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Board of Building Standards 
 

ELECTRICAL SAFETY INSPECTOR ADVISORY COMMITTEE  
REQUEST FOR RECOMMENDATIONS 

 
 
DATE:   DECEMBER 09, 2022 
TIME:   10:00 AM 
LOCATION:  NO MEETING THIS MONTH 
 
Committee members are requested to submit recommendations by Friday December 9, 2022 for 
inclusion in the Certification Committee agenda. 
  
Personnel Certification Applications 

P-1 Budrevich Gerald ESI EPE 
Certification ID#  
Current certifications: None 
Staff notes: Electrical Contractor License provided. Recommend approval. 
ESIAC Recommendations: 
Committee recommendation:  
 

P-2 Danner, Dan ESI 
Certification ID# 
Current certifications- None 
Staff notes: Recommend approval. 
ESIAC Recommendations: 
Committee recommendation: 
 

P-3 Muncy, John - BI, MI, ESI, EPE, RBO 
Certification ID: 
Current Certifications: None in Ohio 
Staff Notes: Has passed all exams, recommend approval for all certifications. OCILB 
licensed electrical contractor. 
ESIAC Recommendations: 
Committee Recommendation: 

  
Continuing Education Applications for Review 

ER-1 2020 National Electric Code (International Association of Electrical Inspectors SW) 
All certifications (6 hours) 
Staff Notes:  Slides begin on p. 24 of the submission. 
ESIAC Recommendation:   
Committee Recommendation:  
 

ER-2 2023 NEC Code Changes Part 1 (Wink Electric) 
All certifications (5 hours) 
Staff Notes:  This course is not presented with visuals.  A detailed outline is included. 
Since it is based on the 2023 code, not recommended for approval at this time. 
ESIAC Recommendation:   
Committee Recommendation:  
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ER-3 2023 NEC Code Changes Part 2 (Wink Electric) 

All certifications (5 hours) 
Staff Notes:  This course is not presented with visuals.  A detailed outline is included. 
Since this course is based on the 2023 code, not recommended for approval at this time. 
ESIAC Recommendation:   
Committee Recommendation:  
 

ER-4 Electrical Code Review (IAEI Northwest) 
All certifications (twelve sessions of two hours each) 
Staff Notes:  
ESIAC Recommendations: 
Committee Recommendation:  
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P-1 Budrevich Gerald ESI EPE

Certification ID#

Current certifications: None

Staff notes: Electrical Contractor License provided. Recommend approval.

ESIAC Recommendations:

Committee recommendation:
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Current certifications- None

Staff notes: Recommend approval.
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File Attachments for Item:

P-3 Muncy, John - BI, MI, ESI, EPE, RBO

Certification ID:

Current Certifications: None in Ohio

Staff Notes: Has passed all exams, recommend approval for all certifications. OCILB licensed 

electrical contractor.

ESIAC Recommendations:

Committee Recommendation:
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2020 NEC Study Guide For “Service Grounding Basics” 
(This Study Guide was prepared by Gaylord Poe) 

 

Like many code topics, there are numerous NEC rules about the grounding of service 

installations. As with most of the “complicated” code topics, our problems with these 

rules begin to disappear as we better understand the basic concepts. Within the 

numerous NEC rules regarding service grounding, I believe there are three basic 

concepts that stand out. These concepts apply to all service installations. This study 

guide will address the three basic concepts. Understand the “Big Three” and the other 

rules become much easier to understand. (Note: For the purpose of this study guide 

the grounded conductor of grounded systems will be referred to as the “neutral”.) 

 

1. There’s a difference between “System Grounding” and “Equipment 

Grounding”. Don’t let a “misread” of the code rules send you down the wrong 

path. All service installations require a grounding electrode conductor (GEC) and 

a grounding electrode system. For a grounded system (where a service conductor 

is intentionally grounded) the GEC is connected to the grounded conductor. For 

an ungrounded system (a Delta 3 - 3-wire system is the most common example) 

the GEC is connected to any metal enclosure that contains service conductors. 

The big difference is an ungrounded system has no “neutral” to connect the GEC 

to – everything else stays the same. 

 

2. Everything that’s metal and contains service conductors shall be bonded. 

How do you determine what is defined as “service” and what is not? Easy. 

Whatever is going to stay “hot” after you turn off the main(s) is “service”. There’s 

a lot of ways to accomplish the required bonding. For example, on a grounded 

system anything that’s directly connected to the neutral is considered to be 

bonded. Examples of enclosures that are bonded by the neutral are: Service 

switches (the neutral bonding jumper), and CT cabinets or termination boxes or 

wireways where the neutral is bolted directly to the enclosure. Because of the 

neutral connection, whatever is bolted to or connected to these enclosures with 

bonding fittings is bonded too. Anything that is connected to the neutral through 

an approved connection is considered to be bonded. What are recognized bonding 

paths? For grounded systems, paths that provide continuity to the neutral 

conductor using bonding fittings such as bonding-type locknuts, bonding 

bushings, and threaded hubs. For ungrounded systems, paths that provide 

continuity between all enclosures using bonding fittings such as bonding-type 

locknuts, bonding bushings, and threaded hubs. Look at each individual 

component in the service scheme and imagine a fault within that component. Will 

all fault current flow through approved bonding paths?   

 

3. When a neutral is available in the system, the neutral must be run to and 

bonded to every service disconnecting means. This rule recognizes that if a 

fault can be disposed of by using the neutral (as opposed to just enclosures and 

bonding fittings) then the neutral shall be used for that purpose – even if there is 

no need for the neutral downstream of the service disconnect. Don’t worry about 
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multiple disconnects within switchboards, there’s a rule covering that. Don’t 

worry about having the neutral bonded more than once either – it’s OK on service 

installations – as a matter of fact, when it’s not mandatory it’s recommended.  

 

Summary of the “Big Three”:  The concepts are simple. What we’re trying to do here is 

get rid of a fault quickly before it starts a fire. Service installations often have numerous 

enclosures containing service conductors located ahead of the main overcurrent device. 

The main overcurrent device offers no protection for faults in these enclosures. Because 

of this, a fault in any of these enclosures will continue until it burns clear or burns open 

or the supply fails. The primary role of the grounding electrode conductor (GEC) during 

a fault is to keep voltage off of exposed conductive enclosures until the fault clears. 

(Note: The GEC only performs this function during a ground fault and even then it will 

only conduct a very small amount of the fault current.) 

 

There are two basic kinds of faults encountered ahead of the mains: Line-to-line faults 

and line-to-ground faults. Direct line-to-line faults are very rare.  

 

Line-to-ground fault, Ungrounded System: A line-to-ground fault on an ungrounded 

system basically “does nothing” until a second line conductor faults to ground. At that 

point there is in effect a “short” between the two faulted line conductors with the 

grounded conductive enclosures serving as the “conductors” between them. The better 

the bonding path, the lower resistance of the fault path. The lower the resistance of the 

fault path, the faster the fault will clear.  

  

Line-to-ground fault, Grounded System: Unlike an ungrounded system, a line-to-

ground fault on a grounded system instantly causes extreme current flow. Since the 

system is grounded and the neutral is bonded, a line-to-ground fault is actually a “short” 

that uses the grounded conductive enclosures between the faulted line conductor and the 

neutral as “conductors”. The better the bonding path, the lower resistance of the fault 

path. The lower the resistance of the fault path, the faster the fault will clear.  

 

All Faults: Remember, regardless of the type of fault, fault current flows between the 

fault and the supply. For Services, that supply is the utility transformer. Our job is to 

make sure that whatever is part of that path is large enough (low resistance) to handle the 

fault, can do so without failing (main & equipment bonding jumper sizes and 

connections) and is “tight” enough to eliminate arcs and sparks at all fittings that are 

conducting the fault for the duration of the fault (bonding fittings). 

 

Example: Let’s examine a ground fault on a simple 200A residential service. Suppose 

the fault is between a line conductor and the service main enclosure: The fault current 

flows from the utility transformer through the line conductor, through the service 

enclosure, through the main bonding jumper, through the neutral, and back to the utility 

transformer. In this example, whatever amount of fault current that is available flows not 

only though the conductors but also through the enclosure and the main bonding jumper.  
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On a multiple disconnect grounded service installations this type of fault will use all of 

the metal enclosures and raceways that are between the fault and wherever the neutral is 

bonded to work it’s way to the neutral and then on to the supply. The quality of that path 

depends on the quality of the bonding.  

 

The “bottom line” is “get the fault home” as quick as you can (low resistance path) 

without any arcing or sparking (from loose or non-bonding type fittings) along the way. 

Accomplish this and the fault won’t last long enough to cause a fire. It is really that 

simple.   

 

The NEC rules that are covered in this study guide are: 

 

RE: “There’s a difference between “System Grounding” and “Equipment 

Grounding”  

Art. 250.4 (A) & (B), 250.24 (A) & (E), 250.64, 250.50 

 

RE: “Everything that’s metal and contains service conductors shall be bonded.”  

Art. 250.92 (A) & (B) 

 

RE: “When a neutral is available in the system, the neutral must be run to and 

bonded to every service disconnecting means.”  

Art. 250.24 (C), 250.24 (C) – Exception 

 

RE: “Summary of the “Big Three”  

Art. 250.4 (A) (5), 250.4 (B) (4) 
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2020   NEC Study Guide For “Services” 
(This Study Guide was prepared by Gaylord Poe) 

 

Many questions come to mind when reviewing NEC Article 230. This study guide 

will address some of the more common code questions that frequently arise 

concerning service installations for residential and light commercial projects. 

 

1. What is considered to be “Service”? In my experience, one of the biggest 

problems that arise when people (usually “non-technical people” vs. trained 

electrical professionals) are debating Art. 230 is that often what the parties are 

arguing as being “Service” is not “Service” at all! So first things first...let’s 

discuss what “Service” is and what it isn’t. 

 

a. Art. 100 of the NEC defines Service as: “The conductors and equipment for 

delivering electric energy from the serving utility to the wiring system of the 

premises served.” 

 

b. Art. 100 of the NEC defines Service Conductors as: “The conductors from      

the service point to the service disconnecting means.” 

 

c. Art. 100 of the NEC defines Service Point as: “The point of connection 

between the facilities of the serving utility and the premises wiring.” 

 

You’ll also see in Article 100 that there are definitions for “Service Cable”, 

“Service Drop”, “Service-Entrance Conductors, Overhead”, “Service-Entrance 

Conductors, Underground”, “Service-Entrance Conductors, Overhead System”, 

“Service-Entrance Conductors, Underground System”, “Service Equipment”, and 

“Service Lateral” and others. Remember that when you are discussing any of 

these items you are still discussing items that are covered by the term “Service”. 

Only these items are subject to the rules found in Art. 230. 

  

 

2. Consider this example - A small commercial retail strip center is fed 

underground from the utility and has an 800-amp meter center with an 800-amp 

main circuit breaker. There are eight individual meters. Seven meters each have a 

100-amp circuit breaker supplying a 100-amp feeder run to each tenant space. The 

eighth meter supplies a 60-amp house panel. In this example, “Service” consists 

of the underground supply to and including the 800 amp main section in the meter 

center. That’s it...nothing downstream of this main section is “Service”. 

 

 

3. Misinterpretations - In reviewing the above example, it’s not uncommon to hear 

comments that the installation failed either in Plan Review or failed during field 

inspection because: “There are eight services on the building.” Or “The tenant 

services are not grouped.” Or “There are eight service disconnects.” The reality of 

the example is there is only one service supplying the building, there are no tenant 
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“services”, there are only tenant feeders, and there is only one service disconnect - 

the 800-amp main. I’ve stated many times – “If you’re unsure, turn off the 

main(s). Whatever stays ‘hot’ is ‘Service’ whatever ‘goes off’ is not!” 

 

 

4. Number of Services allowed - This issue probably receives more discussion than 

any other part of Art. 230 especially when it comes to underground service 

conductors. The basic rule is that (unless you meet certain conditions permitting 

additional services) you can only install one service of any given voltage to a 

building. When the service drop is “in the air” (overhead) the number of services 

to a building is quite obvious. However because of certain verbiage in 230.2, you 

can have (figuratively speaking) multiple underground “services” without having 

to count them as multiple services. 230.2 provides “For the purposes of 230.40, 

Exception No. 2 only, underground sets of conductors, 1/0 AWG and larger, 

running to the same location and connected together at their supply end but not 

connected together at their load end shall be considered to be supplying one 

service.” Note some key points in the above quotation: The sentence doesn’t deny 

that this is actually “multiple services” it simply states that it can be considered to 

be supplying one service. There are other conditions that must be met before you 

can use this section too. You must have the conditions of 230.40 Exception No. 2 

(the most important part of this exception is that the service disconnecting means 

must be grouped at one location) and the underground conductors must be a 

minimum size (1/0 AWG) and all of the underground service conductors must 

come from the same transformer (connected together at their supply end). In 

layman’s terms, if everything “fits” this NEC rule, you can, for example run six 

1/0 AWG underground service conductor sets to six individual meters to six 100-

amp service disconnects and have a “600 Amp Service” at a very economical 

price. Without the rule, you would need one set of underground service 

conductors (single or multiple in parallel) rated at 600 amps run to a distribution 

board or box or wireway, and have to deal with the larger conductor(s), splices, 

taps, labor, etc. When you were all done you would still only have a 600-amp 

service, just at a much higher cost. All that being said, there are a number of 

installations that get “red-tagged” because the contractor installed multiple sets of 

underground service conductors to multiple locations on a building obviously 

thinking it was OK to do so. That same contractor wouldn’t even think of having 

multiple overhead drops hitting the building in the same manner but assumes it’s 

OK because “it’s underground”. My advice for when you’re considering what is 

acceptable and what is not regarding this is to mentally change the elevations 

(from underground to overhead) when you’re figuring this out. If it’s not OK “in 

the air” it’s probably not OK underground except as provided above in 230.2. 

 

 

5. Definition of Building – One point that needs to be considered first and foremost 

is this – when the NEC uses the word “building”, it is used as the NEC defines 

“building” in Art. 100. Art. 100 of the NEC contains definitions “essential to the 

proper application of this Code.” That being said, when we use the NEC, we can’t 
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take definitions of words (such as “building”) from other codes or standards and 

use NEC rules with the “foreign” definitions. If a definition of a word is in the 

NEC, we must use that definition. If a definition of a word is not in the NEC, the 

definition is often subject to debate. In NEC Art. 100, the definition of building is 

“A structure that stands alone or that is separated from adjoining structures by fire 

walls.” Note that there are no references to “1-hour rated wall” or “2-hour rated 

wall” or “3-hour rated wall”. There are also no references to masonry walls etc. 

The key words are: “A structure that stands alone” and “fire walls”. A “structure 

that stands alone” is pretty easy to determine but when we talk about 

“separated...by fire walls” the water often gets just a little muddy. To complicate 

the matter, Art. 100 contains no definition of “fire wall”. Often someone will want 

to install a second service to a building and when the inspector says “No” they 

will come back and say, “We have a 2-hour rated wall.” That statement by itself 

does not mean they have a fire wall. My advice is this: when seeking to define a 

word not found in Art. 100, the next best place to look is the applicable building 

code. According to the Ohio Building Code (OBC) the definition of Fire Wall is: 

“A fire-resistance-rated wall having protected openings, which restricts the spread 

of fire and extends continuously from the foundation to or through the roof, with 

sufficient structural stability under fire conditions to allow collapse of 

construction on either side without collapse of the wall.” The point is it’s going to 

take more than just additional layers of drywall (for example) to make a wall a 

fire wall. Structural considerations are also required. My advice is this: If you 

can’t easily make the determination on this matter for the purposes of interpreting 

230.2, ask the building department. And, don’t ask them for the rating (in hours) 

of the wall in question. Instead ask them if the project in question is actually two 

separate buildings...period. If you have two buildings, you have no problem. 

 

 

6. Number of Disconnects - The basic rule that we are taught is the maximum 

number of service disconnects is six. It’s not quite that simple. Art. 230.71 (A) 

provides a little more detail. The “six disconnect rule” is per service or per each 

set of service entrance conductors permitted by 230.40 Exceptions. But it goes on 

to state that there can’t be more than six sets of disconnects per service grouped in 

any one location. Conflicting? Not at all. Confusing? It can be. The exceptions to 

230.40 not only permit multiple subsets of service entrance grouped together and 

fed from one service point but they also permit service entrance conductors to be 

run to more than one “place” on a building. What 230.71 (A) says is the “six 

disconnect rule” can be used for each set of service conductors permitted by 

230.40 as long as you don’t have more than six disconnects grouped in any one 

location. Also note that if you have another service as permitted by 230.2 (A) 

through (D), these rules apply separately to that service. For example, you could 

have 12 disconnects grouped in one electric room if you had a 120/240V service 

and a 480V service supplying the building and be NEC compliant. 
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7. Emergency Disconnects – NEC 2020 provides a new rule for emergency 

disconnects for dwelling units. The emergency disconnect shall be installed at a 

readily accessible outdoor location. At this point in time (December 2022) Ohio 

has not adopted the 2020NEC for 1, 2, and 3-Family Dwellings. (Note: There will 

likely be efforts to exclude or amend this rule upon adoption. This study guide will 

be updated as necessary. GP) 

 

  

8. Length of Service Conductors permitted in a building – You’ll often hear that 

there is a “10 foot rule”. There is not. 10 foot is often used as a “rule of thumb” by 

electrical inspectors but it has no basis in code text but plenty of basis in the 

practical application of the code! When I was much younger, old-timers of the 

day told me they were told by the old-timers who taught them that the “10 foot 

rule” came about in the days when all service entrance work was installed in 

threaded rigid conduit and the inspector would only let you run “one stick of 

pipe” into a building without a disconnect. I believe that this is a pretty accurate 

“story” as I have a copy of a memo dated June 11th, 1926, containing minutes of a 

meeting held in Cincinnati on March 9th 1926 where the phrase “nearest readily 

accessible” from the  (then current) 1925 NEC was defined locally as being 10 

feet with “service conduits” being duly noted. The 2020 NEC provides three basic 

rules in 230.70 (A)(1) for locating the service disconnecting means: it shall be 

readily accessible, it can outside, or inside nearest the point of entrance (meaning 

if it is inside it must be installed where the conductors enter the building). It 

should be noted that in addition to these three basic rules, Art. 230.70 provides 

additional rules. 
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11/21/2022

1

Welcome from the
Joint Venture Committee

Who is responsible for rated 
assembly penetrations?
 Typically the installer of the wiring 

method making the penetration into 
rated assemblies.

 3rd party companies

 Read the specifications or approved 
plans!

 Provide documentation on proposed 
method, preferably prior to the 
installation.

1 2

3 4

5 6
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7 8

9 10

11 12
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3

Penetration Considerations

 UL Fire Resistance Directory

 Proprietary Methods – Hilti, 3M, STI

 Penetration location - floors, walls or 
ceilings

 Rating and material of assembly

 Size and material making the 
penetration

 Supporting documentation

How far is service entrance 
conductors permitted to be ran 
inside a building?

13 14

15 16

17 18
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19 20

21 22

23 24
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5

Where are AFCI’s required within 
a dwelling?

AFCI’s
 List in the NEC not intended to be all 

inclusive. 

 Six areas not included

1. Bathrooms

2. Garages

3. Outdoors

4. Unfinished basements areas

5. Crawl spaces

6. Unfinished attic areas

AFCI parameters

 Applies only to 15 and 20 ampere 
circuits

 Applies only to 120-volt circuits

 Then look at the location to decide

 RCO amendment - Exception No. 2: 
Branch circuits supplying receptacle 
outlets installed to serve only the kitchen 
countertop surfaces shall be permitted 
to be installed without arc-fault circuit 
interrupter protection. 

History of AFCI’s in the NEC

 1996 – Introduced as a NEC code 
proposal

 1999 – AFCI’s Adopted in code cycle to 
become effective in January 1st, 2002

 2002 – Became required for all 15 & 20 
ampere, 120-volt outlets installed in 
bedrooms.

 2005 – Combination type AFCI’s 
became required

History of AFCI’s in the NEC

 2008 – Large list of areas included for this 
requirement

 2011 – Added to the list, included modified 
circuits and replacement receptacles

 2014 – Kitchen and laundry areas were 
added & the term device

 2017 – No new changes - Was supposed 
to complete the incremental adoption.

 2020 ? – We’ll see

25 26

27 28

29 30
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Are light fixtures required to be 
fastened to the grid ceiling?

Is a load calculation required for 
a new dwelling? Modifications?

 Depends on jurisdictional requirements

 Additions, generators, pool heat pumps, 
HVAC upgrades

31 32

33 34

35 36

92



11/21/2022

7

What is the burial depth for a 
conduit feeding a detached 
garage for a dwelling?

Is all meeting rooms required to 
have floor receptacles?

37 38

39 40

41 42
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Is it permitted to have multiple 
circuits feeding a detached 
garage?

Do conduits installed on a roof 
top require conductors  to be 
derated?

Does your city still allow fuse 
panels or FPE panels to remain?

43 44

45 46

47 48
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Do I have AFCI protect a furnace 
in an upstairs closet?

Do I have to GFCI protect crawl 
space lighting ? Unfinished 
basements?

Do I have to GFCI protect a 30 
amp, 125-250 volt receptacle in 
a commercial kitchen?

49 50

51 52

53 54
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Do I have to install smoke 
alarms throughout the house 
when I do a remodel project? 

• Currently under the 2016 
Residential Code of Ohio (RCO)

• 2016 Fire Alarm Code
• 2014 NEC until July 1st, 2019

• RCO Section 314 – Smoke 
Alarms

• RCO Section 315 for Carbon 
Monoxide

55 56

57 58

59 60
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Parameters
 Both ionization and photoelectric alarms 

required on each floor

 Photoelectric required outside bedrooms

 Carbon monoxide required outside 
bedrooms

Hazardous Locations

 Within 3 feet of bathrooms with tubs or 
showers

 Within 3 feet of heating vents and return 
air grills

 Within 3 feet of paddle fans measured 
from the tips of the blades

 Not permitted within 4 inches of ceilings 
or walls and not more than 12 inches 
down from ceiling

 Follow the manufactures installation 

Do I have to install a bubble 
cover under a covered patio 
canopy?

Why is the ground to the transformer 
the wrong size? I used the table …

61 62

63 64

65 66

97



11/21/2022

12

Why do I have to install a GFCI 
protected receptacle for my sump 
pump in a finished space of the 
basement?

Why does an inspector fail the 
installation for support? I have a
listed box for a paddle fan and I 
used the screws that came with 
the box.

67 68

69 70

71 72
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Why did the electrical inspector reject 
my fire alarm panel installation? I 
thought the building inspector did 
those inspections.

Why can I not splice my ground 
rod copper conductor?

Do I need receptacles by my 
Butler’s pantry? 

73 74

75 76
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Am I ok running my branch circuit 
conductors under the joist, using the 
plate as  a running board? After all a 
2x6 is a board …

Unfinished Basements and 
Crawl Spaces

79 80

81 82

83 84
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Why do I need a ground rod for 
generator on a trailer?

85 86
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How deep do I have go for my 
post lamp wires?

The inspector does not like the way I 
installed my branch circuit conductors to 
the panel. Is he or she right?

What are the rules for installing 
the branch circuit conductors to a 
furnace in a box?

91 92

93 94

95 96
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Are there any sink size limitations for 
the installation of GFCI protected 
receptacles within the 6 feet of such?

What are the GFCI protection 
requirements around an eye washing 
station?

97 98

99 100

101 102

103



11/21/2022

18

What are rules for supporting 
luminaires whips?

What are the rules for space above 
panels, switchgears, MDPs, etc.?

103 104

105 106

107 108
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How high can I install my service 
disconnects?

How low can I install any disconnects?

Do the bubble cover requirements 
apply to temporary electrical 
installations?

109 110

111 112

113 114

105
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How close can install a 
receptacle to a water fountain?

Questions?

Thank you for attending!

See you next 
year!

115 116

117 118

119
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Clifford Winkel  

5640 Broad Blvd. 

North Ridgeville, Ohio 44039 

440-346-4125 

winkelectric@hotmail.com 

 

BIO 

 

   Hello, my name is Cliff Winkel and I am an electrical contractor operating out of North  

 

Ridgeville, Ohio. I have been an electrician since 1990 beginning with simple house  

 

remodels and rewiring working for various companies. In 1997 I started working for an  

 

outfit out of Cleveland, Ohio which dealt with commercial, residential, and industrial  

 

applications. In 2000 I applied, tested, passed, and received my Ohio Electrical  

 

Contractor’s License (#23838) and started my own business, Winkelectric. In 2004 I  

 

applied, tested, passed and received my Ohio Electrical Safety Inspector’s License  

 

(#1862). In 2005 I applied for, and received my Approved Training Agency License  

 

(#517). I also am licensed as a fire alarm contractor and am entry level NABCEP 

 

certified in photovoltaic installations. I also currently have a NICET level III fire alarm 

  

certification.  In 2005, 2009 – 2022 I taught OCLIB electrical continuing education  

 

classes for electrical contractors (focused on 2005 2008 2011 and 2014/2017/2020 code  

 

changes and grounding). From 2000 to current I am continuing work as an electrical  

 

contractor. Some of the projects I have been involved in projects including residential  

 

buildings, commercial shopping centers, cellular tower land sites, and industrial high 

 

 voltage maintenance and testing work.  I have been registered and operated in numerous  

 

municipalities throughout Ohio.        

        Clifford Winkel  

 

        Wink Electric  

        11/14/22 
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Wink Electric Class Syllabus 

2023  NEC Code Changes Part I 

5 hour continuing education class 

 
Saturday 2/4/22 8A-1P, Saturday 3/4/22 8A-1P 
Saturday 4/15/22 8A-1P, Tuesday 8/8/22 8A-1P 

Saturday 9/23/22 7A-12P, Saturday 11/18/22 7A-12P 

Instructor: Clifford Winkel 

 
February location: Fields Sweet School 8540 Root Rd  North Ridgeville, Ohio 44039  

 March location: Jims Electric 39221 Center Ridge Rd  North Ridgeville, Ohio 44039 

April location: Net Electric 12925 Pearl Rd  Strongsville, Ohio 44136 
August Location Wink Electric Inc – 34400 Lorain Rd, North Ridgeville, Ohio 44039 

September location: Wolff Brothers – 38777 Taylor Parkway  North Ridgeville, Ohio 44039 

November location: City of Elyria – 1194 Gulf Rd  Elyria, Ohio 44035 
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Office Hours: 

   Please feel free to call our office at any time if any need arises.  Our office hours are 

Monday through Friday 8am – 4pm. For any immediate issues, you can contact me vie 

cell phone at 440-346-4125 

 

Course Objectives: 

- Review National Electrical Code changes to the 2023 NEC. 

- Apply covered 2023 NEC codes to circumstances in the field with discussion of 

practical use and actual examples of 2023 NEC applications. 

- Use the ability to relate to the changes with the class from an instructor who also 

works in the field. 

- As detailed below, there are certain changes we will be discussing. Due to the 

amount of changes I wish to cover, we will run a part I and a part II of this course. 

Both courses will be 5 hours in length to give shorter class time per day. With 5 

hour classes, I believe the amount of retention will be higher opposed to a 10 hour 

class. 

 

Teaching Approach and Methods: 

 Portions of this course will be taught in the traditional lecture note taking format. 

However, a large part of the class will involve class discussions, sample illustrations, 

handouts, and hands on code book participation. All class members will be asked to bring 

their 2023 NEC book. There will also be preordered 2020 NEC books available for sale 

on site if any class member does not own one yet. Every hour there will be a ten minute 

period for open discussion. At the end of the class every applicant will fill out their 

individual attendance form and it will be signed then, with identification verification. 

. 

 

Schedule of Topics and time schedule 

 

7AM – 8AM 

 

   Code   Discussion 

General Discuss any of the following codes pertaining to 2020 NEC code updates. 

Confirm with class that this will go into effect once 2020 NEC is adopted. 

110



 

 

Wink Electric Class Syllabus 

2023  NEC Code Changes Part I 

5 hour continuing education class 

 
Saturday 2/4/22 8A-1P, Saturday 3/4/22 8A-1P 
Saturday 4/15/22 8A-1P, Tuesday 8/8/22 8A-1P 

Saturday 9/23/22 7A-12P, Saturday 11/18/22 7A-12P 

Instructor: Clifford Winkel 

 
February location: Fields Sweet School 8540 Root Rd  North Ridgeville, Ohio 44039  

 March location: Jims Electric 39221 Center Ridge Rd  North Ridgeville, Ohio 44039 

April location: Net Electric 12925 Pearl Rd  Strongsville, Ohio 44136 
August Location Wink Electric Inc – 34400 Lorain Rd, North Ridgeville, Ohio 44039 

September location: Wolff Brothers – 38777 Taylor Parkway  North Ridgeville, Ohio 44039 

November location: City of Elyria – 1194 Gulf Rd  Elyria, Ohio 44035 
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ARTICLE 100 DEFINITIONS –  Discuss all definitions now being found in article 

100 of the NEC. Definitions shall not contain requirements or recommendations. If a 

definition only applies to one articles, the article number will appear in parentheses after 

the definition. 

 

 

90.5 (C) Mandatory Rules, Permissive Rules – Subdivision (C) was revised to state 

that unless a standard referenced in the NEC contains a date, that reference is to be 

considered the latest edition of the standard. 

 

 

ARTICLE 100 Bonding jumper, equipment bonding jumper, main bonding jumper, 

supply-side bonding jumper, system bonding jumper, solidly grounded, equipment 

grounding conductor. -  Discuss revisions to definitions for simplicity. 

 

 

ARTICLE 100 Accessible – Discuss revision to define obstacles which would cause 

installations to not be accessible. 

 

 

ARTICLE 100 Class 4 Circuit – Discuss new definition. 

 

 

ARTICLE 100 Counter (Countertop) – Discuss new definition pertaining to countertop 

installations. 

 

 

ARTICLE 100 Energy Management System – Discuss new definition pertaining to 

energy management system installations. 

 

 

ARTICLE 100 Feeder Assembly – Discuss new definition pertaining to feeder 

assemblies in pre-wired facilities. 
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Wink Electric Class Syllabus 

2023  NEC Code Changes Part I 

5 hour continuing education class 

 
Saturday 2/4/22 8A-1P, Saturday 3/4/22 8A-1P 
Saturday 4/15/22 8A-1P, Tuesday 8/8/22 8A-1P 

Saturday 9/23/22 7A-12P, Saturday 11/18/22 7A-12P 
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ARTICLE 100 Fibers/Flyings Combustible – Discuss new definition covering 

combustible fibers and flyings. 

 

 

ARTICLE 100 Impedance Grounding Conductor – Discuss new definition for 

Grounded Conductor, Impredance. 

 

 

ARTICLE 100 In Sight – Discuss revision of definition of In Sight pertaining to 

sections of code. 

 

 

ARTICLE 100 Likely to become energized.- Discuss new definition of likely to 

become energized pertaining to other sections of the NEC> 

 

 

ARTICLE 100 Load Management – Discuss new definition for load management  

 

 

ARTICLE 100 Restricted Industrial Establishment – Discuss new definition 

pertaining to hazardous area locations. 

 

 

ARTICLE Servicing – Discuss new definition pertaining to maintenance and repair 

activities. 

 

 

ARTICLE 100 Transformer – Discuss new definition of transformer (which there was 

no definition before). 

 

ARTICLE 100 Work Surface – Discuss new definition establishing the difference 

between work surface and countertop. 

8:00 – 9:00      
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Wink Electric Class Syllabus 

2023  NEC Code Changes Part I 

5 hour continuing education class 

 
Saturday 2/4/22 8A-1P, Saturday 3/4/22 8A-1P 
Saturday 4/15/22 8A-1P, Tuesday 8/8/22 8A-1P 

Saturday 9/23/22 7A-12P, Saturday 11/18/22 7A-12P 

Instructor: Clifford Winkel 
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ARTICLE 110.3(A) – Examination, identification, installation, use, and listing (Product 

certification) of equipment – Discuss new number 8 now including cybersecurity as 

something that needs considered and evaluated. 

 

 

ARTICLE 110.3(B) – Examination, identification, installation, use, and listing (Product 

certification) of equipment – Discuss new informational note discussing the use of QR 

codes to gather information. 

 

 

ARTICLE 110.14(A) – Terminals. Discuss the use of electrical opposed to mechanical 

connections. 

 

 

ARTICLE 110.16(B) – Service equipment and feeders supplied equipment. Discuss 

revised amperage threshold for labeling.  

 

 

ARTICLE 110.17 – Servicing and maintenance of equipment. Discuss revised code to 

limit service and maintenance of equipment to qualified persons.  

 

 

ARTICLE 110.20 – Reconditioned equipment. Discuss new language defining what is 

considered acceptable to being reconditioned.  

 

 

ARTICLE 110.21(A)(1) – Equipment markings. Discuss requirements for equipment 

marking for affixing labels on all electrical equipment. 

 

ARTICLE 110.21(A)(2) – Reconditioned equipment. Discuss language that clarifies that 

the original listing mark is to be removed or made permanently illegible.  

9:00 – 10:00      
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Wink Electric Class Syllabus 

2023  NEC Code Changes Part I 

5 hour continuing education class 

 
Saturday 2/4/22 8A-1P, Saturday 3/4/22 8A-1P 
Saturday 4/15/22 8A-1P, Tuesday 8/8/22 8A-1P 

Saturday 9/23/22 7A-12P, Saturday 11/18/22 7A-12P 

Instructor: Clifford Winkel 
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ARTICLE 110.21(B)(1) – Field applied hazard marking. Discuss revision pertaining to 

field applied hazard markings. 

 

 

ARTICLE 110.22(A) – General. Discuss revised text clarifying when the identification 

of a disconnecting means is required or not required. 

 

 

ARTICLE 110.26 – Spaces about electrical equipment. Discuss language pertaining to 

doors impeding access from electrical equipment areas. 

 

 

ARTICLE 110.26 (A)(6) – Grade, floor, or working platform. Discuss new language 

pertaining to keeping areas clear of objects. 

 

 

ARTICLE 110.29 – In sight from (within sight). Discuss new language pertaining to 

spaces about electrical equipment. 

 

 

ARTICLE 110.33(A) – Entrance. Discuss language for working space for equipment 

over 1000 volts. 

 

 

ARTICLE 110.34(A) – Working space and guarding. Discuss revisions regarding the 

conditions of the work space about equipment. 

 

10AM – 10:15  BREAK 

 

10:15AM – 11:15AM 

 

ARTICLE 210.2 – Reconditioned equipment. Discuss relocation from 210.15 to 210.2 

as it applies to branch circuitry. 
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Wink Electric Class Syllabus 

2023  NEC Code Changes Part I 

5 hour continuing education class 

 
Saturday 2/4/22 8A-1P, Saturday 3/4/22 8A-1P 
Saturday 4/15/22 8A-1P, Tuesday 8/8/22 8A-1P 

Saturday 9/23/22 7A-12P, Saturday 11/18/22 7A-12P 
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ARTICLE 210.8(A)(6) – Dwelling units kitchens. Discuss expansion of GFCI protection 

in kitchens (cord and plug). 

 

 

ARTICLE 210.8(A) – Dwelling units bathrooms. Discuss revision of GFCI protection 

regarding exhaust fans. 

 

 

ARTICLE 210.8(A)(8) – GFCI Protection for personnel. – Discuss weight supporting 

attachment fitting and GFCI protection of said fitting.  

 

 

ARTICLE 210.8(B)(4) – Other than dwelling units. Discuss addition of buffet style 

locations requiring GFCI protection. 

 

 

ARTICLE 210.8(B)(7) – Other than dwelling units sinks. Discuss addition of cord and 

plug connected equipment to code language. 

 

 

ARTICLE 210.8(B)(13) – Other than dwelling units aquariums. Discuss addition of new 

item 13 discussing aquariums and bait wells. 

 

 

ARTICLE 210.8(D) – Specific appliances. Discuss additional language pertaining to 

specific appliances listed in 218.8(D). 

 

 

ARTICLE 210.8(F) – Outdoor outlets. Discuss revision regarding replacements of 

existing receptacles and their GFCI requirements. 

 

ARTICLE 210.11(C)(4) – Branch circuits required. Discuss revision regarding the use 

of 15 amp circuits feeding garage areas. 
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2023  NEC Code Changes Part I 

5 hour continuing education class 

 
Saturday 2/4/22 8A-1P, Saturday 3/4/22 8A-1P 
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November location: City of Elyria – 1194 Gulf Rd  Elyria, Ohio 44035 
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ARTICLE 210.11(C)(4) – Branch circuits required. Discuss new exception 4 allowing 

20 amp garage bay circuits to feed other items. 

 

 

ARTICLE 210.12 – AFCI protection. Discuss and review reformatted section.  

 

 

ARTICLE 210.12(D)(3) – Other occupancies. Discuss new language adding sleeping 

areas to other occupancy types.  

 

 

ARTICLE 210.17 – Guest rooms and suites. Discuss revision adding requirements for 

assisted living buildings and their receptacle layouts. 

 

 

ARTICLE 210.19 – Minimum ampacity and size. Discuss revision regarding the use of 

circuit size vs conductor ampacity. 

 

 

ARTICLE 210.23 – Permissable loads. Discuss 10 amp branch circuitry language added 

to the 2023 NEC. 

 

 

ARTICLE 210.52(C) – Dwelling units islands/peninsulas. Discuss revisions regarding 

placement of receptacles in islands/peninsula areas. 

 

 

 

ARTICLE 210.52(G) – Basements, garages, accessory buildings. Discuss clarification 

of the security receptacle not meeting the requirements of 210.52(G).  
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Wink Electric Class Syllabus 

2023  NEC Code Changes Part I 

5 hour continuing education class 

 
Saturday 2/4/22 8A-1P, Saturday 3/4/22 8A-1P 
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ARTICLE 210.70 – Lighting outlets required. Discuss revision adding laundry areas to 

list of areas requiring wall mounted control devices. 

 

 

ARTICLE 215.15 – Barriers. Discuss new language requiring barriers for line voltage 

breaker situations. 

 

 

ARTICLE 215.18, 225.42, 230.67 – SPD. Discuss the expansion of SPD requirements in 

the 2023 NEC. 

 

 

ARTICLE 220.1 – Scope. Discuss new language pertaining to calculations for health 

care facilities, marina, boatyards, and docking facilities.  

 

 

ARTICLE 220.5 – Floor areas. Discuss new language including unused/unfinished areas 

of buildings to load calculations. 

 

 

ARTICLE 220.57 – Electric Vehicle Supply Equipment. Discuss new section pertaining 

to load calculations for EVSE. 

 

 

ARTICLE 220.70 – EMS. Discuss new language calculating load demands for EMS 

systems. 

 

 

ARTICLE 220.110 – Receptacle loads. Discuss new tables pertaining to receptacle loads 

in patient care spaces. 

 

11:15 – 12:15     
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Wink Electric Class Syllabus 

2023  NEC Code Changes Part I 

5 hour continuing education class 

 
Saturday 2/4/22 8A-1P, Saturday 3/4/22 8A-1P 
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ARTICLE 220.120 – Marinas, boatyards, etc. Discuss relocation of 555.6 to 220.120.  

 

 

ARTICLE 225.5/225.7 – Deletion. Discuss deletion of 225.5 and 225.7 referring this 

information to articles 215 and 220.  

 

 

ARTICLE 225.41 – Emergency disconnects. Discuss new language requiring emergency 

disconnects for one and two family dwelling units being served by feeders. 

 

 

ARTICLE 230.62(C) – Barriers. Discuss revision regarding requirements of barriers in 

service equipment.  

 

 

ARTICLE 230.67(A) – SPDs. Discuss change in language from dwelling units to list 

specific occupancies. 

 

ARTICLE 230.71(B) – Two to six service disconnecting means. Discuss language 

requiring transfer switches to be listed as service equipment. 

 

 

ARTICLE 230.71(B) EXCEPTION – Discuss exception grandfathering older 

installations installed in accordance with older versions of the NEC. 

 

 

ARTICLE 230.85 – Emergency disconnects. Discuss new sub divisions regarding the 

use of emergency disconnects.  

 

ARTICLE 240.2 – Reconditioned equipment. Discuss relocation of 240.62 and 240.88.  

 

ARTICLE 240.4(B) – Overcurrent devices 800 amps or less. Discuss addition of 

adjustable trip overcurrent devices to 240.6(A).  
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ARTICLE 240.4(D)(3) – 14 AWG copper clad aluminum. Discuss addition of copper 

clad aluminum to 240.4(D). 

 

ARTICLE 240.6(D) – Remotely accessible adjustable trip circuit breakers. Discuss 

revision to allow remote access to adjustable trip circuit breakers. 

 

ARTICLE 240.7 – Listing requirements. Discuss new section requiring listing of these 

GFPE and GFCI devices. 

 

ARTICLE 240.11 – Selective coordination. Discuss new requirement clarifying feeder 

overcurrent devices and their interaction with service overcurrent devices. 

 

ARTICLE 240.16 – Interrupting ratings. Discuss new requirement regarding minimum 

interrupting ratings. 

 

ARTICLE 240.24(A) – Accessibility – Exception. Discuss revision regarding updating 

“similar enclosures”. 

 

ARTICLE 240.2E (E) – Not located in bathrooms. Discuss revision clarifying over 

current devices not being acceptable in bathroom areas. 

 

ARTICLE 242.2 – Reconditioned equipment. Discuss new language stating SPDs 

cannot be reconditioned. 

 

ARTICLE 242.9 – Indicating. Discuss requirement for indicating lights for SPDs. 

 

ARTICLE 250.24 – Grounding of AC systems. Discuss revision to clarify requirements 

of parallel installations. 

 

ARTICLE 250.24 (D)(2) – Grounding of AC systems. Discuss revision clarifying 

parallel service conductor installations. 

 

ARTICLE 250.50, 250.52(A)(3)(1), 250.52 (B)(2) – Grounding electrode system. 

Discuss change of language regarding concrete encased electrodes. 
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ARTICLE 250.64(G) – Enclosures with vent openings. Discuss new requirements not 

allowing vented areas to be used to install GEC. 

 

ARTICLE 250.70 – Methods of grounding and bonding. Discuss revision to grounding 

electrode installation methods. 

 

ARTICLE 250.94(A) – Intersystem bonding termination. Discuss revision in intersystem 

bonding terminal requirements.  

 

ARTICLE 250.118(A) – Types of EGC. Discuss new item (6)(F) that was added along 

with the special rules associated with it. 

 

ARTICLE 250.130 – EGC connections. Discuss revision adding snap switches. 

 

ARTICLE 250.140 – Frames of ranges and dryers. Discuss revision trying to streamline 

understanding of this section. 

 

ARTICLE 250.148 – Continuity of EGC. Discuss revision adding subdivision (A) 

clarifying connections of EGC in boxes. 

 

ARTICLE 300.4 (E) EX 1/2 – Discuss revision discussing concrete located on a metal 

corrugated roof.  

 

ARTICLE 300.4 (G) – Fittings. Discuss revision dealing with bushing being installed 

before installation. 

 

TABLE 300.5 – Minimum cover requirements. Discuss revision adding EMT to the 

table. 

 

ARTICLE 300.5 (D) – Protection from damage. Discuss deletion of “direct buried” 

language.  

 

ARTICLE 300.6 (A) – Ferrous metal equipment. Discuss revision of language. 
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Wink Electric Class Syllabus 

2023  NEC Code Changes Part II 

5 hour continuing education class 

 
Saturday 2/11/22 8A-1P, Saturday 3/11/22 8A-1P 
Saturday 4/22/22 8A-1P, Tuesday 8/15/22 8A-1P 

Saturday 9/23/22 1P-6P, Saturday 11/18/22 1P-6P 

Instructor: Clifford Winkel 

 
February location: Fields Sweet School 8540 Root Rd  North Ridgeville, Ohio 44039  

 March location: Jims Electric 39221 Center Ridge Rd  North Ridgeville, Ohio 44039 

April location: Net Electric 12925 Pearl Rd  Strongsville, Ohio 44136 
August Location Wink Electric Inc – 34400 Lorain Rd, North Ridgeville, Ohio 44039 

September location: Wolff Brothers – 38777 Taylor Parkway  North Ridgeville, Ohio 44039 

November location: City of Elyria – 1194 Gulf Rd  Elyria, Ohio 44035 

Schedule of Topics and time schedule 

 

7AM – 8AM 
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ARTICLE 300.11 (C) – Raceways used as means of support. Discuss revision adding class 3 

circuits as a conductors allowed to be supported in this fashion. 

 

ARTICLE 300.14 – Length of free conductors at openings. Discuss revision allowing splicing 

of short conductors. 

 

ARTICLE 300.17 – Number and size of conductors in raceways. Discuss revision in language 

safeguarding conductors during and after installation. 

 

ARTICLE 300.25 – Exit enclosures. Discuss language adding the use of fire barriers in addition 

to being separated from the building. 

 

ARTICLE 300.26 – Remote control and signaling circuits. Discuss new 300.26 with these types 

of circuitry. 

 

TABLES 310.16, 310.17, 310.20 – Ampacity of conductor tables. Discuss deletion of XHWN 

from the 90 degree tables. 

 

ARTICLE 312.10 – Screws and other fasteners. Discuss new section dealing with field installed 

screws. 

 

ARTICLE 314.5 – Screws and other fasteners. Discuss new section dealing with screws and 

other fasteners entering enclosures. 

 

ARTICLE 315.1 – Dimensions of boxes. Discuss revision adding language about side entries. 

 

ARTICLE 315.1 – Scope. Discuss new language regarding the voltages covered by article 315. 

 

ARTICLE 320.23 (A) – Cables run across framing members. Discuss revision of language to 

framing members opposed to joists. 
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ARTICLE 322.56 (B) – Taps. Discuss revision dealing with flat cable being marked and not 

necessarily colored. 

 

ARTICLE 330.112 (A) – 1000 volts or less MC cable. Discuss revision of language in the MC 

section. 

 

ARTICLE 342.20 (B) – Maximum. Discuss revision of largest size of IMC allowed to be 

installed. 

 

ARTICLE 344.28 – Reaming and threading. Discuss revision in language regarding PVC coated 

rigid. 

 

ARTICLE 352.44 (B) – Expansion fittings. Discuss new requirements for expansion joints. 

 

ARTICLE 358.48 – Revision. Discuss revision regarding joining methods. 

 

ARTICLE 358.20 (B) – Maximum. Discuss revision allowing up to 6” EMT to be used. 

 

ARTICLE 404.1 – Scope. Discuss new informational note regarding wall mounted devices. 

 

ARTICLE 404.14 (D) – Snap switch terminations. Discuss new language dealing with 14 awg 

wire and snap switches. 

 

ARTICLE 404.16 – Reconditioned equipment. Discuss new language prohibiting 

reconditioning of switches. 

 

ARTICLE 404.30 – Switch enclosures. Discuss new requirements for doors with switch 

mechanisms.  

 

ARTICLE 406.2 – Reconditioned equipment. Discuss relocation from 406.3 (A) and 406.7 to 

new section 406.2. 
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8:00 – 9:00 

ARTICLE 406.30 (D) – Receptacle terminations. Discuss new language regarding the 

limitations of 15 amp branch circuits. 

 

ARTICLE 406.4 (D)(3) – GFCI protection. Discuss revision of language to require listing of 

products. 

 

ARTICLE 406.4 (D)(8) – GFPE protection. Discuss new language requiring GFPE protection 

when replacing devices in areas which require it.  

 

ARTICLE 406.6 (D) – Receptacle faceplates. Discuss revision regarding lighting faceplates and 

what kind of screws are allowable. 

 

ARTICLE 406.9 (C) – Bathtub and shower space. Discuss revision regarding limitations of 

receptacles around these areas. 

 

ARTICLE 406.12 – TR receptacles. Discuss revision in language attempting to streamline 

language regarding areas where TR receptacles are required. 

 

ARTICLE 408.4 – Descriptions required. Discuss revision regarding circuit directories.  

 

ARTICLE 408.9 – Replacement panelboards. Discuss revision in requirements for replacement 

panelboards. 

 

ARTICLE 408.38 – Enclosure. Discuss revision regarding listing of equipment with available 

arc fault current greater than 10k.  

 

ARTICLE 408.43 – Panelboard orientation. Discuss revision prohibiting panelboards being 

installed in a face gown position. 

 

ARTICLE 409.60 – Bonding. Discuss reorganization of this article. 

 

ARTICLE 409.70 – Surge protection. Discuss new section requiring surge protection for 

industrial control panels. 
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ARTICLE 410.2 – Reconditioned equipment. Discuss revision adding LED drivers and lamps to 

items that are prohibited from recondition. 

 

ARTICLE 410.10 (F) – Luminaires installed in or under roof decking. Discuss revision 

requiring 1 ½” space under roof decking. 

 

ARTICLE 410.71 – Disconnecting means for luminaires. Discuss relocation from 410.71 to this 

section. 

 

ARTICLE 410 PART XVII – Special provisions for germicidal irradiation luminaires. Discuss 

new part XVII added to the NEC. 

 

ARTICLE 410.184 – GFCI and SPGFCI protection. Discuss revision clarifying when to use 

these types of devices. 

 

ARTICLE 422 – Appliances. Discuss deletion of sections 422.3, 422.4, 422.15, 422.23, 422.46, 

422.50.  

 

ARTICLE 422.16 (B)(2) – Built in dishwashers and compactors. Discuss revision to provisions 

regarding pass through cords in these installations. 

 

ARTICLE 422.18 – Paddle fans. Discuss revision prohibiting certain kinds of ceiling fan 

installations. 

 

ARTICLE 424.10 – General – Discuss deletion of special permission. 

 

ARTICLE 424.48 – Installation of cables in walls. Discuss new section allowing heating cables 

to be installed in walls. 

 

ARTICLE 424.93 (C) – Installation of heating panels in walls. Discuss new section allowing 

heating panels to be installed in walls. 

 

ARTICLE 425.10 – General. Discuss deletion of special permission. 

Wink Electric Class Syllabus 
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9:00 – 10:00 

ARTICLE 426.14 – Special permission. Discuss deletion of special permission. 

 

ARTICLE 426.28 – Ground fault protection. Discuss revision recognizing manufacturer’s 

requirements on snow melting equipment. 

 

ARTICLE 427.35 – Scope. Discuss deletion of article 427.35. 

 

ARTICLE 430.1 – Scope. Discuss revision of figure 430.1. 

 

ARTICLE 430.2 – Reconditioned motors. Discuss new section regarding guidance on 

reconditioning motors. 

 

ARTICLE 440.8 – Single machine and location. Discuss revision to 440.8 prohibiting mini split 

installation in certain areas. 

 

ARTICLE 440.11 – General – Discuss revision requiring locking of disconnects. 

 

ARTICLE 440.14 – Location. Discuss revision regarding workspace clearance for HVAC 

equipment. 

 

ARTICLE 445.18 (A) & 445.19 – Disconnecting means and emergency shutdown. Discuss 

revision allowing disconnection to be behind hinged covers. 

 

ARTICLE 450.2 – Interconnection of transformers. Discuss new section adding guidance for 

transformer interconnection. 

 

ARTICLE 470.2 – Reconditioned equipment. Discuss new section prohibiting reconditioning of 

resistors.  

 

ARTICLE 495 – Equipment over 1000 volts AC. Discuss requirements formerly found in 490 

are now found in article 495. 

 

ARTICLE 500.4 – Documentation. Discuss revision in documentation requirements by the 

126



AHJ. 

Wink Electric Class Syllabus 

2023  NEC Code Changes Part II 

5 hour continuing education class 

 
Saturday 2/11/22 8A-1P, Saturday 3/11/22 8A-1P 
Saturday 4/22/22 8A-1P, Tuesday 8/15/22 8A-1P 

Saturday 9/23/22 1P-6P, Saturday 11/18/22 1P-6P 

Instructor: Clifford Winkel 

 
February location: Fields Sweet School 8540 Root Rd  North Ridgeville, Ohio 44039  

 March location: Jims Electric 39221 Center Ridge Rd  North Ridgeville, Ohio 44039 

April location: Net Electric 12925 Pearl Rd  Strongsville, Ohio 44136 
August Location Wink Electric Inc – 34400 Lorain Rd, North Ridgeville, Ohio 44039 

September location: Wolff Brothers – 38777 Taylor Parkway  North Ridgeville, Ohio 44039 

November location: City of Elyria – 1194 Gulf Rd  Elyria, Ohio 44035 

Page 6/12 

ARTICLE 500.5 (D)(1)(A) – Combustible fibers/flyings. Discuss revision definition of 

combustible fibers. 

 

ARTICLE 500.8 (D)(2) AND (D)(3) – Equipment temperature. Discuss revision in this section 

to align with the new definition of combustible fibers. 

 

ARTICLE 505.9 (C) CHAPTER 9 TABLE 13 – Equipment suitable for hazardous locations. 

Discuss new table 13 in Chapter 9 and deletion of table 505.9 (C)(2)(4).  

 

ARTICLE 512 – Cannabis oil equipment. Discuss new article 512 covering this kind of 

installation area. 

 

ARTICLE 515.10 – Special equipment motor fuel. Discuss language change from gas dispenser 

to motor fuel dispenser. 

 

ARTICLE 517 – Health care facilities. Discuss revision in definitions of Category 1-4 spaces. 

 

ARTICLE 517.6 – Patient care related equipment. Discuss new language confirming 

reconditioning requirements in other areas of the code do not apply to patient care equipment. 

 

ARTICLE 517.13 – EGC in patient care spaces. Discuss revision in language regarding 

installations in these areas. 

 

ARTICLE 517.22 – Demand factors. Discuss new section regarding demand factors in heath 

care facilities.  

 

ARTICLE 517.30 – Sources of power. Discuss revisions in terminology in this section. 

 

ARTICLE 517 PART V – Diagnostic imaging and treatment equipment. Discuss revision in 

language from Xray installations to diagnostic imaging and treatment equipment. 

 

10AM – 10:15  BREAK 
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10:15 – 11:15 

ARTICLE 518.2 – Casinos and gaming facilities. Discuss revision adding these areas to 

assembly examples. 

 

ARTICLE 518.4 – Wiring methods. Discuss revision in language including POE cabling. 

 

ARTICLE 518.5 – Supply. Discuss revision reorganizing assembly occupancies. 

 

ARTICLE 547.26 – Physical protection. Discuss new section regarding nonmetallic cables.  

 

ARTICLE 547.44 – Equipotential planes and bonding. Discuss new section clarifying indoor 

and outdoor locations of these areas. 

 

ARTICLE 550.32 – Service equipment. Discuss revision for disconnect location. 

 

ARTICLE 551.3 – Electrical datum plane. Discuss new section dealing with datum planes at 

RV areas. 

 

ARTICLE 551.40 (D) – Loss of ground device. Discuss revision eliminating the requirement for 

reverse polarity devices. 

 

ARTICLE 555.4 – Location of service equipment. Discuss revision modifying 555.4 and 

distances for docking services. 

 

ARTICLE 555.6 – Load calculations for service and feeder conductors. Discuss relocation from 

555.6 to 220.120 for calculations. 

 

ARTICLE 555.14 – Equipotential planes and bonding. Discuss new section regarding installing 

equipotential planes in marinas and boatyards. 

 

ARTICLE 555.15 – Replacement of equipment. Discuss new section requiring replacement 

devices to be installed to the new requirements of the NEC. 
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ARTICLE 555.35 (E) – Leakage current measurement device. Discuss new language requiring 

these devices to be listed by 1/1/26. 

 

ARTICLE 555.36 (C) – Emergency electrical disconnect. Discuss new requirements mandating 

the emergency disconnect be located within sight of a marina power outlet.  

 

ARTICLE 555.38 – Luminaires. Discuss new section dealing with luminaires in marinas and 

dockyards. 

 

ARTICLE 590.4 (F) – Lamp protection. Discuss new revision requiring metal caged temp 

lighting. 

 

ARTICLE 600.5 (A) – Exception. Discuss new exception relocation of timeclock language. 

 

ARTICLE 600.35 – Retrofit kits. Discuss deletion of section 600.35. 

 

ARTICLE 620.12 (A) – Traveling cables. Discuss new addition of class 2 cables to this section. 

 

ARTICLE 620.22 (A) – Car light receptacles. Discuss revision to specify permissible loads on 

the car light circuit. 

 

ARTICLE 620.36 – Different systems. Discuss revision specifying which cable types can be 

run. 

 

ARTICLE 620.51 (A) TYPE EX NO. 2 – Stairway chair lift. Discuss revision determining 

where stairway chair lifts are allowed.  

 

ARTICLE 625.6 – Listed. Discuss revision determining which EV systems are to be listed. 

 

ARTICLE 625.44 (A) – Portable equipment. Discuss revision adding 60 amp receptacles to this 

section. 
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ARTICLE 625.49 – Island mode. Discuss new language dealing with island mode on EV’s. 

 

ARTICLE 630.8 – GFCI for welders. Discuss new section laying out when to install these.  

 

ARTICLE 646.19 – Entrance to and egress from working space. Discuss revision regarding 

egress doors in modular areas.  

 

ARTICLE 670.1 – Scope. Discuss revision requiring over voltage protection in these 

environments.  

 

ARTICLE 680 – Swimming pools etc. Discuss reorganization to try to elevate usability of 

article 680. 

 

ARTICLE 680.5 – GFCI and SPGFCI protection. Discuss revision requirements for these 

devices in article 680 areas. 

 

ARTICLE 680.9 (A) – Power. Discuss revision clarifying open overhead wiring in raceways. 

 

ARTICLE 680.10 – Electric pool water heaters. Discuss revision including electric pool water 

installations. 

 

ARTICLE 680.21 (D) – Pool pump motor replacement. Discuss revision requiring GFCI for 

pumps replacement and reconditioned.  

 

ARTICLE 680.12 – Equipment rooms. Discuss revision requiring drainage.  

 

ARTICLE 680.23 (B)(2)(a) – Forming shell. Discuss revision requiring listing for rigid in 

certain pool areas. 

 

ARTICLE 680.32 – GFCI and special purpose SPGFCI protection. Discuss revision regarding 

when to install these devices. 
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11:15 – 12:15 

ARTICLE 680.41 (A) – Emergency switch for spas and hot tubs. Discuss revision excluding the 

need to these installations at single family dwellings. 

 

ARTICLE 680.44 – GFCI and SPGFCI protection. Discuss revision regarding these devices 

installed in these areas.  

 

ARTICLE 680.54 (C) – Equipotential bonding of splash pads. Discuss new section addressing 

bonding requirements in these areas. 

 

ARTICLE 690 – Solar photovoltaic systems. Discuss removal of PV output circuit. 

 

ARTICLE 700.2, 701.2, 702.2, AND 708.2 – Reconditioned equipment. Discuss reconditioning 

of transfer switches being prohibited.  

 

ARTICLE 700.3 (F) – List items 4, 6, 7. Discuss new/revision requiring listing of devices. 

 

ARTICLE 700.5 (D) – Redundant transfer equipment. Discuss revision pertaining to emergency 

loads supplied by single feeders. 

 

ARTICLE 700.11 (C) – Wiring class 2 powered emergency lighting systems. Discuss new 

section citing requirements for the separation of class 2 circuits.  

 

ARTICLE 700.12 (C) – Supply duration. Discuss new informational note to reference 

classification information for EPSS systems. 

 

ARTICLE 700.12 (E) & 701.12 (E) – Stored energy power supply systems. Discuss revision in 

language from uninterruptible power supplies to stored energy power supply systems. 

 

ARTICLE 700.12 (G) – Microgrid systems. Discuss revision to microgrid system management. 
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ARTICLE 701.4 (C) – Load management. Discuss revision to load management requirements. 

 

ARTICLE 701.4 (D) – Parallel operation. Discuss new section adding language identifying two 

different types of parallel operations. 

 

ARTICLE 701.10 – Wiring legally required standby systems. Discuss new section concerning 

wiring requirements for legally required standby systems.  

 

ARTICLE 701.12 (C) – Supply duration. Discuss new informational note referencing 

classification information. 

 

ARTICLE 705.11 – Source connections to a service. Discuss revision applying to systems 

interconnected with new or existing utility services. 

 

ARTICLE 705.13 – EMS systems. Discuss relocation of much of the language from this article 

to article 750. 

 

ARTICLE 705.20 – Source disconnecting means. Discuss deletion of requirements to lock 

and/or use tools to open. 

 

ARTICLE 705.30 (F) – Transformers. Discuss new language addressing transformer 

requirements for interconnected systems. 

 

ARTICLE 705.50 – System operation. Discuss revision discussing operational modes of 

microgrid systems. 

 

ARTICLE 706.7 – Commissioning and maintenance (energy storage systems). Discuss new 

section regarding commissioning requirements. 

 

ARTICLE 722 – Cables for power limited circuits. Discuss new article 722 covering general 

requirements for class 4 circuits. 

132



 

 

 

Wink Electric Class Syllabus 

2023  NEC Code Changes Part II 

5 hour continuing education class 

 
Saturday 2/11/22 8A-1P, Saturday 3/11/22 8A-1P 
Saturday 4/22/22 8A-1P, Tuesday 8/15/22 8A-1P 

Saturday 9/23/22 1P-6P, Saturday 11/18/22 1P-6P 

Instructor: Clifford Winkel 

 
February location: Fields Sweet School 8540 Root Rd  North Ridgeville, Ohio 44039  

 March location: Jims Electric 39221 Center Ridge Rd  North Ridgeville, Ohio 44039 

April location: Net Electric 12925 Pearl Rd  Strongsville, Ohio 44136 

August Location Wink Electric Inc – 34400 Lorain Rd, North Ridgeville, Ohio 44039 

September location: Wolff Brothers – 38777 Taylor Parkway  North Ridgeville, Ohio 44039 

November location: City of Elyria – 1194 Gulf Rd  Elyria, Ohio 44035 

Page 12/12 

ARTICLE 725.144 – Bundling of cables transmitting power and data. Discuss revision 

removing 4 pair from title section. 

 

ARTICLE 726 – Class 4 power systems. Discuss new article 726 dealing with FMP systems. 

 

ARTICLE 760 – Fire alarm systems. Discuss several section that were revised and reworded in 

article 760. 

 

ARTICLE 800.179 – Wires and cables. Discuss relocation of hybrid power and comm systems 

to article 800. 

 

ARTICLE 805.170 – Protectors. Discuss relocation of communications listing to article 800 

from 805. 

 

ARTICLE 840.160 – Powering circuits. Discuss relocation of communication cable wiring to 

article 800.  

 

CHAPTER 9 TABLE 13 – Equipment suitable for hazardous locations. Discuss new table 

located in chapter 9. 

 

ANNEX A – Discuss new table A.1(b).  

 

ANNEX E – Fire resistance construction. Discuss changes to type IV construction. 
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440-346-4125 
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BIO 

 

   Hello, my name is Cliff Winkel and I am an electrical contractor operating out of North  

 

Ridgeville, Ohio. I have been an electrician since 1990 beginning with simple house  

 

remodels and rewiring working for various companies. In 1997 I started working for an  

 

outfit out of Cleveland, Ohio which dealt with commercial, residential, and industrial  

 

applications. In 2000 I applied, tested, passed, and received my Ohio Electrical  

 

Contractor’s License (#23838) and started my own business, Winkelectric. In 2004 I  

 

applied, tested, passed and received my Ohio Electrical Safety Inspector’s License  

 

(#1862). In 2005 I applied for, and received my Approved Training Agency License  

 

(#517). I also am licensed as a fire alarm contractor and am entry level NABCEP 

 

certified in photovoltaic installations. I also currently have a NICET level III fire alarm 

  

certification.  In 2005, 2009 – 2022 I taught OCLIB electrical continuing education  

 

classes for electrical contractors (focused on 2005 2008 2011 and 2014/2017/2020 code  

 

changes and grounding). From 2000 to current I am continuing work as an electrical  

 

contractor. Some of the projects I have been involved in projects including residential  

 

buildings, commercial shopping centers, cellular tower land sites, and industrial high 

 

 voltage maintenance and testing work.  I have been registered and operated in numerous  

 

municipalities throughout Ohio.        

        Clifford Winkel  

 

        Wink Electric  

        11/14/22 
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Zachary D Jenkins 
BIO/Profile 2022 
 
I currently employed by the Division of Building Inspection, Ottawa County, Ohio as the Building Official, 

Residential Building Official, Flood Plain Manager,  and Building and Electrical Inspector. I am also the 

President of the North West Ohio Building Officials Association and Vice President of the Ohio Chapter 

IAEI. In addition to the IAEI, I am a member of the IBEW. I hold my ESI, BI, RBO and CBO certificates. 

I am married to my wife Heidi and have 2 kids Zoey and Harrison. I enjoy fishing and hunting. 
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Training Presentation By:

International Association of Electrical Inspectors

Part 2
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This program is licensed solely for 

the purpose of in-person electrical 

education and training by the 

licensee. 

Analysis of Changes, NEC-2017

training presentation is prohibited 

from being further copied, 

broadcast, posted online, 

sublicensed, used for on-line 

training or in any way further 

distributed or displayed for any 

other purpose by the licensee.
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®
Portions of this material are reprinted with 

permission from the 2014 and 2017 editions of 

the National Electrical Code® Copyright © 2013 

and 2016 National Fire Protection Association. 

This material is not the complete and official 

position of the National Fire Protection 

Association on the reference subject which is 

represented solely by the standard in its 

entirety which can be obtained from the NFPA 

at www.nfpa.org and can be viewed at 

www.nfpa.org/70

National Electrical Code®, NFPA 70®, NEC®, and 

the NEC Logo™ are trademarks of the National 

Fire Protection Association, Quincy, MA 02169
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 Fourteen existing definitions have been relocated to Article 
100 from 500.2

Article 500, and in particular 500.2 has been a safe “landing 
spot” for any definition that applied to more than one 
hazardous (classified) location article rather than locate these 
multi-article definitions in Article 100 (as prescribed by the NEC 
Style Manual)

To comply with the NEC Style Manual, fourteen definitions that 
were located at 500.2 have been relocated to Article 100 

Relocated hazardous (classified) location definitions will 
include the term “[as applied to Hazardous (Classified) 
Locations]” immediately following the identification of the 
defined term prior to the actual definition

500.2 Definitions Moved to Article 100
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Title of 500.5(A) changed from “Classifications of Locations” to 
“General” as 500.5(A) applies to all of 500.5 [including 
500.5(B), (C), and (D)]

Revisions to 500.5(A) clarify that “refrigerant machinery 
rooms” containing ammonia refrigeration may be classified as 
“unclassified” locations based on the use of gas detection and 
adequate ventilation

 “Adequate ventilation” defined as “continuous or initiated by a 
detection system at a concentration not exceeding 150 ppm 
(parts per million)”

Harmonizes with applicable standards that govern ammonia 
refrigeration systems (ANSI/IIAR 2 and ANSI/ASHRAE 15)

500.5(A) 
Classifications of Locations General
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Previous Table 500.8(D)(2) Class II Temperatures has been 
deleted

Previous table is no longer applicable as the fixed ignition 
temperature limits referenced in the table are no longer used 
to evaluate Class II temperature limitations on equipment

Requirement for maximum surface temperature for Class II 
dust locations changed from the fixed limits to the 
temperature class numbers during 2002 NEC revision cycle

Deletion of
Table 500.8(D)(2) Class II Temperatures
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Rigid metal conduit (RMC) and intermediate metal conduit 
(IMC) with listed threadless fittings as well as cablebus added 
as acceptable wiring methods in Class I, Division 2 locations

Class I, Division 2 locations are locations in which volatile 
flammable gases, flammable liquid-produced vapors, or 
combustible liquid-produced vapors are handled, processed, or 
used

 Some cables with threadless fittings already permitted to be 
installed in Class I, Division 2 locations

Cablebus provides a level of safety equivalent to the other 
wiring methods permitted for Class I, Division 2 locations (such 
as cable tray)

501.10(B)(1) 
Wiring Methods for Class I, Division 2
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Text added to identify the explosionproof fittings that can be 
installed between a cable seal and an enclosure in Class I, 
Division 1 locations

Only explosionproof unions, couplings, reducers, elbows, and 
capped elbows that are not larger than the trade size of the 
enclosure entry are permitted between the cable sealing fitting 
and the enclosure in a Class I, Division 1 location

 Some explosionproof enclosures require seal fittings to be 
located as much as 450 mm (18 in.) away and are so marked

This situation lends itself to fittings being installed between 
the enclosure and a cable seal

501.15(D)(1) 
Cable Seals - Class I, Division 1
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Table 511.3(C) and Table 511.3(D)

Two new tables added at 511.3 for clarification of area 
classification of major and minor commercial repair garages

 Table 511.3(C) Extent of Classified Locations for Major and 
Minor Repair Garages with Heavier-Than-Air Fuel

 Table 511.3(D) Extent of Classified Locations for Major Repair 
Garages with Lighter-than-Air Fuel

Previous requirements of 511.3(C) and (D) were replaced with a 
new Table 511.3(C) covering both major and minor repair 
garages where heavier than air gaseous Class I liquids are 
transferred or dispensed

New Table 511.3(D) covers major repair garages where vehicles 
using lighter than air gaseous fuels are repaired or stored 158



Table 511.3(C) and Table 511.3(D) (cont.)

Major Repair Garage. A building or portions of a building where 
major repairs, such as engine overhauls, painting, body and 
fender work, and repairs that require draining of the motor 
vehicle fuel tank are performed on motor vehicles, including 
associated floor space used for offices, parking, or showrooms.

Minor Repair Garage. A building or portions of a building used 
for lubrication, inspection, and minor automotive maintenance 
work, such as engine tune-ups, replacement of parts, fluid 
changes (e.g., oil, antifreeze, transmission fluid, brake fluid, air-
conditioning refrigerants), brake system repairs, tire rotation, and 
similar routine maintenance work, including associated floor 
space used for offices, parking, or showrooms.

 See 511.2 159
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New section added to address acceptable wiring methods for 
an underground installation under a commercial repair garage

Underground wiring method for a commercial repair garage to 
be installed in threaded rigid metal conduit (RMC) or 
threaded steel intermediate metal conduit (IMC)

New exception permits PVC conduit, RTRC conduit, and high 
density polyethylene (HDPE) conduit to be used where buried 
under not less than 600 mm (2 ft) of cover

Added text patterned after similar underground wiring 
provisions such as 514.8 and 515.8(A)

511.8 Underground Wiring -
Commercial Garages, Repair and Storage
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New classification information for storage tanks for 
compressed natural gas, liquefied natural gas, and liquefied 
petroleum gas fuel storage has been added

References to other NFPA documents that offer further detail 
were also added

Modern storage tanks for these gases are typically full 
containment type, which has a pre-stressed concrete outer 
wall and a high-nickel steel inner tank, with extremely efficient 
insulation between the walls

New information is extracted material from NFPA 30A (Code 
for Motor Fuel Dispensing Facilities and Repair Garages)

514.3(B)(3) Classification of Fuel Storage -
Motor Fuel Dispensing Facilities
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High density polyethylene (HDPE) conduit was added to 514.8, 
Ex. No. 2 as an acceptable wiring method for underground 
installations for motor fuel dispensing facilities where buried 
under not less than 600 mm (2 ft) of cover

HDPE provides at least the same level of protection and is an 
equivalent wiring method to PVC or RTRC when installed 
underground under not less than 600 mm (2 ft) of cover

HDPE is a nonmetallic flexible raceway manufactured from 
high density polyethylene for use in underground and 
innerduct applications

514.8 Ex. No. 2 Underground Wiring -
Motor Fuel Dispensing Facilities
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514.11 Circuit Disconnects –
Motor Fuel Dispensing Facilities

Emergency shutoff device requirements for a motor fuel 
dispensing facilities was revised to reflect the requirements of 
NFPA 30A and for clarity

 Fuel dispensing systems required to be provided with one or 
more clearly identified emergency shutoff devices or electrical 
disconnects

 Such devices or disconnects to be installed in approved locations 
but not less than 6 m (20 ft) or more than 30 m (100 ft) from the 
fuel dispensing devices that they serve

514.11 revised to clearly indicate that these minimum and 
maximum distances hold true at both attended and unattended
motor fuel dispensing facilities 172



514.11 Circuit Disconnects –
Motor Fuel Dispensing Facilities (cont.)

Previous language could be interpreted as requiring emergency 
controls to be within 30 m (100 ft) of the closest dispenser of a 
group while allowing the other dispensers to be located further 
than 30 m (100 ft) from emergency control device

Revised language clearly requires emergency shutoff device not 
less than 6 m (20 ft) from and not more than 30 m (100 ft) from 
any of the fuel dispensing devices that they serve

Allows attendant or anyone the ability to quickly shut off all 
external power to a dispenser at a safe distance while having the 
emergency shutoff devices located within a reasonable distance 
in order to take advantage of these emergency shutoff devices 
during an emergency situation
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Article 516 was re-arranged and revised to give the article a 
clearer outline

 Four individual parts were added to the article

 Part I. General

 Part II. Open Containers

 Part III. Spray Application Processes

 Part IV. Spray Application Operations in Membrane 
Enclosures

Requirements now align with NFPA 33 (Standard for Spray 
Application Using Flammable and Combustible Materials) and 
NFPA 34 (Standard for Dipping, Coating, and Printing Processes 
Using Flammable or Combustible Liquids)

Article 516 Entire Article Revised
Spray Application, Dipping, Coating, and Printing Processes Using 
Flammable or Combustible Materials
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New definition for “Governing Body” added to Article 517

Term “governing body” appears at 7 different locations in 
Article 517

New definition will be followed by “[99: 3.3.62]” as this is 
extracted material from NFPA 99 (Healthcare Facilities Code)

New definition will eliminate some of the confusion that may 
exist for users of the Code when trying to determine who has 
responsibility for making decisions on certain matters in a 
health care facility

517.2 Definitions: Governing Body -
Health Care Facilities
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Definition of “Health Care Facility” was revised to include 
“mobile enclosures”

Examples of a health care facility that were included in the 
definition in the previous edition of the Code are now found in 
an informational note below the revised definition

Revised definition is extracted material from NFPA 99 
(Healthcare Facilities Code)

Health care facility is not limited to a traditional “brick and 
mortar” permanently constructed building

Health care facility can include a mobile or portable facility 
such as a mobile blood bank or mobile facilities as seen at 
sporting events

517.2 Definitions: Health Care Facilities
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To define a well-used term in Article 517, a new definition for 
“Medical Office (Dental Office)” was added at 517.2

New definition will provide needed clarity when determining 
health care facility requirements such as branch circuit 
requirements at patient bed locations

New definition will make it clear that overnight stays for 
patients or 24-hour operation facilities do not encompass a 
medical or dental office

517.2 Definitions: 
Medical Office (Dental Office)
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To define a well-used term in Article 517, a new definition for 
“Medical Office (Dental Office)” was added at 517.2 (cont.)

The use of sedation or local anesthesia is involved in minor 
treatment or procedures under the continuous supervision of 
a medical or dental professional would be involved at a 
medical or dental office

New definition is extracted material from NFPA 99 (Health Care 
Facilities Code)

517.2 Definitions: 
Medical Office (Dental Office) (cont.)
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Revised definition of “Patient Care Space” will include four 
NFPA 99 numbered categories for:

 Basic Care (Category 3) Space

 General Care (Category 2) Space

 Critical Care (Category 1) Space

 Support (Category 4) Space

Bracketed NFPA 99 references were added after each 
description and informational note

 Informational notes were relocated after each definition with 
examples of each of the different categories

Revised definitions and the related informational notes will 
help clarify the meaning and use of these spaces 

517.2 Definitions: Patient Care Space -
Health Care Facilities
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Revisions divided 516.16 into two subdivisions for prohibition 
of isolated ground receptacles:

 (A) Inside of a Patient Care Vicinity

 (B) Outside of a Patient Care Vicinity

New provisions identify the requirement of three grounding 
paths when isolated ground receptacles are required [metal 
raceway equipment grounding path, green wire type 
equipment grounding conductor for the 517.13 “redundant 
grounding” requirements, and a separate isolated ground 
equipment grounding conductor to comply with 250.146(D)]

Color designation of green with one of more yellow stripes 
required for the isolated ground EGC

517.16 
Use of Isolated Ground Receptacles
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Requirements for two independent sources of power and an 
alternate source of power for the essential electrical system for 
hospitals and other health care facilities were revised and 
relocated to 517.30

 Fuel cell systems will now be permitted to serve as the 
alternate source for all or part of an essential electrical system 
as any reference to a battery system has been deleted

 Fuel cells provide a high level of reliability and have a proven 
reliability track record in data centers and other mission critical 
facilities

Relocation and revision of “Sources of Power” requirements 
from 517.35 to 517.30 provides a more logical sequence and 
flow of the text while providing added clarity 

517.30 Types of Power Sources for Essential 
Electrical System - Health Care Facilities
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New language was added to specifically allow the control of 
task illumination on the critical branch of the essential 
electrical system (switching permitted)

Task illumination is the “provision for the minimum lighting 
required to carry out necessary tasks in the described areas, 
including safe access to supplies and equipment, and access to 
exits”

Critical task illumination lighting is provided in part for the 
comfort and convenience of the patient

This lighting should be allowed to be controlled by the patient 
at his or her own discretion

517.34(B) Switching on Critical Branch
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A new definition for “Adapter” was added to address 
misapplication of this term in Article 520

Adapters are often used in these entertainment environments 
to connect multiple devices together or to a single source

520.69, titled “Adapters” details performance of “two-fers” 
and other single- and multiple-circuit outlet devices used as 
adapters

Rules for adapters have sometimes been misapplied in the 
entertainment industry to portable extension cords

Added definition was needed to correct field misapplication of 
adapters

520.2 Definitions: Adapter –
Theaters, Audience Areas of Motion Picture and Television Studios, 
Performance Areas, and Similar Locations
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A new definition for “Stage Switchboard, Portable” was added 
and the phrase “permanently installed” was added to the 
existing definition of “Stage Switchboard”

New definition for a portable stage switchboard clarifies that 
these devices can only feed stage equipment, while a 
permanent stage switchboard can feed both stage and non-
stage equipment

 Some of the more common terms used for “switchboard” in 
the entertainment industry are “dimmer rack” or a “relay 
rack/panel” depending on its function

520.2 Definitions: Stage Switchboard, Portable
Theaters, Audience Areas of Motion Picture and Television Studios, Performance 
Areas, and Similar Locations
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New requirement for listed, labeled, and identification for 
portable use when said GFCI protection is provided through 
the use of GFCI receptacles, when the branch circuits supplying 
these receptacles utilize a flexible cord

Portable GFCIs are plug-in type GFCIs provided with male 
blades or an integral power-supply cord for connection to a 
receptacle outlet

 Standard GFCI receptacle used at the end of a flexible cord is 
common at carnivals, fairs, etc.

This same type of temporary GFCI installation has resulted in a 
number of documented fatalities on construction sites, which 
resulted in a comparable restriction at 590.6(A)(2) 

525.23(D) GFCI Protection
Carnivals, Circuses, Fairs, and Similar Events
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A separate equipment grounding conductor (EGC) for an 
underground installation at an agricultural building must be 
insulated (covered conductor removed)

 Further revision removed allowance of a “covered” conductor 
for underground applications at agricultural buildings

 “Covered conductor” is defined in Article 100 as “a conductor 
encased within material of composition or thickness that is not 
recognized by [the NEC] as electrical insulation”

No safety standard, product standard, evaluation or testing of 
material placed on a conductor so it is considered "covered“

547.5(F) Separate Equipment Grounding 
Conductor for Agricultural Buildings 
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The existing definition for a “manufactured home” was revised 
for consistency with the definition of a “manufactured home” 
found in NFPA 501 (Standard on Manufactured Housing)

The last sentence of the definition was revised to exclude park 
trailers

Park trailer is intended for seasonal use, not intended as a 
permanent dwelling unit or for commercial uses such as banks, 
clinics, offices, or similar uses

 Since 1976, the Federal Government [Department of Housing 
and Urban Development (HUD)] has regulated the construction 
of all manufactured and prefabricated homes

550.2 Definitions: Manufactured Home
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 Manufactured Home. A structure, transportable in one or more sections, that,
which in the traveling mode is 2.4 m (8 body-ft) or more in width or 12.2 m (40 
body-ft) or more in length, or when erected on site, is 29.77 m2 (320 ft2) or more 
and that is built on a permanent chassis and designed to be used as a dwelling with 
or without a permanent foundation, whether or not connected to the utilities, and 
includes plumbing, heating, air conditioning, and electrical systems contained when 
connected therein. The term manufactured home includes any structure that meets 
all the provisions requirements of this paragraph except the size requirements and 
with respect to which the manufacturer voluntarily files a certification required by 
the regulatory agency, and except that such term does not include any self-
propelled recreational vehicle. Calculations used to determine the number of 
square meters (square feet) in a structure are based on the structure’s exterior 
dimensions, measured at the largest horizontal projections when erected on site. 
These dimensions and include all expandable rooms, cabinets, and other 
projections containing interior space, but do not include bay windows [501: 1.2.14].

 For the purpose of this Code and unless otherwise indicated, the term mobile home
includes manufactured homes and excludes park trailers defined in 552.4.

550.2 Definitions: Manufactured Home
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GFCI protection for mobile and manufactured homes was 
revised to reflect GFCI coverage for all sinks, dishwashers and 
other locations similarly found at 210.8(A)

Clarification was added to the GFCI provisions for outdoor 
receptacle outlets to include all outdoor receptacle outlet 
including (but not limited to) outdoor receptacle outlets 
located in compartments accessible from outside the unit

Option of delivering the required GFCI protection through a 
feeder that supplied the branch circuits associated with the 
receptacle outlets requiring GFCI protection was removed

GFCI requirements for mobile and manufactured homes has 
not always kept pace with the same GFCI requirements for a 
conventional dwelling unit

550.13(B) GFCI Protection  for 
Receptacle Outlets at Mobile Homes
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AFCI protection at mobile and manufactured homes was 
revised by eliminating specific list of rooms and areas requiring 
AFCI protection and simply requiring compliance with 210.12

AFCI protection at mobile and manufactured homes has not 
keep pace with the expansion of AFCI protection at 
conventional dwelling units

Equal AFCI protection is warranted at all dwelling unit locations 
regardless of the type of dwelling unit involved

With this reference to 210.12, any future changes to AFCI
protection for conventional dwelling units will have the same 
effect at mobile and manufactured homes

550.25(B) AFCI Protection at 
Mobile and Manufactured Homes 
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The definition of “Recreational Vehicle Park” was revised to 
correlate with the same definition in NFPA 1194 (Standard for 
Recreational Vehicle Parks and Campgrounds)

NFPA 1194 provides minimum construction requirements for 
safety and health for occupants using facilities supplied by RV 
parks

Changes to this definition were needed to make the definition 
less specific and limiting and more encompassing such as the 
definition of “Mobile Home Park” at 550.2

Revised definition correctly excludes locations such as RV sales 
lots and storage areas for RVs

551.2 Definitions: 
Recreational Vehicle Park
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The number of RV sites required to be equipped with 50-
ampere, 125/250-volt receptacles has increased from 20 
percent to 40 percent for all new recreational vehicle sites

Over 30 percent of new RV production currently are being 
equipped with 50-ampere power supplies installed

These percentages will continue to increase year by year

As the RV industry increases the number of RVs equipped with 
50-ampere supply cords, it is important to ensure that RV parks 
and campgrounds can safely accommodate these power 
supplies so "cheater cord” adaptors are not a viable option

551.71 Type of 
Receptacles Provided for RV Parks
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GFCI devices used in RV site electrical equipment are not 
required to be weather or tamper resistant in accordance 
with 406.9 and 406.12

RV site electrical equipment listed for use in RV parks is NEMA
3R rated, weather resistant rated equipment and the weather-
resistant receptacle requirements of 406.9 are not needed

RV site electric equipment is not for use in a dwelling, so the 
tamper resistant receptacle requirements of 406.12 is not 
necessary

551.71 Type of 
Receptacles Provided for RV Parks (cont.)
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Minimum calculated load for RV parks sites equipped with 50-
ampere, 208Y/120 or 120/240-volt supply facilities increased 
from 9600 volt-amperes to 12,000 volt-amperes per site

9600 VA was based on 40 amperes at 240 volts, 12,000 VA is 
based on 50 amperes and 240 volts

As recreational vehicles become larger and demand more 
electrical power consumption, RV site feeders should be more 
realistically sized to meet the actual load served

This change will serve to require larger service or feeder 
conductors to properly serve the load or fewer RV sites 
supplied by a service to an RV park

551.73(A) Calculated Load for RV Parks
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New provisions added to state that power outlets or RV site 
supply equipment (other than those used as service 
equipment) are not required to have a grounding electrode 
established at RV site pedestals (electrical equipment)

New requirement has to be considered in direct correlation 
with the revised definitions for a “building” and a “structure” 
found in Article 100

A “Structure” is now defined as “that which is built or 
constructed, other than equipment”

The addition of the phrase “other than equipment” at the end 
of the definition of “Structure” provides clarification that 
structures do not include equipment

551.75(B) Grounding Electrode 
Requirements at RV Parks
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New “structure” definition establishes a difference between a 
“structures” and “equipment” for the purpose of establishing a 
grounding electrode system as compared to installing optional 
or auxiliary electrodes at something like an RV pedestal

Equipment can be mounted on a structure, but the equipment 
itself is not a structure

New provisions at 551.75(B) will make it clear that a grounding 
electrode system will not be required for feeders supplying RV 
site equipment (RV pedestal)

Previous informational note that referenced 250.32(A) has 
been deleted as this reference implied that the installation of 
grounding electrode was required at the RV site electrical 
equipment such as an RV pedestal

551.75(B) Grounding Electrode 
Requirements at RV Parks (cont.)
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Title of Article 555 was changed from “Marinas and Boatyards” 
to “Marinas, Boatyards, and Commercial and Noncommerical
Docking Facilities” 

Revisions to 555.1 make Article 555 relevant to dwelling unit 
docking facilities as well as commercial docking facilities

As previously written, the NEC rules in Article 555 would not 
apply to residential boat docking facilities, yet the majority of 
the rules in Article 555 would be necessary for implication at 
residential boat docks associated with single-family and multi-
family dwelling occupancies

Article 555 will now apply to all wiring, equipment, and 
electrical systems installed at boat docking facilities regardless 
of its location

Article 555 Marinas, Boatyards, and Commercial 
and Noncommerical Docking Facilities
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555.3 GFP at Marinas, Boatyards and 
Commercial/Noncommercial Docking Facilities

The ground-fault protection (GFP) required for OCPD for 
marinas, boatyards, and commercial and noncommercial docking 
facilities cannot exceed 30 mA (rather than 100 mA)

GFP protection is required in all supply overcurrent protective 
devices, not necessarily in the main OCPD

The alternative of GFCI protection in each individual branch or 
feeder was deleted as this 30 mA GFP protection is required in all 
supply OCPDs

GFCI protection is still required for 15- and 20-ampere, single-
phase, 125-volt receptacles [see 555.19(B)(1)]
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The term “where portable electrical hand tools, electrical 
diagnostic equipment, or portable lighting equipment are to 
be used” was deleted

GFCI protection for personnel will now be required for all 125-
volt, single-phase, 15- and 20-ampere receptacles installed 
outdoors, in boathouses, and in buildings or structures used 
for storage, maintenance, or repair regardless of the intended 
use of these receptacles

Difficult for AHJ to determine which receptacles will employ 
“portable electrical hand tools, electrical diagnostic 
equipment, or portable lighting equipment” and which 
receptacles will not

555.19(B)(1) 
GFCI Protection for Personnel
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The removal of this portable electrical hand tool, etc. 
conditional language will greatly aid the AHJ to enforce the 
GFCI requirements at these locations without debate from the 
installer, builder, or homeowner as to whether or not portable 
tools, portable lighting and such will be used

This exact same scenario and deletion of the same condition 
played out during the 2014 NEC revision process at 210.8(B)(8) 
for non-dwelling unit garages, service bays, and similar areas

555.19(B)(1) 
GFCI Protection for Personnel (cont.)
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555.24 Signage - Marinas, Boatyards and 
Commercial/Noncommercial Docking Facilities

New signage requirement for precautionary signage related to 
electric shock hazard in water around marinas and boatyards

Gives notice of electrical shock hazard risks to persons using or 
swimming near a boat dock or marina

 Signage must comply with 110.21(B)(1) and be clearly visible 
from all approaches to a marina or boatyard facility

The signs shall state:

WARNING — POTENTIAL SHOCK HAZARD — ELECTRICAL 
CURRENTS MAY BE PRESENT IN THE WATER

Due to stray circulating currents in the water, swimming at 
marinas and boatyards presents a significant danger of electric 
shock drowning (ESD) to people engaging in aquatic activities
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Type SE cable has been added to the acceptable cable 
assembly wiring methods for a temporary installation along 
with Type NM and Type NMC cable

Type SE cable is now permitted to be installed in a raceway in a 
temporary underground installation as well

338.12(A)(2) indicates that Type SE cable is not permitted to be 
installed underground, with or without a raceway

New provision at 590.4(B)(2) will allow underground 
installation on a temporary basis while still prohibiting  
underground use for Type SE cable on a permanent basis

 Same allowance of Type SE cable for temporary installations 
was installed at 590.4(C) for branch circuits

590.4(B) Feeders for 
Temporary Installations
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590.6(A)(1) GFCI - Temporary Installations
Receptacle Outlets Not Part of Permanent Wiring

GFCI protection is permitted in the form of portable GFCI cord 
sets in addition to GFCI protection required for all 125-volt, 
single-phase, 15-, 20-, and 30-ampere receptacle outlets that are 
not a part of the permanent wiring of the building or structure

This added language mirrors the added text by TIA 70-14-6

Portable GFCI cord set devices cannot be used as a substitute for 
protecting temporary wiring, thus protecting the worker on the 
construction site from damaged supply cables

 If the GFCI protection were permitted at “splitting device” rather 
than at the source, there would be no GFCI protection for the 
temporary cable leading to the splitting device where damage 
often occurs
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A new marking requirement was added to indicate that an 
illumination system has been replaced with a listed retrofit kit

 Sign and lighting industries have experienced extensive 
movement toward the use of “retrofit kits” in an effort to 
achieve greater energy efficiency in signs and luminaires by 
replacing the in-place illumination systems with more energy 
efficient technology such as light emitting diodes (LED)

Existing electric signs that have been retrofitted need to be 
marked for the AHJ to inspect the retrofit based on the 
installation instructions which need to be provided as part of 
the retrofit kits listing

600.4(B) 
Marking for Retrofitted Signs
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 Installer and/or serving company needs to be notified that the 
sign has a retrofitted lighting system as a safety concern for 
future maintenance activities involving the sign

Retrofit will require additional marking alerting service 
personnel that the sign has been modified

Reference to 110.21(B) will require label to address the hazard 
involved with words and/or symbols as required by this NEC
Chapter One labeling requirement

New marking requirement for retrofit kits addresses the 
location of the required label as well

Markings must include the kit providers and installer’s name, 
logo, or unique identifier

600.4(B) 
Marking for Retrofitted Signs (cont.)
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New exception added permitting energized conductors (with 
warning label) in a Chapter 3 raceway or metal-jacketed cable 
identified for the location to be run through a sign body or 
enclosure to a feeder panelboard(s) located within the sign 
body or enclosure

 Field-applied permanent warning label that is visible during 
servicing is required to be applied to the raceway containing 
these energized conductors at or near the point of entry into 
the sign enclosure or sign body complying with 110.21(B)

Marking on warning label must include location of the 
disconnecting means for energized conductor(s) with this 
disconnecting means being capable of being locked in the 
open position in accordance with 110.25

600.6(A)(1), Ex. No. 2 Disconnects –
Energized Conductors Warning Label
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The warning label shall state the following:

DANGER - THIS RACEWAY 

CONTAINS ENERGIZED CONDUCTORS

Electrical safety dictates that these raceways be identified to 
prevent accidental or deliberate exposure to energized 
conductors

Providing a field-applied label with the location of the 
disconnecting means will contribute to electrical safety for 
service personnel as well as emergency first responders

600.6(A)(1), Ex. No. 2 Disconnects –
Energized Conductors Warning Label (cont.)
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600.6(A)(1), Ex. No. 2 Disconnects –
Energized Conductors Warning Label (cont.)

The field-applied permanent warning label shall:

 Be applied to the raceway at or near the point of entry into 
the sign enclosure or sign body

 Be visible during servicing

 Comply with 110.21(B)

 Include the location of the disconnecting means for the 
energized conductor(s) with the disconnecting means capable 
of being locked in the open position in accordance with 
110.25

250



251



252



253



254



Title changed to “Class 2 Sign Illumination Systems, Secondary 
Wiring” and section was expanded to cover all types of Class 2 
lighting systems (not just LED lighting systems)

 LED lighting systems have become an increasingly popular light 
source over the past decade or so, but LED technology is not 
the only Class 2 lighting source

Previous title and content of 600.33 singularly limited rules for 
use of Class 2 to LED systems, thus leaving other light sources 
powered by Class 2 sources outside the scope of the section

600.33 now references “low-voltage lighting and equipment 
connected to a Class 2 power source” without specifying any 
particular illumination type such an LED lighting system

600.33 LED Class 2 Sign Illumination 
Systems, Secondary Wiring
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Reference to Part III of Article 725 (Class 2 and Class 3 Circuits) 
has been removed and replaced with proper Article 600 
references [600.12(C), 600.24, and 600.33(A), (B), (C), and (D)]

 For sizing of Class 2 conductors for secondary wiring of sign 
illumination systems, the minimum size conductor is not to be 
sized smaller than 18 AWG (rather than 22 AWG)

Typically, Class 2 conductors referred to in UL product 
standards relating to secondary wiring for signs and outline 
lighting all refer to 18 AWG as the minimum size

600.33 LED Class 2 Sign Illumination 
Systems, Secondary Wiring (cont.)
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Two new tables added detailing the applications of power 
limited cable in signs and outline lighting and companion table 
added detailing Class 2 cable substitutions

 Table 600.33(A)(1) Applications of Power Limited Cable in 
Signs and Outline Lighting

 Table 600.33(A)(2) Class 2 Cable Substitutions

Previous language at 600.33(A) gave a reference to Table 
725.154 (Applications of Listed Class 2, Class 3, and PLTC
Cables in Buildings) and required that “listed Class 2 cable that 
complies with Table 725.154 shall be installed on the load side 
of the Class 2 power source” 

New Tables Added: 
Table 600.33(A)(1) and Table 600.33(A)(2)
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Permitted Class 2 cables for electric signs is not readily 
identifiable in Table 725.154, making it difficult or impossible 
to determine the permitted cable types for Class 2 sign wiring

Having new tables located in Article 600 avoid the difficulty 
and uncertainty of searching a table in Article 725 that does 
not incorporate a specific reference to types of power limited 
cable for signs

New Table 600.33(A)(2) provides the necessary information 
and directions for ascertaining permitted cable substitutions

Text revision in 600.33(A) facilitates the use of Class 2 
conductors that are acceptable for use in listed electric signs

New Tables Added:  (cont.)   
Table 600.33(A)(1) and Table 600.33(A)(2)
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600.34 and 600.2
Photovoltaic (PV) Powered Signs

A new definition for “Photovoltaic (PV Powered) Sign” was 
added to 600.2 and new provisions for PV powered signs were 
added at 600.34

Photovoltaic (PV) Powered Sign. A complete sign powered by 
solar energy consisting of all components and subassemblies for 
installation either as an off-grid stand-alone, on-grid interactive, 
or non-grid interactive system.

This new definition provides the basis for new 600.34 with field 
wiring rules for installation and electrically safe usage
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600.34 and 600.2
Photovoltaic (PV) Powered Signs (cont.)

 Sign and PV industry seeing more and more PV powered signs

New definition provides the basis for new 600.34 with field 
wiring rules for installation and electrically safe usage

 Signs powered by PV system require special installation 
instructions and new 600.34 will provide these installation 
instructions in addition to application rules of Article 690

PV powered signs are a special application of PV equipment that 
is described and covered by UL 48 (Standard for Electric Signs)

600.34 harmonizes with Articles 600 and 690 and the end use of 
PV powered signs constructed in accordance with UL 48
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 Individual office furnishing or groups of interconnected 
individual office furnishings now cannot contain more than 
(13) 15-ampere, 125-volt “receptacles”

Receptacle considered up to two (simplex) receptacles 
provided within a single enclosure that are within 0.3 m (1 ft) 
of each other or one duplex receptacle

The term “receptacle outlets” was changed to “receptacles”

Moves requirement away from defined term of “receptacle 
outlet” where “one or more receptacles” can be installed

New language makes it clear that (26) individual 15-ampere, 
125-volt contact points (receptacles) is the maximum number 
of receptacles for this application

605.9(C) 
Receptacles at Office Furnishings
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Brake coil taps for cranes or hoists without separate 
overcurrent protection has been deleted

Break coils are passive devices designed to resist changes in 
current and store energy in the form of a magnetic field

Taps to brake coils should follow the same tap rules as every 
other installation

With the advent of variable frequency drives and other 
electronic controls, there is typically a longer conductor run 
between the control cabinet and the brake coil on most newly-
installed cranes or hoist

Risk of fire and more severe damage for new applications goes 
beyond the original intent of the previous Code language and 
warrants elimination of this brake coil provision

610.42(B)(3) Brake Coil Taps Deleted -
Cranes and Hoists
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Elevator control panels required to be marked with its short-
circuit current rating (SCCR) and shall not be installed where 
the available short-circuit current exceeds its short-circuit 
current rating

Elevator control panels being misapplied in a large number of 
applications due to an inadequate SCCR for the equipment

Elevator control panels are often installed without being 
marked with SCCR

 SCCR determined by its listing process or by an “approved 
method”

UL 508A-2013 (Standard for Industrial Control Panels), 
Supplement SB, is an example of an approved method

620.16 SCCR at Elevator Control Panels
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Article 625 was reorganized and reformatted with provisions 
for wireless power transfer equipment being incorporated into 
the article

Article 625 has experienced extensive growth and change over 
the past twenty years since its inception

Revisions include deletion of requirements pertaining to 
polarization and noninterchangeability of EV couplers as this is 
a construction feature evaluated as part of product standard

New provision added at 625.40 calling for each outlet installed 
for the purpose of charging electric vehicles to be supplied by 
an individual branch circuit with no other outlets (relocation 
from previous 210.17) 

Article 625 
Electric Vehicle Charging System
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Equipment connection rules were added and/or revised to 
facilitate provisions for a parallel construction format for 
portable, stationary, and fixed equipment (see 625.44)

New Part IV titled, “Wireless Power Transfer Equipment” was 
added as well as two new definitions, “Wireless Power 
Transfer (WPT)” and “Wireless Power Transfer Equipment 
(WPTE)” added at 625.2

 See details concerning wireless power transfer equipment at 
specific changes for Part IV of Article 625 

Article 625 
Electric Vehicle Charging System (cont.)
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625.2 Definitions –
Electric Vehicle Charging Systems

Two new definitions added: 

 Wireless Power Transfer (WPT)

 Wireless Power Transfer Equipment (WPTE)

New definitions support the new requirements added at Part IV 
of Article 625 titled, “Wireless Power Transfer Equipment”

These definitions derived from terminology as set forth in a 
Society of Automotive Engineers (SAE) standard, SAE J2954

Wireless EV charging offers the advantage of seamless charging 
without having to physically connect the EV to the electrical grid 
for ease of customer use
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Provisions for polarization and noninterchangeability of 
electric vehicle couplers were deleted

Design issue addressed by the listing of the product

Electric Vehicle Coupler. A mating electric vehicle inlet and 
electric vehicle connector set.

Noninterchangeability of EV couplers is likewise associated 
with a given configuration and evaluated as part of the 
requirements of UL 2251 (Standard for Safety of Plugs, 
Receptacles and Couplers for Electric Vehicles)

 Feature associated with a given configuration and does not 
lend itself to easy verification or practical enforcement

625.10 Electric Vehicle Coupler
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Article 625, Part IV - EV Charging System 
Wireless Power Transfer Equipment

A new Part IV of Article 625 titled, “Wireless Power Transfer 
Equipment” was added as well as two new definitions, “Wireless 
Power Transfer (WPT)” and “Wireless Power Transfer Equipment 
(WPTE)” added at 625.2

Wireless EV charging creates a connection between a 
transmitting pad on ground level (such as a garage floor) and a 
receiving pad integrated on the bottom of the electric vehicle

New Part IV of Article 625 consist of two sections: 

 625.101 - requirements for grounding of the non-ferrous 
metal primary pad base plate (or listed double-insulation 
system) 

 625.102 - construction requirements 285
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 Information pertaining to “Other Articles” and sections 
applying to wiring and cabling in plenums above an IT 
equipment room has been reformatted into a list format with 
appropriate titles added at each Code reference

Title changed from “Plenums” to “Wiring and Cabling in Other 
Spaces Used for Environmental Air (Plenums)”

Correlates with other Code language such as 300.22(C)

 List format improves usability and readability detailing other 
articles and sections that can be applied to wiring and cabling 
in plenums above an IT equipment room

645.3(B) Other Articles (Plenums) –
Information Technology (IT) Equipment 
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Requirements for installing wiring methods and cables under a 
raised floor in an IT equipment room revised for clarity

 List format was incorporated for usability

Previous Table 645.5(E)(6) was deleted (no longer needed)

New revised text organizes conditions for using the underfloor 
area for wiring from an installation requirements standpoint

 645.5(E)(1) Branch circuit wiring

 645.5(E)(2) Data, cords, interconnection cables and 
grounding conductors

 645.5(E)(3) Optical fiber cabling 

645.5(E) Wiring Under Raised Floors –
IT Equipment Rooms
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New requirement added for surge protection for critical 
operations data systems

Critical Operations Data System. An information technology 
equipment system that requires continuous operation for 
reasons of public safety, emergency management, national 
security, or business continuity.

 Surge arresters and surge-protective devices (SPD) are 
typically the devices installed to achieve the desired surge 
protection and ensure reliable electrical power

New surge protection requirement in Article 645 correlates 
with 708.20(D)

645.18 Surge Protection for Critical 
Operations Data Systems (IT Equipment)

292



293



Article 650 covering pipe organs was revised for clarity

Revised by adding 650.2 for three definitions pertaining to 
Article 650:

 Electronic Organ

 Pipe Organ

 Sounding Apparatus

New 650.9 added pertaining to protection against accidental 
contact of the sounding apparatus

Access to the interior of the sounding apparatus should be 
limited to qualified personnel

Article 650 Pipe Organs
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Disconnecting means for industrial-type X-ray equipment 
required to be located “within sight” of the X-ray controls and 
readily accessible

Ensures proper location of the disconnecting means

New exception added where disconnecting means would be 
impracticable or introduces additional or increased hazards to 
persons or property in industrial installations (with written 
safety procedures) where conditions of maintenance and 
supervision ensure that only qualified persons service the 
equipment

660.5 Disconnecting Means –
Industrial X-Ray Equipment
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New requirement added for surge protection of industrial 
machinery with safety interlocking circuits

 Study titled, “Data Assessment for Electrical Surge Protective 
Devices” showed that 26 percent of the responders had 
damage to safety interlocking systems on machines due to 
electrical surges

 Safety interlocking systems are in place to protect workers 
from serious injuries and death due to interactions with the 
machinery

Protecting workers by protecting the industrial machinery 
safety interlocking systems from damage due to surges is a 
step forward in electrical safety

670.6 Surge Protection 
for Industrial Machinery
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680.2 and Part VIII, Article 680 –
Electrically Powered Pool Lift

New definition for “Electrically Powered Pool Lift” along with a 
new Part VIII titled, “Electrically Powered Pool Lifts” was added 
to Article 680

These lifts allow persons with disabilities to have access to public 
swimming pools, spas, and hot tubs

Required components at public aquatic facilities by the 
Department of Justice and the Americans with Disabilities Act 
(ADA)

At least two accessible means of entry must be provided for 
each public use and common use swimming pool (ADA, Section 
15.8.2) 
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Definition clarified with adding the term "constructed on or 
above the ground" before storable/portable “nonmetallic, 
polymeric or inflatable tubs, spas, or pools regardless of the 
dimension” 

Clarifies that storable/portable pool, spa, or hot tub with 
nonmetallic, molded polymeric walls or inflatable fabric walls 
regardless of dimension is always installed “on or above the 
ground”

Any pool “constructed in the ground or partially in the ground, 
and all others capable of holding water in a depth greater than 
1.0 m (42 in.)” are considered to be a permanently installed 
swimming, wading, immersion, or therapeutic pool

680.2 Definitions: Storable Swimming, Wading, or 
Immersion Pools; or Storable/Portable Spas and Hot Tubs
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New requirements call for grounding and bonding terminals to 
be identified for use in wet and corrosive environments and 
listed for direct burial applications as well

Grounding and bonding terminals at pools, spas, hot tubs, etc. 
are subjected to severe environmental conditions including 
wet and corrosive conditions

 Field-installed grounding and bonding connections installed in 
a damp, wet, or corrosive environment will need to be 
composed of copper, copper alloy, or stainless steel

680.7 Grounding and Bonding Terminals
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Previous Table 680.10 (Deleted)
Underground Wiring Burial Depths

Previous 680.10 (Underground Wiring Location) moved to 680.11 
and previous Table 680.10 was deleted

The minimum burial depth cover requirements around pools will 
now be facilitated by Table 300.5

Underground wiring now permitted to be installed in close 
proximity of the pool regardless of its location to the pool and no 
consideration needs to be given as to whether this wiring is 
“necessary to supply pool equipment” or not

Revised text will allow service lateral or underground feeder to 
be routed within 1.5 m (5 ft) or close proximity to the pool even 
though this service or feeder is not “necessary to supply pool 
equipment” 313
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New requirement for protection against a corrosive 
environment for electrical equipment installed in equipment 
rooms and pits added at 680.12 and 680.14

 Important to make sure that proper drainage is provided to 
prevent water accumulation at the electrical equipment during 
normal operation or maintenance

Electrical equipment should not be installed in areas where the 
electrical equipment and metal components are going to be 
subject to a corrosive environment without proper corrosion 
protection being implemented

680.12 Equipment Rooms and Pits and 
680.14 Corrosive Environments
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 Swimming pool and spa equipment is often subject to 
deteriorating chemicals, especially in rooms or pits

New provisions added at 680.14 identify areas where pool 
sanitation chemicals are stored, as well as areas with 
circulation pumps, automatic chlorinators, filters, open areas 
under decks adjacent to or abutting the pool structure, and 
similar locations as being considered to be a corrosive 
environment

Chlorine and other pool chemicals severely deteriorate 
electrical connections of conductors, and accelerate rust and 
deterioration of metal parts of electrical equipment

680.12 Equipment Rooms and Pits and 
680.14 Corrosive Environments (cont.)
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Restricted wiring methods previously described at 680.21(A) 
will now only apply in areas where protection from physical 
damage is needed or where protection from environmental 
conditions associated with wet, damp, and corrosive 
conditions are present

Where installed in noncorrosive environments (such as in the 
interior of a dwelling unit), branch circuits wiring methods for 
permanently installed pool pump motors need only comply 
with requirements of the NEC Chapter 3 wiring methods

Distinctions for noncorrosive environments no longer needed 
as new text added at 680.21(A)(1) now indicates that “where 
installed in noncorrosive environments, branch circuits shall 
comply with the general requirements in Chapter 3”

680.21(A) Wiring Methods for Motors –
Swimming Pools and Similar Installations
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Receptacles that supply power for pool pump motors or other 
loads directly related to the circulation and sanitation system  
can now be located not less than 1.83 m (6 ft) from the inside 
walls of the pool with the receptacle(s) being of the grounding 
type and provided with GFCI protection

Requirement for the pool pump motor receptacle outlet 
needing to consist of a single receptacle configuration was 
also eliminated

Pool pump motor receptacle outlet need not be located 3.0 m 
(10 ft) for the inside walls of the pool or be a single receptacle 
configuration if convenience receptacle outlet can be located 
not less than 1.83 m (6 ft) from the inside walls of the pool and 
be of the duplex type configuration

680.22(A)(2) Location of Circulation 
and Sanitation System Receptacle
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New provisions added to specifically address low-voltage gas-
fired luminaires, decorative fireplaces, fire pits, and similar 
equipment

With the inclusion of electronic ignitors for these devices, NEC
regulations were need for this type of equipment

New provisions for low-voltage gas fire equipment needed 
with the conversion of gas luminaire technology away from 
manual ignition and toward the use of low-voltage electronic 
ignitors

680.22(B)(7) Low-Voltage 
Gas-Fired Luminaires, Equipment, Etc.
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Previous 680.25(B) for grounding of swimming pool 
panelboard feeders was deleted in its entirety as grounding 
provisions for swimming pool panelboard feeders have been 
incorporated into the revised text at 680.25(A)

Revised text at 680.25(A) requires restricted wiring methods 
only in areas where harsh conditions (physical damage, 
environmental conditions, corrosive conditions, etc.) are 
present

Chapter 3 wiring methods are now otherwise permitted

Probation of aluminum conduit in the pool area where subject 
to corrosion was retained 

680.25 Feeders – Swimming Pools, 
Fountains, and Similar Installations
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New exceptions added for pool cover motors that would allow 
motors that are rated to not exceed the low-voltage contact 
limit to be installed less than 1.5 m (5 ft) from the inside walls 
of the pool and omit GFCI protection

Parent text of 680.27(B)(1) and (B)(2) deals with electrically 
operated pool cover motors running at nominal voltage

New designs in pool cover motors are becoming available that 
are powered by swimming pool transformers and operate at 
voltages not exceeding the low-voltage contact limit

Added exceptions fashioned from existing text for low-voltage 
underwater luminaires not requiring grounding at 680.22(B)(6)

680.27(B)(1), Ex. and 680.27(B)(2), Ex.
Electrically Operated Pool Covers
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New provisions added requiring branch circuits serving gas-
fired swimming pool and spa water heaters operating at 
voltages above the low-voltage contact limit to be provided 
with GFCI protection for personnel

GFCI protection not required for electric water heaters with  
proper grounding provisions [see 680.6(3)] and the listing 
installation requirement for the use of “current collectors”

Current collectors are not present with a gas-fired swimming 
pool heater

125-volt branch circuit to a gas-fired water heater is 
susceptible to loss of current and ground-fault condition as 
much as any other piece of electrical equipment

680.28 Gas-Fired Water Heater – Swimming 
Pools, Fountains, and Similar Installations
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Bonding requirements for hydromassage bathtubs was 
reformatted into a list format

New exception added to exempt bonding of “small conductive 
surfaces”

A list of metallic items located “within 1.5 m (5 ft) of the inside 
walls of the tub” were added to the required items required to 
be bonded:

 All metal-sheathed cables, metal raceways, metal piping, 
and all exposed metal surfaces

 All electrical devices and controls that are not associated 
with the hydromassage tub 

680.74 
Bonding of Hydromassage Bathtubs
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Besides the metal parts of electrical equipment associated 
with the tub water circulating system, all metal fittings within 
or attached to the tub structure that are in contact with the 
circulating water are now required to be bonded together

New exception added to exempt “small conductive surfaces 
not likely to become energized” from hydromassage bathtub 
bonding requirements:

 Isolated air and water jets, supply valve assemblies, and 
drain fittings not connected to metallic piping

 Towel bars, mirror frames, and similar nonelectrical 
equipment not connected to metal framing

This “small conductive surfaces” exception is very similar to the 
“exception” in the parent text of 680.26(B)(5)

680.74 
Bonding of Hydromassage Bathtubs (cont.)
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GFCI protection for personnel will now be required for all 15-
and 20-ampere single-phase, 125-volt through 250-volt 
receptacles installed outdoors and in or on floating buildings or 
structures within the electrical datum plane area

Previous GFCI requirements applied only to those receptacles 
in areas where used for “storage, maintenance, or repair 
where portable electric hand tools, electrical diagnostic 
equipment, or portable lighting equipment” were to be used

Eliminate the debate in these areas concerning the use of 
portable tools, portable lighting and the like being used or not

682.15 GFCI Protection at Natural 
and Artificially Made Bodies of Water
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A new definition for “Functional Grounded PV System” was 
added at 690.2 (see definition on additional slide)

Term used in six different locations throughout Article 690

New definition needed to clear up confusion over the use of 
the terms “functional grounded PV systems,” “reference 
grounded PV systems” and “solidly grounded systems”

Most PV systems are not solidly grounded; however, the 
installation requirements are written as if they are

By clearly delineating “functional grounded PV systems” from 
solidly-grounded PV systems, the safety requirements for 
installation become much clearer

690.2 Definitions: 
Functional Grounded PV System
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 In system grounding, one of the ungrounded circuit (current-
carrying) conductors is bonded (connected) to the equipment 
grounding system and also to earth (referred to as reference or 
functional grounding in most cases)

Ungrounded conductor connected to the EGC system and to 
earth is known as the “grounded conductor” 

Connection between the grounded conductor and the EGC
system is known as the system bonding jumper

With a non-isolated inverter, the lack of isolation to the 
grounded ac service conductors requires that the dc PV array 
be ungrounded for the inverter to work

While operating, the dc PV array actually becomes referenced 
to ground through the ac output conductors 

690.2 Definitions: 
Functional Grounded PV System (cont.)
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Maximum voltage requirements for PV systems revised for 
clarity

Revised 690.7 has only three first level subdivisions now: 

 (A) Photovoltaic Source and Output Circuits

• [Previous (A) Maximum Photovoltaic System Voltage and 
(C) Photovoltaic Source and Output Circuits combined 
together into one first level subdivision]

 (B) DC-To-DC Converter Source and Output Circuits

 (C) Bipolar Source and Output Circuits

Provides for a more logical order

690.7 Maximum Voltage –
Solar Photovoltaic (PV) Systems
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Revised requirements of 690.7(A) simplifies the language 
related to the three methods used to calculate maximum 
voltage

New recognized method of determining the maximum voltage 
for larger PV systems is addressed at 690.7(A)(3) for PV 
systems of 100 kW or larger

This method permits a documented and stamped PV system 
design, using an “industry standard method” and provided by 
a licensed professional electrical engineer for PV systems with 
a generating capacity of 100 kW or greater

Example of “industry standard method” would be SAND 2004-
3535, Photovoltaic Array Performance Model published by 
Sandia National Laboratories

690.7 Maximum Voltage –
Solar Photovoltaic (PV) Systems (cont.)
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Previous 690.7(B) (Direct-Current Utilization Circuits) removed 
as it referred to the output of PV modules which is not 
applicable for the output of dc-to-dc converters and these 
loads that are not under the scope of Article 690

Previous 690.7(D) (Circuits over 150 Volts to Ground) removed 
as it dealt more with the wiring method

Previous 690.7(E) (Bipolar Source and Output Circuits) 
relocated to 690.7(C) and revised to recognize the newly 
defined functional grounded PV systems

Removing the solidly grounded system requirements at 
690.7(C) addresses the safety issues that a solidly grounded 
array system present

690.7 Maximum Voltage –
Solar Photovoltaic (PV) Systems (cont.)
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 Second option added for calculating the maximum current for 
a PV source circuit using an industry standard method 
provided by a licensed professional electrical engineer

This is in addition to the 125 percent method permitted by 
previous editions of the Code

Engineering method would only apply to PV systems with a 
generating capacity of 100 kW or greater

An engineer qualified to design PV systems is capable of 
making the necessary calculations to develop accurate 
maximum circuit currents of PV source circuits based on the 
specifics of an installation location

690.8(A)(1) 
PV Source Circuit Currents
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125 percent calculation method is extremely conservative 
and based on PV systems without ground-fault protection and 
capable of operating in short circuit conditions indefinitely

125 percent calculation method is fine for small systems as a 
simple calculation but engineering supervision should be 
allowed for larger PV systems to use more accurate, less 
conservative calculations

Computer software is readily available to engineers that can 
calculate the actual current generated on PV source circuits 
based on all the design parameters of a given location

Added engineering supervision option allows for engineers to 
calculate the maximum current and apply that current to sizing 
of PV source circuit conductors

690.8(A)(1) 
PV Source Circuit Currents (cont.)

348



349



New exception added for PV systems allowing PV AFCI
protection to be omitted for PV output circuits and dc-to-dc 
converter output circuits not installed on or in buildings that 
are direct buried, installed in metallic raceways, or installed in 
enclosed metallic cable trays

PV source circuits commonly installed in free air, exposed to 
environmental hazards and physical damage at the array 
structure deserve PV AFCI protection

New exception does not apply to PV output circuits and dc-to-
dc converter output circuits installed on or in buildings such as 
rooftop-mounted PV systems as these systems are deserving of 
PV AFCI protection

690.11, Exception  Arc-Fault Circuit 
Protection (dc) for PV Systems
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Terms “dc source circuits” and “dc output circuits” replaced by 
“PV system dc circuits,” which includes PV source circuits, dc-
dc converter source circuits, PV output circuits, and dc-dc 
converter output circuits

Previous language implied that the required PV AFCI protection 
only applied to PV source and output circuits

Revision ensures that all dc-dc converter circuits are arc-fault 
protected 

690.11, Exception  Arc-Fault Circuit 
Protection (dc) for PV Systems (cont.)
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690.12 Rapid Shutdown 
of PV Systems on Buildings

The requirements for “Rapid Shutdown” for PV systems have 
been revised and divided into four sub-sections

Revision emphases that the primary existence of the rapid 
shutdown requirements is to reduced shock hazard for 
emergency responders (not intended to provide electrical 
isolation for electrical worker safety as addressed by NFPA 70E 
and disconnecting means requirements in Part III of Article 690)

Revision answers questions regarding the functionality of the PV 
rapid shutdown device itself

Controlled rapid shutdown conductors outside the “array 
boundary” must comply with new 690.12(B)(1) [305 mm (1 ft) 
from the array in all directions]
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690.12 Rapid Shutdown 
of PV Systems on Buildings (cont.)

Controlled conductors located outside the array boundary to be 
limited to not more than 30 volts within 30 seconds of rapid 
shutdown initiation (was 10 second initiation in the 2014 NEC)

Controlled rapid shutdown conductors located inside the array 
boundary or not more than 1 m (3 ft) from the point of 
penetration of the surface of the building are limited to not more 
than 80 volts within 30 seconds of rapid shutdown initiation 
(future effective date of January 1, 2019 )

Rapid shutdown initiator device to be located on the outside of 
the building for one- and two-family dwellings
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New interrupting rating and type of disconnect requirements  
added along with extensive revision to existing requirements 

PV disconnecting means connected to the supply side of a 
service disconnecting means must be “listed as suitable for 
use as service equipment”

 If a PV system is being directly connected to a servicing utility, 
important safety aspect that the first disconnecting means be 
“listed and marked as suitable for service equipment”

Revision removed the “nearest the point of entrance” 
language and the accompanying exception

PV disconnecting means must meet the provisions of 690.12
for rapid shutdown and full compliance with this rule would 
satisfy the previous provisions of 690.13(A)

690.13 
PV System Disconnecting Means
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Previous requirement of no PV disconnecting means located in 
bathrooms moved to 690.4(E) as it pertains to both equipment 
and disconnecting means

Marking requirement at 690.13(B) for marking or identifying 
of PV disconnecting means has been expanded with marking 
requirements moved to one location at 690.13(B)

 “The PV system disconnecting means” revised to “each PV 
disconnecting means” to clearly indicate that it is permissible 
to have multiple PV systems on a building or structure

Each such system is permitted to have up to six means of 
disconnect as the PV system disconnecting means 

690.13 
PV System Disconnecting Means (cont.)
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New 690.13(E) requires PV system disconnecting means to 
have an interrupting and voltage ratings sufficient for the 
maximum available short-circuit current ratings that are 
available at the terminals of the PV system disconnect

 Important safety aspect to any disconnecting means, including 
a PV disconnecting means (see 110.9)

New 690.13(F) added to the PV disconnecting means 
provisions detailing three aspects of the PV disconnecting 
means including simultaneous disconnection

dc PV system disconnecting means to be marked for use in PV 
systems or be suitable for backfeed operation

690.13 
PV System Disconnecting Means (cont.)
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Exception requiring raceways to be used when required by 
690.31(A) was removed as long as the wiring remains within 
the PV array footprint

 Limits exposed conductors to within the array footprint only

Permits Type USE-2 conductors to be installed in ungrounded 
as well as grounded systems

Term “listed and labeled” was replaced with “listed and 
identified” when describing single-conductor PV wire

New installation requirement and reference to 338.10(B)(4)(b) 
and 334.30 added to 690.31(C)(1) for PV wiring in a PV array

690.31(C)(1) Wiring Methods Permitted –
Solar Photovoltaic (PV) Systems
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Requirements for an ungrounded photovoltaic (PV) power 
system at 690.35 have been deleted as these requirements are 
covered elsewhere in Article 690

Ungrounded systems are now defined as a “functional 
grounded PV system”

No longer a need to distinguish between ungrounded systems 
and what is now defined as a functional grounded PV system 
(see new definition at 690.2)

Only distinction needed is between a solidly grounded PV 
systems and all other PV systems

690.35 
Ungrounded PV Systems (Deleted)

364



365



Requirements for “System Grounding” of PV systems revised 
to properly address the methods by which PV systems are 
grounded

Newly defined term “functional grounded” addressed at 
690.41(A)

Previous text of 690.5 (Ground-Fault Protection) was moved to 
690.41(B) to better coincide with grounding requirements

Ground-fault protection is related to system grounding and the 
issues that system grounding address, better to have GFP
grouped with the requirements for system grounding

690.41 
System Grounding for PV Systems
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While the PV ground fault protection function is often a built-
in feature of an inverter or charge controller, it may also be 
built into stand-alone products and other PV system products 
like PV combiners and dc/dc converters

This new text will better support the PV ground fault 
protection functionality in equipment other than inverters and 
charge controllers

690.41 
System Grounding for PV Systems (cont.)
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Requirements for the installation of grounding electrodes and 
grounding electrode conductors for PV systems have been 
simplified, while increasing the safety of PV systems

690.47(A) now refers to sections or parts of Article 250 
without repeating the specific grounding electrode rules

 Further simplified to only require a GEC to be attached to 
solidly grounded PV systems

 Safety provisions of former 690.47(B) reworded and moved to 
parent text of 690.47(A) while 690.47(B) was deleted

New ground-mounted PV system will require a new grounding 
electrode system (as will a building-mounted system), but only 
if that building did not previously have a GE system

690.47 Grounding Electrode 
System for PV Systems
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Text for auxiliary electrodes for PV array grounding has been 
revised to permit an auxiliary electrode (not require one)

Auxiliary grounding electrode system helps to minimize the 
effects of such things as a lightning strike

Primary purpose of an auxiliary grounding electrode is to 
maintain the frames of the PV array to as close to local earth 
voltage potential as possible

This can also be achieved through a properly installed 
equipment grounding conductor back to an established 
grounding electrode system for the building or structure

690.47 Grounding Electrode 
System for PV Systems (cont.)
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690.56(C) Identification of Power 
Sources for Buildings with Rapid Shutdown

Provisions for identifying a PV “Rapid Shutdown System” have 
been extensively revised

Two new figures with illustrated labels have been added to 
indicate to first responders that rapid-shutdown is provided

 Figure 690.56(C)(1)(a): Label for PV Systems that Shut Down 
the Array and the Conductors Leaving the Array

 Figure 690.56(C)(1)(b): Label for PV Systems that Shut Down 
the Conductors Leaving the Array Only

Detailed roof diagram required in certain situations showing 
each different PV system and a “dotted line” around areas that 
remain energized after rapid shutdown initiated
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690.56(C) Identification of Power 
Sources for Buildings with Rapid Shutdown (cont.)

Rapid shutdown switch to have a label located directly on the 
rapid shutdown initiator (RSI) or no more than 1 m (3 ft) from 
the rapid shutdown switch that includes the words:

RAPID SHUTDOWN SWITCH FOR SOLAR PV SYSTEM

Anything that is not touch safe should be labeled as energized

Revisions direct firefighters and first responders to the location 
of the RSI switch and it clearly identifies what equipment is still 
live after the system has been shut down

Allows proper precautions to be taken when responding to an 
emergency situation on a building or structure involving a PV 
system and a rapid shutdown device
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Part VII of Article 690 was revised and replaced with a 
reference to Article 705 where interconnected electric power 
production source requirements are found

Part VII of Article 690 is now one simple sentence at 690.59
which states “PV systems connected to other sources shall be 
installed in accordance with Parts I and II of Article 705”

Part I of Article 705 covers “General” requirements for 
interconnected electric power production sources while Part II 
of Article 705 concerns requirement for utility-interactive 
inverters

Article 690 Part VII – Connection to Other 
Sources [Solar Photovoltaic (PV) Systems]
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 Former provisions of 690.71 for installation of PV storage 
battery systems have been relocated to Part III Article 706, 
leaving one reference to new Article 706 at 690.71

New Article 706 titled, “Energy Storage System” has been 
introduced to the 2017 NEC

No need to have identical language in two different articles

 Simpler for 690.71 to refer users of the Code to Article 706

 Storage batteries for PV systems accumulate excess energy 
created by the PV system and store it to be used at night or 
when there is no other energy input

690.71 Energy Storage Systems –
PV Systems
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New Article 691 for “Large-Scale Photovoltaic (PV) Electric 
Power Production Facility” added to the 2017 NEC

New article covers the installation of large-scale PV electric  
power production facilities operated for the sole purpose of 
providing electric supply to the utility transmission or 
distribution system with a generating capacity of no less than 
5,000 kW

Typically connected at medium voltages (4.16kV to 34.5kV) or 
even transmission voltages (69kV or higher) rather than at 
480 volts or lower

 Large-scale PV systems typically connect to grid on the utility 
side of the metering system rather than the customer side

Article 691 Large-Scale Photovoltaic
(PV) Electric Power Production Facility
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These large scale PV systems are typically accessible only to 
qualified personnel rather than to the general public

Unlike smaller scale PV systems, large-scale PV electric power 
production facilities are designed and operated similarly to 
traditional utility power generating plants

Unqualified individuals must not access the system for their 
own safety and for protection of the system which is crucial to 
grid stability

Access to large-scale PV electric supply stations must be 
restricted by a fencing structure to ensure that systems are 
adequately protected from the general public

These large-scale PV systems are difficult if not impossible to 
fit under the current scope of Article 690

Article 691 Large-Scale Photovoltaic
(PV) Electric Power Production Facility (cont.)
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Revision occurred to clarify that ground-fault protection of 
equipment is not permitted for fire pump power circuit(s)

 Fire pumps are required to have an extra measure of 
protection in the event of a fire to allow the fire pump to do its 
job and try to extinguish the fire

 Fire pumps and their wiring methods should be sacrificial by 
nature

Previous text indicated that ground-fault protection of 
equipment shall not be “permitted” for fire pumps

 Some incorrectly interpreted this rule to mean that providing 
GFP for fire pumps was an option rather than a prohibition

695.6(G) Ground-Fault Protection 
Not Permitted for Fire Pumps
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A listed surge protection device (SPD) will now be required to 
be installed in or on fire pump controllers

An SPD is necessary to provide protection for the fire pump 
controller

The location and type of SPD is a design issue and will remain 
with the designer and/or installer

These SPDs for fire pump controllers will be required to be 
listed devices as already required by former 285.5 (now 285.6)

Practical and feasible to protect fire pump installations from 
damage with a listed SPD

695.15 Surge Protection for Fire Pumps
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700.2 and 700.25 Branch Circuit
Emergency Lighting Transfer Switch

New definition for “Branch Circuit Emergency Lighting Transfer 
Switch” along with provisions for same at 700.25 has been 
added to the 2017 NEC

Added to allow these devices to transfer emergency lighting 
loads supplied by branch circuits rated at not greater than 20 
amperes from the normal branch circuit to an emergency branch 
circuit

Accommodates a new class of transfer switching devices 
intended for operation of individual branch circuits in an 
emergency lighting system
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700.2 and 700.25 Branch Circuit 
Emergency Lighting Transfer Switch (cont.)

 In some past situations, an automatic load control relay (ALCR) 
has been used to transfer emergency lighting loads from the 
normal supply to an emergency supply (even though this is a 
Code violation of 700.26)

ALCRs were never intended for use as general purpose transfer 
equipment

ALCRs have not undergone any evaluation as emergency transfer 
switches
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700.2 and 700.25 Branch Circuit
Emergency Lighting Transfer Switch
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700.3(F) Temporary Source of Power for Maintenance 
or Repair of the Alternate Source of Power

New provisions added providing performance based 
requirements for portable or temporary alternate source of 
power to be available whenever a single alternate source of 
power for emergency system is out of service for maintenance 
or repair

Permanent switching means must be available for the duration 
of the maintenance or repair

New requirement comes with an exception with four conditions

New Figure 700.3(F) also added to show one possible method to 
utilize manual switching from the single alternate source of 
power to the portable or temporary alternate source of power 
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700.3(F) Temporary Source of Power for Maintenance 
or Repair of the Alternate Source of Power (cont.)

Previous requirements called for temporary alternate source to 
be available whenever the emergency generator is out of service 
for major maintenance or repair

 It was difficult to determine what would be considered “major” 
maintenance or repair

Oil changes are not generally a major maintenance item, but on 
a large generator, this can take several hours to perform
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700.5(E) Emergency Systems 
Transfer Equipment Documentation

New requirements added for available short-circuit current 
rating (SCCR) documentation and field-marking at emergency 
system transfer equipment

 SCCR to be based on the specific overcurrent protective device 
type and settings protecting the transfer equipment

Additional field marking on the exterior of transfer equipment 
was deemed necessary as a transfer switch of this nature is 
typically marked by the manufacturer with several different 
options resulting in numerous SCCR values

New field marking of the SCCR value based on the specific type 
OCPD, ampere rating, and installed settings, which are known 
factors by the designer and/or installer 402
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700.10(A)
Identification – Emergency Systems

 Identification for emergency circuits has been expanded to 
include cables and raceways not associated with boxes or 
enclosures

Example of this could be a metallic cable system “daisy chained” 
from emergency luminaire to emergency luminaire without 
installing a junction box between luminaires

This is in addition to boxes and enclosures associated with 
emergency system

New provisions now require exposed emergency circuit or 
system cable or raceway systems to be permanently marked as a 
component of an emergency circuit or system, at intervals not to 
exceed 7.6 m (25 ft) where boxes or enclosures are not 
encountered 406



700.10(A)
Identification – Emergency Systems (cont.)

 Identification method could be as simple as spray painting the 
cable or raceway every 7.6 m (25 ft) similar to identification of 
independent grid wires specific to support of wiring methods 
above a suspended ceiling as required by 300.11(A)(1) and (A)(2)

Emergency system receptacles now require identification with a 
“distinctive color or marking” on the receptacle cover plates or 
the receptacle

The Code is not specific as to the means or method to be used to 
accomplish the receptacle “distinctive color or marking” 
requirements (red receptacles and covers, etc.)
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700.10(D) Fire Protection 
for Emergency System

Requirements have been added for fire protection of emergency 
system feeders for: 

 Health care occupancies where persons are not capable of 
self-preservation and 

 Educational occupancies with more than 300 occupants 

This is in addition to high-rise buildings and those buildings with 
large occupancy loads

Recognizes that schools, learning centers, universities, hospitals, 
and nursing homes could qualify and the challenges of safe 
evacuation in the event of fire are similar and just as critical

This revision/addition had a correlation effect at provisions of 
700.12 for sources of power equipment to an emergency system
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701.6(D) GFP Sensors for 
Legally Required Standby Systems

New text added to allow a ground-fault sensor to be located at 
an alternate location for legally required standby systems with 
multiple emergency sources connected to a paralleling bus

The provisions of 701.6(D) generally calls for ground-fault sensor 
signal devices to be located at or ahead of the main system 
disconnecting means for the legally required standby source

A properly installed ground-fault sensor can provide a reliable 
and cost effective method for sensing ground faults

New language dealing with systems with multiple emergency 
sources connected to a paralleling bus will help clarify the 
requirements for installing the ground fault sensor at an 
alternate location 411



701.6(D) GFP Sensors for 
Legally Required Standby Systems (cont.)

 For multiple emergency sources, ground fault sensing may be 
determined by:

 Zero sequence sensing

 Differential relaying of the paralleling bus in conjunction with 
residual ground fault sensing device of the feeders or 

 Other equivalent means

 Same change occurred at 700.6(D) for Emergency Systems 
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702.12(C) Power Inlets for Portable Generators
at Optional Standby Systems

New requirements added for power inlets used with optional 
standby generators to ensure that disconnection of the power 
inlet does not occur under load

New language requires optional standby equipment containing 
power inlets rated 100 amperes or more for the connection of a 
generator source to be listed for the intended use and be 
equipped with an interlocked disconnecting means

Not uncommon to find power inlet boxes serving as gateway 
between inside need for electricity and outside supply source

Disconnecting under load can present a safety hazard if the inlet 
is not rated for load break or the “intended use”
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702.12(C) Power Inlets for Portable Generators
at Optional Standby Systems (cont.)

Two new exceptions were added omitting power inlet box from 
being listed for the intended use and being an interlocking 
disconnecting means: 

 First exception pertains to the power inlet device rated as a 
disconnecting means itself

 Second exception pertains to supervised industrial 
installations where permanent space is identified for the 
portable generator to be located within line of sight of the 
power inlets

New language intended to either require the power inlet devices 
used with portable outdoor generators be load break rated or be 
interlocked with a disconnecting means
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Article 705 Part IV Microgrid Systems 
(Interconnected Electric Power Production Sources)

New Part IV added to Article 705 recognizing microgrid systems 
as an interconnected electric power production source

Microgrids are an example of one or more interconnected 
electric power production source operating in parallel with a 
primary source(s) of electricity

Microgrid systems are modern, localized, small-scale grids, 
contrary to the traditional, centralized electricity grid

Microgrids are a way to add resiliency against loss of power in 
premises wiring systems

Microgrid systems are sometimes referred to as “intentionally 
islanded systems” and “stand-alone systems”
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Article 706 Energy Storage Systems

New Article “Energy Storage Systems” applies to all 
permanently installed energy storage systems (ESS) operating at 
over 50 volts ac or 60 volts dc

May be stand-alone or interactive with other electric power 
production sources

An ESS is defined as “one or more components assembled 
together capable of storing energy for use at a future time”

Energy storage involves converting energy from forms that are 
difficult to store to more conveniently or economically storable 
forms
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Article 706 Energy Storage Systems (cont.)

Energy storage systems (ESS) can consist of the following:

 Batteries, capacitors, and/or kinetic energy devices (e.g., 
flywheels and compressed air)

 ac or dc output for utilization 

 Inverters and/or converters to change stored energy into 
electrical energy

Energy storage is the capture of energy produced at one time for 
use at a later time
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708.10(A)(2) Receptacle Identification for 
Critical Operations Power Systems (COPS)

New requirements call for nonlocking-type, 125-volt, 15- and 20-
ampere receptacles supplied from the COPS to have an 
illuminated face or an indicator light to indicate that there is 
power to the receptacle

This is in addition to the existing requirement for a distinctive 
color or marking so as to be readily identifiable 

New illuminator or indicator light provision provides for ready 
and continuous ability to identify receptacles that are part of the 
COPS system

Alleviate issues arising from remodeling (such as painting) and 
original COPS receptacle cover plate not being re-installed 
properly on its original COPS receptacle 422



708.10(A)(2) Receptacle Identification for 
Critical Operations Power Systems (COPS)

Continued from previous slide

Essential that COPS receptacles have additional identification by 
either an indicator light or an illuminated face so that users of 
said receptacles knows they are energized in an emergency 
when all other receptacles are not working

Not uncommon for receptacles from the COPS system to remain 
dormant until called upon during an emergency situation 

423



424



425



Article 710 Stand-Alone Systems

Requirements of stand-alone systems were brought to one 
location and new article for “Stand-Alone Systems” added to 
address the operating parameters for electric power production 
sources in a stand-alone mode

New article covers electric power production sources operating 
in a stand-alone mode

 Stand-alone power system, sometimes referred to as a remote 
area power supply, is an off-the-grid electricity system for 
locations not fitted with an electricity distribution system

 Stand-alone power systems will typically include one or more 
methods of electricity generation, energy storage, and regulation
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Article 710 Stand-Alone Systems (cont.)

While these safety requirements existed in Articles 690, 692 and 
694, the requirements for a stand-alone system should apply to 
other power sources such as engine generators

 Stand-alone systems are expected to become more prevalent 
due to emerging technology in energy storage and local 
generation
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Article 712 
Direct Current Microgrids

New Article 712 “Direct Current Microgrids” added for power 
distribution systems consisting of more than one interconnected 
dc power sources, supplying:

 dc-dc converters(s)

 dc loads(s) and/or 

 ac loads(s) powered by dc-ac inverters(s)

A dc microgrid typically not directly connected to an ac primary 
source of electricity, but some dc microgrids interconnect via 
one or more dc-ac bi-directional converters or dc–ac inverters

DC microgrids related to direct utilization of power from dc 
sources to dc loads such as LED lighting, communications 
equipment, computers, variable-speed motor drives, etc. 429



Article 712 
Direct Current Microgrids (cont.)

DC microgrids with energy storage offer inherent resilience and 
security from failure of primary power sources

Need for higher efficiency in telecom and data centers has 
driven these industries to implement dc microgrids in hundreds 
of data centers around the world

While the basic requirements for wiring methods, overcurrent 
protection and grounding are specified in other articles of the 
NEC, they do not cover all of the issues involved when dc 
multiple sources and dc loads are interconnected

This is an important first step, and a place-holder for future 
requirements in this rapidly developing arena
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725.3(M) Cable Routing Assemblies and 
725.3(N) Communication Raceways

New requirements added to 725.3 for cable routing assemblies 
and communications raceways

Provide guidance in the selection, listing and installation 
requirements used for Class 2, Class 3 and PLTC cables

725.3(M) provides consistency for cable routing assemblies as 
referenced in Table 800.154(c), 800.182, 800.110(C) and 800.113

725.3(N) provides consistency for communications raceways 
with references to Table 800.154(b), 800.182, 800.113 and 
362.24 through 362.56 where requirements applicable to 
electrical nonmetallic tubing (ENT) apply
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725.135(K), (L), and (M) 
Installation of Type CMUC

Type CMUC undercarpet communication wiring and cables is 
now permitted to be installed under modular flooring, and 
planks as well as under carpet

New Code language and Type CMUC applies to one- and two-
family dwellings, multifamily dwellings, and other building 
locations

Type CMUC is often used in areas that are not easily accessible 
by traditional cabling methods

Commercial and retail building owners are rapidly adopting 
alternate flooring covering for use in their facilities in addition to 
carpet squares, such as modular vinyl planks and tile, laminate 
and hard wood 434



725.135(K), (L), and (M) 
Installation of Type CMUC (cont.)

Type CMUC wire and cable is similar in nature to Type FCC (flat 
conductor cable) addressed at Article 324

A UL Fact Finding investigation found no additional heating 
effects caused by the alternate flooring when tested using Type 
FCC cables

Type FCC cables carry more power than Type CMUC and the 
results of the UL fact finding report should be applicable to          
Type CMUC

 Same change occurred at 800.113(K), (L) and (M) for the 
installation of communication wires, cables and raceways, and 
cable routing assemblies
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725.144 Transmission of Power and Data
(Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits)

New 725.144 with accompanying Table 725.144 added to 
introduce new cable Type “LP” (Limited Power) that provides 
the current limitation due to cable bundling

Other installation considerations added for Power over Ethernet 
(PoE) type cables

The “-LP” cable designation indicates cable has been evaluated 
to carry marked current under reasonable worst-case installation 
scenarios without exceeding the temperature rating of the cable

These new provisions introduce special cable designs developed 
that might be used as alternatives to more traditional cables with 
less restrictions on cable designs and the installations
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725.144 Transmission of Power and Data (cont.)
(Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits)

 Limited power (LP) cables must be listed as suitable for carrying 
power and data circuits up to a specified current limit for each 
conductor without exceeding the temperature rating of the 
cable [see 725.179(I)]

Cables must also be marked with the suffix “-LP” with the 
ampere limit located immediately following the suffix LP 
[example: CL2-LP (1.0A)]

New 725.144 and accompanying table added based on UL Fact 
Finding Report on Power over Local Area Network Type Cables

No conductor (or cable) should be used in such a manner that its 
operating temperature exceeds its rated maximum temperature
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727.4(5) Ex. to (5) 
Uses Permitted for Type ITC-ER Cable

New exception added for Type ITC-ER cable to allow transition 
between cable trays and and utilization equipment or devices for 
a distance not to exceed 1.8 m (6 ft) without continuous support 
where not subject to physical damage

 Same exception exist for power and control tray cable (Type TC-
ER) at 336.10(7)

Cable must be mechanically supported where exiting the cable 
tray to ensure minimum bending radius is not exceeded

This will provide consistency between installations practices for 
Type ITC-ER and Type TC-ER
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760.176(G) and 760.179(I) 
Cable Markings for Fire Alarm Systems

New marking requirements added for temperature ratings and 
conductor size to be marked on the jacket of NPLFA and PLFA
cables when a temperature rating exceeding 60° C (140 F°)

 Fire alarm cables must also be marked with conductor size

Temperature rating reference of 60°C (140°F) is consistent with 
the product standard listing requirements for fire alarm cables

Temperature rating information important when utilizing “Power 
over Ethernet” (PoE) and other technologies where the fire 
alarm cable pairs carry data and power

This can be an issue as far as dissipating generated heat
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760.176(G) and 760.179(I)  (cont.) 
Cable Markings for Fire Alarm Systems

Current levels on these fire alarm circuits continues to increase 
(in some cases as much as 1 ampere)

NPLFA and PLFA cables must be marked with the conductor size 
to identify specific size of conductors in the cables so that 
determination of maximum current for fire alarm circuits can be 
properly evaluated

 In order to design, install, and inspect these systems, obtainable, 
detailed information concerning fire alarm cables is essential
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770.44 
Overhead (Aerial) Optical Fiber Cables

New requirements added for overhead (aerial) optical fiber 
cables that enter a building

Previous editions of the Code did not contain information 
pertaining to optical fiber cables installed overhead to a building 
or structure

New language structured after same language for overhead 
(aerial) spans located at 800.44 (Communications Circuits), 
820.44 (Community Antenna Television and Radio Distribution 
Systems), 830.44 (Network-Powered Broadband Communications 
Systems), 840.44 (Premises-Powered Broadband 
Communications Systems)
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770.44                                             (cont.) 
Overhead (Aerial) Optical Fiber Cables

 Some of the new selected requirements for overhead (aerial) 
optical fiber cables that enter a building are as follows:

 Generally located below electric light or power conductors

 Attachment to cross-arm that carries electric light or power 
conductors not permitted

 Climbing space to comply with 225.14(D) [typically 750 mm 
(30 in.)]

 Minimum separation of 300 mm (12 in.) at any point in the 
span from service drops and sets of overhead service 
conductors of 0 to 750 volts

 Vertical clearance of not less than 2.5 m (8 ft) from all points 
of roofs above which they pass (with exceptions)
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770.48 Optical Fiber Cables 
and Raceways Entering Buildings 

Point of entrance for optical fiber cables can now be extended 
when enclosed in rigid metal conduit (RMC) or intermediate 
metal conduit (IMC)

Optical fiber cables are generally permitted to be installed in 
building spaces where the length of the cable within the 
building, measured from its point of entrance, does not exceed 
15 m (50 ft) and the cable enters the building from the outside 
and is terminated in an enclosure

New text allows “point of entrance” for optical fiber cable to be 
extended anywhere within a building as long as the entering 
optical fiber cable is contained in RMC or IMC

 “Point of emergence” becomes the end of said conduit 451



770.48 Optical Fiber Cables 
and Raceways Entering Buildings (cont.) 

New language also added at 770.48(B) to clarify that 
nonconductive outside plant optical fiber cables installed in PVC
or EMT cannot be installed in risers, ducts and plenums for 
environmental air, and other places used for environmental air

Provides consistency between requirements of 770.48(A) and (B)

 Same basic change occurred at 800.48 and 820.48 

Title of 770.48 deleted the term “and Raceways” to make Article 
770 title consistent with the titles of 800.48 and 820.48
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770.49 Metallic Entrance Conduit Grounding 
for Optical Fiber Cables and Raceways

All metallic conduit (not just RMC and IMC) enclosing optical 
fiber entrance cable must be connected by a bonding conductor 
or grounding electrode conductor to a grounding electrode

As previously written this only applied to rigid metal conduit 
(RMC) or intermediate metal conduit (IMC)

Electrical metallic tubing (EMT) should also be grounded and 
bonded for electrical safety (see uses permitted)

 Same change occurred at 800.49 for communications circuits, 
820.49 for community antenna television and radio distribution 
systems, and 830.49 for network-powered broadband 
communications systems 
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770.100(B)(3)(2) Entrance Cable Bonding and 
Grounding of Optical Fiber Cables and Raceways

Revised language added to clarify that lightning protection 
system conductors, (not just air terminal conductors), are not to 
be used as part of the grounding electrode conductor or as a 
grounding electrode for optical fiber systems or any 
communication system in buildings or structures without 
intersystem bonding termination or grounding means

Term “air terminal conductors (lightning-rod conductors)” was 
replaced with the broader term “lightning protection system 
conductors” 

 Items associated with lightning protections should not be used as 
a part of the grounding electrode conductor or as a grounding 
electrode for optical fiber systems or any communication system458



770.100(B)(3)(2) Entrance Cable Bonding and 
Grounding of Optical Fiber Cables and Raceways

Continued from previous slide

A lightning protection system is a complete system of rods, 
cables and groundings designed to intercept a lightning strike 
and divert it safely to ground (the earth), avoiding structural 
damage to buildings and other vulnerable objects

Air terminal conductors are just a part of complete lightning 
protection system conductors

 Same change occurred at 800.100(B)(3)(2) for communications 
circuits, 820.100(B)(3)(2) for community antenna television and 
radio distribution systems, and 830.100(B)(3)(2) for network-
powered broadband communications systems
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810.15 Grounding of  
Radio and Television Equipment

Radio and television antennas required to be grounded unless 
they are located within a zone of protection afforded by 
surrounding taller structures as determined by “rolling sphere” 
theory of lightning protection

Grounding of masts and metal supporting structures not 
required when antenna and its related supporting mast or 
structure are within a zone of protection defined by a 46 m (150 
ft) radius “rolling sphere” described in NFPA 780-2014, Standard 
for the Installation of Lightning Protection Systems

Where sphere is tangent to earth and resting against a strike 
termination device(s), all space in the vertical plane between the 
two points of contact and under the sphere is considered to be in 
the “rolling sphere” zone of protection 462



810.15 Grounding of  
Radio and Television Equipment (cont.)

All possible placements of the rolling sphere shall be considered 
when determining zone of protection using rolling sphere model

Revision will bring the Code up to date with technology 
surrounding smaller antennas where they are not likely to be 
impacted by transient voltages using the “rolling sphere” model 
of lightning protection

Antennas, when installed in protected areas are highly unlikely 
to become energized - no sound reason to require these 
protected antennas and mast to be grounded per 810.15 and 
810.21
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840.2 Definitions: Optical Network Terminal (ONT)
(Premises-Powered Broadband Communications Systems)

Definition of “Optical Network Terminal (ONT)” was revised to 
“Network Terminal”

This more generic term of “Network Terminal” helps to expand 
the coverage of Article 840 to recognize twisted-pair and coaxial 
cable in addition to optical fiber based systems

Types of twisted-pair cable include unshielded twisted-pair 
(UTP) and shielded twisted-pair (STP)

The other transmission medium that was recognized was the 
coaxial cable system which can provide a higher transmission 
rate than twisted-pair
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840.48 Unlisted Wires and Cables 
Entering Buildings (PPBCS)

Three new first level subdivisions which outline specific 
requirements for unlisted optical fiber cables, communication 
wires and cables, and coaxial cables were added to 840.48

Premises-powered broadband communications system (PPBCS) 
wires and cables will now be required to comply with:

 770.48 for unlisted optical fiber cables entering buildings

 800.48 for unlisted communications wires and unlisted 
multipair communications cables entering buildings 

 820.48 for unlisted coaxial cables entering buildings

Title was changed to “Unlisted Wires and Cables Entering 
Buildings” rather than “Unlisted Cables and Raceways Entering 
Buildings” as this section deals with wires and cables
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840.48 Unlisted Wires and Cables 
Entering Buildings (PPBCS) (cont.)

Articles 770, 800, and 820 each have paragraphs that describe 
how unlisted communication cables are permitted to be installed 
where the length of the cable within the building, measured 
from the point of entrance, does not exceed 15 m (50 ft) and the 
cable enters the building from the outside

These same rules will now apply to premises-powered 
broadband communications system wires and cables 

468



469



470



840.160 Premises Powering of Communications 
Equipment over Communications Cables

New 840.160 (Powering Circuits) added with direction to new 
725.144 for power delivery circuits that exceed 60 watts on 
communications cables

New requirements give permission for communication cables to 
carry circuits for powering communications equipment

Where power supplied over a communications cable is greater 
than 60 watts, communication cables and the power circuit must 
comply with new 725.144 where communications cables are 
used in place of Class 2 and Class 3 cables

A new type of “limited-power” cable has been introduced to 
simplify the cable choice and installation considerations

New “LP” cables are marked Type CMP-LP, Type CMR-LP and 
Type CM-LP
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Chapter 9, Notes to Tables, Note 9

New language added at Note 9 to specify assemblies of single 
insulated conductors without an overall covering are not 
considered a cable when determining conduit and tubing fill area

Conduit or tubing fill for the assemblies is to be calculated based 
upon the individual conductors

Note 9 of the notes to the tables of Chapter 9 directs users of the 
Code to treat multiconductor cables, optical fiber cables, or 
flexible cords of two or more conductors as a single conductor for 
calculating percentage conduit or tubing fill area

 If cable is an elliptical-shaped cable (such as nonmetallic-
sheathed cable), cross-sectional area calculation shall be based on 
using the major diameter of the ellipse as a circle diameter 474



Chapter 9, Notes to Tables, Note 9 (cont.)

Provision for conduit fill for cables is intended to allow the cable 
wiring methods in Chapter 3 to be considered as a single entity 
when calculating conduit fill

 Industry practice has developed of twisting several single 
conductors together and placing the assembly on one reel for 
shipping and installation

This twisting action does not change the essential nature of the 
pull or the product or change the conduit fill properties of the 
individual conductors (does not make this a cable)

This new language will provide clarity to this sometimes 
misinterpreted cable application
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Informative Annex D –
Example D3 Store Building

Example D3 (Store Building) was revised to remove the “125%” 
for continuous loads for calculating the volt-amperes (VA) for the 
actual connected lighting loads

 Factoring a continuous connected lighting load at 125% is not 
appropriate in the “Calculated Load” section of this example

No such “125%” factor in the 220.12 provision

 Factoring for continuous loads at 125% is covered in the 
“Minimum Size Feeder (or Service) Overcurrent Protection” as 
required by 215.3 or 230.90 respectively
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Informative Annex D, Example D7
Sizing of Service Conductors for Dwelling(s)

Example for “Sizing of Service Conductors for Dwelling(s)”  
revised clarifying the use of temperature corrections and 
adjustment factors

New text added at 310.15(B)(7) indicates that where correction 
or adjustment factors are required by 310.15(B)(2) or (3), they 
are permitted to be applied to the ampacity associated with the 
temperature rating of the conductor

Example D7 now has two examples:

 “With No Required Adjustment or Correction Factors” 

 “With Required Temperature Correction Factor”

Previous Table 310.15(B)(7) inserted after the example for 
reference and use 480
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Informative Annex D – Example D8
Motor Feeder Short-Circuit and Ground-Fault

Example D8 was revised to provide an additional example using 
different types of protective devices for feeder short-circuit and 
ground-fault protection

 “Feeder Short-Circuit and Ground-Fault Protection” portion to 
show:

 (a) Example using nontime delay fuse and 

 (b) Example using inverse time circuit breaker

New phrase "for the specific device protecting the feeder" 
properly corresponds with 430.62(A)
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Informative Annex D – Example D8  (cont.)
Motor Feeder Short-Circuit and Ground-Fault

Example D8 is based on:

 One 25-hp, 460-V, 3-phase, squirrel-cage motor, nameplate 
full-load current 32 A, Design B, Service Factor 1.15

 Two 30-hp, 460-V, 3-phase, wound-rotor motors, nameplate 
primary full-load current 38 A, nameplate secondary full-load 
current 65 A, 40°C rise.

The rating of the feeder protective device is based on the sum of 
the largest branch-circuit protective device for the specific type 
of device protecting the feeder, plus the sum of the full-load 
currents of the other motors
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Code-Wide Changes

There were approximately 4,102 public inputs (PI) and 1,513
public comments (PC) submitted for modifications to the 2017 
edition of the NEC

Definitions Relocated to Article 100. Several existing definitions 
which appeared in the definitions of a particular article have 
been relocated to Article 100 as these terms are also found in 
other articles, not just the article where the previous definition 
was located

 Limited Access Working Space. New requirements added at 
110.26(A)(4) concerning working space for equipment located in 
a space with limited access (above suspended ceiling, crawl 
spaces, etc.) 493



Code-Wide Changes (cont.)

Documentation of Available Short-Circuit Current. There were 
several new requirements added throughout the NEC involving 
the documentation of the available short-circuit current (fault 
current) at specific types of equipment, and the date the short-
circuit current calculation was performed, with this 
documentation made available to the AHJ

600 Volts to 1000 Volts. Numerous changes for the voltage 
threshold continued this Code cycle for other articles within the 
NEC increasing the threshold from 600 volts to 1000 volts

New Articles. Five new articles added to the 2017 NEC
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Chapters 5 - 7 may supplement or modify the general 
requirements in Chapters 1 through 7 (not just Chapters 1 - 4)

Revision to 90.3 and Figure 90.3 will now indicate that 
Chapters 5, 6, and 7 can supplement or modify Chapters 1 
through 7

Rules in these latter chapters to not only modify Chapters 1 
through 4 but can modify each other as well

 Figure 90.3 is a “roadmap” of the NEC

90.3 Code Arrangement
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Accessible, Readily. Capable of being reached quickly for 
operation, renewal, or inspections without requiring those to 
whom ready access is requisite to take actions such as to use 
tools (other than keys), to climb over or under, to remove 
obstacles, or to resort to portable ladders, and so forth

 Informational Note: Use of keys is a common practice under 
controlled or supervised conditions and a common alternative 
to the ready access requirements under such supervised 
conditions as provided elsewhere in the NEC

The use of a key is not considered taking an action such as the 
use of a “tool” to gain ready access

Crawling under or over something to get to equipment 
required to be readily accessible is no longer acceptable

Article 100 Definitions:
Accessible, Readily (Readily Accessible)
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The definition of “Associated Apparatus” was relocated to 
Article 100

Associated Apparatus [as applied to Hazardous (Classified) 
Locations]. Apparatus in which the circuits are not necessarily 
intrinsically safe themselves but that affects the energy in the 
intrinsically safe circuits and is relied on to maintain intrinsic 
safety. Such apparatus is one of the following:

 (1) Electrical apparatus that has an alternative type of 
protection for use in the appropriate hazardous (classified) 
location

 (2) Electrical apparatus not so protected that shall not be 
used within a hazardous (classified) location

Article 100 Definitions:
Associated Apparatus
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 Informational Note No. 1: Associated apparatus has identified 
intrinsically safe connections for intrinsically safe apparatus 
and also may have connections for nonintrinsically safe 
apparatus.

 Informational Note No. 2: An example of associated apparatus 
is an intrinsic safety barrier, which is a network designed to 
limit the energy (voltage and current) available to the 
protected circuit in the hazardous (classified) location, under 
specified fault conditions.

This relocation coincides with the relocation of 14 existing 
definitions that were located at 500.2 that will now be located 
in Article 100

Article 100 Definitions:
Associated Apparatus (cont.)
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The related definitions for “Building” and “Structure” were 
revised to align with current Building Code terms

Definition of “Building” included unnecessary text that has 
been removed as it was better suited for the Building Code

 “Structure” was defined as that which was built or constructed 
and could be interpreted as to included equipment

 Including new language “other than equipment” to the 
definition of “Structure” will reduce confusion

Equipment can be mounted on a structure, but the equipment 
itself is not a “Structure”

Article 100 Definitions:
“Building” and “Structure”
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Coaxial Cable. A cylindrical assembly composed of a conductor 
centered inside a metallic tube or shield, separated by a 
dielectric material, and usually covered by an insulating jacket.

The definition of “Coaxial Cable” was relocated to Article 100 
to have an application to other articles across the NEC 

Definition was previously located at 820.2

The term “Coaxial Cable” appears in Articles 800, 820, 830 and 
840

Definitions of terms that appear in two or more articles are to 
be located in Article 100 (NEC Style Manual)

Article 100 Definitions:
Coaxial Cable
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 Two new terms were added for “Field Evaluation Body (FEB)” and 
“Field Labeled”

 Field evaluations of electrical products are a recognized process in 
the electrical community

 In order for the NEC to use terms related to a field evaluation, these 
terms need to be defined

 Field evaluation is a process whereby products that do not have a 
certification acceptable to AHJ, owner, or other regulatory body can 
be evaluated to applicable product safety standard(s) for the 
specific application and location where the product is being utilized

 Definitions are extracted material from NFPA 790 (Standard for 
Competency of Third-Party Field Evaluation Bodies)

Article 100 Definitions:
Field Evaluation Body (FEB) and Field Labeled
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The definition of a “receptacle” has been revised to recognize 
mating devices used to install luminaires and ceiling-
suspended (paddle) fans

Definition accommodates electrical utilization equipment 
employing a means to connect directly to the corresponding 
contact device (other than a traditional attachment plug cap)

Revised definition was necessary to correlate with new 
314.27(E) (Separable Attachment Fittings)

Article 100 Definitions:
Receptacle
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New I-Note added indicating equipment may be new, 
reconditioned, refurbished or remanufactured

 “Examination” judgement was presumed to be reserved for 
“new” equipment

Reconditioned, refurbished and remanufactured electrical 
equipment is now widely used in all types of industry to 
replace, upgrade or further the life cycle of existing equipment

 In some cases, the existing electrical equipment is no longer 
being produced or the manufacturer is no longer in business

New 110.21(A)(2) provides additional guidance for 
refurbished, reconditioned, or remanufactured equipment 
markings and nameplate requirements

110.3(A)(1), Informational Note No. 1 
Examination of Equipment
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New 110.3(C) added requiring the listing process be executed 
by a qualified third-party electrical testing laboratory and that 
the product testing and certification process be in accordance 
with appropriate product standards

New text and Informational Note provides clarification 
concerning requirements for listing (product certification)

AHJ depends on listing requirements and product certification 
as the most common basis for approvals of electrical 
installations in accordance with the NEC

 I-Note points to OSHA website which provides a list of 
nationally recognized testing laboratories (NRTL) that meet or 
exceed OSHA criteria

110.3(C) Listing (Product Certification)
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 (C) Listing. Product testing, evaluation, and listing (product 
certification) shall be performed by recognized qualified 
electrical testing laboratories and shall be in accordance with 
applicable product standards recognized as achieving 
equivalent and effective safety for equipment installed to 
comply with this Code.

 Informational Note: The Occupational Safety and Health 
Administration (OSHA) recognizes qualified electrical testing 
laboratories that perform evaluations, testing, and 
certification of certain products to ensure that they meet the 
requirements of both the construction and general industry 
OSHA electrical standards. If the listing (product certification)
is done under a qualified electrical testing laboratory program, 
this listing mark signifies that the tested and certified product 
complies with the requirements of one or more appropriate 
product safety test standards.

110.3(C) Listing (Product Certification) (cont.)
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 New requirements added for the use of tightening torque tools 
where torqueing is indicated

 Previous I-Note at parent text of 110.14 has been deleted and 
replaced with enforceable Code text at new 110.14(D)

 Tightening torque tools now required where torqueing is specified 
on the equipment or in manufacturer installation instructions

 Where a tightening torque is indicated as a numeric value on 
equipment or in manufacturer installation instructions, calibrated 
torque tool shall be used to achieve the indicated torque value 
(unless manufacturer installation instructions provide for an 
alternative method of achieving the required torque)

110.14(D) 
Electrical Connections - Installations
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 New 110.16(B) was added requiring non-dwelling unit service 
equipment rated 1200 amperes or more to be labeled with the 
normal system voltage, available fault current, clearing times, and 
date the label was applied

 Basic arc-flash warning label of 110.16 expanded to require 
additional information for non-dwelling unit service equipment

 Information needed to determine such things as the incident energy, 
minimum arc rating of clothing and personal protective equipment 
(PPE), and working distance from NFPA 70E

 Date the label was applied is necessary as the posted available fault 
current will fluctuate and can be affected by events beyond the 
control of the property owner

110.16(B) 
Service Equipment Arc-Flash Hazard Warning
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Non-dwelling unit service equipment rated 1200 amperes or 
more required be permanently field or factory labeled with: 

 Normal system voltage

 Available fault current

 Clearing times 

 Date the label was applied

 Exception: Service equipment labeling shall not be required if an arc-
flash label is applied in accordance with acceptable industry practice 
(see NFPA 70E 2015 Standard for Electrical Safety in the Workplace)

 Note: The following slides illustrate what this label could look like 

110.16(B)  (cont.) 
Service Equipment Arc-Flash Hazard Warning
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New 110.21(A)(2) added to require refurbished, 
reconditioned, or remanufactured equipment to be marked 
with the name, trademark, and other descriptive marking of 
the  organization responsible for reconditioning the electrical 
equipment 

New rules added to provide traceability and other additional 
information to manufacturers, owners, installers, and AHJs
related to reconditioned equipment

The date of the reconditioning must also be established on the 
nameplate or marking

AHJ should never rely solely on equipment’s original listing as 
basis of approval of reconditioned electrical equipment

110.21(A)(2) Equipment Markings -
Reconditioned Equipment
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 Reconditioned Equipment. Reconditioned equipment shall be marked 
with the name, trademark, or other descriptive marking by which the 
organization responsible for reconditioning the electrical equipment can 
be identified, along with the date of the reconditioning. Reconditioned 
equipment shall be identified as “reconditioned” and approval of the 
reconditioned equipment shall not be based solely on the equipment’s 
original listing.

 Exception: In industrial occupancies, where conditions of maintenance 
and supervision ensure that only qualified persons service the 
equipment, the markings indicated in 110.21(A)(2) shall not be required. 

 Informational Note: Industry standards are available for application of 
reconditioned and refurbished equipment. Normal servicing of 
equipment that remains within a facility should not be considered 
reconditioning or refurbishing.

110.21(A)(2) Equipment Markings -
Reconditioned Equipment (cont.)
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New requirements added in Article 110 concerning working 
space for equipment located in a space with limited access 
(above suspended ceiling, crawl spaces, etc.)

Previous 424.66(B) limited access working space requirements 
was relocated to 110.26(A)(4) to broaden this requirement to 
more than just duct heaters

 Limited access working space requirements at crawl spaces 
were added to this requirement as well

 Strict compliance with 110.26(A)(1), (A)(2) and (A)(3) in ceiling 
spaces and crawl spaces is not feasible and in some cases, not 
possible

110.26(A)(4) 
Limited Access Working Space

534



The NEC Correlating Committee appointed a Working Space 
Task Group to review requirements for working space of 
electrical equipment that is often installed in spaces with 
limited access such as transformers, motors, air-handling 
equipment, etc. 

Working space requirements for equipment (with limited 
access or not) that are likely to require examination, 
adjustment, servicing, or maintenance while energized are 
general requirements for all electrical equipment

110.26(A)(4) 
Limited Access Working Space  (cont.)
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New requirements added at 110.41 for pre-energization 
testing and reporting of electrical equipment (over 1000 volts) 
upon request by the AHJ

Being located in Article 110, this will apply to all equipment 
rated over 1000 volts regardless of its location

Ensures that these electrical systems perform to their design 
specifications and a record verifying the proper settings and 
test data would be available to the AHJ, installers, operators, 
testers, and maintainers after the equipment is put into service

 Similar to 225.56 for outdoor feeders and branch circuits 
greater than 1000 volts

110.41(A) and (B) Inspections and Tests -
Pre-energization and Operating Tests/Reports
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New exception added for relief from identifying each 
ungrounded conductor for existing installations where a 
voltage system(s) already exists and a different voltage system 
is being added

Numerous existing and older systems exist that are supplied by 
more than one nominal voltage system installed prior to the 
adoption of the 2005 NEC [when 210.5(C) was first mandated]

A new requirement was also added concerning the durability
and makeup of the labels involved

210.5(C)(1), Exception
Identification of Ungrounded Conductors
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New exception also included labeling requirements for these 
older existing unidentified installations requiring a label at 
each voltage system distribution equipment point

Must identify that only the newer added voltage system(s) 
have been marked or identified at each termination, 
connection, and splice point

The new system label(s) will be required to include the words 
"Other Unidentified Systems Exist on the Premises”

 Labels required by 210.5(C)(1)(b) to be “sufficiently durable” 
and able to withstand the environment in which it is installed

210.5(C)(1), Exception
Identification of Ungrounded Conductors (cont.) 
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New language added to clarify how measurements are to be 
determined for GFCI receptacle (added at parent text of 210.8)

Measurements from receptacles to objects (such as a sink)
that would qualify for GFCI protection should be measured as 
the “shortest path” a cord of an appliance connected to a 
receptacle would take without piercing a floor, wall, ceiling, or 
fixed barrier, or passing through a door, doorway, or window

 Similar to existing text at 680.22(A)(5) for receptacle 
measurements around permanently installed swimming pools

210.8 GFCI Protection - Measurements
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Eliminates the need for GFCI protection for receptacles 
installed inside a cabinet (under a sink) as the measurement to 
the sink would constitute “penetrating a cabinet door” in 
order to achieve this measurement

Compliments revisions at 210.8(A)(7) (dwelling units) and 
210.8(B)(5) (non-dwelling units)

210.8 
GFCI Protection - Measurements (cont.)
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Dwelling unit sink measurements revised for determining 
which receptacles require GFCI protection

All 125-volt, single-phase, 15- and 20-ampere receptacles 
installed within 1.8 m (6 ft) of the “top inside edge of the 
bowl” of any dwelling unit sink (including the kitchen sink)
require GFCI protection without the measurement piercing a 
floor, wall, ceiling, or fixed barrier, or passing through a door, 
doorway, or window

Revision makes it clear that the measurement from the 
receptacle to the sink ends or begins at the “top inside edge of 
the bowl” of the sink rather than the “outside edge” of the 
sink (outside edge of a sink is three dimensional)

210.8(A)(7) 
GFCI Protection at Dwelling Unit Sinks
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This revision, along with addition to parent text of 210.8 will 
eliminate the necessity for GFCI protection for receptacles 
installed inside a cabinet (such as a receptacle for the garbage 
disposer) as the measurement to the sink would constitute 
“penetrating a cabinet door” in order to achieve this required 
1.8 m (6 ft) measurement

This same revision occurred at 210.8(B)(5) for GFCI protection 
and measurements at a non-dwelling unit sink

210.8(A)(7)  (cont.)
GFCI Protection at Dwelling Unit Sinks
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GFCI requirements for receptacles at commercial/industrial 
applications have been expanded to recognize ground faults 
other than 15 and 20 ampere, 125 volt applications only

Expansion includes “Other Than Dwelling Unit” receptacles for:

 All single-phase receptacles rated 150 volts to ground or 
less, 50 amperes or less

 All three-phase receptacles rated 150 volts to ground or 
less, 100 amperes or less

These GFCI requirements still include coverage of 125-volt, 
single-phase, 15- and 20-ampere receptacles 

210.8(B) 
GFCI Protection at Other Than Dwelling Units
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Class A GFCI devices (4 to 6 mA) cannot be used where the 
electrical equipment employs 480 or 600 volts or is a three-
phase system

Dangers and shock hazards of electrocution exist for these 
applications as well

 Shock hazards are not limited to 15 and 20 ampere, 125 volt 
receptacle alone at commercial/industrial applications

Class C, D and E GFCI devices operate at 20 mA or less to 
prevent fibrillation and require an equipment grounding 
conductor (EGC) in the protected circuit with an internal 
means within the device to monitor EGC continuity

210.8(B)  (cont.) 
GFCI Protection at Other Than Dwelling Units
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GFCI protection added for non-dwelling unit crawl spaces

GFCI required for all single-phase receptacles rated 150 volts 
to ground or less, 50 amperes or less and three-phase
receptacles rated 150 volts to ground or less, 100 amperes or 
less

 Similar requirements found at 210.8(A)(4) for dwelling units

Non-dwelling unit crawl space GFCI requirement not limited to 
125-volt receptacles

Death rate from shock hazards in crawl spaces higher than 
injury rate (86.7%)

210.8(B)(9) GFCI Protection for 
Non-Dwelling Unit Crawl Spaces
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GFCI protection for receptacles installed in unfinished 
basements has been expanded to include non-dwelling unit 
(commercial/industrial) 

Revisions to the parent text at 210.8(B) has expanded the 
receptacles involved to those that are single-phase rated 150 
volts to ground or less, 50 amperes or less and three-phase
receptacles rated 150 volts to ground or less, 100 amperes or 
less

 Similar requirements found at 210.8(A)(5) for dwelling units

 Same shock hazards exist in an unfinished basement of a 
commercial building as they do in dwelling units

210.8(B)(10) GFCI Protection -
Non-Dwelling Unit Unfinished Basements
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GFCI protection is now required for lighting outlets not 
exceeding 120 volts in crawl spaces where the space is at or 
below grade level

Applies to all crawl spaces, dwelling unit and non-dwelling 
units alike

This new GFCI requirement for lighting outlets was predicated 
on a fatality of a worker in a crawl space (broken incandescent 
light bulb of a keyless lampholder)

Numerous open-bulb keyless or pullchain lampholders
installed in crawl spaces and are constantly being damaged

210.8(E) GFCI Protection -
Crawl Space Lighting Outlets
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New requirement added for minimum rated 120 volt, 20 
ampere branch circuit for dwelling unit garage receptacles

Garage receptacle outlet branch circuit prohibited from 
serving other outlets (see exception)

Exception for readily accessible receptacles located outdoors

15 ampere rated branch circuit in the modern dwelling unit 
garage is typically not sufficient for appliance and tools rated at 
12 to 16 amperes

 Lighting outlets in the dwelling unit garage required to be 
supplied by general lighting circuits 

210.11(C)(4) Garage Branch Circuits
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New provisions added requiring AFCI protection for guest 
rooms and guest suites of hotels and motels

All 120-volt, single-phase, 15- and 20-ampere branch circuits 
supplying outlets and devices installed in guest rooms and 
guest suites of hotels and motels require AFCI protection

Previous Code called for AFCI Protection if “permanent 
provisions for cooking” were present (see 210.18, now 210.17)

 Same AFCI protection deserved while occupying a hotel room 
as afforded at a dwelling unit

AFCI protection plays an important role in protecting property 
and the lives of personnel

210.12(C) AFCI Protection for 
Guest Rooms and Guest Suites
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The requirement for an individual branch circuit for electric 
vehicle outlets has been relocated from 210.17 to 625.40

Previous requirement for a “separate” branch circuit was 
changed to an “individual” branch circuit (separate branch 
circuit not defined anywhere in the Code)

Each individual circuit for an EV outlet shall have no other 
outlets

There is still no requirement for an outlet to be installed 
specifically for the purpose of charging of an electric vehicle

Ensures EV charging can be completed safely and effectively 
without overloading an existing branch circuit

210.17 625.40 
Electric Vehicle Branch Circuit
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 Fixed cabinets “that do not have countertops or similar work 
surfaces” were added as an item that will constitute a break in 
a wall space for receptacle spacing reasons at dwelling units

 Separates “fixed cabinets” such as kitchen pantry-type cabinets 
(but not limited to kitchen cabinets) that do not have 
countertops or similar work surfaces from short desk-type 
cabinets with countertops that are clearly intended as work 
surfaces

This change will ensure that receptacle outlets are required 
and installed for such things as laptop computers, printers, 
televisions, etc.

210.52(A)(2)(1) Receptacle Wall Space 
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Any dwelling unit kitchen appliance is now permitted (by the 
exception) to be supplied by an individual branch circuit rated 
15 amperes or greater 

210.52(B)(1) requires receptacle outlet serving the 
refrigeration equipment be supplied from one of the 20-
ampere rated small-appliance branch circuits

Previous exception allowed refrigerator to be supplied by an 
individual branch circuit rated 15 amperes or greater  (why just 
refrigerator?)

Revised exception will now allow an individual branch circuit 
15 amperes or greater for kitchen appliances such as garbage 
disposal, dishwasher, or permanently installed microwave

210.52(B)(1) Ex. No. 2 
Refrigerator Appliance Branch Circuit
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At least one receptacle outlet is required at each peninsular 
countertop long dimension space with a long dimension of 
600 mm (24 in.) or greater and a short dimension of 300 mm 
(12 in.) or greater

This measurement must now be taken from the “connected 
perpendicular wall”

Previously when measured from the connecting edge rather 
than the wall, at least one receptacle outlet was located 
somewhere at or on the peninsular countertop itself

210.52(C)(3) Peninsula Countertop Space
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210.52(G) Receptacles for Basements, 
Garages, and Accessory Buildings

Receptacle requirements for dwelling unit garages, basements, 
and accessory buildings expanded to two-family dwellings (not 
just one-family dwellings)

At least one receptacle outlet is required to be installed in each 
attached garage and detached garage with electric power, each 
separate unfinished portion of a basement, and each accessory 
building with electric power

 Same level of electrical safety has been extended to two-family 
dwellings as it has been for one-family dwellings (potential of a 
hazard the same at both)

Helps elimination of resorting to running extension cords as a 
substitute for permanent wiring in these specified areas if no 
receptacle outlet were present 587
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At least one receptacle outlet is required to be installed “in 
each vehicle bay” and not more than 1.7 m (5½ ft) above the 
floor

Applies to each attached garage and in each detached garage 
with electric power

Branch circuit supplying these receptacle(s) cannot serve 
outlets outside of the garage (with the exception of readily 
accessible receptacles located outdoors)

Helps address increased activities within a modern day 
dwelling unit garages [such as the possibility of the existence of 
electric vehicle (EV) charging equipment]

210.52(G)(1) Dwelling Unit Garages
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 At least one 125-volt, single-phase, 15- or 20-ampere-rated receptacle 
outlet is still required to be installed at the electrical service equipment

 Maximum distance required receptacle outlet(s) can be located from 
the electrical service has been shortened to 7.5 m (25 ft) and limited to 
indoor service equipment only

 This required receptacle outlet(s) is now required to be installed in an 
accessible location and must be located within the same room or area 
as the service equipment

 Does not apply to one- and two-family dwellings

 New exception added exempting services dedicated to equipment 
covered in Articles 675 and 682 when the service voltage is greater 
than 120 volts to ground

210.64 Electric Service Areas
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 Lighting outlet requirements for storage or equipment spaces 
added for non-dwelling unit utility rooms and basements

Title changed from “Other Than Dwelling Units” to “All 
Occupancies” 

Revised to mirror Code text at 210.70(A)(3) for dwelling units

This lighting outlet requirement for storage or equipment 
spaces now applies to both dwelling and non-dwelling unit 
locations such as:

 attics

 underfloor spaces

 utility rooms and 

 basements

210.70(C) Lighting Outlets Required 
(All Occupancies)
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New provisions added for receptacle outlets placement and
wall spacing requirements in non-dwelling unit meeting 
rooms such as found at hotels and convention centers 

 Examples of rooms that are not meeting rooms include 
auditoriums, schoolrooms, and coffee shops

No previous Code requirement to provide receptacle outlets in 
meeting rooms of commercial or non-dwelling occupancies

125-volt, 15- or 20-ampere receptacle outlets installed in 
meeting rooms were due in part to building owners and 
designers recognize the need for access to electrical power for 
a multitude of different types of portable equipment

210.71 Receptacles for Meeting Rooms 
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210.71(A) General

 Each meeting room of not more than 93 m2 (1000 ft²) in 
other than dwelling units shall have outlets for nonlocking-
type, 125-volt, 15- or 20-ampere receptacles

 Outlets to be installed in accordance with 210.71(B) (see 
next slide)

 Where a room or space is provided with movable 
partition(s), each room size shall be determined with the 
partition in the position that results in the smallest size 
meeting room

210.71 Meeting Rooms (cont.)
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210.71(B) Receptacle Outlets Required

 Total number of receptacle outlets, including floor outlets 
and receptacle outlets in fixed furniture, shall not be less 
than as determined by 210.71(B)(1) and (2) (see next slide)

 These receptacle outlets shall be permitted to be located as 
determined by the designer or building owner

210.71 Meeting Rooms (cont.)
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210.71(B) Receptacle Outlets Required (cont.)

 (1) Receptacle Outlets in Fixed Walls

• Receptacle outlets shall be installed in accordance with 
210.52(A)(1) through (A)(4)

 (2) Floor Receptacle Outlets

• Meeting rooms that are at least 3.7 m (12 ft) wide and 
that has a floor area of at least 20 m² (215 ft²) shall have 
at least one receptacle outlet located in the floor at a 
distance not less than 1.8 m (6 ft) from any fixed wall for 
each 20 m² (215 ft²) or major portion of floor space

210.71 Meeting Rooms (cont.)
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New exception added that allows a portion of a feeder that is 
connected at both its supply and load ends to separately 
installed pressure connections to have an allowable ampacity 
not less than the sum of the continuous load plus the 
noncontinuous load (rather than the noncontinuous load plus 
125 percent of the continuous load)

The previous exceptions that appeared after 215.2(A)(1)(b) 
have been relocated to appear after 215.2(A)(1)(a)

Makes it clear that these exceptions apply to the main rule 
that feeder conductors must have an allowable ampacity of 
not less than the noncontinuous load plus 125 percent of the 
continuous load

215.2(A)(1)(a) Ex. No. 2 
Feeder Rating and Size
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Title and Scope of Article 220 were revised to enhance clarity 
of what is covered by Article 220

The word “Load” was added to the title of the article and the 
word “loads” was added a couple of times in the scope

Revisions make it clear that the place for calculating loads is 
Article 220

Place for determining branch circuit and feeder conductor sizes 
are Articles 210 and 215

Article 220 and 220.1 Branch-Circuit, 
Feeder, and Service Load Calculations
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Multiple feeders are now allowed to enter a one- or two-
family dwelling under certain restrictions including that the 
feeder disconnects at the building served must be grouped

This 2017 NEC change was overturned as it did not pass 
written ballot resulting from Certified Amending Motion 
(CAM) 70-3

This failed ballot resulted in returning the Code language at 
225.30 to the 2014 NEC Code language

225.30(F) Number of Supplies (Feeders)
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New vertical clearance of 7.5 m (24.5 ft) added for overhead 
service conductors installed over railroad tracks

Coordinates with the same requirement for outside overhead 
branch circuits and feeders in Article 225 (see 225.18)

Vertical clearance requirements for overhead service 
conductors should be at least equal to the same requirements 
for outside overhead branch circuits and feeders

7.5 m (24.5 ft) clearance requirement is derived from and 
matches vertical clearance requirements found in ANSI 
Standard C2, National Electrical Safety Code (NESC)

230.24(B)(5) Vertical Clearance
for Overhead Service Conductors
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Metal support structures that support overhead service 
conductors installed over a roof are now required to be 
bonded to the grounded overhead service conductor

These metal structures, sometimes referred to as a “roof jack” 
in the field, should be adequately bonded to limit a potential 
shock hazard

The bonding jumper used to accomplish this bonding is to be 
sized per the requirements of 250.102 and Table 250.102(C)(1)

This is based on the size of the ungrounded service conductors

 Similar to bonding requirements for bonding of ferrous 
metallic raceways used to chase or enclose a grounding 
electrode conductor [see 250.64(E)]

230.29 Supports Over Buildings
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 Standard ampere ratings for fuses and inverse time circuit 
breakers have been revised to be included in a list format 
located at new Table 240.6(A)

Revision to “list format” style has a long precedence in the NEC

Converting a long list of items that were previously in long 
sentences or paragraphs to a “list format” is one way to 
accomplish this goal

This change makes the Code more “user friendly”

Table 240.6(A) Standard Ampere Rating
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New arc energy reduction requirements have been added for 
fuses rated 1200 amperes or higher

Benefits of an arc energy reduction requirement that reduces 
incident energy for circuit breakers rated 1200 amperes and 
greater have been recognized and implemented by the 
requirements at 240.87

Arc energy reduction is designed to limit the arc-flash energy 
to which an electrical worker or maintenance personnel could 
be exposed 

Applies when working on the load side of an overcurrent 
devices rated or can be adjusted to 1200 amperes or higher

240.67 Arc Energy Reduction
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The incident energy in an arcing event is directly proportional 
to the time frame for such an event

 Installation requirements of 240.87 for circuit breakers and 
these new requirements at 240.67 for fuses provide a means 
to reduce the level of incident energy

This has a future effective date of January 1, 2020

240.67 Arc Energy Reduction (cont.)
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Class 2 load side circuits for suspended ceiling low-voltage 
power grid distribution systems were added to the list of 
circuits not to be grounded

Natural step as Article 393 stipulates that the “Class 2 load side 
circuits for suspended ceiling low-voltage power grid 
distribution systems shall not be grounded” [see 393.60(B)]

 Supply side of these Class 2 power sources are to be grounded 
by connection to an EGC [see 393.60(A)]

The ungrounded nature of the load side of this low-voltage 
system helps ensure safety similar to other identified low-
voltage systems not to be grounded at 250.22

250.22 Circuits Not to Be Grounded
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Metal water piping or building steel used as the first options 
of a grounding electrode system for a separately derived 
system have been removed

Any of the building or structure grounding electrode(s) that are 
present can now be used as the grounding electrode(s) for a 
separately derived system

The grounding electrode(s) used for the separately derived 
system do not have to be located near the grounding electrode 
conductor connection

The metal water piping and the structural metal frame as 
covered in 250.68(C)(1) and (2) have been recognized as 
conductors to extend the grounding electrode connection at 
250.30(A)(5)

250.30(A)(4) and (5) 
Grounding Separately Derived Systems
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A metal water pipe [complying with 250.68(C)(1)] was added 
to the allowable methods for a common grounding electrode 
conductor for multiple separately derived systems

Building or structure employing multiple separately derived 
systems permits a common grounding electrode conductor to 
be utilized for connection of the grounded conductor of the 
separately derived systems to the grounding electrode(s)

 For metal water pipe to qualify as a common grounding 
electrode conductor, connection must be made to an interior 
metal water pipe that is electrically continuous with a metal 
underground water pipe electrode and made within the first 
1.52 m (5 ft) from the point of entrance to the building (with 
industrial exception) [see 250.68(C)(1)]

250.30(A)(6)(a) 
Common GE Conductor
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Revisions were also made to the provisions of a metal 
structural frame of a building or structure qualifying as a 
common grounding electrode conductor for multiple 
separately derived systems

Revised by adding the word “structural” to the reference to 
give a better description to this method

Code reference of 250.52(A)(2) was changed to 250.68(C)(2)

250.52(A)(2) pertains to the conditions a metal structural 
framing member must meet in order to qualify as a grounding 
electrode

250.68(C)(2) relates to a metal structural frame of a building or 
structure being used as a conductor to interconnect electrodes 
that are part of the grounding electrode system

250.30(A)(6)(a) 
Common GE Conductor (cont.)
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The title of 250.52(A)(2) was changed from “Metal Frame of a 
Building” to “Metal In-Ground Support Structure” 

New title is more in line with the definition of a grounding 
electrode in Article 100 (conducting object through which a 
direct connection to earth is established) 

Only one item (the metal support) remains that would qualify 
as a “metal in-ground support structure” grounding electrode

To qualify as an in-ground support structure, must be:

 In direct contact with the earth vertically 3.0 m (10 ft) or 
more (with or without concrete encasement)

250.52(A)(2) 
Metal In-Ground Support Structure
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Previous condition of a metal structural member connected to 
a concrete-encased electrode through the hold-down bolts, 
etc. qualifying as a grounding electrode has not been deleted

Relocated to 250.68(C)(2) (Grounding Electrode Connections)
as it is no longer appropriate for 250.52(A)(2) (Electrodes 
Permitted for Grounding)

Adds clarity to 250.68(C)(2) and should be preserved as a 
permitted connection method

250.52(A)(2) 
Metal In-Ground Support Structure (cont.)
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Third item added to the list of objects that are prohibited from 
being used as a grounding electrode at 250.52(B)

The structures and structural reinforcing steel of an in-ground 
swimming pool as described in 680.26(B)(1) and (B)(2) are now 
prohibited from being used as a grounding electrode 

 Important clarification to point out the difference between 
grounding and bonding

Equipotential bonding requirements of 680.26 are to reduce 
voltage gradients (difference of voltage potential between two 
conducting objects), not to create a grounding electrode 
system for a building or structure

250.52(B)(3) Swimming Pools Not 
Permitted for Use as Grounding Electrodes
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Third item added to the list of objects that are prohibited from 
being used as a grounding electrode at 250.52(B) (cont.)

 Items that shall not be used as a grounding electrode include:

 Underground gas piping systems

 An aluminum electrode

 Structures and structural reinforcing steel of an in-ground 
swimming pool 

250.52(B)(3) Swimming Pools Not 
Permitted for Use as Grounding Electrodes (cont.)
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The term “sole connection” was completely removed from 
250.66(A), (B), and (C) 

New text makes it clear that the action of “daisy chaining”
grounding electrodes with properly sized bonding jumpers to 
form a grounding electrode system is an acceptable practice…

as long as any downstream grounding electrode would not 
require a larger grounding electrode conductor or bonding 
jumper 

The term "or bonding jumper" was added to each subdivision 
to use the correct terminology when “daisy chaining” occurs 
past the first grounding electrode in the chain of multiple 
electrodes

250.66(A), (B) and (C) Sizing of GECs
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 The title of the section was changed from “Bonding for Other
Systems” to “Bonding for Communication Systems” 

 Existing text for the intersystem bonding termination was placed 
under 250.94(A) and titled, “The Intersystem Bonding Termination 
Device” 

 New 250.94(B) titled, “Other Means” added permitting intersystem 
bonding connections to an aluminum or copper busbar that will 
accommodate at least three terminations for communication 
systems as well as “other connections” 

 A new exception was added for both 250.94(A) and (B) offering relief 
from an intersystem bonding connection means “where 
communications systems are not likely to be used”

250.94(A) and (B) 
Bonding for Communication Systems
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 For proper sizing of a grounded conductor, main bonding 
jumper, system bonding jumper, or a supply-side bonding 
jumper for an alternating-current (ac) systems, provisions of 
250.102 and Table 205.102(C)(1) must be utilized

The term “Grounded Conductor” was added to the title of 
250.102 to more accurately reflect what the section addresses

Change harmonizes the title with the content of the section

250.102 Grounded Conductor
Bonding Conductors and Jumpers
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The term “Aluminum and copper-clad aluminum” added to 
the choices of material acceptable for bonding jumpers

Title of 250.102(C)(2) has been revised from “Size for Parallel 
Conductor Installations in Two or More Raceways” to “Size for 
Parallel Conductor Installations in Two or More Raceways or 
Cables”

This will help avoid any misperception as a cable is not the 
same as a raceway

250.102 Grounded Conductor
Bonding Conductors and Jumpers (cont.)
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Revision and new text added to clarify how to size and install 
equipment grounding conductors when installed in parallel in 
single or multiple raceways, multiconductor cable, auxiliary 
gutter, or cable tray

Expanded to cover equipment grounding conductors installed 
as part of a multiconductor cable as well as when installed in 
auxiliary gutters

Previous single, long paragraph has been expanded into two 
separate second level subdivisions

 250.122(F)(1) Conductor Installations in Raceways, Auxiliary 
Gutters, or Cable Trays

 250.122(F)(2) Multiconductor Cables

250.122(F) EGCs Installed in Parallel
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Revision clarified that all equipment grounding conductors 
associated with any and all circuits in the box must be 
connected together and to the box (not just EGCs of each 
associated circuit)

Existing exception gives relief to EGCs of an isolated ground 
circuit (isolated ground receptacle not required to be 
connected to the other EGCs or to the box)

Reference to 250.8 (Connection of Grounding and Bonding 
Equipment) was also added to this section to provide guidance 
on terminating an EGC or bonding jumper to a metal box or 
enclosure

250.148 Continuity and 
Attachment of EGC to Boxes
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Neutral conductor for an impedance grounded neutral 
systems (over 1000 volts) must be identified and insulated to 
the maximum neutral voltage rather than the same insulation 
as the phase conductors

Maximum voltage on the neutral conductor in a three-phase 
impedance grounded neutral system is 57.7% of the phase-to-
phase voltage, or 2400 volts for a 4160-volt system

No hazard or disadvantage from a different insulation rating on 
the neutral conductor

Revisions also reformatted 250.187 into a list format to provide 
clearer statement for enforcement and improves clarity

250.187(B) Identification and Insulation
of Impedance Grounded Neutral Systems
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Two new footnotes were added to Table 300.5 allowing lesser 
depths for listed low-voltage lighting system and for pool, spa, 
and fountain lighting where part of a listed low-voltage lighting 
system

Removes conflicts between manufacturing instructions that 
require their secondary wiring to be installed at lesser depths 
than Table 300.5

 In some instances, these conductors are to be buried at less 
than 150 mm (6 in.) to conform to the manufacturers 
installation instructions

 Resolves a conflict between the product standard UL 1838 
[and 110.3(B)] and Table 300.5

Table 300.5 Minimum Cover Requirements
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Electrical metallic tubing (EMT) was added to the list of 
acceptable wiring method that can be used to provide 
protection from physical damage for conductors installed 
underground and subject to physical damage

EMT is permitted to be installed in concrete, in direct contact 
with the earth, or in areas subject to severe corrosive 
influences where protected by corrosion protection and 
approved as suitable for the condition 

Corrosion protection is a requirement for listed EMT per UL 
797 (Electrical Metallic Tubing - Steel) and in accordance with 
300.6

300.5(D)(4) 
Protection from Physical Damage
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Previous Table 310.15(B)(3)(c) was deleted and replaced with 
new text added at 310.15(B)(3)(c)

Raceways and cables not in direct contact with the rooftop 
surface no longer require rooftop temperature adder

New text requires a temperature adder of 33°C (60°F) only 
when a raceway or cable is installed directly on or less than 23 
mm (⅞ in.) above a rooftop

Allows for the use of “shallow type unistrut” that is of the ⅞ in. 
size as well as other commonly installed listed raceway 
supports of larger sizes

Pre-existing allowable ampacity and temperature correction 
factors adequately size the conductors to ensure that the 
conductors operate within a comfortable safety zone

310.15(B)(3)(c) 
Raceways and Cables on Rooftops 
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 The provisions for sizing dwelling unit service (and main power 
feeder) was expanded to single-phase, 208Y/120-volt systems as 
well as single-phase, 120/240-volt systems

 Explanatory language added to address the permitted application 
of correction or adjustment factors required by 310.15(B)(2)(a) 
(Temperature Correction Factors) or 310.15(B)(3)(a) (More Than 
Three Current-Carrying Conductors) applied to the ampacity 
associated with the temperature rating of the conductors

New informational note added with direction to 240.6(A) for 
service ratings based on standard ampacity ratings for 
application of 310.15(B)(7)

 Previous Table 310.15(B)(7) (removed in 2014 cycle) was added 
back into the Code (see Example D7 of Informational Annex D)

310.15(B)(7) Single-Phase 
Dwelling Unit Services and Feeders
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New sentence added to Item (g) indicating that Note 2 to the 
tables in Chapter 9 does not apply to a “sleeve” of conduit or 
tubing required by 312.5(C), Exception

 In order to meet this exception, cables with entirely 
nonmetallic sheaths permitted to enter the top of a surface-
mounted enclosure through one or more nonflexible raceways 
not less than 450 mm (18 in.) and not more than 3.0 m (10 ft) 
in length

This limited length of raceway is required to be restricted on 
conductor fill to the limits of Chapter 9, Table 1 (53% of the 
cross-sectional area of the conduit or tubing for one conductor, 
31% for two conductors, and 40% for over 2 conductors)

312.5(C), Ex., Item (g) Cable Raceway 
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New column was added to Table 312.6(A) addressing wire-
bending space for compact stranded AA-8000 aluminum alloy 
conductors for consistency

Requirements for wire-bending space at terminals and the use 
of Table 312.6(A) or Table 312.6(B) remained the same

Need for consistency between Table 312.6(A) and (B)

Dimensions added for aluminum conductors are consistent 
with minimum safety standards

Provides a useful correlation with comparable material in Table 
312.6(B)

Table 312.6(A) Minimum Wire-Bending Space at 
Terminals and Minimum Width of Wiring Gutters
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New language was added to allow power monitoring 
equipment within the wiring space of enclosures for switches 
or overcurrent devices with specific conditions

This equipment is now required to be listed for the application 
when installed in the free spaces of cabinets and cutout boxes

 Satisfies a demand from the electrical industry for installation 
of such listed power monitoring equipment for measuring, 
monitoring, and controlling circuits as part of load monitoring 
or energy management system

312.8(B) Power Monitoring Equipment
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The volume or space that is occupied by an internal barrier in 
a box or enclosure has been added to the items addressed for 
performing a box fill calculation

Nonmetallic box barriers are generally provided with its 
volume markings, but metal barriers for metal boxes are not 
currently marked with their volume consumption

New added sentence at 314.16(B) will also make it clear that 
each space within a box installed with an interior barrier will 
need to be calculated separately

Each barrier (if not marked) shall be considered to take up:

 8.2 cm3 (½ in.3) if metal

 16.4 cm3 (1 in.3) if nonmetallic

314.16(A) and (B) Box Fill Calculations
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The outside sheath of Type NM or Type UF cable used with 
metal box must now extend not less than 6 mm (¼ in.) inside 
the box and beyond any cable clamp

 Same as currently required for nonmetallic boxes

 Same protection for cables and their associated conductors is 
needed when entering a metal box or conduit body as well

Assures that cable clamp of a metal box will not be tightened 
down upon an exposed insulated conductor of a Type NM or 
Type UF cable

314.17(B) Cable Entering Metal Box 
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Outlet boxes now permitted to support listed locking support 
and mounting receptacles used in combination with 
compatible attachment fittings for supporting a luminaire, 
lampholder, or ceiling suspended (paddle) fan

 Listed locking support and mounting receptacles are an option
for mounting (not a requirement)

Recognizes new listed technology designed to power and 
support luminaires and or ceiling suspended (paddle) fans

 Listed product provides a secure mounting mechanism and will 
facilitate interchange of luminaires and ceiling suspended 
(paddle) fans in a safe and efficient manner

314.27(E) 
Separable Attachment Fittings
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New provision for listed locking support and mounting 
receptacles for luminaires coincides with the revised definition 
of a “receptacle” in Article 100

Receptacle. A contact device installed at the outlet for the 
connection of an attachment plug, or for the direct connection 
of electrical utilization equipment designed to mate with the 
corresponding contact device. A single receptacle is a single 
contact device with no other contact device on the same yoke. 
A multiple receptacle is two or more contact devices on the 
same yoke.

 Similar Code language was added at 422.18 for support of 
ceiling-suspended (paddle) fans 

314.27(E) 
Separable Attachment Fittings (cont.)
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320.6 Listing Requirements

New listing requirements were added in a number of the cable-
type wiring method articles that will require the wiring method 
(cable) and associated fittings to be listed

Must be listed for use with each other

A non-listed cable-type wiring method may not function 
correctly with listed termination fittings

This will ensure that the cable installed in the field has been 
evaluated to the appropriate product standard and listed for use 
in accordance with NEC regulations
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320.6 Listing Requirements

The same requirement that the wiring method (cable) and 
associated fittings be listed occurred at the following locations:

320.6 Type AC cable FR 1808 PI 1332

322.6 Type FC cable FR 1801 PI 1334

328.6 Type MV cable FR 1814 PI 1336

330.6 Type MC cable FR 1816 PI 1337

332.6 Type MI cable FR 1806 PI 1338

334.6 Type NM cable FR 1824 PI 886

336.6 Type TC cable FR 1833 PI 1339

338.6 Type SE cable FR 1827 PI 1341

340.6 Type UF cable FR 1829 PI 887
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324.12(5) Uses Not Permitted 
Flat Conductor Cable: Type FCC

Type FCC cable will now be permitted in administrative office 
areas of hospitals and school buildings

Type FCC cable systems are still prohibited:

 in outdoor or in wet locations

 where subject to corrosive vapors

 in any hazardous (classified) location 

 in school and hospital buildings (non-administrative areas) or 

 in residential buildings

Type FCC cable systems is safe and reliable when installed and 
maintained in accordance their product specifications
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324.12(5) Uses Not Permitted 
Flat Conductor Cable: Type FCC (cont.)

Certain areas in a school building, hospitals and emergency care 
centers do not present safety risks that would deter the use of 
Type FFC cable such as administration offices

Today’s modern workspace environments often requires 
flexibility in the design of these spaces often resulting in open 
room environments with little to no access to the building’s 
perimeter wall receptacle outlets
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336.10(9) Power and 
Control Tray Cable: Type TC

Type TC-ER cable with a designation of “JP” will now be allowed 
exposed without a raceway at dwelling units

There are now 9 different list items under “Uses Permitted” for 
Type TC cable

Type TC-ER cable containing both power and control conductors 
that is identified for pulling through structural members to be 
installed in one- and two-family dwelling units

The “-ER” suffix stands for “Exposed Run”

The “-JP” suffix stands for “Joist Pull”
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336.10(9) Power and 
Control Tray Cable: Type TC (cont.)

Type TC-ER cable meets or exceeds: 

 Construction specifications for nonmetallic-sheathed cable 
(Type NM cable)

 UL product standard crush and impact ratings for Type NM 
cable and Type SE and SER cable

 UL crush and impact tests for Type MC cable

This type of cable has gained popularity when installing a 
standby power generator at a dwelling unit

By allowing Type TC-ER cable to be installed exposed in a 
dwelling unit, the installer can secure the cable to the lower side 
of joists in unfinished basements or crawl spaces without 
installing a raceway for the cable 696
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344.14 Dissimilar Metals: Type RMC

 Stainless steel RMC can only be used with stainless steel fittings, 
approved accessories, stainless steel outlet boxes, and stainless 
steel enclosures

Revisions clarify the acceptable fittings that can be used with 
different types of RMC, based on galvanic compatibility

A galvanic action or corrosion is an electrochemical process in 
which one metal corrodes preferentially to another when both 
metals are in electrical contact (in the presence of an electrolyte)

 Stainless steel RMC used with aluminum or galvanized fittings, 
accessories, outlet boxes and enclosures could result in a 
galvanic action and leading to corrosion of the stainless steel
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Stainless Steel

Rigid RMC

700



350.28 Trimming of LFMC

New language added requiring cut ends of liquidtight flexible 
metal conduit (Type LFMC) to be trimmed inside and outside to 
remove rough edges

Proper trimming of Type LFMC is necessary as to allow the 
proper installation of the steel grounding ferrule 

 Important to maintain ground continuity of the steel sheath of 
Type LFMC

Trimming of the cut ends should be done to prevent chafing of 
pulled conductors

Provides consistency between Article 350 and Article 356 (LFNC) 
and other NEC articles for trimming and reaming 701
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358.10 Uses Permitted – Type EMT

The “Uses Permitted” for EMT has been revised for consistency 
with other steel conduit articles (Type IMC and RMC)

 Some requirements or “uses” for EMT were moved from 358.12 
(Uses Not Permitted) and reworded using positive language

Provisions for stainless steel EMT were also added 

Clarification of the use of galvanized steel, stainless steel, and 
aluminum EMT in corrosive environments and concrete

 If supplementary corrosion protection is required or desired, it 
can be provided by a factory-applied PVC coating, paint 
approved for the purpose, or tape wraps approved for the 
application 704
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366.20 
Parallel Conductors In Auxiliary Gutters

 Language added to address how to install conductors in parallel 
in an auxiliary gutter

An auxiliary gutter is designed for conductors to be laid or set in 
place after the enclosures have been installed as a complete 
system

Documented failures of paralleled conductors have occurred 
when these conductors were installed in wireways and auxiliary 
gutters and were not grouped together

 Leads to overheating and insulation breakdown due to the 
induction process

Primary concerns when installing conductors in parallel are 
ensuring that each conductor in the paralleled set has the same 
electrical characteristics as the others in the same set
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370.80 Cablebus-Ampacity of Conductors

Additional information was proposed to be added to provide 
clarity for the allowable ampacities for cables installed in 
cablebus assemblies (Article 370) and aligns ampacities with 
cable tray installations (Article 392)

This 2017 NEC change was overturned by the NFPA Standards 
Council at its August 3-4, 2016 meeting (see Standards Council 
Agenda Item 16-8-3-f)

 Standards Council decision on CAM 70-13 and Second Revision 
2110 returned the Code language at 370.80 to the 2014 NEC
Code language
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404.2(C) 
Grounded Conductor at Switch Locations

 The previous seven “conditions” in which a grounded conductor was 
not required to be installed at lighting switch locations has been 
revised and reduced to only five “conditions” 

 Previous condition (4) and (5) moved from these conditions to the 
parent text of 404.2(C) and reworded into positive language

 Enforceable language was added to require the grounded conductor to 
be connected and used by the switching device rather than simply be 
“present” at the switch enclosure

 Exception added to exclude replacement or retrofit switches installed 
in locations prior to local adoption of 404.2(C) where the grounded 
conductor cannot be extended without removing finish materials

 New exception also puts a limit to the number of electronic lighting 
control switches on a branch circuit (5) or feeder (25) 711
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404.22 
Electronic Lighting Control Switches

New provisions added for “Electronic Lighting Controlled 
Switches” prohibiting current on the equipment grounding 
conductor with a future effective date

 In conjunction with revisions to 404.2(C), electronic lighting 
control switching devices to be listed and “shall not introduce 
current on the equipment grounding conductor during normal 
operation”

Currently, readily-available existing listed electronic lighting 
control switching devices requiring EGC to be used as grounded 
conductor per the manufacturer’s instructions 

This probation on introducing current on the EGC requirement 
has a future effective date on January 1, 2020 716



404.22 
Electronic Lighting Control Switches (cont.)

One of the main reasons to prohibit a grounded conductor from 
being connected to equipment grounding conductor(s) is to 
eliminate circulating currents from being introduced into the 
equipment grounding conductor path

New language will require insulated grounded supply conductor 
to be installed and used with the proper listed electronic device

New exception will recognize retrofit installation or replacement
situation in existing situations where the grounded conductor is 
not installed
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Connection to:

EGCUngrounded “Hot” 

Conductor

Ungrounded 

“Switch Leg”

Grounded Conductor (if present),

EGC if Grounded Conductor is 

Not Present 718



406.2 Definition: Outlet Box Hood

Definition for the term “outlet box hood” was added at 406.2

Outlet box hoods commonly referred to in the field as “in-use” 
covers or “bubble” covers

All outlet box hood covers should be required to be listed for use 
in a wet location when installed in a wet location

Relied upon to provide environmental protection for enclosed 
devices such as GFCI receptacle outlet devices

Nonmetallic outlet box hoods are typically constructed of UV 
resistant polycarbonate while the metal enclosures are typically 
made of powder-coated cast zinc
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406.3(E) Controlled Receptacle Marking

The word “Controlled” is now required to be placed on the 
controlled receptacle along with the previous symbol

The word “Controlled” was also added to Figure 406.3(E)

The controlled receptacle symbol and the word “Controlled” are 
to be placed on the controlled receptacle face (not the faceplate 
or cover) and remain visible after installation

This will assure that the end user of this receptacle knows that it 
is being controlled and could become de-energized 

This removes any misunderstanding due to a “symbol” on the 
receptacle that might not be understood by the end user
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406.3(F) Receptacle with USB Charger

New provisions added pertaining to 125-volt 15- or 20-ampere 
receptacle that additionally provides Class 2 power in the form of 
a USB outlet and charger

New provisions require these devices to be listed and 
constructed such that the Class 2 circuitry is integral with the 
receptacle

Universal Serial Bus (USB) is an industry standard that defines 
the cables, connectors and communications protocols used in a 
bus for connection, communication, and power supply between 
computers and electronic devices

 Some Class 2 power supply and Class 2 output connector(s) are  
intended to be secured and directly connected to a duplex 
receptacle (not integral with the receptacle) 726
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406.4(D)(4), Ex. No. 1 and Ex. No. 2
AFCI for Replacement of Existing Receptacles

Two new exceptions were added for AFCI requirements for 
replacement of existing receptacles

 First new exception recognizes applications where an existing 
two-wire receptacle is replaced and no equipment grounding 
conductor can be installed (existing two-wire system)

 Second new exception stipulates that the exception to 210.12(B) 
does not apply when replacing existing receptacles

Exception to 210.12(B) permits existing branch circuit conductors 
to be modified or extended up to 1.8 m (6 ft) without AFCI
protection where no additional outlets or devices are installed
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406.4(D)(5) Tamper-Resistant 
Receptacles for Replacements

Tamper-resistant receptacles required for replacement 
receptacles “except where a non-grounding receptacle is 
replaced with another non-grounding receptacle”

 Listed tamper-resistant receptacles are generally required to be 
provided where receptacles are replaced at receptacle outlets 
that are required to be tamper-resistant elsewhere in the Code

 Listed tamper-resistant receptacles are not manufactured or 
available in a nongrounding, two-prong receptacle style

406.4(D)(2)(a) permits a non-grounding-type receptacle as a 
replacement for another non-grounding-type receptacle
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406.6(D) Receptacle Faceplate (Cover Plates) 
with Integral Night Light and/or USB Charger

New requirements were added pertaining to receptacle 
faceplates with integral night lights and/or USB chargers

These faceplates must be listed and constructed such that the 
night light and/or Class 2 circuitry is “integral with the flush 
device cover plate”

Plug-in night light/covers that is not “integral with the flush 
device cover plate,” but simply designed to be plugged directly 
into a receptacle outlet presents a problem

The ease in removing these night light-type covers from the 
receptacle outlet increases its safety hazard
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Courtesy of SnapPower
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406.9(B)(1) Extra-Duty Outlet Box Hoods

Other listed products, enclosures, or assemblies providing 
weatherproof protection that do not utilize an outlet box hood 
need not be marked “extra duty” 

These power outlets (other listed products) typically locate a 
receptacle behind a hinged steel cover, which is not an outlet box 
hood, and need not be identified as "extra duty" 

This has caused some confusion over the lack of "extra duty" 
identification on these types of listed assemblies

This change provides needed clarity and eliminates confusion 
within the electrical industry 
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406.12 Tamper-Resistant Receptacles

Requirements for tamper-resistant (TR) receptacles expanded to 
locations where small children are likely to congregate and have 
ready access to energized receptacle outlets

TR receptacles expanded to 250 volt receptacles as well as 125 
volt receptacles

Receptacles rated at 250 volts are commonly used for air-
conditioning and heating units in dwelling units, guest rooms and 
guest suites of hotels and motels as well as other locations

TR receptacle requirements expanded to other dwelling unit 
areas such as mobile and manufactured homes

Reorganized to put the areas that require TR receptacles into a 
list format 738



406.12 
Tamper-Resistant Receptacles (cont.)

Requirements for tamper-resistant (TR) receptacles expanded to 
locations where small children are likely to congregate:

 Dwelling units (210.52)

 Mobile and manufactured homes (550.13)

 Guest rooms and guest suites of hotels and motels

 Child care facilities

 Preschools and elementary education facilities

 Medical and dental waiting rooms

 Places of assembly occupancies (518.2)

 Dormitories
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406.15 
Dimmer-Controlled Receptacles (Deleted)

Dimmer-controlled receptacle provisions have been deleted

 Section sought to correct incompatibilities between certain types 
of dimmer and certain cord-and-plug connected loads

 Such incompatibilities are currently dealt with in the listing of 
specific load types and the listing of specific dimmer types

During the last Code revision cycle, new rules were added at 
406.15 permitting certain receptacles to be controlled by a 
dimmer under specific conditions

 In conjunction with 404.15(E), dimmer switches are generally not 
permitted to control receptacle outlets

Use of the term “nonstandard configuration” in previous Code
was not defined with regard to plug/receptacle combinations
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408.3(A)(2) 
Barriers at Service Panelboards 

New requirements added for barriers to be placed in all service 
panelboards such that no uninsulated, ungrounded service 
busbar or service terminal be exposed to inadvertent contact by 
persons

 Identified as a safety concern by installers and proponents of 
electrical safety in the workplace 

An exception was also added eliminating the barriers at 
panelboards installed to comply with the requirements of 
408.36, Ex. No. 1, 2, and 3

Exceptions to 408.36 address the “six means of disconnect” 
rules and the old “split-bus” panelboards that could be present
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Courtesy of Eaton
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409.22(B) Short-Circuit Current Rating

New requirements added for documentation of available short-
circuit current at industrial control panels 

This information shall also include the date the short-circuit 
current calculation was performed

Enforcement community has experienced difficult time enforcing 
proper short-circuit current ratings of industrial control panels

New requirement provides much needed information to aid the 
electrical inspector (AHJ) when enforcing 409.22(A) which will 
ensure that the industrial control panel complies with its 
established short-circuit current rating
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Other Locations for 
Short-Circuit Current Rating Documentation

Available short-circuit current documentation was added for 
other things such as:

 Motor control centers

 Air conditioning equipment

 Elevators control panels

 Industrial machinery

 Emergency system transfer equipment for:

• Emergency systems

• Legally required standby systems

• Optional standby systems

• Critical operations power systems (COPS)
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410.62(C)(1) Cord-Connected 
Installation of Lampholders and Luminaires

Re-organization occurred to the requirements for cord-
connected lampholders and luminaires of the electric-discharge 
and LED type

New layout much easier to follow and comprehend

Previous language at 410.62(C)(1) was one long sentence that 
was extremely difficult to follow

New re-organized text provides improved clarity while retaining 
the core intent of these cord-connected requirements
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410.62(C)(1) Cord-Connected       (cont.) 
Installation of Lampholders and Luminaires

Electric-discharge and LED luminaires permitted to be cord 
connected when the following conditions apply: 

 Luminaire is located directly below the outlet or busway

 Flexible cord is visible for entire length outside the luminaire

 Not subject to strain or physical damage

 Terminated with one of the following methods:

• Grounding-type attachment plug cap or busway plug

• Part of a listed assembly incorporating a manufactured 
wiring system connector in accordance with 604.100(C)

• Luminaire assembly with a strain relief and canopy having 
a maximum 150 mm (6 in.) long section of raceway for 
attachment to an outlet box above a suspended ceiling

756



757



Article 411 Low-Voltage Lighting

Article 411 was re-organized and renamed

Title changed from “Lighting Systems Operating at 30 Volts or 
Less and Lighting Equipment Connected to Class 2 Power 
Sources” to simply “Low-Voltage Lighting”

 Limitations of 411.3(A) and (B) for low-voltage lighting systems 
operating at 30 volts or less and the limitations of Class 2 low-
voltage lighting systems conforming to NEC Chapter 9, Table 
11(A) or Table 11(B) was removed

 Low-voltage lighting systems addressed by Article 411 are now 
basically limited by the maximum rating of 25 amperes for the 
output circuits of the power supply under all load conditions 
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422.2 Definition: Vending Machine

Previous definition of “Vending Machine” has been deleted

What constituted a vending machine?

Vending machine are still required to be GFCI protected, but the 
requirement has been re-located to 422.5(A)(5)

All appliances operating at 50 volts or more are now required be 
listed (see new 422.6)

 In determining what constitutes a vending machine, the user of 
the Code needs to rely on the listing and the product standards 
for vending machines

Revision to require all appliances to be listed eliminates the need 
for a definition of vending machine

761



762



763



764



765



422.5 GFCI Protection for Appliances

Ground-Fault Circuit-Interrupter (GFCI) requirements throughout 
Article 422 related to personnel hazards from specific equipment 
moved to a single location in Article 422

New 422.5(B) was also added allowing five options for the 
location and type of GFCI protective device provided in order to 
deliver GFCI protection to specific appliances listed at 422.5(A)

Collecting these specific GFCI requirements into one central 
location will increase clarity and usability

Based on the voltage limitation of the product standard for GFCIs
(UL 943), the “250 volts or less” value was initiated at 422.5

Multiple GFCI protective devices permitted but not be required 766



422.5 GFCI Protection for Appliances (cont.)

422.5(A) General

 Appliances identified in 422.5(A)(1) through (5) rated 250 
volts or less and 60 amperes or less, single- or 3-phase, shall 
be provided with GFCI protection for personnel

 Multiple GFCI protective devices shall be permitted but shall 
not be required

• (1) Automotive vacuum machines provided for public use 

• (2) Drinking fountains water coolers 

• (3) High-pressure spray washing machines — cord-and-
plug-connected 

• (4) Tire inflation machines provided for public use 

• (5) Vending machines 767



422.5 GFCI Protection for Appliances (cont.)

422.5(B) Type

 The GFCI shall be readily accessible, listed, and located in one 
or more of the following locations: 

• (1) Within the branch circuit overcurrent device 

• (2) A device or outlet within the supply circuit 

• (3) An integral part of the attachment plug 

• (4) Within the supply cord not more than 300 mm (12 in.) 
from the attachment plug 

• (5) Factory installed within the appliance 
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422.6 Listing Required (Appliances)

New section has been added to Article 422 requiring all 
appliances operating at 50 volts or more must be listed

All appliances should be listed to help determine the proper 
classification of the equipment and to ensure application of 
proper product standard installation requirements

 Listing requirement for appliances helps ensure equipment is 
installed and used in accordance with any instructions included 
in the listing or labeling of that particular piece of equipment 
[see 110.3(B)]

Relying NEC definitions and industry terms or product marketing 
information can and often does result in misinterpretation and 
misapplication of requirements for appliances 770



771



422.14 
Infrared Lamp Industrial Heating Appliances

Rules for industrial infrared lamp heating appliances has been 
deleted from Article 422 and relocated in new Article 425 “Fixed 
Resistance and Electrode Industrial Process Heating 
Equipment” (see new 425.14)

Creation of new Article 425 called for gathering of existing NEC
requirements covering industrial heating equipment and 
relocating that information to its new home in Article 425

Relocation brings requirements for commercial and industrial 
fixed resistance and process heating equipment into its own 
article while improving clarity and usability of the NEC

Heating lamps are part of a larger group of commercial/industrial 
heating equipment that deserves its own article 772
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422.16(B)(2) Built-In Dishwashers 

Cord-and-plug-connected built-in dishwashers are now only 
allowed to have the receptacle outlet located in the space 
adjacent to the space occupied by the dishwasher

The maximum length of a cord for a built-in dishwasher was 
extended from the previous maximum length of 1.2 m (4 ft) to 
2.0 m (6.5 ft) measured from the face of the attachment plug to 
the plane of the rear of the appliance

Other requirements for dishwashers and trash compactors 
remain the same as the 2014 NEC

Change occurred to align 422.16(B)(2) with the product standard 
for household dishwashers, UL 749
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422.16(B)(4) Range Hoods 

The maximum length of a flexible cord for a cord-and-plug-
connected range hood has been increased from 900 mm (36 in.) 
to 1.2 m (4 ft)

With some of the designs of the newer range hoods, the 
previous maximum length of 900 mm (36 in.) was simply not 
sufficient 

Putting undue stress and strain on the cord in order to reach the 
mating receptacle outlet

The height (top to bottom) of some of the newer chimney-type 
range hoods is a concern for cord length as well
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Article 424 Part V: 
Electric Space-Heating Cables 

Part V of Article 424 was revised for simpler interpretation and 
application

Two new sections were added to Part V of Article 424 (424.45 
and 424.47) address proper installations of cables under floor 
coverings and labels provided by the manufacturer

Previous edition of the Code did not properly address these 
added items in Part V of Article 424

The previous requirements for color coding of heating cable 
leads was deleted as it was inconsistent with other heating 
products covered by Article 424
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424.45 
Heating Cables Under Floor Coverings

New requirements added for the installation of heating cables 
installed under floor coverings

Not new to the electrical industry, but installation requirements 
for these under flooring heating cables are new for Article 424

Heating cables and heating panels have become very similar in 
terms of installation and use

Previously the Code did not specifically mention under floor 
coverings for heating cables, which left some users of the Code
unclear if heating cables installed under floor covering was 
permitted or not permitted
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424.47 
Electric Space-Heating Cable Label  

New provisions added for manufacturers of electric space-
heating cables to provide marking labels to be affixed to 
panelboards identify which branch circuits supply the circuits to 
those space-heating installations

 Labels must also give the installer instructions to apply these 
labels to the supply panelboard

 Labeling not required if the electric space-heating cable 
installations are “visible and distinguishable after installation”

 Label to be applied to panelboard and filled out by installer
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Article 424 Part X Low-Voltage Fixed 
Electric Space-Heating Equipment 

A new Part X was added to Article 424 for low-voltage fixed 
electric space-heating equipment

Previous editions of the NEC did not exclude these low voltage 
heating products, but did not address provisions for low voltage 
heating cables or heating panel products

Without these new requirements, a “low-voltage” piece of 
equipment would have to meet all the same requirements as 120 
volt or 240 volt rated equipment

New requirements in Part X of Article 424 are very similar to 
provisions already in place in the NEC in Article 411 for low-
voltage lighting systems
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Article 424 Part X Low-Voltage Fixed 
Electric Space-Heating Equipment (cont.) 

 For low-voltage fixed electric space-heating equipment 
addressed in Part X of Article 424, the rated output is limited to 
25 amperes, 30 volts (42.4 volts peak) ac, or 60 volts dc under 
all load conditions

The 30-volt ac and 60-volt dc levels correlate with accepted 
levels considered by many to be a threshold of reduction in risk 
of electric shock

Also aligns with the voltage levels for Class 2 ac and Class 2 dc 
voltage levels in Chapter 9, Tables 11(A) and 11(B)

25 ampere maximum output current added to limit secondary 
current levels to levels associated with most low-voltage fixed 
electric space-heating equipment
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Article 425 Fixed Resistance and Electrode 
Industrial Process Heating Equipment

New Article 425 Fixed Resistance and Electrode Industrial 
Process Heating Equipment incorporated into the 2017 NEC

 In previous editions, the NEC did not adequately address 
requirements for industrial process heating equipment

Previous 422.14 (appliances with infrared heat lamps) was 
relocated to new Article 425 (see 425.14)

New article will  provide clear requirements for installation and 
enforcement for such as working space, listing requirements, 
marking of equipment, overcurrent protection, protection from 
physical damage, installation in damp or wet locations, and 
spacing from combustible materials
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Article 425 Fixed Resistance and Electrode 
Industrial Process Heating Equipment (cont.)

New Article 425 “Fixed Resistance and Electrode Industrial 
Process Heating Equipment” will apply to such things as: 

 Boilers

 Electrode boilers

 Duct heaters

 Strip heaters

 Immersion heaters

 Process air heaters 

 Other approved fixed electric equipment used for industrial 
process heating 
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426.32 Impedance Heating Voltage Limitations  
Fixed Outdoor Electric Deicing and Snow-Melting Equipment

Allowance for voltage output greater than 30 volts ac if an 
impedance heating system for fixed outdoor electric deicing and 
snow-melting equipment is provided with Class A GFCI
protection has been deleted

 Secondary winding of an isolation transformer connected to an 
impedance heating elements cannot have an output voltage 
greater than 30 volts ac

Higher operating current levels of electrical Impedance heating 
systems not compatible with Class A type GFCI protective device

An impedance heating system cannot be designed to have a 
leakage under 5 mA (making Class A GFCI protection obsolete)

 Same revision occurred at 427.27 for impedance heating system 
for fixed electric heating equipment for pipelines and vessels
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430.2 Definition: Part-Winding Motors 

The definition of a part-winding motor was moved from 430.4 to 
its proper location at 430.2

The first paragraph of previous 430.4 seemed to be the very 
definition of a part-winding motor

A part-winding or soft start motor is any system that is used to 
reduce inrush current, as well as strain on electrical circuits that 
supply power to motors

 Inrush current is the initial surge of current into the windings 
when the motor is started
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430.53(D)(4) 
Single Motor Taps on One Branch Circuit 

New tap rule for single motor allows 7.5 m (25 ft) taps with the 
same conditions as is allowed in other areas of the NEC

The ampacity cannot be less than one-third that of the branch-
circuit conductors

Previous provisions allowed these taps to have an ampacity not 
less than one-tenth the rating or setting of the branch-circuit 
short-circuit and ground-fault protective device with the 
maximum length of 3 m (10 ft)

7.5 m (25 ft) tap allowance for single motor taps is a natural 
progression for the NEC
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430.99 Available Fault 
Current for Motor Control Centers

New requirements added for available short circuit current at 
motor control center and the date the short circuit current 
calculation was performed

Documentation also required to be made available to those 
authorized to inspect the installation of the motor control center

Documentation shall include:

 Available short circuit current (fault current) at the motor 
control center

 Date the short circuit current calculation was performed

This documentation can reduce liability (for contractors, 
inspectors, and manufacturers) by identifying equipment was 
originally installed with the correct short-circuit current rating
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440.9 Grounding and 
Bonding of Rooftop A/C Equipment

The outdoor portions of metallic raceway systems that use non-
threaded fittings are now required to contain a wire-type 
equipment grounding conductor (EGC) 

Applies when installed outdoors on a roof to supply multimotor
and combination-load equipment

When installed on a rooftop to supply such things as rooftop 
HVAC equipment, some metallic raceway systems installations 
become compromised from activities such as snow removal or 
roof repair/replacement
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440.9 Grounding and 
Bonding of Rooftop A/C Equipment (cont.)

Concerns have been raised regarding metallic raceway systems 
and their ability to maintain their continuity as their own 
equipment grounding conductor (EGC)

Metallic raceway systems on rooftops being subject to 
movement and damage that can result in separation of their 
non-threaded conduit or tubing fittings
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440.65 
Protection Devices for Room A/C Units 

Heat detecting circuit interrupter (HDCI) was added to a list of 
devices for protection of single-phase room air conditioners

HDCI technology is intended for use in dehumidifiers, room air 
conditioners and other refrigeration equipment

 Incorporates the functionality of a leakage current detector 
interrupter (LCDI), and is intended to interrupt power to the 
protected device when an overheating condition occurs

HDCI devices have a maximum rating of 40 amperes and are 
intended for use on circuits rated 250 volts (ac) maximum 
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445.11 Nameplate Marking for Generators

Nameplate marking requirements for generators have been 
revised and put into a list format

 “Impedance” was replaced with “reactance” as “impedance” 
was in conflict with the nationally recognized standard (IEEE 115) 
used to obtain subtransient, transient, synchronous, and zero 
sequence values for an alternator (generator)

 Inverter-based generators rated more than 15 kW are now also 
required to be marked with the maximum short-circuit current 
to verify proper overcurrent protection

Manufacture’s marking provision required to indicate if the 
generator neutral is bonded to the generator frame

Revised information will assist the AHJ in determining 
compliance with 445.13 (ampacity of conductors for generators)
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445.13(B) Generator OCPD Provided

New requirement added to clarify feeder taps can be used if 
generator is equipped with an overcurrent relay or other 
overcurrent protective device

 Feeder tap rules of 240.21(B) can be used

New revision can be applied unless the tapped conductors are 
for portable generators rated 15 kW or less where field wiring 
connection terminals are not accessible

This change should reduce confusion among some users of the 
Code about the conditions under which tap conductors for 
generators are acceptable
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445.18 Generator Disconnecting Means 
and Shutdown of Prime Mover

Generator disconnecting means requirements have been 
reorganized with added provisions for:

 Disconnecting means

 Shut down of the prime mover

 Generators installed in parallel

Generator is typically the combination of an electrical generator 
and an engine (prime mover) mounted together to form a single 
piece of equipment or a “gen-set”

 Lack of information and regulations for a “prime mover” was 
addressed for the 2017 NEC with the addition of 445.18(B) titled, 
“Shutdown of Prime Mover” 
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445.18 Generator Disconnecting Means 
and Shutdown of Prime Mover (cont.)

Additional requirements were necessary to provide a remote 
shutdown means in the event of an emergency

New shutdown means for the prime mover is needed to prevent 
the generator set from unexpectedly starting and running while 
the generator is shut down for such things as undergoing service

New 445.18(C) was also added titled “Generators Installed in 
Parallel”

Clarifies where generators are installed in parallel it is not 
necessary to provide a disconnecting means at each generator 
and at the paralleling equipment as long as the generator is 
capable of isolating the generator output terminals from the 
paralleling equipment 819
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445.20 GFCI Protection for Receptacles
on 15-KW or Smaller Portable Generators

 Listed cord sets are now permitted to be used to incorporate 
ground-fault circuit-interrupter (GFCI) protection for portable 
generators manufactured or rebuilt prior to Jan 1, 2015

GFCI requirements have been separated into two different 
categories for these generators:

 Unbonded (floating neutral) generators and 

 Bonded neutral generators

Unbonded (floating neutral) generators require GFCI protection 
at all 125-volt, 15 and 20 ampere receptacles, but only where 
both 125-volt and 125/250-volt receptacles exist on the 
generator 821



445.20 GFCI Protection for Receptacles
on 15-KW or Smaller Portable Generators (cont.)

An exception for unbonded (floating neutral) generators 
eliminates GFCI protection where the 125-volt receptacle 
outlets(s) is interlocked such that it is not available for use when 
any 125/250-volt receptacle(s) is in use

New 445.20(B) requires all 125-volt, 15 and 20 ampere 
receptacles on bonded neutral generators to be provided with 
GFCI protection

An exception to 445.20(A) and (B) permits GFCI protection in the 
form of listed cord sets or devices incorporating listed GFCI
protection if the generator was manufactured or remanufactured 
prior to January 1, 2015
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480.3 Equipment (Storage Batteries)

New requirement were added at 480.3 that will require storage 
batteries and battery management equipment to be listed 
(other than lead-acid batteries)

Recognizes the need for a National Recognized Testing 
Laboratory (NRTL) evaluation of storage batteries and battery 
management equipment by a third-party testing laboratory 

Through the use of new technologies, energy density for storage 
batteries has significantly increased and continues to increase

 Lithium-ion battery energy density has been increasing at 
approximately 10 percent annually
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