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1. Executive Summary

The rapid acceleration of artificial intelligence (Al) and high-performance computing (HPC)
workloads is driving a fundamental shift in data center design. Rack power densities that
historically operated in the 5-10kW range are now routinely reaching 40-80kW, with some
deployments pushing toward 100kW and beyond.

At these levels, infrastructure decisions that were once considered secondary—such as rack
power distribution—have become critical to overall system performance, reliability, and
deployment success.

Despite this shift, rack PDUs are still frequently treated as a commodity component and
specified late in the project lifecycle. In fast-moving Al deployments, priority is typically
given to compute platforms, cooling strategies, and high-level electrical design, while
rack-level power distribution is addressed only once those decisions have been made.

This approach introduces a number of risks:

e Deployment delays, driven by limited availability of high-density PDUs and
insufficient supply chain planning

e Integration challenges, including cable routing constraints, connector
compatibility, and physical fitment within densely populated racks

e Operational inefficiencies, caused by poor visibility, lack of control, and
inadequate phase balancing

e Increased failure risk, particularly in environments where power density amplifies
the impact of even minor design or installation errors

The challenge is further compounded by the fact that high-density PDUs are not widely
available. In regions such as Europe, the number of reputable suppliers capable of delivering
compliant, high-power units with proven field experience is limited. At the same time,
large-scale Al projects often require hundreds to thousands of units, placing additional
strain on supply chains and manufacturing capacity.

In parallel, the increasing adoption of liquid-cooled rack environments is changing
operational requirements. Reduced physical access to equipment, combined with higher
system criticality, is driving demand for greater visibility and control at the outlet level.
This has led to a growing preference for advanced PDU configurations such as metered and
switched per outlet (MSPO), which provide granular monitoring and remote management
capabilities.



However, the introduction of intelligent PDUs brings its own challenges. While these
systems can deliver significant value, that value is only realized when the data they generate
is actively used. In many cases, organizations invest in advanced functionality without fully
integrating it into their operational processes, resulting in unnecessary cost and complexity.

This white paper examines the challenges associated with specifying and deploying
high-density PDUs in modern data center environments, with a particular focus on
real-world conditions rather than theoretical design.

It provides:
e A clear definition of what constitutes a high-density PDU in today’s market

e A detailed breakdown of the key challenges encountered during specification and
deployment

e Practical, experience-driven best practices to improve planning, execution, and
long-term operation

The objective is not to present PDUs as a product category, but to reposition them as a
critical enabler of high-density infrastructure.

As rack power densities continue to increase, organizations that adapt their approach to
power distribution—treating PDUs as an integral part of early-stage design and deployment
planning—will be better positioned to deliver scalable, reliable, and efficient data center
environments.

2. Market Context: The Shift to High-Density Compute

The data center industry is undergoing a structural transformation driven by the rapid
adoption of artificial intelligence (AI), machine learning, and high-performance computing
(HPC) workloads. These applications demand significantly higher compute performance,
which in turn drives a substantial increase in power consumption at the rack level.

Historically, enterprise data centers were designed around rack densities in the range of
5-10kW, with occasional deployments reaching 15-20kW. At these levels, power
distribution was relatively straightforward, and rack PDUs were rarely a limiting factor in
design or deployment.

That is no longer the case.
Today, Al-focused infrastructure is redefining what is considered “normal”:
e 40-80kW per rack has become the emerging standard for Al deployments

e Many environments are planning for 80-100kW as a near-term requirement



e Ultra-high-density racks exceeding 100kW are beginning to appear, although they
remain niche

This increase in density is not linear in its impact. As power levels rise, complexity increases
disproportionately across multiple dimensions, including:

e Power distribution architecture
e Thermal management
e Mechanical integration within the rack

e Installation and operational processes

2.1 AC vs DC: Practical Reality vs Emerging Alternatives

As rack densities increase, there has been renewed discussion around alternative power
architectures, particularly DC distribution models such as those associated with Open
Compute initiatives (e.g., ORV3).

While these approaches offer theoretical efficiency and design advantages, AC power
distribution remains the dominant and most practical solution for the majority of
deployments up to ~100kW per rack.

This is driven by several factors:

e Operational familiarity: AC systems are well understood by data center operators,
contractors, and facilities teams

e Established infrastructure: Existing electrical designs, protection systems, and
processes are built around AC distribution

e Ecosystem maturity: Server platforms from manufacturers such as Dell
Technologies and Supermicro are widely available and optimized for AC
environments

e Reduced complexity: DC distribution introduces new safety, operational, and
maintenance considerations that many organizations are not yet equipped to
manage

As a result, while DC architectures will continue to evolve, AC remains the default choice
for most high-density deployments in the near to medium term.

2.2 Standardization of High-Density Power Configurations



As the industry converges around higher rack densities, a set of common power
configurations is emerging.

The majority of high-density racks today are built around:
e 60A, 415V three-phase systems in the United States
e 63A,400V three-phase systems in Europe
These configurations provide a practical balance between:
e Power delivery capability
e Compatibility with existing infrastructure
e Manageability within rack-level constraints
At these levels, a single PDU can typically support ~40-45kW, meaning:
e Higher-density racks often require multiple PDUs (A/B feeds)
e C(Careful coordination is needed to ensure capacity, redundancy, and balance

This standardization simplifies some aspects of design, but it also introduces new
challenges when pushing toward higher densities.

2.3 The Impact of Liquid Cooling on Rack Design

The move toward higher power densities is closely tied to the increasing adoption of liquid
cooling technologies, particularly direct-to-chip cooling.

Air cooling alone becomes insufficient at higher densities, leading to:

e Deployment of liquid cooling manifolds within the rack

e Integration of supply and return lines for coolant

e Additional infrastructure such as CDUs (Coolant Distribution Units)
While liquid cooling enables higher compute density, it also introduces:

e Mechanical complexity within the rack

e Increased congestion in the rear-of-rack environment

e Reduced physical accessibility to IT equipment

This has direct implications for PDU design and specification:



e Space for power distribution becomes more constrained
e (Cable routing becomes more complex

e The need for remote monitoring and control increases

2.4 Increasing Demand for Visibility and Control
As rack density and system complexity increase, so does the need for operational visibility.
In traditional environments, power distribution was largely passive:
e Limited monitoring
e Minimal interaction once deployed
In high-density Al environments, this is no longer sufficient.
Operators increasingly require:
e Real-time insight into power consumption at the device level

e The ability to remotely control equipment, particularly in restricted-access
environments

e Improved fault isolation, to quickly identify and resolve issues
This is driving widespread adoption of intelligent PDUs, particularly:
e MPO (Metered per Outlet) for detailed monitoring
e MSPO (Metered and Switched per Outlet) for full visibility and control

The shift is not just toward more data, but toward greater operational control at the rack
level.

2.5 Supply Chain Pressure and Market Constraints

The rapid growth of Al infrastructure is placing significant strain on the supply chain for
high-density power distribution equipment.

Key challenges include:
e Alimited number of vendors capable of producing high-density PDUs

e Even fewer with proven field deployments at scale



e Constraints on manufacturing capacity for large-volume projects
This is particularly evident in Europe, where:
e The pool of reputable, compliant suppliers is relatively small
e Lead times can be extended for high-specification units
At the same time, project scale is increasing:
e Individual deployments may require hundreds or thousands of PDUs
e Procurement timelines are often compressed
This creates a mismatch between:
e Projecturgency
e Supplier capability and availability

As a result, supply chain considerations are becoming a critical part of PDU strategy,
not just a procurement detail.

2.6 Summary: A Fundamental Shift in Power Distribution

The shift to high-density compute is not simply an incremental change—it represents a
fundamental transformation in how data centers are designed and operated.

Key characteristics of this new environment include:
e Significantly higher rack power densities
e Increased mechanical and thermal complexity
e Greater reliance on intelligent infrastructure
e Heightened importance of supply chain planning

Within this context, rack PDUs are no longer passive components. They are a critical
interface between facility power and IT equipment, and their specification and
deployment must be treated accordingly.

Organizations that recognize this shift—and adapt their approach to power distribution
early—will be better positioned to deliver high-density infrastructure successfully.

3. Defining the Modern High-Density PDU



As rack power densities increase, the definition of a “rack PDU” has fundamentally changed.
What was once considered a relatively simple device for distributing power within a rack
has evolved into a critical component that must deliver not only electrical capacity, but also
flexibility, visibility, and operational control.

In high-density environments, the PDU is no longer just a passive distribution unit—it is an
active part of the infrastructure, directly influencing how power is delivered, monitored,
and managed at the rack level.

3.1 Electrical Characteristics and Capacity

Modern high-density PDUs are typically designed to support significantly higher loads than
traditional enterprise units.

The most common configurations today include:
e 60A, 415V three-phase systems in the United States
e 63A,400V three-phase systems in Europe

These configurations provide a practical balance between power delivery and infrastructure
compatibility, supporting approximately 40-45kW per PDU, depending on utilization and
load characteristics.

At higher rack densities, this often results in:

e The deployment of multiple PDUs per rack (typically A and B feeds for
redundancy)

e Increased importance of phase balancing and load distribution
e Greater reliance on accurate monitoring to avoid overload conditions

Importantly, power density at the device level is also increasing. Individual servers and
accelerators can represent a significant proportion of total rack load, meaning that small
changes in configuration can have large impacts on overall power distribution.

3.2 Form Factor and Mechanical Design
As electrical capacity increases, so too do the physical demands placed on the PDU.
High-density PDUs are typically:

e Long (up to ~1.8 meters) to maximize vertical outlet density



e Heavier (~20-25kg / 45-55 lbs) due to increased conductor size and internal
components

e Equipped with large, heavy-gauge input power cords, often extending 2-3 meters
These physical characteristics introduce several considerations:

e Installation becomes more complex, often requiring multiple personnel

e Mounting and positioning must account for interaction with other rack components

e C(Cable routing must accommodate larger connectors and reduced flexibility
In dense, liquid-cooled environments, these challenges are amplified by:

e Limited available space

e Increased congestion at the rear of the rack

e Reduced accessibility during installation and maintenance

As a result, mechanical design is no longer secondary—it is a core part of PDU
specification.

3.3 Outlet Strategy and Flexibility
One of the most significant evolutions in high-density PDUs is the shift in outlet strategy.
Traditionally, PDUs have used a mix of:
e (13 / C15 outlets for lower-power devices
e (19 /C21 outlets for higher-power devices
This approach requires:
e Detailed planning of device placement
e Alignment between outlet type and equipment requirements
e Limited flexibility once deployed

In high-density Al environments, where deployments are fast-moving and configurations
can change, this model introduces unnecessary complexity and risk.

To address this, there is a growing shift toward multi-standard outlets, such as:

e (39 (4-in-1) outlets, which support C13, C15, C19, and C21 connectors



This approach offers several advantages:

Eliminates the need to plan outlet types at the device level
Simplifies installation and reconfiguration

Reduces the risk of mismatches during deployment

Given the minimal cost difference, flexible outlet strategies are increasingly becoming
the default choice in high-density environments.

3.4 Intelligent Functionality and Control

The role of the PDU has expanded significantly with the introduction of intelligent features.

Modern PDUs are available across a spectrum of functionality, including:

MI (Metered Input)
Provides overall PDU-level power consumption. Useful for basic load awareness but
limited in granularity.

MPO (Metered per Outlet)
Provides power monitoring at the outlet level, enabling better visibility into
device-level consumption and supporting phase balancing.

MS (Metered Input + Switched Outlets)
Adds control capability, allowing operators to manage power delivery to individual
outlets and prevent overload conditions.

MSPO (Metered and Switched per Outlet)
Combines full monitoring and control at the outlet level, providing the highest level
of visibility and operational flexibility.

In high-density, liquid-cooled environments, MSPO configurations are increasingly
preferred, as they enable:

Remote control of individual devices
Improved fault isolation
Sequenced startup to avoid inrush current issues

Prevention of unauthorized or unintended connections

However, the value of these capabilities depends entirely on how they are used. Without
integration into operational workflows, even the most advanced features provide limited

benefit.



3.5 Monitoring, Data, and Environmental Integration

Beyond power delivery, modern PDUs are becoming a central point for data collection and
environmental monitoring at the rack level.

Capabilities may include:
e Power monitoring (at PDU, phase, and outlet level)
e Temperature and humidity sensing
e Leak detection in liquid-cooled environments
In high-density deployments, this provides:
e Greater visibility into rack conditions
e Early warning of potential issues

e Opportunities for automated response (e.g., shutting down affected equipment in
the event of a leak)

As power and cooling systems become more integrated, the PDU is increasingly acting as a
convergence point for operational data within the rack.

3.6 Reliability, Redundancy, and Design Integration
At higher power densities, the impact of failure increases significantly.
Modern PDU design must therefore consider:
¢ Redundant power paths (A/B feeds)
e Physical separation of power sources within the rack
e Avoidance of common points of failure
In practice, this requires:
e Careful coordination with rack layout
e Alignment with upstream power architecture
e Consideration of installation and maintenance access

Reliability is no longer just a function of component quality—it is a result of how well the
PDU is integrated into the overall system design.



3.7 From Commodity to Critical Infrastructure
The evolution of the PDU reflects a broader shift in data center design.
What was once:
e Alow-cost, low-consideration component
Has become:
e A critical interface between facility power and IT equipment
e A source of operational visibility and control
e AXkey factor in deployment speed and reliability
In high-density environments, the PDU must be specified with the same level of attention as:
e Compute platforms
e Cooling systems
e C(Core electrical infrastructure

Treating PDUs as interchangeable commodities is no longer viable.

3.8 Summary
The modern high-density PDU is defined not just by its electrical rating, but by its ability to:
e Deliver power efficiently within constrained physical environments
e Adapt to changing equipment requirements
e Provide meaningful visibility and control
e Integrate seamlessly with cooling and operational systems

As rack densities continue to increase, the role of the PDU will continue to expand—making
it a central component in the successful deployment of high-density infrastructure.

SECTION 4 - CORE CHALLENGES IN SPECIFYING HIGH-DENSITY PDUS

4. Core Challenges in Specifying High-Density PDUs



The transition to high-density compute environments has fundamentally changed the role of
the rack PDU. What was once a relatively straightforward component selection is now a
critical engineering decision with direct implications for performance, scalability, and
operational risk.

In today’s market, Al-driven deployments are pushing rack densities into the 40kW-80kW
range, with some environments extending toward 100kW and beyond. While
ultra-high-density racks (e.g., 150kW+) are emerging, they remain relatively niche and are
often associated with alternative architectures such as DC-powered systems (e.g., ORV3).

For the majority of deployments, however, AC-powered infrastructure remains the
dominant and most practical approach up to ~100kW per rack, due to:

e Established operational familiarity

e Compatibility with widely available server technologies from providers such as Dell
Technologies and Supermicro

e Avoidance of new processes and safety considerations associated with DC
distribution

Within this context, the most common deployments today are centered around:
e 60A,415V (US) and 63A, 400V (Europe)
e Three-phase architectures
e Increasing adoption of metered and switched per outlet (MSPO) PDUs

This reflects a broader shift: pushing traditional AC-based designs into power densities they
were not originally optimized to handle—while simultaneously increasing expectations
around control, visibility, and operational precision.

At these levels, challenges that were previously manageable at 5-10kW per rack become
significantly more complex—and in many cases non-linear.

4.1 Availability, Compliance, and Proven Field Performance

One of the most critical—and often underestimated—challenges is the availability of
suitable PDU solutions that meet both technical and operational requirements.

At higher densities:
e The number of vendors offering capable solutions is limited

e Even fewer have products with proven, long-term field deployment



e Compliance requirements across regions add further complexity
This is particularly pronounced in Europe, where:
e The pool of reputable, high-density PDU suppliers is relatively small

e Options that combine high power capability, compliance, and operational track
record are even more limited

This creates several risks:
e Over-reliance on a narrow supplier base

e Selection of products that meet specifications on paper but lack real-world
validation

e Reduced flexibility in standardization across projects

In high-density environments, proven field performance is as important as technical
capability. The consequences of failure at these power levels are too significant to rely on
unproven designs.

4.2 Power Capacity vs Physical Constraints

One of the most immediate challenges is the tension between increasing power capacity and
limited physical space within the rack.

As power requirements grow, so too does the need for:
e Higher current ratings
e Greater outlet counts
e Larger conductor sizes

However, rack real estate remains constrained.

In practice, this creates several issues:

e Mechanical integration challenges, particularly in densely populated,
liquid-cooled racks

e Competition for space between PDUs, cabling, cooling infrastructure, and IT
equipment

e Increased complexity in maintaining clean, serviceable layouts



At higher densities, the question is no longer “does the PDU have enough capacity?” but
rather:

“Can that capacity be delivered in a way that is physically manageable and
operationally sustainable?”

4.3 Connector Strategy and Outlet Standardization

While overall outlet count is less frequently the limiting factor, outlet type and flexibility
become critical design considerations.

Traditional PDUs typically rely on a mix of:

e (13 /C15 outlets

e (19 /C21 outlets
This requires:

e Precise planning of device placement

e Alignment between outlet type and equipment requirements
In high-density, fast-evolving environments, this introduces rigidity.

An emerging solution is the use of multi-standard outlets (e.g., C39 / “4-in-1"), which
support:

e (13
e (15
e (19
e (21

within a single outlet.

This approach:
e Removes the need for precise outlet-device mapping
e Simplifies deployment and future reconfiguration
e Reduces installation errors

Flexibility at the outlet level becomes increasingly important as rack configurations evolve
over time.



4.4 Cabling Density and Retention Risk
High-density, liquid-cooled racks are mechanically complex environments.
The rear of the rack often includes:
e Power cabling
e Cooling infrastructure
e Data cabling
e Monitoring systems
This creates a congested and sensitive working environment.
During installation or maintenance:
e C(Cables can be inadvertently dislodged
e Redundant feeds can be unintentionally compromised
e Devices can be powered down unintentionally
Locking outlet mechanisms help mitigate this risk, but introduce their own trade-offs.
Many locking systems:
e Are proprietary
e Require specialized, higher-cost cables
e Prevent use of standard server-supplied cords
An alternative approach is neutral locking outlets, which:
e Secure cables in place
e Accept standard “in-box” power cords

This balances operational safety with cost and deployment simplicity.

4.5 Phase Balancing and Load Control
Phase balancing becomes significantly more challenging as device-level power increases.

In high-density Al racks:



e Individual devices can represent substantial loads
e Imbalance can occur quickly
e The impact of imbalance is more severe
Intelligent PDUs with phase-level monitoring provide:
e Real-time visibility into phase loading
e The ability to proactively balance loads
Additionally, advanced PDUs (such as MSPO units) enable:
e Control of individual outlets
e Deactivation of unused outlets to prevent unintended connections

While the likelihood of unplanned connections is low, the consequences at high density
justify this level of control.

4.6 Monitoring, Visibility, and Operational Alignment

The widespread adoption of MSPO PDUs reflects the increasing need for granular control in
high-density environments.

This is particularly relevant in liquid-cooled deployments, where:
e Physical access is reduced
e Operational sensitivity is increased
e Device-level control becomes more valuable
MSPO capabilities enable:
e Per-device monitoring
e Remote control and reboot
e Improved fault isolation
However, this introduces a key challenge:
A gap often exists between what is specified and what is operationally utilized.
Common issues include:

e Over-specification without defined processes



e Limited integration into operational systems
e Data without clear ownership or actionability

The focus should be on aligning capability with real operational needs, not simply
specifying the most advanced feature set.

4.7 Environmental Monitoring and Risk Mitigation
Liquid cooling introduces a small but important risk: potential leak events.
While rare, the impact can be significant.
Modern PDUs can integrate environmental sensors to:
e Detectleaks
e Monitor temperature and humidity
More importantly, they can support automated responses, such as:
e Triggering alerts
e Initiating controlled shutdown of affected equipment
For example:
e Detection of a leak condition
e Automatic shutdown of specific outlets to limit impact

This represents a shift toward integrated risk management within the power layer.

4.8 Reliability and Redundancy at Higher Loads
As rack power increases, the impact of failure becomes more severe.
Challenges include:

e Maintaining true A/B feed separation

e Avoiding hidden single points of failure

e Managing increased stress on components

At higher densities, small design compromises can have disproportionately large
consequences.



PDU specification must therefore be considered within the broader context of system-level
resilience.

4.9 The Risk of Treating PDUs as Commodity Components
Despite their growing importance, PDUs are still often treated as commodity items.
At higher densities, this approach is increasingly problematic.
When decisions are driven primarily by:

e Cost

e Basic specification

e Availability
Critical factors are overlooked:

e Integration

e Usability

e Scalability

The result is infrastructure that may meet initial requirements but struggles in real-world
operation.

Closing Perspective

As rack densities increase, power distribution becomes a defining factor in overall system
performance and reliability.

In regions such as Europe—where supplier choice is more limited—the importance of
selecting proven, high-quality solutions is even greater.

Organizations that align specification with real-world operational requirements will be best
positioned to deliver scalable, resilient infrastructure.

5.1 Planning Gaps and the “Afterthought” Problem



One of the most consistent causes of deployment issues is that PDUs are treated as a
late-stage component in the overall design process.

In fast-moving Al data center projects:
e Focusis placed on compute, cooling, and high-level power architecture
e Detailed elements—such as rack PDUs—are deferred
e Specification decisions are made under time pressure
This leads to:
e Limited evaluation of suitable solutions
e Minimal validation or testing prior to deployment
e Reduced alignment with rack, cooling, and cabling design

Despite being the final critical connection between infrastructure and IT equipment,
PDUs are often one of the least scrutinized components during planning.

The consequence is that risks are not identified until deployment is already underway.

5.2 Supply Chain Constraints at Scale

High-density Al deployments frequently require large volumes of PDUs, often in the range
of:

e 500 to 5,000 units per project
At these scales, supply chain constraints become a critical risk factor.
Challenges include:
e Alimited number of qualified suppliers, particularly in Europe
e Vendors lacking sufficient production capacity or inventory
e Longlead times for high-specification units
This creates a disconnect between:
e Project timelines (often aggressive)
e Realistic manufacturing and delivery capabilities

As PDUs provide the final power connection to IT equipment, delays in availability can:



e Hold up rack commissioning
e Delay server installation
e Impact overall project delivery timelines

Early engagement and volume visibility are therefore essential to avoid bottlenecks.

5.3 Lack of Pre-Deployment Validation
Due to time pressures, many deployments proceed without:

e Physical evaluation of the PDU

e Fitand integration checks

e Operational validation
Instead, customers often:

e Specify based on datasheets

e Procure at speed

e Deploy at scale without prior testing
This increases the likelihood of:

e Fitmentissues

e Installation challenges

e Operational inefficiencies

Allowing time for even limited validation—such as testing a sample unit within a
representative rack—can significantly reduce downstream risk.

5.4 Handling and Installation Constraints
High-density PDUs introduce significant physical handling challenges.
Typical characteristics include:

e Weight of ~20-25kg (45-55 lbs)

e Lengths approaching 1.8 meters



e Heavy, high-current input cables extending 2-3 meters
In practice:
e Installation is often assigned to a single technician
e Maneuvering the unit within a rack is difficult
e The attached cable reduces control and increases complexity

Best practice would require two-person installation, but this is not always planned or
enforced.

This creates risks including:
e Improper installation
e Equipment damage

e Increased installation time

5.5 Cable Entry and Fitment Challenges

A frequently overlooked issue is physical compatibility between the PDU power cord
and rack design.

At higher power ratings:
e Connectors can be large (e.g., ~4.5 inches wide)
e C(Cable stiffness limits flexibility
e Bend radius requirements increase
A common real-world issue is:
e Power connectors not fitting through rack roof or floor entry points
This can lead to:
e On-site rework
e Delays
e Compromised installation practices
Proper planning must ensure alignment between:

e PDU cable and connector dimensions



e Rackroof panel and entry design

e C(Cable routing pathways

5.6 Rack Stability and Installation Safety
An often-overlooked risk during installation is rack stability.
In empty or partially populated racks:
e PDUs are typically mounted at the rear
e Multiple units may be installed before IT equipment is added
e Heavy input cables may hang from the top of the rack
This creates a potential rear-weight bias, particularly when:
e Two or more PDUs are installed
e (ables are not yet secured
e The rack is not fully populated or anchored
In extreme cases, this introduces a risk of the rack tipping backward during installation.
This highlights the need for:
e Controlled installation sequencing
e Temporary stabilization measures

e Awareness of weight distribution during deployment

5.7 Congested Rack Environments

At high densities—particularly in liquid-cooled deployments—the rear of the rack becomes
a highly congested environment.

Typical components include:
e Power distribution (PDUs and cabling)
e Cooling infrastructure (hoses, manifolds)

e Data cabling



e Monitoring systems
This results in:
e Limited access and visibility
e Increased installation complexity
e Greater risk of accidental disruption

Even routine tasks become more difficult, increasing operational risk over time.

5.8 Human Factors and Operational Risk
In dense environments, small human actions can have disproportionate impact.
During installation or maintenance:
e Power cables can be inadvertently dislodged
e Redundant feeds can be compromised
e Devices can be powered down unintentionally
These risks are amplified by:
e Limited working space
e Reduced visibility
e Increased system interdependency

Mitigation strategies—such as cable retention, clear routing, and intelligent
control—become essential.

5.9 Commissioning and Operational Readiness
Once installed, high-density PDUs require careful commissioning.
Challenges include:

e Verifying phase balance

e Confirming A/B feed integrity

e Validating monitoring and control functionality



In advanced deployments (e.g., MSPO):
e Network integration must be configured
e Monitoring systems must be aligned with operational workflows
e Alerting and control logic must be tested

Without structured commissioning, issues may only emerge under load—when the cost of
correction is significantly higher.

Closing Perspective

High-density PDU deployment is not just an engineering exercise—it is a planning and
execution challenge.

The most common issues do not arise from fundamental technology limitations, but from:
e Late-stage decision making
e Insufficient validation
e Underestimation of physical and operational complexity

Organizations that treat PDUs as a critical part of early-stage design—and plan
accordingly—will avoid delays, reduce risk, and deliver more reliable infrastructure.

SECTION 6 - BEST PRACTICES

6. Design and Deployment Best Practices for High-Density PDUs

As rack power densities increase, successful deployment depends less on individual product
features and more on how well planning, specification, and execution are aligned.

The following best practices are drawn from real-world high-density deployments and are
intended to help organizations avoid common pitfalls while improving scalability, reliability,
and speed of execution.

6.1 Engage PDU Vendors Early in the Design Process
PDUs should no longer be treated as a late-stage procurement item.

Early engagement with vendors enables:



e Validation of technical capability

e Confirmation of compliance certifications
e Accurate understanding of lead times

e Alignment with project scale and timelines

This does not need to be time-intensive. At a minimum, early-stage assessment should
confirm:

e Availability of detailed specifications
e Proven compliance and certification
e Ability to quote at scale
e Realistic production and delivery timelines
Where possible, visiting a vendor’s manufacturing facility can provide valuable insight into:
e Production capability
e Quality processes
e Overall maturity of the operation

Most importantly, organizations should seek to understand real lead times, not standard
published estimates. In high-density deployments, these can vary significantly depending on
volume and demand.

6.2 Align Procurement with Deployment Schedules

High-density projects often require hundreds or thousands of PDUs, making supply chain
alignment critical.

Best practice includes:
e Ordering PDUs in line with deployment phases
e Ensuring units arrive when needed—not too early, and not too late
e Building a 5-10% buffer to account for contingencies

Unlike many other components, PDUs are relatively easy to store. Maintaining a small
buffer:

e Prevents delays due to DOA (dead-on-arrival) units



e Allows installation to continue uninterrupted
e Reduces reliance on urgent resupply
Close collaboration between procurement teams and PDU vendors is essential to avoid:
e Last-minute air freight
e Escalating costs

e Project delays

6.3 Standardize Where Possible, with Clear Design Rules
Standardization simplifies:

e Procurement

e Deployment

e Maintenance

e (Cost optimization

The introduction of multi-standard outlets (C39 / 4-in-1) makes standardization more
achievable than ever, removing the need to map specific outlet types to individual devices.

However, standardization must be supported by clear design governance.
For example:
e A63A,400V PDU may support ~44kW
e Deploying this into a 50kW rack creates immediate risk
Best practice:
e Define clear rules linking rack density to PDU specification
e Ensure alignment between IT configuration and power capacity
e Avoid overloading standardized designs beyond their limits
When implemented correctly, standardization enables:
e Volume-based cost reductions

e Improved interoperability



e Reduced deployment complexity

6.4 Adopt Flexible Outlet Strategies

Traditional outlet strategies (C13/C19 mix) require precise planning and introduce risk in
fast-moving environments.

Best practice is to adopt C39 (4-in-1) outlets, which:
e Support C13, C15, C19, and C21 plugs
e Eliminate the need for device-level outlet planning
e Enable rapid deployment and reconfiguration
The cost difference is minimal, while the operational flexibility is significant.

In high-density Al environments, where speed and adaptability are critical, flexibility at the
outlet level should be considered standard practice.

6.5 Use Neutral Locking for Cable Retention

Cable retention is essential in dense rack environments, but the method of implementation
matters.

Avoid:
e Proprietary locking systems that require specialized cables
These introduce:
e Additional cost
e Supply chain risk
e Dependency on specific vendors
Instead, adopt neutral locking outlets, which:
e Secure connections effectively
e Accept standard “in-box” server power cords
This approach ensures:

e Operational simplicity



e Reduced cost

e Elimination of unnecessary dependencies

6.6 Define a Clear Monitoring Strategy

The adoption of intelligent PDUs—particularly MSPO (Metered and Switched per
Outlet)—is increasing rapidly.

However, the value of these systems depends entirely on how they are used.
Key Principle: Data Without Action Has No Value
Organizations should only invest in advanced monitoring if they intend to:
e Acton the data
e Integrate it into operational workflows
e Use it to drive decisions (ideally automated)
When used effectively, intelligent PDUs provide:
e Real-time visibility into power consumption
e Phase balancing insights
e Environmental monitoring (temperature, humidity, leak detection)
e Outlet-level control to prevent overloads
e Sequenced startup to avoid inrush current issues

If these capabilities are actively used, MSPO represents the most complete and valuable
solution.

If not, simpler configurations may be more appropriate.

6.7 Plan for Phase Balancing and Dynamic Loads

High-density environments introduce dynamic and fluctuating power loads, particularly
in Al applications.

Best practices include:

e Designing for no more than ~80% phase utilization



e Understanding device power behavior, not just nameplate ratings
e Monitoring load patterns over time
Intelligent PDUs provide ongoing visibility, enabling:
e Continuous optimization
e Identification of imbalance trends
e Improved capacity planning

Initial design is important—but ongoing monitoring is critical.

6.8 Integrate Power and Cooling Design
In liquid-cooled environments, power and cooling are no longer separate considerations.
Key planning areas include:
e Placement of supply and return manifolds
e Routing of cooling hoses alongside power cabling
e Coordination of A/B power feeds with cooling infrastructure
Without careful planning, the rear of the rack can become highly congested.
Best practice is to treat rack-level power and cooling as a unified system, ensuring:
e C(Cross-team collaboration
e Coordinated design decisions
e Reduced risk of physical conflicts
Environmental monitoring integrated into PDUs provides additional value by:
e Detecting leaks
e Monitoring residual heat

e Providing early warning of anomalies

6.9 Plan Installation in Detail

Installation challenges are often underestimated.



Best practices include:
e Ensuring sufficient personnel (two-person installation for heavy PDUs)
e Preparing for unit size, weight, and cable handling
e Verifying cable entry compatibility with rack design
e Planning installation sequence to maintain rack stability
Additionally, packaging should not be overlooked.
Large deployments generate significant packaging waste. Vendors who can support:
e Packaging removal
e On-site waste management

can significantly reduce operational burden during deployment.

6.10 Embed Vendors into the Project Team
High-density deployments benefit from close collaboration with PDU vendors.
An embedded vendor can:
e Align with procurement and supply chain processes
e Anticipate demand and production requirements
e Resolve issues before they impact deployment
This reduces:
e Delays caused by internal process gaps
e Misalignment between engineering and procurement
e Last-minute escalation and cost increases
Responsiveness is critical. The ideal vendor:
e Works within the customer’s timeline
e Adapts to intermittent engagement during busy project phases

e Proactively removes friction from the process




6.11 Select Vendors Based on Capability, Not Just Scale
In high-density environments, vendor selection should prioritize:
e Proven field experience in similar deployments
e Compliance and third-party certification
e Manufacturing capability and quality processes
e Responsiveness and support
Large vendors may offer scale, but not always flexibility or responsiveness.
Smaller, specialized vendors can often provide:
e (Greater engagement
e Faster response
e More tailored support

The key is selecting a partner that can both deliver at scale and support execution at a
detailed level.

6.12 Three Rules for Successful High-Density PDU Deployment
To simplify the above into actionable guidance:

1. Engage early and validate reality
Understand real capabilities, real lead times, and real constraints—not just datasheets.

2. Specify intelligence with intent
If you will use the data, invest in intelligent PDUs. If not, avoid unnecessary complexity.

3. Eliminate surprises
Align design, supply chain, and deployment teams early. Surprises lead to delays—and
without PDUs, IT equipment cannot be powered.

Closing Perspective

At high densities, success is not defined by individual component performance, but by how
effectively systems are planned, integrated, and executed.



PDUs sit at the final critical point in the power chain. When properly specified and deployed,
they enable reliable, scalable infrastructure. When overlooked, they become a source of
delay, risk, and inefficiency.

7. Future Trends in Rack Power Distribution

As Al and high-performance computing workloads continue to evolve, rack power
distribution will undergo further transformation. The trends emerging today indicate not
only an increase in power density, but also a shift in how power is delivered, managed, and
integrated within the data center environment.

These changes will reinforce the position of the rack PDU as a critical component of
infrastructure, rather than a passive accessory.

7.1 Continued Growth in Rack Density
The trajectory of rack power density is clear.

What is currently considered high density—40-80kW per rack—is rapidly becoming the
standard for Al deployments. Looking forward:

e 80-100KkW racks are expected to become increasingly common
e Higher-density deployments will continue to emerge in specialized environments
e Power requirements at the device level will continue to increase
This trend will place additional pressure on:
e Rack-level power distribution
e Mechanical integration within the rack
e Thermal management strategies

Importantly, the increase in density is not linear in impact. As power levels rise, constraints
related to space, cabling, and accessibility become more pronounced, requiring more
deliberate and coordinated design.

7.2 Convergence of Power and Cooling at the Rack Level
One of the most significant shifts is the convergence of power and cooling within the rack.

As liquid cooling becomes more widely adopted:



e Power distribution and cooling infrastructure must coexist within the same physical
space

e Racklayouts must accommodate both electrical and fluid systems
e Design decisions in one domain directly impact the other
This creates a new requirement for:
e Integrated planning between power and cooling teams
e Coordinated routing of cables, manifolds, and hoses
e Shared ownership of rack-level design

The traditional separation between electrical and mechanical disciplines is becoming less
viable. Future deployments will increasingly treat rack power and cooling as a unified
system, rather than independent elements.

7.3 Evolution Toward Intelligent and Automated Infrastructure

The adoption of intelligent PDUs will continue to increase, but the focus will shift from data
collection to data utilization.

In the near term:
e MSPO (Metered and Switched per Outlet) configurations will become more common

e Environmental monitoring (temperature, humidity, leak detection) will be more
widely integrated

However, the real evolution lies in how this data is used.
Future environments will place greater emphasis on:

e Automated responses to predefined conditions (e.g., controlled shutdown in the
event of a leak)

e Integration with DCIM and management platforms
e Reduction of manual intervention through intelligent control systems

The value of intelligent infrastructure will increasingly be defined by its ability to enable
action, not simply provide visibility.

7.4 Increasing Importance of Supply Chain Strategy



As demand for high-density infrastructure grows, supply chain considerations will become
even more critical.

Key trends include:
e Continued pressure on a limited pool of qualified PDU suppliers

e Increased demand for large-volume deployments (hundreds to thousands of
units)

e Greater importance of early vendor engagement and forecasting
Organizations will need to:

e Standardize where possible to leverage volume

e Build closer relationships with key suppliers

e Align procurement processes with engineering timelines

Supply chain strategy will no longer be a secondary consideration—it will be a core
component of successful deployment planning.

7.5 Standardization Balanced with Flexibility

As deployments scale, the need for standardization will increase. However, this must be
balanced with the flexibility required to support evolving workloads.

Future best practice will likely include:
e Standardizing on core PDU configurations (e.g., 60A/63A, three-phase)
e Adopting flexible outlet strategies (e.g., C39 / 4-in-1)

e Maintaining adaptability at the rack level to accommodate different IT
configurations

This balance will enable:
e Faster deployment
e Reduced complexity
e Improved scalability

Without sacrificing the ability to adapt to changing requirements.




7.6 Gradual Exploration of Alternative Power Architectures

While AC power distribution remains dominant, alternative approaches—particularly DC
architectures—will continue to be explored.

These models may offer:

e Efficiency improvements

e Simplified power conversion

e Alignment with certain high-density designs
However, widespread adoption will depend on:

e Availability of compatible IT equipment

e Operational readiness of data center teams

e Maturity of supporting ecosystems

In the near to medium term, AC power will remain the primary standard, particularly for
deployments up to ~100kW per rack.

7.7 Increasing Role of the PDU in Risk Management
As rack density increases, the consequences of failure become more significant.
Future PDU deployments will increasingly incorporate:
e Environmental monitoring (including leak detection)
e Automated response capabilities
e Integration with broader risk management systems
This reflects a broader trend toward:
e Proactive, rather than reactive, operations
e Early detection and mitigation of potential issues

The PDU will play an important role not just in power delivery, but in protecting
infrastructure and maintaining operational continuity.

7.8 Summary



The future of rack power distribution is defined by increasing density, greater integration,
and a shift toward intelligent, action-driven infrastructure.

Key themes include:

e Continued growth in rack power requirements

e Convergence of power and cooling systems

e Increased reliance on intelligent monitoring and control

e Greater importance of supply chain planning and vendor collaboration
Within this environment, the role of the PDU will continue to expand.

Organizations that anticipate these trends—and adapt their approach accordingly—will be
better positioned to design, deploy, and operate high-density infrastructure at scale.

8. Conclusion

The rapid evolution of Al and high-performance computing has fundamentally changed the
requirements placed on data center infrastructure. Rack power densities that were once
considered exceptional are now becoming standard, and with this shift comes a
corresponding increase in complexity across design, deployment, and operation.

Within this new environment, the role of the rack PDU has changed significantly.

No longer a passive or secondary component, the PDU now sits at the critical interface
between facility power and IT equipment. Its specification, availability, and deployment
directly impact:

e Project timelines
e Installation efficiency
e Operational visibility
e System reliability

Despite this, many of the challenges encountered in high-density environments are not
driven by technological limitations. Instead, they are the result of:

e Late-stage decision making, where PDUs are specified after key design choices
have already been made

e Limited vendor engagement, leading to gaps in capability, availability, or support

e Underestimation of deployment complexity, particularly in dense, liquid-cooled
rack environments



These issues are avoidable.

Organizations that take a more structured and proactive approach—engaging vendors early,
aligning procurement with deployment timelines, and accounting for real-world installation
constraints—can significantly reduce risk and improve outcomes.

At the same time, the increasing adoption of intelligent PDUs highlights an important
principle:
capability alone does not create value—application does.

Advanced features such as outlet-level monitoring, remote switching, and environmental
sensing offer significant benefits, but only when they are integrated into operational
processes and used to inform decision-making. Without this, they add cost and complexity
without delivering meaningful return.

Looking forward, the continued growth in rack density, combined with the convergence of
power and cooling systems, will place even greater importance on how rack-level
infrastructure is designed and deployed. The margin for error will continue to decrease, and
the impact of poor decisions will become more significant.

In this context, PDUs must be treated not as commodities, but as critical infrastructure
components that require the same level of consideration as compute, cooling, and
core electrical systems.

Ultimately, successful high-density deployments are not defined by individual components,
but by how well those components are planned, integrated, and executed as part of a
cohesive system.

Organizations that recognize this—and adapt their approach accordingly—will be better
positioned to deliver scalable, reliable, and efficient data center environments in the Al era.



