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EXECUTIVE SUMMARY

KEY TAKEAWAYS

• Arc flash incident energy determines the 
appropriate PPE for workers, but 
quantifying arc flashes is complex.

• Arc flash calculations require a two-step 
process.

• Constant energy boundaries are a tool for 
evaluating situations associated with arc 
flash over a range of fault current and 
range of OCPD response for a specific set 
of arc flash parameters and selected PPE.

• Another approach to determine required 
PPE is to adapt the findings from IEEE 
1584-2002 arc flash studies.

• The NFPA 70E table is an official method 
for estimating arc flash PPE categories, 
but it is not always conservative, 
particularly for low arcing current.

• Canada’s Workplace Electrical Safety 
Standard CSA Z462 is a better 
alternative to NFPA 70E tables.

• The constant energy line is another way 
to determine the correct level of PPE.
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• To estimate risk, it is important to analyze prob-
ability and severity. A risk assessment considers 
the probability of an event. Arc flash studies, how-
ever, only address severity. If the arc flash numbers 
are high enough, and the probability of an event is 
not negligible, then PPE is needed per the expected 
severity.

• Electrical system studies aren’t an exact science. 
Short circuit studies and almost all electrical system 
studies are biased conservatively—impedances are 
estimated low, while sources and short circuit 
currents tend to be estimated high. Short circuit 
studies ensure that all equipment ratings are high 
enough to handle potential worst case short circuit 
currents. If a high short circuit current event occurs, 
there could be serious consequences should equip-
ment not be adequately rated. 

• Arc flash studies include many estimated vari-
ables which can impact the results in one direc-
tion or another. Arcing currents are lower than the 
bolted fault current. Depending on the voltage, they 
can be significantly lower. Generally speaking, it is 
advisable to consider a range of potential results for 
arc flash based on a range of potential inputs.

Arc flash calculations require a two-step 
process. 
First, the arcing current (Ia) must be calculated and 
then the incident energy (Ei) must be found. Many of 
the values and inputs used for these calculations are 
never known exactly. If an error is conservative or 
within a margin that other factors account for, it’s okay. 

The IEEE 1584-2018 model is conservative with 
respect to Ei, but Valdes believes it may not be conser-
vative with respect to low Ia. IEEE 1584-2018 may not 
truly account for how low Ia can be, because it ignores 
factors excluded from the original test data. Some 
variance in Ia can have a significant impact on Ei.

OVERVIEW
Different approaches exist for determining the correct 
amount of PPE to protect workers from arc flash. In 
the absence of an arc flash study, workers may turn to 
NFPA 70E tables 130.7 (c) (15) (a). The table, however, 
may be difficult to apply to a specific task or situation 
and may be very conservative, or not conservative 
enough. Graphical approaches like energy boundary 
graphs can be useful because they incorporate fault 
current variance and do not require the need to know 
the exact performance of an overcurrent protective 
device at a specific value of arcing current. 

CONTEXT
Marcelo Valdes discussed different approaches for 
estimating arc flash PPE requirements.

KEY TAKEAWAYS 
Arc flash incident energy determines the 
appropriate PPE for workers, but quantifying 
arc flashes is complex.
Wearing too much PPE is undesirable. It can make 
workers inefficient and uncomfortable. However, if 
something goes wrong, like an arc flash incident, 
wearing inadequate PPE can be extremely dangerous. 
Arc flash describes an electrical explosion which is 
chaotic and hard to predict. Although arc flash studies 
may look exact, in reality they are simply approxima-
tions, hopefully conservative, of what might happen. 

Marcelo Valdes made several observations about 
quantifying arc flash incident energy:

• All methods used to estimate risks to human life 
must account for potential error. As a result, they 
should be conservative. A key question is whether 
the inputs used in arc flash studies are correct. Were 
they estimated conservatively or do they represent 
the most likely value? 
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Constant energy boundaries are a tool for 
evaluating situations associated with arc 
flash over a range of fault current and range 
of OCPD response for a specific set of arc 
flash parameters and selected PPE.
A constant energy boundary (CEB) shows graphically 
how a protection system performs against a specific 
PPE performance target and range of arcing current. 
The CEB in Figure 2 shows 480V, 18” D, 25mm G, in a 
standard box up to 100kA Ibf. 

If Ibf is not a well-known variable, then Ia is even less 
so. Both the circuit breaker and fuse are “steeper” 
than the CEB. As a result, low Ia can result in higher 
energy than high Ia. This is counterintuitive. At high Ia, 
both the circuit breaker and fuse may be good 
enough. Fuse size matters whether it’s current 
limiting or not, and circuit breaker size, type, and 
settings matter.

Figure 1: Calculating Arc Flash

Figure 2: A Constant Energy Boundary Example
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Another approach to determine required PPE 
is to adapt the findings from IEEE 1584-2002 
arc flash studies. 
With an IEEE 1584-2002 arc flash study, it is possible 
to identify what PPE will do at arcing currents deter-
mined from the 2002 equations. What is unclear, 
however, is whether the changes in IEEE 1584-2018 
will result in more or less PPE being required. 

However, it is possible to compare the CEBs drawn 
against bolted fault current instead of arcing current 
because the fault current has not changed. Using the 
highest value of energy that was calculated in the 
original 2002 arc flash study plot a CEB(Ibf) for that level 
of energy, plot your selected or available PPE based on 
the new IEEE 1584-2018 method, and compare it based 
on the bolted fault current. This eliminates the need to 
calculate the exact arcing current or look at the OCPD 
TCC. What allows this comparison to be valid is that the 
arcing current in a LV 2028 arc flash study will always be 
higher than an equivalent 2001 study for a significant 
and useful Ibf range. Hence, you know the protection 
will be the same speed or faster, never slower.

The NFPA 70E table is an official method for 
estimating arc flash PPE categories, but it is 
not always conservative, particularly for low 
arcing current. 
NFPA 70E takes a task-based approach to hazard risk 
analysis which has two steps:

1. Does the task require PPE? This is determined 
using Table 130(5): Estimate of the likelihood of 
occurrence of an arc flash incident for ac and dc 
systems. 

2. If so, what level of PPE is required? This is 
determined using Table 130.7(C)(15)(a): Arc flash 
PPE categories for alternating current (ac) systems. 
Selection depends on voltage, short circuit current 
(Ibf) maximum, overcurrent protection device 
(OCPD) performance at a particular current, and the 
type of equipment. The most important thing about 
incident energy mitigation is what the OCPD does 
at the arcing current. However, nothing in this table 
helps to understand arcing current. 

Figure 3: Leveraging IEEE 1584-2002 Arc Flash Study Results
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Canada’s Workplace Electrical Safety 
Standard CSA Z462 is a better alternative to 
NFPA 70E tables.
In 2021, CSA Z462 was updated with arc flash PPE 
categories for alternating current (ac) systems. The 
alternate table in the appendix is based on IEEE 
1584-2018 analysis and on factors verifiable in the field 
without engineering studies. It includes circuit size and 
considerations for OCPD size, Ibf and Iarc variation, and 
possible error due to human factors. 

Any table method means you’re dealing 
with a significant lack of detailed 
knowledge and you’re addressing 
potential variability in the input 
parameters. By definition, you have to 
be conservative. Wearing too much 
PPE may be undesirable, but if you 
underestimate and have an event, the 
results could be unacceptable.
Marcelo Valdes, ABB

Valdes reviewed several other weaknesses in NFPA 
70E tables:

• No changes account for the different Iarc and Ei in the 
new IEEE guide, although incident energy can be 
more than twice as high. 

• The NFPA 70E tables require users to know Ibf and 
OCPD performance at Ibf. Both are hard to know 
without a coordination study. Knowing OCPD perfor-
mance at Ibf is irrelevant and possibly even misleading.

• Equipment descriptions include OCPD type or size 
and have equipment descriptions that don’t follow 
applicable standards. Switchgear, for example, 
doesn’t have fused switches.

• There is no consideration of task or bus bar direction.

• Most table entries can result in higher energy if 
arcing current is low, or worse if the arcing current is 
low through the OCPD but not low at the arcing 
point, which may be the case with sources in parallel 
or significant motor contribution. 

Rather than relying on NFPA 70E, a better approach 
may be to check with someone who understands arc 
flash calculations. 

Figure 4: Shortcomings with NFPA 70E Table 130.7(C)(15)(a)
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The constant energy line is another way to 
determine the correct level of PPE.
With this graphical method, you determine what you 
need to know to select PPE, consider variance in the 
fault current, and use variables that you have access to.

Figure 5: CSA Z462 Reduces Error Opportunities and Uses Relevant Information

Figure 6: Determining PPE with a Constant Energy Line
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