 400VDC power supplies in series.

That being said, the electrical conductors between a
higher-voltage power supply and a load do get smaller,
but the benefits are different in an application like a
data center near people and building components
vs. high on a utility pole in free air. When electricity

is near people and buildings, it must be shrouded in
protective structure. Consider Fig. 3 below, showing
a cross-section of overhead busway commonly used
in modern data centers. The part that gets smaller
at higher voltage comprises only 7% of the busway
volume. The remaining 93% gets larger at higher
voltage to support electrical insulation or clearance
requirements.

Fig. 3: Cross-Section of Electrical Busway in a Data Center
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When the busway is fully outfitted with components
like connectors and insertable circuit breaker
modules, it takes up the space as shown in Fig 4.
The figure depicts the end-view of a busway. The
busway has an insert module with cables or whips
that drop down to the server rack below. Overall, the
cross-section is around 1,150 square inches.

Fig. 4:
End-View
of Electrical
Busway in a
Data Center

At the time of writing, we could not find commercial
specifications on 800VDC busway, so we
conservatively made it the same size as traditional
415VAC busway, based on our earlier argument
that the “smaller” parts represent 7% of the overall
volume and the “larger” parts comprise 93%. For the
same busway current rating, this allows the busway
to deliver almost twice the amount of power in the
same volume when going from 415V to 800V.




But a doubling of voltage is far from doubling the
power in the data room as a whole, particularly
considering that the size and weight of batteries,
power converters, circuit protection and connectors are
unaffected (or will get larger).

As shown in Fig. 5, the FMP cables required to deliver
the same power at 350VDC are installed using IT
installation practices (like Ethernet) in a basket or tray,
and optionally along with other communication cables.
This essentially collapses two separate power and data
layers into one. Because it is inherently safe, FMP uses
much less protective structure, taking up significantly
less overhead space, or around 450 square inches.
Keep in mind that Digital Electricity removes the need
for floor PDUs, switchboards, large connectors and
busway, so its overall footprint is significantly smaller
across the data center. This paper focuses solely on
overhead distribution because that is the part primarily
affected by an increase in voltage in terms of power
density. However, here is a link to earlier papers
showing complete FMP architectures.

When Will FMP Support 800VDC?

We are often asked when FMP will be increased

to 800VDC so it can compete with the hyperscale
architectures proposed at that voltage. The FMP
safety standard, UL-1400-1, could take several years
to get there from its current limit of 450VDC. But FMP
is a technology platform for delivering electricity in a

Fig. 5: Cross-Section of 350VDC FMP Cable in Tray at
Same Power Level as 800VDC
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new way. It does not follow the same power density
rules as traditional AC or DC distribution, which are
shrouded in safety-related physical structure and
complex installation practices. The natural conclusion
by electrical OEMs to progress from 415VAC to
800VDC distribution is analogous to switching from a
four-pound to an eight-pound hammer to drive a nalil
home faster. But FMP technology is like a nail gun,
not a hammer. The point is not to increase the weight
of the nail gun: A four-pound nail gun can drive nails
faster than an eight-pound hammer. When the overall
footprint and value of real estate in different data
center locations is considered, FMP in the range of
350-400VDC can exceed the power density and value
proposition of the proposed 800VDC architecture
now while providing certified touch-, arc-, and fire-
safe characteristics along with embedded data for
management, monitoring and control.

When FMP safety standards eventually progress to
800VDC, it will likely exhibit power density comparable
to medium-voltage (greater than 1,000V) solutions.

Fault-managed power delivers higher effective power
density where it matters most—near GPUs—by
removing the bulky protective structures required by
high-voltage systems. At 350-400VDC, FMP already
matches or exceeds the usable density of proposed
800VDC architectures while remaining touch-safe,
arc-safe, and simple to deploy.
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VoltServer, the inventor of Digital Electricity—a fault-managed

power solution—helps accelerate building electrification

projects without the hassle of service upgrades.

Learn more by visiting voltserver.com | 888-622-8658
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