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Protecting Power Distribution Systems
from Transient Overvoltages
Transient overvoltages are regularly introduced to power distribution systems from sources located both outside and inside of
buildings. These sub-cycle transients can damage equipment and disrupt operations. Providing adequate surge protection
devices (SPDs) to divert transient overvoltages can effectively mitigate associated risks. The following narrative provides
guidance on placing SPDs in building power distribution systems to provide suitable protection.

IEEE RECOMMENDATIONS
The arrangement and placement of SPDs is described in IEEE 1100 - IEEE Recommended Practice for Powering and
Grounding Electronic Equipment. Section 3.4.3 describes the effects of transient overvoltages on electrical and electronic
equipment, and explains how the SPDs can mitigate associated risk. For large surge currents, this section advises that
diversion is best accomplished in several stages, starting at the service entrance. It also states that multistage protection
schemes, if not properly coordinated, could result in a downstream protective device failing while attempting to divert all
surge voltage. To avoid this outcome, the following section describes a process for properly coordinating or “cascading”
SPDs in power distribution systems.

SURGE PROTECTION SURVEY
In ASCO’s experience, a Follow - Identify - Install approach produces an effective surge protection strategy. Using this
approach, an inventory of all of the conductors that penetrate the roof(s), walls, and floor slab(s) of a building must be
confirmed. By following these conductors, their associated service panels can be identified. Thereafter, SPDs can be specified
to install cascaded levels of protection throughout the power distribution system. This process is summarized in Figure 1.
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Figure 1: SPD Survey Process
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Follow Conductors
Each conductor that enters and exits a building is a prospective pathway for transient overvoltages to enter a power distribution
system. A key to developing an effective surge protection strategy is to identify all of the conductors that penetrate roofs,
walls, and floor slabs of a building. This includes the utility feed(s) into a building as well as conductors for outdoor loads. It
also includes conductors for antennas, data lines, and telecommunication circuits that feed equipment within a building. In
addition, the building ground system could serve as any entry point for currents from equipment faults or cloud-to-ground
lightning that occurs near to the structure. Consideration should be given to grounding conductors as well as feeds from
generators, if present. Figure 2 shows some prospective conductors that could be present in a commercial building.
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Figure 2: Conductors Penetrating a Building
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Locate Distribution Panels
By following the conductors that enter and exit the building, the panels that could be impacted by surges from external
sources can be identified. Because surges are also generated by load equipment located inside buildings, remaining
distribution panels should be included in the panel inventory. Both primary and secondary distribution panels should be
located, and their nominal voltages and ampacities should be recorded.
Figure 3 illustrates panels within a structure, as well as the building’s automatic transfer switch (ATS). Importantly, let-through
voltages will not be mitigated by a step-down transformer. Consequently, the lower voltage circuit must adequately protected
from transients that pass through transformers. For example, a 277/480V SPD offers a let-through voltage that is low enough
to protect equipment on that circuit. However, the let-through voltage will pass through the step-down transformer onto the
next 120/208V circuit, where it could be high enough to damage equipment there. For this reason, surge protection must
be applied to every voltage level in a power distribution system. For information about specifying surge protection for ATSs,
see our white paper entitled Surge Protective Devices in Automatic Transfer Switches.
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Figure 3: Distribution Panel Locations
In addition to distribution panels, valuable
surge-sensitive load equipment should also
be identified … including equipment inside
and outside of a building. Within a building,
Security
digital equipment, indoor LED
lighting, and
Camera
surge-sensitive or high-value equipment
may warrant protection. Outdoor fixtures,
security access systems, camera systems,
and pole-mounted electrical equipment also
warrant evaluation. Figure 4 shows additional
equipment that may require protection from
transient overvoltages.
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Figure 4: Distribution Panel Locations
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Cascade SPDs
When external conductors, power distribution panels, and sensitive load equipment have been fully identified, SPDs can
be specified for installation throughout the power distribution system. Cascaded protection can be provided by installing
SPDs with the largest kA values at the service entrance and lower kA values at downstream panels and loads. This helps
ensure that the largest surges are diverted at the service entrance to prevent overwhelming and damaging downstream
SPDs. The table below lists some of the locations where IEEE 1100 recommends SPDs and identifies the relevant sections
of the standard. Figure 5 illustrates a cascaded approach for placing SPDs throughout a power distribution system.

Selected IEEE 1100 Recommended SPD Locations
Service Entrance

8.6.3

Downstream Switchboards and Panelboards, including those on separately derived systems

8.6.4

Uninterruptible Power Supplies

8.6.5

Equipment containing both AC power and metallic data cabling

8.6.6

Industrial & Factory Automation Electronic Equipment

8.6.6

Exterior mechanical systems

8.6.8

External metal piping or conduit

8.6.8

AC units including condensers and dry coolers

8.6.8
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Figure 5: Cascaded SPDs
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Additional standards also specify recommendations or requirements that can affect surge protection planning. For healthcare
facilities, the National Fire Protection Agency’s (NFPA) Health Care Facilities Code (NFPA 99) requires an assessment
of potential hazards to the essential electrical system. The NFPA’s National Electrical Code (NFPA 70) also requires this
assessment, and dedicates Article 285 to SPD requirements. The following 2017 National Electrical Code articles also
address installing SPDs in power distribution systems:

•
•
•
•
•

620: Elevators, Dumbwaiters, Escalators, Moving Walks, Platform Lifts, and Stairway Chairlifts
645: Information Technology Equipment
670: Industrial Machinery
700: Fire Pumps
708: Critical Operations Power Systems

SUMMARY
Proper assessment of surge protection needs requires a comprehensive facility survey to identify potential routes-of-entry
for transient overvoltages as well as locations and equipment where SPDs should be installed. By following conductors,
identifying distribution panels, and cascading SPDs, a suitable surge protection strategy can be developed. Any strategy
should reflect the recommendations in IEEE 1100 as well as the NFPA standards specified herein. While this paper provides
general recommendations for common scenarios, qualified representatives of SPD manufacturers may be consulted for
application-specific guidance.

6

Schneider Electric
14550 58th Street North
Clearwater, Florida 33760

se.com/us/en/work/support
1-888-778-2733
WP-50023 RevB 02/2021

© 2021 Schneider Electric. All Rights Reserved. Life Is On Schneider Electric is a trademark and the property of Schneider Electric SE, its subsidiaries and affiliated companies.

7

