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Welcome to Mastering Data Centre Commissioning: A Comprehensive Guide to Infrastructure Optimisation. Commissioning is the bridge between design intent and operational reality. It ensures that power, cooling, security, and IT systems perform reliably, efficiently, and safely from day one, while remaining adaptable for future growth.

As an IT consultant specialising in data centre infrastructure, I’ve encountered the full spectrum of commissioning challenges. This book distils that experience into a clear, structured guide to help engineers, operators, and project stakeholders navigate the process with confidence.


Inside, you’ll find actionable guidance on:




	Commissioning methodologies and validation.

	Testing protocols and quality assurance.

	Troubleshooting and risk management.

	Stakeholder coordination, documentation, and compliance for a smooth handover.



Whether you’re delivering a new build or optimising an existing facility, this guide equips you with tools and checklists to achieve dependable performance, minimise risk, and accelerate readiness.

I hope it becomes a trusted reference on your commissioning journey.

Thank you for joining me.
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Chapter 1 

Power Infrastructure Commissioning
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1. Testing of Power Sources: Ensuring Reliability and Redundancy

In the digital era, data centres form the backbone of global enterprise operations, cloud computing environments, and international communication networks. At the core of every high-performing facility lies a resilient and meticulously engineered power infrastructure. Even the briefest interruption in electrical supply can result in significant operational downtime, data corruption, or reputational harm—consequences that modern businesses can ill afford.
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Figure 1

For this reason, the systematic testing of power systems within a data centre is not merely a recommended best practice; it is a fundamental requirement for ensuring uninterrupted service continuity. This chapter explores the essential aspects of power system testing, encompassing utility power verification, generator performance assessments, and the evaluation of uninterruptible power supply (UPS) systems. Through detailed examination, we will outline the objectives, methodologies, and critical importance of each test, establishing a clear framework for maintaining reliability, resilience, and operational excellence in data centre environments.

1.1 Why Testing Power Sources Matters

Data Centres operate on a layered approach to power delivery. The primary source is usually the utility grid, but this is supported by backup generators and UPS systems to ensure redundancy and reliability. Testing these components helps uncover hidden vulnerabilities before they become real-world problems.

By simulating different scenarios—from routine operations to full-scale outages—you can verify that your power systems will perform exactly as expected when it matters most. This proactive approach is not just about preventing downtime; it is about building confidence in your entire infrastructure.
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Figure 2

1.2 Testing Utility Power

The utility grid is typically the first and most reliable power source for any Data Centre. However, even the most stable utility systems can experience fluctuations, outages, or degraded performance under load. Here’s how to make sure your facility is prepared:

A. Voltage and Frequency Stability

Voltage and frequency must remain within acceptable limits to avoid damaging sensitive IT equipment. During testing, technicians measure incoming power to identify any deviations that could impact system stability.


	Why it matters: Fluctuations can cause hardware failures or unexpected reboots.

	How it is done: Use precision meters to monitor voltage and frequency over time, especially during peak usage.



B. Load Capacity Testing

This test simulates the maximum anticipated load (see Figure 2) to verify that the utility system withstands peak demand without failures or unacceptable voltage drop.
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Figure 3


	Why it matters: Helps prevent overloading and ensures scalability for future growth.

	How it is done: Gradually increase the electrical load and monitor system behaviour using monitoring tools and load banks.



C. Switching and Transfer Testing

Automatic transfer switches (ATS) or manual transfer switches (MTS) are responsible for switching between utility power and backup sources. Testing their functionality ensures seamless transitions during outages.


	Why it matters: A failed transfer deprives loads of backup power, causing unplanned downtime.

	How it is done: Simulate a utility loss and verify that the switch changes state correctly and within the required transfer (and retransfer) time limits.



1.3 Testing Backup Generators

When utility power is lost, standby generators must assume the critical load without interruption. Commissioning tests verify rapid start-up, dependable operation, correct transfer sequencing, and the delivery of clean, stable power suitable for mission-critical equipment.

A. Load Testing

Load bank testing simulates real operating conditions to confirm that generators can deliver full power for extended periods.


	Why it matters: Prevents surprises during actual outages and ensures long-term reliability.

	How it is done: Apply resistive or reactive loads and monitor generator output, fuel consumption, and exhaust temperatures.

	
As shown in Figure 3, conduct: Weekly—inspection with a no-load exercise; Monthly—loaded run (use a load bank if available) for ≥ 30 minutes; Annual—integrated full-facility test.




B. Fuel System Testing 

Generators rely on stored fuel, so it is essential to verify that the fuel system—including tanks, lines, filters, pumps, and the fuel polishing system (if installed)—is functioning properly..


	Why it matters: Poor fuel quality or insufficient reserves can prevent startup or cause early shutdown.

	How it is done: Inspect fuel levels and reserves, test fuel pumps, check for contamination or leaks, and verify fuel polishing/filtration operation (cycle schedule, differential pressures, and water separation).



C. Start-up and Shutdown Procedures

Testing both automatic and manual start-up procedures ensures that generators respond correctly to power loss and can be safely shut down for maintenance.


	Why it matters: Timely startup is crucial for minimizing downtime.

	How it is done: Simulate a power outage and monitor generator response times and sequence of operations.



​1.4 Testing Rotary UPS

Commissioning a Rotary UPS (RUPS) is a precision, high-risk activity. Unlike static UPS systems, a RUPS couples high-speed rotating equipment with coordinated controls—and often a diesel prime mover—so it requires a disciplined, step-by-step test program. This chapter sets 

out a practical procedure to verify installation, controls, protections, and performance, confirming the RUPS is fully operational and dependable before it is released to carry the critical load (see Figure 4).
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Figure 4

Pre-Commissioning Verification: The Foundation

Safety First: Isolate all energy sources and install danger tags before beginning. Confirm the work permit system is understood and adhered to by all personnel.


A. Documentation & Visual Inspection




	Documentation Review: Verify the availability of all manufacturer's manuals, including wiring diagrams, control sequences, and protective device settings. Cross-reference the 'as-built' installation against these documents.

	Mechanical Inspection: 
	Foundation & Mounting: Confirm all foundation bolts, vibration dampeners, and mechanical mounts are torqued to specification.

	Alignment & Coupling: Check the alignment of the motor/generator, flywheel, and diesel engine (if fitted). Verify the coupling assembly is secure and, if applicable, the clutch operates freely.

	Clearances: Ensure adequate clearance around the entire rotating assembly for operation and maintenance. Check for and remove any tools or debris.





	Electrical Inspection:  
	Insulation Resistance: Perform Megger tests on all power and control cabling, and the motor/generator windings. Crucially, adhere to the manufacturer's voltage limits to avoid damaging the static exciter/converter; these components must be bypassed or disconnected during this test.

	Earth (Grounding) Integrity: Verify the continuity and low resistance of all main and supplementary protective bonding connections.

	Protective Relay Settings: Confirm all upstream and integrated protective relays (overcurrent, differential, earth fault) are calibrated and set in accordance with the protection coordination study.





	Auxiliary System Checks: 
	Verify lubrication systems are filled and, if automatic, operational.

	Test all safety devices: manually operate emergency stop buttons and verify they initiate a full shutdown. Check overspeed protection systems and mechanical brakes.







B. Sequential Testing Procedure

With pre-commissioning signed off, proceed with a logical, step-by-step test sequence.

	Control Circuit Energisation & No-Load Test 
	Initial Power-Up: Energise the RUPS control circuits only, with all main power breakers (input and output) open.

	Control System Check: Verify the Human-Machine Interface (HMI) boots without faults. Confirm communication with all subsystems (e.g., static exciter, engine controller) is established.

	No-Load Start: Initiate a start sequence. The system should accelerate the flywheel to its nominal speed (e.g., 3000 RPM for 50Hz).

	Baseline Measurements: With the unit running at speed but supplying no load, record:







✓  Motor run current and voltage.

✓  Bearing temperatures (establish a baseline).

✓  Vibration readings at designated points on the assembly.

✓  Any abnormal audible noise.

C. Steady-State Load Bank Testing




	Setup: Connect a calibrated, resistive load bank to the RUPS output.

	Step Loading: Apply load in 25% increments from 25% to 100% of the system's rated kVA. At each step, allow temperatures to stabilise and then record:




✓    Input and output voltage/current/frequency.

✓    Total Harmonic Distortion (THD) of the output voltage.

✓    Vibration levels and bearing temperatures.

✓    Performance of cooling systems.



	Acceptance Criteria: The output voltage and frequency must remain within the declared tolerance band (e.g., ±1% V, ±0.5 Hz) at all load levels.



D. Transient Response Testing




	Purpose: To validate the system's ability to handle rapid load changes typical of server racks powering on/off.

	Method: At 50% and 100% load, apply and remove a 25-50% step load change.

	Measurement: Use a power quality analyser to capture the dynamic response. The output voltage dip/surge should not exceed the specified limits (typically ±5-8%) and recovery to within ±1% should be within a few cycles.




E. Core Functional Test: Mains Failure Simulation



This is the critical test of the RUPS's primary purpose.


	Preparation: Stabilise the RUPS at 100% load using the load bank.

	Execution: Simulate a complete mains failure by opening the upstream input breaker.

	Verification & Measurement: 
	Seamlessness: Confirm zero power interruption to the load bank. An power quality analyser in trend mode must verify no break in the waveform.

	Output Stability: Monitor that output voltage and frequency remain within the required tight tolerances during the transition to backup mode.

	Discharge Rate: Record the time taken from mains failure until the output frequency decays to the minimum acceptable level (e.g., 48.5 Hz). This validates the calculated autonomy time at full load.

	Recharge: Restore mains power. The system should automatically brake the flywheel (if required) and initiate a recharge cycle, returning to nominal speed within the manufacturer's specified time. Monitor inrush current during recharge.

	








F. Integrated Diesel Engine Test (For Diesel-DRUPS)




	Simulated Prolonged Outage: With the RUPS stabilised at 100% load, simulate a mains failure. Allow the flywheel to discharge for a short period (e.g., 10 seconds).

	Automatic Start Sequence: Verify the control system signals the diesel engine to start automatically.

	Clutch Engagement: Once the engine is at stable speed and voltage, confirm the clutch engages smoothly.

	Load Transfer: Verify the load is seamlessly transferred from the depleting flywheel to the diesel-generator set without interruption.

	Steady-State Operation: Run the diesel-DRUPS combination at 100% load for a minimum of 30 minutes to confirm stable operation and temperatures.




G. Formal Acceptance Sign-Off




	Commissioning Report: Compile a comprehensive report containing all test results, data logs, and signed-off checklists. This is the baseline for all future maintenance.

	Operator Training: Conduct hands-on training for the datacentre operations team, focusing on normal start/stop procedures, alarm interpretation, and emergency shutdowns specific to the high-inertia system.

	Formal Acceptance: Upon successful completion of all tests and training, obtain client sign-off to formally accept the system into operational service.



1.5 Testing Uninterruptible Power Supplies (UPS)

UPS systems act as the bridge between utility failure and generator startup. They provide immediate, short-term power to protect against interruptions and give you time to transition to backup sources.

A. Battery Capacity Testing

Batteries are the lifeblood of any UPS (see Figure 5). Regular discharge testing verifies their condition and confirms available runtime under load.


	Why it matters: Weak batteries mean no ride-through during outages.

	How it is done: Perform controlled discharges while measuring voltage, current, and runtime to determine if the battery meets design specifications.



B. Bypass and Redundancy Testing

Modern UPS systems often include bypass modes and redundant configurations. Testing these features ensures that power remains uninterrupted during maintenance or component failures.


	Why it matters: Failure to bypass or redistribute load can lead to downtime.

	How it is done: Manually trigger bypass mode and simulate failures in one module to verify redundancy kicks in automatically.
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Figure 5

Conclusion

Power infrastructure commissioning is one of the most critical phases in bringing a Data Centre online. By thoroughly testing utility feeds, backup generators, and UPS systems, you’re not only verifying their performance—you’re building a foundation for operational excellence and resilience.

These tests aren’t just checkboxes on a list; they’re opportunities to uncover weaknesses, validate redundancy, and ensure that your Data Centre can withstand real-world challenges. Whether you're commissioning a new facility or upgrading an existing one, investing time and effort into power system testing is one of the best ways to protect mission-critical operations
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Chapter 2

Cooling Systems Testing and Commissioning
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1. Performance Testing of HVAC Systems

In any modern Data Centre, maintaining optimal environmental conditions is not just about comfort—it is essential for equipment reliability, uptime, and efficiency. The Heating, Ventilation, and Air Conditioning (HVAC) system plays a central role in this process. During commissioning, rigorous performance testing confirms that HVAC systems are ready for real-world loads (see Figure 6). This section outlines a structured method for HVAC testing—from preparation through to final reporting.
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Figure 6

1.1 Preparation and Planning

Thorough planning sets the foundation for successful testing. Key actions:


	Review design intent and documentation to understand expected operation.

	Define test objectives and acceptance criteria so all stakeholders share a clear definition of success.

	Develop realistic test scenarios aligned with expected load profiles and environmental conditions.

	Coordinate personnel and vendors to ensure the right expertise and availability on test days.

	Establish safety protocols to protect both people and equipment..



A well-structured plan reduces surprises and ensures complete, defensible coverage of the HVAC system.

1.2 Instrumentation and Measurement

Accurate measurements are the backbone of effective HVAC testing. Key parameters include:


	Temperature differentials across cooling coils and air handlers to assess cooling efficiency.

	Airflow rates at supply and return vents to identify imbalances or restrictions.

	Humidity levels to prevent condensation, static discharge, and corrosion.

	Power consumption of HVAC units to evaluate energy efficiency.

	System pressures and refrigerant temperatures for refrigeration-based systems.



Use calibrated instruments and data loggers to collect reliable, repeatable data over time. 

1.3 Baseline Testing

OEBPS/d2d_images/chapter_title_above.png





OEBPS/d2d_images/chapter_title_corner_decoration_left.png





OEBPS/d2d_images/cover.jpg
Mastering Data Center Commissioning

A Practical Guide to Infrastructure Testing,
Validation, and Operational Readiness

Eng. Said AL Hosni
First Edition (2026)





OEBPS/d2d_images/chapter_title_corner_decoration_right.png





OEBPS/d2d_images/image032.png
4
S G

Restoration





OEBPS/d2d_images/chapter_title_below.png





OEBPS/d2d_images/image016.png
PERFORMANCE TESTING OF HVAC SYSTEMS






OEBPS/d2d_images/image020.png
.....

Power distribution testing - Datacenter





OEBPS/d2d_images/image042.png





OEBPS/d2d_images/image024.png
Diesel  Automatic Unintefruptible
Generator  Transfer Power Supply.
©6) (A1) (uPs)






OEBPS/d2d_images/image046.png





OEBPS/d2d_images/image027.png
Kinetic Energy Exhaust

Module Desel, ventiation

Eectncal
Eneray






OEBPS/d2d_images/image047.png
171
Preparation

O &Planning @*

Commissioning Instrumentation

Sign-oft Measurement
&Handover *

Cooling Systems
Testing & Functional &
Commissioning, QUEELRE

LT Redindancy
LU U & Failover Tests
&Re-test





OEBPS/d2d_images/image026.png
TESTING

&

OPERATIONAL

X O

INSTALLATION e Iy

afl





OEBPS/d2d_images/scene_break.png





