POWER SOLUTIONS FOR CRITICAL INFRASTRUCTURE Powen avaTaus

The Definitive Guide to Generator Selection & Implementation

EXECUTIVE SUMMARY

This comprehensive guide provides facility managers, technical directors, and infrastructure engineers
with the essential framework for selecting, sizing, and implementing premium power solutions for critical

infrastructure.

Whether you're responsible for data centers, healthcare facilities, manufacturing operations, or
telecommunications infrastructure, this guide will help you:

e Accurately determine your true power requirements

e Select the optimal generator configuration for your application

e Understand the complete lifetime costs of power solutions

¢ |Implement best practices for reliability and compliance

e Avoid common and costly implementation mistakes

1. UNDERSTANDING CRITICAL POWER REQUIREMENTS

The True Cost of Power Failure

Power disruptions create cascading business impacts that extend far beyond the immediate outage:

Industry Average Cost Per Hour | Primary Impacts

Data Centers £5,000-£50,000 Service disruption, data loss, SLA penalties

Healthcare £15,000-£35,000 Patient safety risks, equipment damage, regulatory violations
Manufacturing £10,000-£30,000 Production loss, material waste, equipment damage

Financial Services £20,000-£100,000+ Transaction failures, compliance violations, reputational damage
Telecommunications | £25,000-£45,000 Service interruptions, customer compensation, regulatory penalties

Source: Industry analysis based on 2024 outage cost assessments
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Critical Power Solution Evolution

The approach to backup power has evolved significantly:
First Generation (1960s-1980s)

¢ Basic backup generators
e Simple transfer switches
¢ Minimal monitoring capabilities

¢ Basic load support
Second Generation (1980s-2000s)

e UPS integration
e Basic paralleling capabilities

e Digital control systems
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e Enhanced monitoring
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Current Generation (2000s-Present) i D PR

e Sophisticated control integration

e Seamless transfer technologies

¢ Remote monitoring and diagnostics

¢ Predictive maintenance capabilities

e Advanced paralleling and load management

Integrated compliance and testing functions

Key Decision Drivers for Critical Power
When selecting power solutions for critical applications, these factors drive optimal outcomes:
1. True Reliability Requirements
¢ Required uptime percentage (99.9% vs. 99.999%)
e Acceptable outage duration

e Operational consequences of failure



2. Total Cost of Ownership
¢ Initial acquisition costs vs. lifetime expenses

e Operational efficiency considerations

¢ Maintenance and reliability factors

3. Application-Specific Requirements
e Load characteristics (steady vs. variable)
e Starting load considerations
e Regulatory compliance factors
¢ Environmental constraints
4. Future Scalability
e Capacity expansion requirements
e Technology integration considerations

e Infrastructure evolution planning
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2. GENERATOR SIZING METHODOLOGY

Comprehensive Load Assessment

Step 1: Critical Load Identification

Begin by categorizing all loads requiring backup power:

o Life Safety Systems: Fire alarms, emergency lighting, essential medical equipment
¢ Critical Operations: Servers, network infrastructure, production equipment
¢ Building Systems: HVAC components, security systems, refrigeration

e Convenience Loads: Non-essential lighting, general office equipment




Step 2: Load Calculation Framework

Document these parameters for all equipment:
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Parameter

Description

Source

Nameplate kW/kVA

Rated power requirement

Equipment documentation

Running Load

Actual operating power

Measurement or nameplate

Starting Load

Inrush current requirements

Motor specifications

Power Factor

Real vs. apparent power relationship

Equipment specifications

Load Profile

Usage patterns and duty cycles

Operational analysis

Starting Sequence Equipment restart order System design

The Huvolt Sizing Formula

Basic Generator Capacity (kVA) = (Sum of Connected Loads x Diversity Factor x Growth Factor) =+

Generator Power Factor
Where:

e Connected Loads: Total kVA of all equipment requiring backup power
¢ Diversity Factor: Adjustment for non-coincident operation (typically 0.7-0.9)
e Growth Factor: Allowance for future expansion (typically 1.25-1.5)

¢ Generator Power Factor: Typically 0.8 for standby generators

Starting Load Considerations

The generator must handle the largest motor starting load while maintaining acceptable voltage drop:

Starting kVA = Largest Motor kW x Starting Code Multiple + 0.746 x 1.732
Maximum allowable voltage drop during motor starting:

e 30% for non-critical applications
e 20% for general applications
e 15% for sensitive electronic equipment

e 10% for critical infrastructure
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Configuration Description Typical Applications
N Single generator sized for total load Basic backup, non-critical
N+1 Primary capacity plus one redundant unit General critical infrastructure
2N Fully redundant duplicate system Data centers, healthcare
2N+1 Fully redundant with additional backup Ultra-critical applications

Common Sizing Mistakes to Avoid

1. Ignoring Starting Loads: Only considering running loads and neglecting motor starting

requirements
2. Underestimating Growth: Failing to account for future capacity expansion

3. Neglecting Harmonics: Modern electronic equipment generates harmonics that can require up to

25% additional capacity

4. Improper Diversity Factors: Assuming all equipment operates simultaneously, creating oversized

solutions

5. Environmental Factors: Generators lose capacity at high altitudes and temperatures - a generator
rated at 1000 kVA at sea level may provide only 850 kVA at 2000 meters elevation

Data Center Sizing Example

r Parameter Value
IT Load 400 kw
Cooling Systems 160 kW
Ancillary Systems 40 kW
Power Factor 0.9
Diversity Factor 0.85
Growth Factor 1.3
Redundancy N+1
Calculation:

1. Total Load: 400 + 160 + 40 = 600 kW
2. Basic Capacity: (600 x 0.85 x 1.3) + 0.8 = 825 kVA
3. N+1 Configuration: Two 480 kW generators (600kVA each)
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Application

Typical Load Range Recommended Models Configuration
Small Data Center 200-400 kVA H180, H240 N+1
Medium Data Center 400-800 kVA H360, H480 N+1or 2N
Large Data Center 800-2000 kVA H600, H800, H1000 2N
Enterprise Data Center 2000+ kVA H1360, H1800 2N+1
Regional Hospital 600-1200 kVA H480, H600, H800 N+1

Manufacturing

300-1500 kVA

H240, H360, H480, H600

Application-specific

Telecom Infrastructure

200-500 kVA

H180, H240, H360

Site-specific

3. TOTAL COST OF OWNERSHIP ANALYSIS

Beyond Initial Purchase Price

When evaluating generator options, initial purchase price typically represents only 15-30% of lifetime

costs. A comprehensive TCO analysis includes:

TCO = Initial Capital Expense + Operational Expenses + Reliability Costs - End-of-Life Value

Where;

¢ Initial Capital Expense = Equipment + Installation + Commissioning + Ancillaries

e Operational Expenses = Fuel + Maintenance + Testing + Insurance (15 years)

¢ Reliability Costs = Probability of Failure x Cost of Downtime x Recovery Time

¢ End-of-Life Value = Residual Value - Decommissioning Costs

Critical TCO Components

1. Fuel Efficiency Impact

Fuel represents 65-80% of lifetime operational costs. Premium generators offer superior efficiency:

Generator Type Fuel Consumption 15-Year Fuel Cost (500 hrs/year) Difference
Standard Generator 220-240 g/kWh £525,000 Baseline
Huvolt Premium 205 g/kWh £487,000 -£38,000

Based on 400kW generator at £1.25/liter diesel price



2. Maintenance Optimization
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Maintenance Category

Standard Generator

Huvolt Premium

15-Year Savings

Routine Service Intervals 250 hours 500 hours £24,000
Filter/Fluid Consumption Baseline -15% £6,300
Technician Hours Baseline -30% £9,000
Parts Replacement Baseline -25% £22,500
Total Maintenance Savings £61,800

Based on 400kW generator with standard maintenance protocol

3. Reliability Value

Application

Estimated Cost Per Hour

Annual Risk Exposure Difference (Premium vs Standard)

Data Center

£20,000-£50,000/hour

£45,000-£112,500

Healthcare

£15,000-£35,000/hour

£34,000-£79,000

Manufacturing

£10,000-£30,000/hour

£22,500-£67,500

Commercial

£5,000-£15,000/hour

£11,250-£33,750

Based on 0.5% vs 0.25% failure rate difference and average 4.5-hour resolution time

4. Service Life & Residual Value

Factor Standard Generator Huvolt Premium Difference
Useful Service Life 15-18 years 20-25 years +5-7 years
Residual Value (% of initial) 8-12% 15-20% +7-8%
Decommissioning Costs Baseline -10% Savings
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Huvolt H480 premium generator vs. standard alternative for a manufacturing facility:

Cost Component Standard Generator Huvolt H480 Difference

Initial Costs
Purchase Price £39,500 £55,999 +£16,499
Installation/Commissioning £9,800 £10,500 +£700

Operational Costs (15 Years)

Fuel (400 hrs/yr @ 80% load) £417,600 £380,160 -£37,440
Maintenance £98,500 £67,200 -£31,300
Testing £22,500 £22,500 £0

Reliability Costs

Expected Failures 3.75 events 1.5 events -2.25 events
Downtime Cost £450,000 £180,000 -£270,000
End-of-Life

Residual Value £4,740 £10,080 +£5,340
TOTAL TCO (15 Years) £1,033,160 £706,279 -£326,881
Annualized TCO £68,877 £47,085 -£21,792

Despite the 42% higher initial purchase price, the premium Huvolt H480 delivers:

e 31.6% lower Total Cost of Ownership
e £326,881 in total savings over 15 years

e £21,792 lower annualized cost




Premium Generator Advantages

1. Enhanced Reliability Through:

¢ Higher quality components with extended design life

¢ More rigorous testing during manufacturing

e Advanced monitoring and control systems

e Superior design and engineering tolerances
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2. Fuel Efficiency Impact: With fuel representing up to 80% of lifetime costs, the Huvolt efficiency

advantage (205 g/kWh) delivers substantial savings:

Generator Size Annual Runtime 15-Year Fuel Savings
180kW 500 hours £17,100
360kW 500 hours £34,200
600kW 500 hours £57,000
1000kW 500 hours £95,000

3. Maintenance Optimization Through:

e Extended service intervals (500 hours vs. 250 hours)

e Enhanced filtration systems reducing contamination

e Superior component quality reducing replacement frequency

e |Improved access design reducing technician hours

4. Extended Service Life:
e 20-25 year service life (vs. 15-18 years for standard units)

e 40-50% less performance degradation over time

e Higher residual value at end-of-life

5. Beyond TCO Benefits:

¢ Peace of mind and confidence in power reliability

¢ Enhanced regulatory compliance

¢ Reduced environmental impact

e Operational simplicity and reduced management burden
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4. IMPLEMENTATION BEST PRACTICES e

Site Preparation Requirements

Foundation Specifications:

e Concrete base extending minimum 150mm beyond generator dimensions
¢ Load-bearing capacity minimum 2500 kg/m? for units up to 500kVA

e Load-bearing capacity minimum 3500 kg/m? for units above 500kVA

¢ Reinforced construction with minimum 20cm thickness

¢ Integrated conduit channels for electrical connections

e Appropriately sized mounting hardware access

Ventilation Requirements:

e Minimum air flow requirement: 0.15 m>/s per kW of generator capacity
e Maximum temperature differential: 10°C from ambient to discharge

e Minimum clearance: Tm all sides, 2m exhaust end, 3m above

¢ Inlet area minimum: 1.5x radiator core area

e Discharge area minimum: 1.25x radiator core area

e Weather protection for outdoor installations

Fuel System Considerations:

¢ Main tank capacity for minimum 8-hour full-load operation
e Secondary containment: 110% of tank volume

e Maximum pipe run: 50m from tank to generator

e Maximum suction lift: 3m for units up to 500kVA

¢ Fuel polishing system for tanks exceeding 2000L

¢ Material compatibility with modern diesel formulations



Installation Protocol

1. Pre-Installation Verification:

Site survey and dimensional confirmation
Access route verification for delivery
Foundation inspection and acceptance
Ventilation system testing

Fuel system inspection and testing

Electrical termination point verification

2. Delivery and Positioning:

Lifting and rigging plan development
Equipment protection during movement
Precise positioning on mounting points
Vibration isolation installation

Exhaust system alignment and connection

Initial leveling and anchoring

3. Electrical Installation:

Power cable routing and connection
Control wiring implementation
Grounding system installation
Transfer switch integration
Protection system verification

Monitoring system connection

4. Fluid System Completion:

Cooling system filling and venting
Fuel system priming and leak testing
Lubrication system verification

Initial fluid quality testing
Connection point leak testing

Containment system verification

POWER SYSTEMS



Commissioning Procedures

1. Pre-Start Verification:

Complete visual inspection
Mechanical system verification
Electrical connection confirmation
Safety system testing

Control system programming

Initial parameter setting

2. First Start Procedure:

Monitored initial start without load
Operating parameter verification
Shutdown system testing

Alarm system verification

Control system operation confirmation

Initial adjustment and calibration

3. Load Testing Protocol:

Progressive loading sequence
Thermal stability verification
Performance parameter recording
Load rejection testing

Transient response evaluation

Extended duration testing

4. System Integration:

Transfer switch operation verification
Load management system testing
Building management system integration
Remote monitoring confirmation

Alarm notification verification

Redundancy system testing

POWER SYSTEMS



5. Documentation Completion:

As-built drawing finalization

Test result documentation

Operation parameter recording
System configuration documentation
Operator training completion

Maintenance schedule establishment

Maintenance Best Practices

Critical Maintenance Intervals:
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Maintenance Task

Standard Interval

Critical Infrastructure

Visual Inspection Weekly Daily
Fluid Level Check Monthly Weekly
Load Bank Testing Annually Quarterly

Oil Change

250-500 hours

As per manufacturer

Filter Replacement

250-500 hours

As per manufacturer

Cooling System Service Annually Semi-annually
Battery Service Quarterly Monthly
Control System Check Semi-annually Monthly

Fuel Quality Testing Semi-annually Quarterly
Complete System Test Annually Monthly

Maintenance Documentation Requirements:

e Comprehensive service records

Operating parameter history
Fuel consumption tracking
Performance test results

Failure and repair documentation
Fluid analysis results

Component replacement history

Modification documentation




5. APPLICATION-SPECIFIC GUIDANCE

Data Center Implementation

Tier Classification Requirements:
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’ Tier Level Uptime Redundancy Architectural Requirements
Tier | 99.671% N Single generator with UPS backup
Tier Il 99.741% N+1 N+1 power path with UPS
Tier 1l 99.982% N+1 Concurrent maintainability
Tier IV 99.995% 2N Fault tolerance and redundancy

Key Data Center Considerations:

e UPS integration and synchronization

e Cooling system power requirements

e Control system integration

e Automatic transfer switch configuration
e Monitoring and alerting requirements

e Compliance with industry standards (ANSI/TIA-942, Uptime Institute)

Healthcare Facility Implementation

Healthcare-Specific Requirements:

¢ Life safety branch configuration (10-second restore)
e Critical branch configuration

e Equipment branch configuration

e Transfer switch coordination

¢ Monthly testing protocol compliance

e Compliance with HTM 06-01, HTM 06-02, HTM 06-03

e Emergency Preparedness Requirements (CQC)
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Critical Integration Points:

POWER SYSTEMS

e Medical equipment power quality requirements
e Medical gas system backup

e Emergency lighting coordination

¢ Fire safety system integration

¢ Building management system interface

e Nurse call system backup

Manufacturing Facility Implementation

Manufacturing-Specific Considerations:

¢ Process shutdown management
e Restart sequence optimization
e Motor starting sequence management

e Variable frequency drive compatibility

e Power quality requirements

¢ Process-specific reliability requirements

Production Impact Mitigation:

e Critical process identification

e Sequential restart programming
e Process protection procedures
e Quality control integration

e Material preservation strategies

e Production recovery planning

Telecommunications Infrastructure

Telecom-Specific Requirements:

e Extended runtime capabilities

¢ Remote monitoring and control

¢ Environmental hardening options

e Wide ambient temperature range operation
e DC power system integration

¢ RF interference mitigation



Remote Site Considerations:

Limited maintenance access design
Enhanced fuel monitoring

Extended service interval configuration
Extreme environmental protection
Security integration

Satellite/cellular monitoring options
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6. HUVOLT GENERATOR SPECIFICATIONS

Premium Component Advantages

Perkins Engine Advantages:

Industry-leading power density

Superior fuel efficiency (205 g/kWh)
Extended service intervals

Enhanced cold-starting capability
Advanced electronic engine management
Comprehensive global parts availability

Extended warranty options

Stamford Alternator Benefits:

Class H insulation with Class F temperature rise
Exceptional motor starting capability

Superior harmonic handling

Enhanced overload capacity

Precision voltage regulation (£0.5%)

Brushless design with self-excitation

Robust mechanical construction



DeepSea Control Panel Features:

Intuitive operator interface

Comprehensive parameter monitoring

Advanced protection functions

Event logging and history

Communication flexibility (Modbus, Ethernet)

Remote monitoring capability
Automatic load management

Power quality analysis

Model Selection Matrix

POWER SYSTEMS

Open-
Model | Prime Power Standby Power T Containerized | Ideal Applications
ype

H180 180kW/225kVA 204kW/255kVA £27,999 £33,799 Clinics, Retail, Small Office, Telecom

SME, Small Data Center, Medical
H240 | 240kW/300kVA 263kW/329kVA £32,999 £39,799

Offices

Medium Business, Small Hospital,
H360 | 360kW/450kVA 390kW/488kVA £43,999 £48,799

Light Manufacturing

Medium Data Center,
H480 | 480kW/600kVA 520kW/650kVA £55,999 £64,799

Manufacturing, Regional Hospital

Large Business, Manufacturing,
H600 | 600kW/750kVA 644kW/805kVA £73,999 £88,799

Healthcare

Large Data Center, Critical
H800 | 800kW/1000kVA | 880kW/1100kVA | £92,999 £114,799

Manufacturing, Hospital

Enterprise Applications, Major Data
H1000 | 1000kW/1250kVA | 1100kW/1385kVA | £111,999 | £138,799

Centers

Enterprise Mission-Critical, Large
H1360 | 1360kW/1700kVA | 1500kW/1875kVA | £219,999 | £274,799

Data Centers

Hyper-scale Data Centers, Critical
H1800 | 1800kW/2250kVA | 2000kW/2500kVA | £309,999 | £387,799

Infrastructure
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All Huvolt generators feature:

¢ Frequency: 50Hz (60Hz available on request)

¢ Voltage: 400V standard (other voltages available)
¢ Phase: Three Phase (4-wire)

e Power Factor: 0.8 (lagging)

¢ Voltage Regulation:
Steady state: <+0.5%

Instantaneous: <+15%

e Waveform distortion: <5%

e Recovery time: <1.5sec

¢ Frequency Regulation:
Steady state: <+2%

Instantaneous: <+5%

Recovery time: <3sec

Waveform stability: <+0.5%

Fuel Consumption (100% load): 205g/kW.h

Premium Support & Warranty

Every Huvolt generator includes:

e Comprehensive 12-month/1000-hour warranty
e Global support network

e 24/7 technical assistance

e Factory-trained technician access

e Genuine parts guarantee

e Commissioning support

® Preventative maintenance programs

¢ Extended warranty options




CONCLUSION & NEXT STEPS

Generator Selection Process

1. Conduct Load Assessment

Document all critical loads

Determine starting requirements

Calculate diversity factor

Project future capacity needs

2. Determine Reliability Requirements

e Establish maximum acceptable downtime
e Calculate financial impact of outages
e Determine appropriate redundancy level

¢ Define recovery time objectives

3. Perform TCO Analysis
e Calculate lifetime operational costs

e Determine maintenance requirements
e Assess reliability impact costs

¢ Evaluate full lifecycle expenditure

4. Select Optimal Configuration

Choose appropriate generator model

Determine redundancy configuration

Select appropriate enclosure type

e Specify control and monitoring options

5. Implementation Planning

e Develop site preparation requirements
e Create installation timeline
e Establish commissioning protocol

¢ Develop maintenance schedule

POWER SYSTEMS
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How Huvolt Can Help
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Customized Power Assessment:
Our power solutions engineers provide comprehensive site evaluations to determine your exact
requirements and recommend optimal solutions.

TCO Analysis:
Receive a detailed Total Cost of Ownership analysis comparing Huvolt generators with alternatives for

your specific application.

Implementation Support:

Our technical team provides guidance throughout the installation and commissioning process to ensure

optimal performance.
Contact Us:

e Email: info@huvoltpower.com

e Phone: +44 0800 009 6633

e Website: www.huvoltpower.com

ABOUT HUVOLT POWER SOLUTIONS

Huvolt specializes in premium Perkins diesel generator solutions engineered for critical infrastructure
applications. Our generators range from 180kW to 1800kW, providing reliable power for data centers,

healthcare facilities, manufacturing operations, and other mission-critical applications across the globe.
Every Huvolt generator features:

e Premium Perkins (UK) engines

e Stamford (UK) alternators

e Advanced DeepSea control panels

e Comprehensive 12-month/1000-hour warranty
¢ Global support network

¢ Industry-leading efficiency and reliability

© 2025 Hughes Power Services Ltd. All rights reserved.



