FULL-LENGTH PRACTICE TESTS

Practice Test 16: Comprehensive Electrical Systems Review —
Chapters 5-8

Questions 1-50

1. A commercial building receives utility power at 13,200 volts. What equipment steps this voltage down
to the building's utilization voltage?

A. A utility-owned or building-owned transformer that reduces medium voltage to 480/277V or 208/120V
B. The main switchgear's internal voltage regulator
C. The emergency generator's automatic transfer switch

D. The building's uninterruptible power supply system

2. A coordination study for a commercial building's electrical distribution system is designed to ensure
what outcome during a fault?

A. All circuit breakers in the building trip simultaneously
B. The utility transformer disconnects before any building breaker opens
C. The emergency generator starts before the fault is cleared

D. The breaker nearest the fault trips first while upstream breakers remain closed, limiting the outage to
the smallest possible area

3. What is the primary purpose of arc flash hazard analysis in a commercial electrical system?

A. Calculating the building's monthly electrical energy consumption



B. Determining the incident energy at each electrical equipment location to establish safe working
distances and required PPE levels

C. Measuring the power factor of the building's electrical loads

D. Verifying the emergency generator's fuel consumption rate

4. A building's 480V panelboard serves both motor loads and lighting circuits. What equipment steps the
voltage down for the 120V lighting and receptacle circuits?

A. The emergency generator's voltage regulator
B. The main switchgear's internal bus duct
C. A dry-type step-down transformer converting 480V to 120/208V

D. The UPS system's inverter output

5. What is the primary purpose of selective coordination in a commercial building's emergency electrical
system?

A. Ensuring that a fault on one emergency circuit does not trip upstream breakers and disconnect other
emergency loads

B. Selecting the most cost-effective breakers for each panel location
C. Coordinating the emergency system with the fire alarm notification schedule

D. Matching the generator's voltage output to each emergency panel

6. An infrared thermographic scan of a building's electrical switchgear reveals hot spots at several
connection points. What does this indicate?

A. The switchgear enclosure needs additional ventilation cooling
B. The circuit breakers are the wrong ampere rating for the loads served
C. The building's power factor is below acceptable limits

D. Loose or deteriorating connections with high resistance causing heat buildup that could lead to failure



7. A building's emergency generator must restore power to life safety loads within what maximum time
per NEC Article 700?

A. 60 seconds after normal power failure
B. 10 seconds after normal power failure
C. 5 minutes after normal power failure

D. 30 minutes after normal power failure

8. What is the primary difference between an emergency system and a legally required standby system per
the NEC?

A. Emergency systems serve life safety loads requiring power within 10 seconds, while legally required
standby systems serve loads where a slightly longer outage is acceptable

B. Emergency systems use diesel generators while standby systems use natural gas only
C. Legally required standby systems have stricter wiring requirements than emergency systems

D. There is no functional difference between emergency and standby systems

9. A facility manager notices the building's utility demand charges have increased significantly. What
electrical system improvement would most directly reduce demand charges?

A. Replacing all circuit breakers with higher-rated models
B. Installing additional panelboards on each floor
C. Upgrading the building's grounding electrode system

D. Implementing load management controls or energy storage to reduce peak electrical demand during
the utility's billing interval

10. What is the primary function of a UPS system in a commercial building?

A. Providing long-term backup power for the entire building during utility outages



B. Providing instantaneous uninterrupted power to critical loads during the transition from utility power
to generator power

C. Boosting the utility voltage during periods of low supply

D. Filtering particulates from the electrical room's cooling air supply

11. A lighting designer specifies 3500K CCT lamps for an office space. What visual quality does this color
temperature produce?

A. Cool blue-white light simulating overcast daylight conditions
B. Very warm amber light resembling candlelight
C. Neutral white light providing a balanced appearance suitable for general office tasks

D. Deep red light for specialized darkroom applications

12. What is the primary advantage of LED lighting over fluorescent lighting in commercial applications?

A. Higher efficacy, longer rated life, superior dimming performance, instant start capability, and absence
of mercury content

B. Lower color rendering index for improved visual comfort
C. Higher operating temperature for better cold weather performance

D. Compatibility with magnetic ballasts from older fluorescent fixtures

13. A building's lighting power density exceeds the ASHRAE 90.1 allowance for the space type. What is
the most effective code compliance strategy?

A. Requesting a variance from the energy code requirements
B. Increasing the ceiling height to distribute the light over a larger area
C. Reducing the number of lighting control zones on the floor

D. Selecting higher-efficacy LED fixtures that deliver the required illuminance within the LPD allowance



14. A warehouse installs occupancy-controlled dimming in the parking garage. What energy reduction can
typically be expected?

A. Less than 5 percent reduction in garage lighting energy

B. 50 to 75 percent reduction by dimming lights to low levels in unoccupied zones and brightening only
when vehicles or pedestrians are detected

C. 100 percent elimination of all garage lighting energy

D. No measurable reduction because garage lights must remain on continuously

15. What is the primary purpose of daylight harvesting controls in a commercial building's perimeter
lighting zones?

A. Increasing electric lighting output during sunny conditions
B. Providing backup lighting when the fire alarm activates
C. Eliminating the need for interior lighting zones entirely

D. Automatically dimming electric lights in response to available daylight to reduce energy consumption
while maintaining target illuminance

16. A project specifies 0-10V dimming for the LED lighting system. What does this control method
provide?

A. Analog dimming control using a low-voltage signal where 10V produces full output and lower voltage
reduces output proportionally

B. Digital addressability of each individual fixture
C. Automatic emergency lighting activation during power failure

D. Color-changing capability across the full visible spectrum



17. What advantage does a DALI lighting control system provide compared to 0-10V dimming?

A. Lower installation cost with fewer control wires per circuit
B. Higher maximum light output from each fixture

C. Individual digital addressability of each fixture enabling independent programming, monitoring, and
grouping without rewiring

D. Elimination of the need for occupancy sensors in the system

18. An exterior parking lot lighting design must comply with energy code requirements. What mandatory
controls are required?

A. Only a manual toggle switch at the building entrance

B. Automatic controls including photocell for dusk-to-dawn operation, time clock for after-hours
reduction, and compliance with maximum exterior LPD

C. Only a motion sensor at the parking lot entrance

D. Only a manual time clock with no automatic override

19. What is the primary purpose of TIA-568 structured cabling standards in commercial building
construction?

A. Providing a standardized infrastructure for voice, data, and video communications supporting current
and future technology

B. Establishing the fire alarm system wiring requirements
C. Defining the emergency power distribution wiring methods

D. Setting the HVAC control system communication protocols



20. A data center requires continuous power with no interruption tolerance. What electrical infrastructure
configuration provides this reliability?

A. A single utility feed with manual transfer to a portable generator
B. A standard commercial electrical service with no redundancy

C. Redundant A and B power feeds from independent sources with UPS systems ensuring zero transfer
time

D. A single UPS system without generator backup

21. What is the primary function of a building's distributed antenna system?

A. Providing Wi-Fi internet access throughout the building

B. Amplifying and distributing cellular signals throughout the building interior to overcome signal
attenuation from construction materials

C. Broadcasting the fire alarm notification signals

D. Transmitting data between BAS controllers

22. An access control system requires integration with the fire alarm system. What function must this
integration provide?

A. Locking all doors throughout the building upon fire alarm activation
B. Disabling all card readers during normal business hours
C. Preventing fire alarm activation until all doors are secured

D. Automatically unlocking access-controlled doors on egress paths upon fire alarm activation to ensure
unimpeded evacuation



23. A building's IP-based security cameras require network data drops and power at each location. What
technology simplifies this installation?

A. Power over Ethernet delivering both data and electrical power through a single network cable
B. Wireless battery-powered cameras with no network connection
C. Dedicated 480V power circuits to each camera location

D. Coaxial cable with separate AC power transformers at each camera

24. What is the primary concern with converged IP networks carrying multiple building systems on
common infrastructure?

A. Excessive cable tray fill from increased cable volume
B. Increased lighting power density from network equipment
C. A cybersecurity breach could potentially compromise multiple building systems simultaneously

D. Network switches generate excessive acoustic noise in occupied spaces

25. What is the primary purpose of commissioning the low-voltage and communication systems in a
commercial building?

A. Selecting the technology vendors for each system

B. Verifying that all structured cabling, security, AV, and communication systems are properly installed,
tested, and perform to design requirements

C. Negotiating the technology maintenance contracts

D. Establishing the building's internet service provider account

26. A commercial building installs a rooftop photovoltaic system. What electrical safety requirement does
the NEC mandate for firefighter protection?

A. Rapid shutdown capability reducing rooftop conductor voltage to 30 volts within 30 seconds



B. Painting all solar panel frames in reflective white coating
C. Installing a dedicated fire suppression system over the solar array

D. Providing a minimum 10-foot setback from all roof edges

27. What type of energy storage system is most commonly paired with commercial solar PV installations?

A. Compressed air energy storage in underground caverns
B. Lead-acid batteries with flooded cell maintenance requirements
C. Flywheel energy storage for short-duration backup

D. Lithium-ion battery systems providing high energy density, long cycle life, and 85 to 95 percent round-
trip efficiency

28. A building owner wants to reduce peak demand charges using battery storage. What operational
strategy achieves this?

A. Charging batteries during peak demand periods and discharging overnight
B. Maintaining batteries at full charge continuously without cycling

C. Discharging batteries during peak demand periods to reduce the building's grid draw and recharging
during off-peak periods

D. Using batteries exclusively for emergency backup with no demand management

29. What is the primary fire safety concern with lithium-ion battery energy storage systems?

A. Electromagnetic interference with the fire alarm system
B. Excessive weight requiring structural reinforcement
C. Corrosive electrolyte leakage into the building drainage system

D. Thermal runaway risk requiring fire-rated enclosures, ventilation, suppression systems, and thermal
management per NFPA 855



30. An existing building's electrical service capacity is insufficient to add EV charging infrastructure. What
load management strategy addresses this limitation?

A. Installing a second utility transformer dedicated to EV charging only

B. Intelligent load sharing that distributes available electrical capacity among chargers based on demand,
priority, and building load

C. Limiting EV charging to overnight hours when the building is unoccupied

D. Requiring all EV owners to charge vehicles off site

31. What is the primary advantage of a building microgrid compared to a standard utility-connected
electrical system?

A. Lower initial construction cost than conventional electrical service
B. Simpler design with fewer electrical components
C. Elimination of the need for any on-site electrical distribution

D. The ability to island from the utility grid and continue operating critical functions during utility outages
using on-site generation and storage

32. A building's energy dashboard shows that lighting energy consumption has not decreased after an LED
retrofit. What should be investigated?

A. The LED fixture manufacturer's warranty terms

B. The building's domestic water consumption patterns

C. Whether lighting controls were updated to take advantage of LED dimming and scheduling capabilities
D. The fire alarm system's impact on lighting circuit operation

33. What is the primary purpose of electrical system commissioning in a commercial building?

A. Selecting the electrical contractor through competitive bidding



B. Verifying that all electrical systems are properly installed, tested, and operate as designed including
power distribution, lighting, controls, and emergency systems

C. Calculating the building's annual electrical utility budget

D. Establishing the electrical maintenance staff's work schedule

34. During commissioning, the emergency generator fails to achieve rated voltage and frequency within
10 seconds. What is the consequence?

A. The building fails to meet NEC Article 700 requirements for emergency system power restoration,
requiring correction before occupancy approval

B. The generator can be accepted with an extended restoration time
C. Only the fire alarm system is affected by the delayed restoration

D. The building can operate using UPS systems indefinitely without generator backup

35. What must electrical commissioning verify regarding the automatic transfer switch?

A. Only that the ATS enclosure is properly grounded
B. Only that the ATS nameplate matches the specification
C. Only that the ATS is connected to the emergency panel

D. Proper operation including transfer time, voltage and frequency sensing, retransfer delay, and exerciser
function under both simulated and actual conditions

36. A building automation system controls both HVAC and lighting systems. What energy benefit does
this integration provide?

A. Eliminating the need for individual zone thermostats

B. Coordinated scheduling, occupancy-based control, and load shedding across both systems to optimize
total building energy performance

C. Reducing the number of electrical panels required in the building



D. Providing fire alarm system monitoring through the BAS

37. What is the primary purpose of power factor correction in a commercial building's electrical system?

A. Increasing the voltage at remote panelboards
B. Protecting sensitive equipment from voltage surges

C. Reducing reactive power demand to lower utility charges, free distribution capacity, and improve
system efficiency

D. Providing backup power during momentary utility interruptions

38. An electrical engineer specifies surge protective devices at the main switchgear and critical branch
panels. What hazard do these devices mitigate?

A. Transient voltage spikes from lightning, utility switching, and internal load switching that can damage
sensitive electronic equipment

B. Sustained overvoltage from the utility transformer tap setting
C. Low voltage brownout conditions during peak utility demand

D. Harmonic distortion from variable frequency drive operation

39. What is the primary purpose of the electrical system closeout documentation package?

A. Calculating the electrical contractor's final payment amount

B. Providing the operations team with as-built drawings, panel schedules, test reports, equipment manuals,
and maintenance procedures for ongoing system management

C. Establishing the building's fire insurance classification

D. Satistying the architect's interior finish documentation requirements



40. A commercial building's emergency lighting must maintain what minimum illumination along the
means of egress?

A. 10 foot-candles average for a minimum of 60 minutes
B. 5 foot-candles average for a minimum of 30 minutes
C. 0.1 foot-candles at the floor level only

D. An average of 1 foot-candle at floor level for a minimum of 90 minutes

41. What is the primary benefit of networked lighting controls in a large commercial building?

A. Centralized monitoring, programming, scheduling, and energy reporting for all lighting fixtures from
a single management platform

B. Elimination of the need for any local light switches
C. Higher light output from each individual fixture

D. Reduced fixture maintenance through remote lamp replacement

42. A photometric report for a proposed office lighting layout shows illuminance values below the
recommended 30 foot-candles at several workstations. What should be adjusted?

A. The wall paint color to increase room reflectance
B. The ceiling height to bring fixtures closer to the work surface
C. The fixture layout, spacing, or lamp lumens to achieve adequate illuminance at all workstation locations

D. The emergency lighting battery capacity

43. What is the primary consideration when designing EV charging infrastructure for a new commercial
building?

A. Matching the charger color to the parking garage finishes



B. Installing only Level 1 charging for all parking spaces
C. Providing chargers only in visitor parking areas

D. Sizing the electrical service, distribution, and load management to support the required number of
current and future charging stations

44. A building's structured cabling system fails certification testing on several horizontal runs. The most
common cause of failure is:

A. Incorrect cable category selection by the designer

B. Improper termination technique, excessive untwisting at connectors, or cable damage during
installation

C. Incompatible network switch port configuration

D. Incorrect telecom room humidity levels

45. What is the primary purpose of a building technology master plan?

A. Defining the technology vision, infrastructure requirements, system integrations, and scalability
strategy for all low-voltage and communication systems

B. Selecting the telephone service provider for the building
C. Establishing the janitorial cleaning schedule for technology rooms

D. Calculating the building's property tax assessment

46. The NEC requires working clearances in front of electrical panels. What is the primary purpose of this
requirement?

A. Providing space for storing electrical maintenance tools
B. Allowing adequate ventilation for the electrical equipment

C. Accommodating future panel additions and expansions



D. Ensuring safe access for personnel to operate, inspect, and maintain electrical equipment without
exposure to electrical hazards

47. A building uses a power purchase agreement for its rooftop solar installation. What is the primary
financial advantage for the building owner?

A. The building owner receives a tax credit for the solar installation

B. Renewable energy with no upfront capital investment, predictable electricity costs, and no maintenance
responsibility

C. The building owner owns all solar equipment from day one

D. The building is permanently exempt from utility rate increases

48. What must be verified during commissioning of a renewable energy system?

A. Only the solar panel manufacturer's warranty registration
B. Only the inverter's nameplate data matches the specification

C. Proper installation, electrical connections, grounding, rapid shutdown function, inverter operation,
metering accuracy, and grid interconnection compliance

D. Only the rooftop structural support paint color

49. What is the primary purpose of life cycle cost analysis when evaluating electrical system alternatives?

A. Evaluating total ownership cost including initial investment, operating costs, maintenance, energy
savings, and end-of-life value over the system's useful life

B. Calculating only the initial purchase price of the equipment
C. Determining only the electrical contractor's installation labor cost

D. Establishing only the manufacturer's warranty period



50. A building's electrical metering system shows increasing demand during unoccupied hours. What
should be investigated?

A. The building's daytime occupancy count and tenant lease terms
B. The exterior landscaping irrigation schedule
C. The fire alarm monitoring station's communication protocol

D. Equipment operating schedules, lighting controls, HVAC night setback operation, and parasitic loads
that may be running unnecessarily when the building is unoccupied



ANSWER KEY 16: DETAILED
EXPLANATIONS — PRACTICE TEST
16 COMPREHENSIVE ELECTRICAL

SYSTEMS REVIEW

Questions 1-50

1.

A. A utility-owned or building-owned transformer that reduces medium voltage to 480/277V
or 208/120V — Commercial buildings receiving medium-voltage utility service require a
transformer to step the voltage down to utilization levels. The transformer may be owned by the
utility and located on a pad outside the building, or owned by the building and located in an interior
electrical room, depending on the utility's service requirements and the building's design.

D. The breaker nearest the fault trips first while upstream breakers remain closed, limiting
the outage to the smallest possible area — Coordination studies analyze the time-current
characteristics of all protective devices in series from the utility to the branch circuits. Proper
coordination ensures that only the device nearest the fault operates, isolating the problem while
maintaining power to all unaffected circuits throughout the building.

. B. Determining the incident energy at each electrical equipment location to establish safe

working distances and required PPE levels — Arc flash analysis calculates the thermal energy
a worker could be exposed to if an arc flash occurs at each piece of equipment. The results establish
approach boundaries, required PPE categories, and equipment labeling that protects workers from
burn injuries during electrical maintenance and operations.

C. A dry-type step-down transformer converting 480V to 120/208V — Commercial buildings
commonly distribute power at 480/277V for efficiency, then use dry-type transformers at each
floor or zone to step down to 120/208V for receptacles, small equipment, and lighting circuits
requiring 120V. Dry-type transformers require no liquid coolant and are suitable for interior
installation with adequate ventilation.

A. Ensuring that a fault on one emergency circuit does not trip upstream breakers and
disconnect other emergency loads — NEC Article 700 requires selective coordination of
emergency system overcurrent devices so that a fault on any individual circuit trips only the nearest
breaker. Without selective coordination, a single fault could cascade upstream and disconnect all
emergency loads including exit lighting, fire alarm, and fire pump power.



10.

11

12.

13.

D. Loose or deteriorating connections with high resistance causing heat buildup that could
lead to failure — Infrared thermography detects elevated temperatures at electrical connections
indicating high-resistance joints caused by loose bolts, corrosion, or deteriorated contact surfaces.
These hot spots waste energy and can progress to equipment failure, arcing, or fire if not corrected
through retorquing or connection replacement.

B. 10 seconds after normal power failure — NEC Article 700 requires emergency systems to
restore power to life safety loads within 10 seconds of normal power loss. This rapid restoration
ensures that exit signs, egress lighting, fire alarm systems, and fire pumps resume operation before
building occupants are endangered by darkness or loss of critical fire protection functions.

A. Emergency systems serve life safety loads requiring power within 10 seconds, while legally
required standby systems serve loads where a slightly longer outage is acceptable —
Emergency systems under NEC Article 700 serve loads essential for life safety with a 10-second
restoration requirement. Legally required standby systems under NEC Article 701 serve loads
required by code but where a 60-second restoration time is acceptable, such as heating, ventilation,
and sewage systems.

D. Implementing load management controls or energy storage to reduce peak electrical
demand during the utility's billing interval — Demand charges are based on the highest peak
electrical demand during a billing period, measured in kilowatts over a 15 or 30-minute interval.
Load management controls shed or defer non-critical loads during peaks, and battery storage can
discharge during peak periods, reducing the grid demand and associated charges.

B. Providing instantaneous uninterrupted power to critical loads during the transition from
utility power to generator power — UPS systems use batteries and inverters to provide
continuous power with zero transfer time when utility power fails. This bridges the 10-second gap
between utility failure and generator restoration, protecting sensitive equipment such as data
servers, network systems, and critical operations from any power interruption.

. C. Neutral white light providing a balanced appearance suitable for general office tasks —

Correlated color temperature of 3500K falls in the neutral white range, providing a balanced light
quality that is neither too warm nor too cool. This temperature is widely specified for commercial
offices because it supports visual tasks while creating a comfortable, productive environment.

A. Higher efficacy, longer rated life, superior dimming performance, instant start capability,
and absence of mercury content — LED technology provides 100 to 200 lumens per watt
compared to 80 to 100 for fluorescent, rated life of 50,000 to 100,000 hours versus 20,000 to
30,000 for fluorescent, smooth continuous dimming, instant full output at start, and no hazardous
mercury requiring special disposal procedures.

D. Selecting higher-efficacy LED fixtures that deliver the required illuminance within the
LPD allowance — The most direct approach to LPD compliance is specifying fixtures with higher
luminous efficacy that produce the same illuminance using fewer watts per square foot. This
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maintains the design illuminance levels while bringing the installed lighting power density within
the code allowance.

B. 50 to 75 percent reduction by dimming lights to low levels in unoccupied zones and
brightening only when vehicles or pedestrians are detected — Occupancy-controlled garage
lighting dims fixtures to a low standby level in unoccupied zones and raises them to full output
only when sensors detect activity. Since most garage zones are unoccupied most of the time, this
strategy dramatically reduces operating hours at full power.

D. Automatically dimming electric lights in response to available daylight to reduce energy
consumption while maintaining target illuminance — Daylight harvesting uses photosensors
to measure the combined daylight and electric light at the work plane. As daylight increases, the
control system proportionally reduces electric light output, maintaining the design illuminance
while significantly reducing lighting energy consumption in perimeter zones.

A. Analog dimming control using a low-voltage signal where 10V produces full output and
lower voltage reduces output proportionally — The 0-10V protocol sends a variable DC voltage
signal from the control device to the LED driver. At 10 volts the fixture operates at full output, and
as the signal decreases toward 0 volts the output dims proportionally. This simple, reliable protocol
is the most common commercial LED dimming method.

C. Individual digital addressability of each fixture enabling independent programming,
monitoring, and grouping without rewiring — DALI assigns a unique digital address to each
fixture, allowing independent control, programming, and monitoring from a central controller.
Fixtures can be regrouped, rezoned, and reprogrammed through software changes rather than
physical rewiring, providing maximum flexibility for space reconfigurations.

B. Automatic controls including photocell for dusk-to-dawn operation, time clock for after-
hours reduction, and compliance with maximum exterior LPD — Energy codes require
exterior lighting to include automatic controls that turn lights on at dusk via photocell, reduce
lighting levels during late-night unoccupied hours via time clock, and stay within the maximum
exterior lighting power density allowance for the site type.

A. Providing a standardized infrastructure for voice, data, and video communications
supporting current and future technology — TIA-568 establishes standards for structured
cabling including cable categories, maximum distances, connector types, and installation practices.
This standardized infrastructure supports all current communication technologies and provides a
foundation for future upgrades without complete recabling.

C. Redundant A and B power feeds from independent sources with UPS systems ensuring
zero transfer time — Critical data center environments require redundant power paths so that
failure of any single component does not interrupt power to servers. Dual utility feeds, redundant
UPS systems, and redundant distribution paths ensure that critical loads always have at least one
active power source.
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. B. Amplifying and distributing cellular signals throughout the building interior to overcome
signal attenuation from construction materials — Modern commercial building materials such
as low-emissivity glass, concrete, and metal cladding significantly attenuate cellular signals,
creating dead zones inside the building. DAS overcomes this by receiving outdoor cellular signals
and distributing amplified signals throughout the interior via a network of antennas.

D. Automatically unlocking access-controlled doors on egress paths upon fire alarm
activation to ensure unimpeded evacuation — Building codes require that access-controlled
doors on egress paths unlock automatically upon fire alarm activation so that occupants can
evacuate without delay. This integration is life-critical and must be tested during both fire alarm
and access control commissioning to verify reliable operation.

A. Power over Ethernet delivering both data and electrical power through a single network
cable — PoE eliminates the need for separate electrical circuits to each camera location by
delivering both network data and power through the same Category 6A cable. This simplifies
installation, reduces cost, and provides centralized power management from the network switch.

C. A cybersecurity breach could potentially compromise multiple building systems
simultaneously — When access control, CCTV, HVAC, lighting, and other building systems share
a common IP network, a security breach that penetrates one system could potentially access all
systems on the network. Network segmentation, firewalls, and robust cybersecurity protocols are
essential to mitigate this risk.

B. Verifying that all structured cabling, security, AV, and communication systems are
properly installed, tested, and perform to design requirements — Low-voltage commissioning
verifies the complete technology infrastructure including cable certification testing, security
system function at every access point and camera, AV system performance in every space, DAS
coverage verification, and integration testing between systems.

A. Rapid shutdown capability reducing rooftop conductor voltage to 30 volts within 30
seconds — NEC rapid shutdown requirements protect firefighters who must access rooftops
during fire events. The system reduces DC voltage on rooftop solar conductors to 30 volts within
30 seconds of activation, minimizing electrocution hazard from the array's DC output during
emergency operations.

D. Lithium-ion battery systems providing high energy density, long cycle life, and 85 to 95
percent round-trip efficiency — Lithium-ion batteries dominate commercial energy storage due
to their superior energy density, ability to handle thousands of charge-discharge cycles, high round-
trip efficiency minimizing energy losses, declining costs, and compact footprint compared to other
battery technologies.

C. Discharging batteries during peak demand periods to reduce the building's grid draw and
recharging during off-peak periods — Peak demand management charges batteries during low-
cost off-peak hours and discharges them during high-demand peak periods when the building's
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grid consumption would otherwise be highest. This reduces the measured peak demand, directly
lowering the utility's demand charge component.

D. Thermal runaway risk requiring fire-rated enclosures, ventilation, suppression systems,
and thermal management per NFPA 855 — Lithium-ion batteries can experience thermal
runaway, a cascading chain reaction of overheating that can result in fire and toxic gas release.
NFPA 855 establishes requirements for fire-rated enclosures, ventilation to remove toxic gases,
fire suppression systems, thermal management, and spacing to mitigate this risk.

B. Intelligent load sharing that distributes available electrical capacity among chargers
based on demand, priority, and building load — Intelligent load sharing monitors total building
electrical demand and distributes available capacity among active chargers dynamically. When
building load is low, chargers receive full power. When building load increases, charger output is
reduced proportionally to prevent exceeding the electrical service capacity.

D. The ability to island from the utility grid and continue operating critical functions during
utility outages using on-site generation and storage — Microgrids combine on-site generation,
energy storage, and intelligent controls that can disconnect from the utility grid and operate
independently during outages. This islanding capability maintains critical building functions when
the utility grid fails, providing resilience beyond what a standard grid connection offers.

C. Whether lighting controls were updated to take advantage of LED dimming and
scheduling capabilities — LED retrofit projects that replace lamps without updating controls miss
a significant portion of potential savings. Advanced LED controls including occupancy dimming,
daylight harvesting, scheduling, and task tuning can double the energy savings beyond what lamp
replacement alone provides.

B. Verifying that all electrical systems are properly installed, tested, and operate as designed
including power distribution, lighting, controls, and emergency systems — Electrical
commissioning systematically verifies every electrical system from the utility service entrance
through distribution, lighting, controls, emergency power, and low-voltage systems. It confirms
proper installation, correct operation, and compliance with the design intent and owner's
requirements.

A. The building fails to meet NEC Article 700 requirements for emergency system power
restoration, requiring correction before occupancy approval — NEC Article 700 mandates
that emergency generators restore power to life safety loads within 10 seconds. Failure to meet this
requirement means the emergency system does not comply with code, and the deficiency must be
corrected and retested before the building can receive occupancy approval.

D. Proper operation including transfer time, voltage and frequency sensing, retransfer delay,
and exerciser function under both simulated and actual conditions — ATS commissioning
verifies that the switch detects utility failure, transfers to generator within the required time, senses
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when utility power returns, delays retransfer to confirm stable utility power, and automatically
exercises the generator on its programmed schedule.

B. Coordinated scheduling, occupancy-based control, and load shedding across both systems
to optimize total building energy performance — Integrating HVAC and lighting on a common
BAS enables coordinated responses to occupancy and scheduling. When a zone is unoccupied,
both HVAC and lighting reduce simultaneously. During demand response events, both systems can
shed load in a coordinated strategy that minimizes occupant impact.

C. Reducing reactive power demand to lower utility charges, free distribution capacity, and
improve system efficiency — Inductive loads such as motors, transformers, and ballasts draw
reactive power that does not perform useful work but increases the apparent power demand on the
electrical system. Power factor correction capacitors supply reactive power locally, reducing utility
demand charges and freeing distribution capacity for useful loads.

A. Transient voltage spikes from lightning, utility switching, and internal load switching that
can damage sensitive electronic equipment — Surge protective devices clamp transient voltage
spikes to safe levels before they reach downstream equipment. SPDs at the main switchgear protect
against external surges from lightning and utility switching, while SPDs at branch panels protect
against internally generated surges from motor and switching transients.

B. Providing the operations team with as-built drawings, panel schedules, test reports,
equipment manuals, and maintenance procedures for ongoing system management —
Complete electrical closeout documentation gives the operations team accurate records of the
installed system for daily operations, preventive maintenance, emergency troubleshooting, and
future modifications. Without accurate documentation, the operations team cannot effectively
manage the electrical infrastructure.

D. An average of 1 foot-candle at floor level for a minimum of 90 minutes — The IBC and
NEC require emergency egress lighting to provide an average of 1 foot-candle measured at floor
level along the entire means of egress path, maintained for a minimum of 90 minutes after primary
power failure. This duration ensures adequate illumination throughout the time needed for
complete building evacuation.

. A. Centralized monitoring, programming, scheduling, and energy reporting for all lighting

fixtures from a single management platform — Networked lighting control systems connect all
fixtures to a central management platform that enables building-wide monitoring of fixture status,
centralized programming of schedules and dimming profiles, energy consumption reporting by
zone, and remote troubleshooting without visiting each fixture individually.

C. The fixture layout, spacing, or lamp lumens to achieve adequate illuminance at all
workstation locations — When photometric analysis shows insufficient illuminance, the designer
must adjust fixture placement, reduce spacing between fixtures, specify higher-lumen lamps, or
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add supplemental task lighting to ensure every workstation meets the recommended illuminance
level for the visual tasks performed.

D. Sizing the electrical service, distribution, and load management to support the required
number of current and future charging stations — EV charging adds significant electrical load
to the building. The design must account for current charger requirements plus anticipated future
growth, including adequate service entrance capacity, panel space, conduit infrastructure, and load
management systems to prevent exceeding the electrical service capacity.

B. Improper termination technique, excessive untwisting at connectors, or cable damage
during installation — Structured cabling certification failures are most commonly caused by
installation workmanship issues rather than cable manufacturing defects. Excessive untwisting at
termination points degrades crosstalk performance, improper connector installation causes
continuity failures, and cable damage from pulling tension or kinking causes insertion loss failures.

A. Defining the technology vision, infrastructure requirements, system integrations, and
scalability strategy for all low-voltage and communication systems — A building technology
master plan establishes the comprehensive vision for all technology systems, defines the
infrastructure needed to support current and future requirements, identifies integration points
between systems, and ensures the building's technology foundation can scale as needs evolve.

D. Ensuring safe access for personnel to operate, inspect, and maintain electrical equipment
without exposure to electrical hazards — NEC working clearances provide adequate space for
qualified personnel to safely stand, work, and escape from electrical equipment during operation,
maintenance, and emergency conditions. Insufficient clearances expose workers to electrical
hazards and prevent effective equipment maintenance.

B. Renewable energy with no upfront capital investment, predictable electricity costs, and
no maintenance responsibility — Under a PPA, a third party owns, installs, and maintains the
solar system, selling electricity to the building owner at an agreed rate. The building owner benefits
from renewable energy without capital investment, enjoys predictable electricity costs, and bears
no responsibility for system maintenance or repair.

C. Proper installation, electrical connections, grounding, rapid shutdown function, inverter
operation, metering accuracy, and grid interconnection compliance — Renewable energy
commissioning verifies the complete system from solar panels through inverters to the point of
grid interconnection. Each safety device, electrical connection, and performance parameter must
be tested and verified to ensure safe, code-compliant, and efficient operation.

A. Evaluating total ownership cost including initial investment, operating costs,
maintenance, energy savings, and end-of-life value over the system's useful life — Life cycle
cost analysis provides a comprehensive financial comparison that accounts for all costs and savings
over the entire useful life of the equipment. This methodology often reveals that higher-efficiency
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options with greater initial cost deliver lower total ownership cost through energy savings and
reduced maintenance.

D. Equipment operating schedules, lighting controls, HVAC night setback operation, and
parasitic loads that may be running unnecessarily when the building is unoccupied —
Increasing unoccupied-hours demand indicates that equipment is operating when it should be shut
down or in setback mode. Common causes include overridden schedules, malfunctioning lighting
controls, HVAC systems running in occupied mode, and parasitic loads from equipment left
energized without operational need.



