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1. Executive Summary & Scope

Modern hyperscale and colocation data center platforms are undergoing a foundational shift. Historically,
electrical infrastructure was designed, procured, and operated in silos, completely independent of the enterprise
software layer. However, the unprecedented rise of high-density AI/ML compute structures running rack profiles
from 10 kKW up to 100 kW+ introduces extreme load non-linearity and steep ramp rates (di/dt). To guarantee
absolute operational uptime, engineers must move toward software-defined, tightly integrated hardware
ecosystems. This paper outlines the engineering strategies required to bridge physical electrical assets with
automation and cloud telemetry environments.

2. High-Voltage & Medium-Voltage Utility Ingress

The interface between high-voltage utility infrastructure and the facility perimeter is no longer a passive node.
Grid-interactive topologies require continuous telemetry sharing between utility equipment and facility
controllers.

e Substation Automation: Deploying high-speed protective relay communication standards based on the
global IEC 61850 standard. This allows intelligent electronic devices (IEDs) to share system anomalies
over fiber loops.

e Grid Interactivity: Utilizing hardware signaling interfaces to automate curtailment, peak shaving, and
load-shedding response loops dictated by local energy market frameworks.

« Digital Twin Engineering: Mandating real-time modeling arrays inside ETAP orm SCAD to validate
medium-voltage distribution systems against utility grid transient faults.

3. Distributed Generation & Backup Energy Storage Systems (BESS)

Subjecting classical mechanical backup equipment to massive Al-driven step-loads can trigger severe voltage
dips and frequency instability. Engineers must co-design baseline generation equipment with dynamic
electrochemical storage assets to function as a combined hybrid topology.

* Generator State Machines: Linking automated Generator Control Units (GCUS) directly into core building
management interfaces to anticipate start-sequence transients.

e Electrochemical Buffers: Deploying containerized Battery Energy Storage Systems (BESS) utilizing
Lithium-Iron Phosphate (LFP) or Sodium-lon strings. The underlying Battery Management System (BMS)
interfaces programmatically to inject real power within milliseconds of an outage.



4. Uninterruptible Power Supply (UPS) Topology & Platform Cohesion

The physical selection of UPS architectures deeply alters the telemetry bandwidth and protocol complexity
required of the underlying Electrical Power Monitoring System (EPMS). The evaluation matrix below contrasts
current operational topologies:

Topological Metric Monolithic UPS Systems Modular Multi-Module UPS

Telemetry Overhead Low; aggregated register map arrays via High; multi-node processing via decentralized
Modbus RTU/TCP. controller area networks.

Failure Isolation Manual or static bypass transfer Programmatic; automatic sub-module isolation
dependencies upon critical failure. keeps remaining array active.

Harmonic Mitigation Dependent on secondary active harmonic filter = Integrated active power factor correction
modules. reporting per sub-module.

Protocols Modbus TCP, BACnet/IP interfaces. Secure MQTT, gRPC telemetry streams,

SNMPv3.

5. Intelligent Power Distribution Units (iPDUs) & Busway Systems

Granular distribution at the row requires deep busway and individual tap-off box signaling mechanisms to
maintain load balancing and avoid localized overheating.

e Branch Circuit Monitoring (BCM): Embedding high-frequency microcontrollers inside downstream tap-offs
to capture per-phase voltage, current, and total harmonic distortion metrics.

» Shedding Control Loops: Executing targeted automated load-shedding control pathways down to the
single outlet level, preserving critical operational state parameters during power degradation events.

6. DCIM & EPMS Software Interfacing

True platform integration means data is no longer isolated inside an industrial control screen. Telemetry must
be standardized and fed directly into software infrastructure management frameworks.

* Boundary Definitions: Merging Data Center Infrastructure Management (DCIM) tools—focused on IT asset
allocations—with core Electrical Power Monitoring Systems (EPMS) tracking transient wave events.

» Microsecond Timestamping: Implementing IEEE 1588 Precision Time Protocol (PTP) across all network
clocks to guarantee sub-millisecond coordination between fault recorders and compute scheduling engines.



7. Thermal & Power Integration Constraints
The adoption of complex Direct-to-Chip (D2C) and liquid immersion systems ties thermal loop stability directly

to physical electrical circuit safety.

» Control Interlocks: Mapping logic loops where liquid coolant leak detection events instantly flag
corresponding electrical breaker matrices to clear low-voltage power frames.

 Inrush Motor Profiles: Managing the heavy inrush currents of mechanical pumping stations via automated
Variable Frequency Drive (VFD) controls to insulate upstream UPS systems.

8. Safety, Cyber-Security, & Compliance

Exposing critical power networks to enterprise software spaces requires multi-layered defensive boundary
perimeters.

* Network Segregation: Structuring industrial OT components in absolute alignment with the Purdue Model
architecture to insulate protective relays from standard corporate network layers.

» Compliance Frameworks: Generating automated logs that conform to Uptime Institute Tiers, TIA-942
baselines, and National Electrical Code (NEC) data logging requirements.

HA ENERGY CAPITAL — ARCHITECTURAL DESIGN & ASSESSMENT SERVICES

Engineering constraints shouldn't throttle your technological scaling. HA Energy Capital provides specialized,
multi-megawatt infrastructure design engineering, complex facility assessments, and technical lifecycle solutions
tailored exclusively for modern data center developments, substation deployments, and advanced energy storage
integrations. Our team of multi-discipline experts aligns physical hardware safety with high-speed automated

software control frameworks to deliver code-compliant, construction-ready topologies that maximize facility
performance.

Accelerate Your Design Phase: Partner with HA Energy Capital for code-compliant design and thorough facility
evaluation studies. Contact us today at info@haenergycapital.com to submit an RFP or request a
comprehensive system planning overview.




