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ELECTRICAL SAFETY INSPECTOR ADVISORY COMMITTEE  
REQUEST FOR RECOMMENDATIONS 

 
 
DATE:   AUGUST 04, 2023 
TIME:   10:00 AM 
LOCATION:  NO MEETING THIS MONTH 
 
  
Personnel Certification Applications 

P-1 Rybka, Michael - ESI 
Certification ID: 9151 
Current Certifications - none, has passed ESI exams 
Staff notes: Journeyman since 2010 
ESIAC Recommendations: 
Committee recommendation: 
 

  
Continuing Education Applications for Review 

ER-1 2017 vs. 2023 NEC Review (Southwest Ohio Electrical Organization) 
All certifications (four 7.5-hour sessions) 
Staff Notes:  Southwest Ohio Electrical Organization is a new organization formed by 
Lorenzo Adam and others.  The course submitted is a new course, never submitted 
under IAEI.  Submission includes sample slides (not the whole set) 
ESIAC Recommendation:   
Committee Recommendation:  
 

ER-2 2023 NEC Code Changes Chapters 1-4 (Matthews Electrical Services) 
All certifications (4 hours) 
Staff Notes:  Slides are a sampling. 
ESIAC Recommendation:   
Committee Recommendation:  
 

ER-3 2023 NEC Code Changes Chapters 5-9 (Matthews Electrical Services) 
All certifications (4 hours) 
Staff Notes:  Slides are a sampling. 
ESIAC Recommendation:   
Committee Recommendation:  
 

ER-4 2023 NEC Significant Changes Overview (Matthews Electrical Services) 
All certifications (4 hours) 
Staff Notes:  Slides are a sampling. 
ESIAC Recommendation:   
Committee Recommendation:  
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ER-5 Motors, Transformers, and the 2020 NEC (Matthews Electrical Services) 
All certifications (4 hours) 
Staff Notes:  Slides are a sampling. 
ESIAC Recommendation:   
Committee Recommendation:  
 

ER-6 Significant Changes to the 2023 NEC (Dayton Area Electrical JATC) 
All certifications (12 hours, two 6-hour sessions) 
Staff Notes:   
ESIAC Recommendation:   
Committee Recommendation:  
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File Attachments for Item:

P-1 Rybka, Michael - ESI

Certification ID: 9151

Current Certifications - none, has passed ESI exams

Staff notes: Journeyman since 2010

ESIAC Recommendations:

Committee recommendation:
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File Attachments for Item:

ER-1 2017 vs. 2023 NEC Review (Southwest Ohio Electrical Organization)

All certifications (four 7.5-hour sessions)

Staff Notes:  Southwest Ohio Electrical Organization is a new organization formed by Lorenzo 

Adam and others.  The course submitted is a new course, never submitted under IAEI.  

Submission includes sample slides (not the whole set)

ESIAC Recommendation:

Committee Recommendation:
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File Attachments for Item:

ER-2 2023 NEC Code Changes Chapters 1-4 (Matthews Electrical Services)

All certifications (4 hours)

Staff Notes:  Slides are a sampling.

ESIAC Recommendation:

Committee Recommendation:
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BIOGRAPHY 
Henry P. Matthews PE, CPE, CESCP, PVA 

 
 

Henry has over 31 years of experience in the electrical design, construction, engineering and safety fields.  

He has a passion for teaching and mentoring.  

Henry obtained his Bachelor of Science degree in Electrical Engineering from Penn State University in 

1989. 

He also earned a Master of Business Administration from Bowling Green State University in 2003. 

In addition, Henry earned several certificates including: 

• Plumbing and Electrician from Penn Foster Career School 

• Welding from Owens Community College in Findlay, Ohio 

• Residential Solar PV Systems from Solar Engineering International 

Henry currently holds the following licenses, and memberships: 

• Licensed Electrical Contractor in Ohio 

• Licensed Training Agency in Ohio 

• Licensed Professional Engineer in Ohio, Michigan, Kentucky, Indiana, Illinois, Wisconsin  

• Certified Plant Engineer (CPE) 

• Certified Building Operator (CBO) 

• Certified Electrical Compliance Safety Professional (CESCP) by NFPA 

• Solar PV Associate by the North American Board of Certified Energy Practitioners 

• Electric Vehicle Infrastructure Training Program (EVITP) certification 

• Senior Member of the Institute of Electrical and Electronic Engineers (IEEE) 

• Member of the International Association of Electrical Inspectors (IAEI) 

• Member of the National Fire Protection Association (NFPA) 

Henry is currently employed as an Advanced Senior Engineer for Marathon Petroleum Company in 

Findlay, Ohio.  During his 16 years at Marathon, Henry has worked as an Electrical Design Engineer, 

Project Engineer, Engineering Supervisor and currently as a Reliability Engineer. 

Henry is also the owner of Matthews Electrical Services, a small, but full-service electrical contractor 

company. 

Prior to this, he worked 13 years as an Electrical Engineer and a Plant Engineering Manager in at Cooper 

Standard Automotive, a major automotive parts supplier in Bowling Green, Ohio 

Henry is the past co-chair of American Petroleum Institute Recommended Practice 545 Lightning 

Protection for Above Ground Storage Tanks. 

He was also past president of the Fostoria Toastmaster club. 
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2023 NEC Significant Code Changes Chapters 1 -4  
Outline 

 
NEC Chapters and sections covered 

• Scope: Article 90 

• Chapters 1-4 
 

 
Other Resources: 

• 2021 NFPA 70E 

• 2023 NFPA 70B 

• NFPA 79 
 
Referenced Websites: 

• www.NFPA.org 
www.IAEI.org  (International Association of Electrical Inspectors) 

• www.mikeholt.com 

• www.esfi.org Electrical Safety Foundation International) 

• Various motor and transformer manufacturer websites. 
 
Course Content: 

• NEC Chapter 1 General 

• NEC Chapter 2 Wiring and Protection 

• NEC Chapter 3 Wiring Methods and Materials 

• NEC Chapter 4 Equipment for General Use 
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2023 NEC Significant Code Changes Chapters 1 - 4 
Syllabus 

 
 

1. Welcome 
2. Attendance and eligibility verification 
3. Training session rules 
4. Agenda review 
5. Resources Used 
6. Review of key points from NEC Overview 
7. Chapters 1 – 4 Code Changes 

a. New Articles 
b. Deleted articles and sections 
c. Discussion on key changes 

8. Question and Answers 
9. Wrap-up:  post-class expectations (credits, certificates etc.) 
10. Dismissal 
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  Board of Building Standards 

Ohio Board of Building Standards 
6606 Tussing Road 
Reynoldsburg, OH 43068-9009  

 
Timothy Galvin, Chairman 

 
An Equal Opportunity Employer and Service Provider 

Phone: 614-644-2613 
Fax 614 -644-3147 

TTY/TDD 800-750-0750 
com.ohio.gov/dico/bbs 

 

APPLICATION FOR CONTINUING EDUCATION APPROVAL 
COURSE CONDITIONS AND GUIDELINES 

 
The Ohio Board of Building Standards is committed to the ongoing education and professional development of board-certified 
personnel through the delivery of high-quality, accurate and engaging professional continuing education content.  To this end, the 
Board reviews and approves Continuing Education Courses for building department personnel.  
 
Board approval is granted for course instruction on current codes and standards, including the OBC, OMC, OPC, and RCO, and any 
other content areas directly related to the responsibilities of the certification for which credit is being requested. 
 
Promotion: Any person or organization promoting an approved course is required to make full and accurate disclosure regarding 
course title, course approval number, number of credit hours, categories for which the BBS has approved the class, and fees in 
promotion materials and advertising. The Board does not grant retroactive approval. It is recommended that courses be 
submitted for approval well in advance of any scheduling of classes and advertising.  Advertising may not falsely state BBS 
approval before approval is granted. Course providers may state that BBS approval is pending. 
 
Application Submission: All Applications and associated materials shall be submitted by email in .pdf format.  Instructions for 
completing the application are attached. 
 
Certificate of Completion: Course providers shall provide participants a certificate of completion containing the following 
information:  

o Name of participant 
o Title of approved courses 
o BBS approval # 
o BBS approved certifications 
o Date of the continuing education program 
o Number of approved credit hours awarded, and  
o Signature of authorized sponsor or instructor. 

 
Any person or organization administering an approved course shall return a completed BBS Course Attendance form by email. 
 
Participants: Participants must attend the complete course as presented by the instructor to receive credit hours approved by the 
Board. The organization or instructor of online courses shall plan and execute methods to verify the individual’s attendance and 
completion of the course. No partial credit will be given to any participant who failed to complete the entire course as approved.  
 
Board approval: All courses are approved for the calendar year in which application is made.  Courses may be renewed so long as 
the referenced code is in effect, and the CEUs, certification and content remain unchanged. When the referenced code is updated, 
courses must be updated, and new approvals obtained. 
 
Facility/training area: BBS Course may be delivered in person or online, or both, at the sponsor’s option. 
Course facilities shall include the following: 
 
In Person Classes: Online Classes: 

Sufficient seating capacity Web-accessible 
ADA accessible facilities ADA accessible delivery 
Appropriate Audio/Visual devices for delivery Tech support available 
Writing surfaces for participants Live and recorded courses permitted 

 
In-person facilities shall comfortably and safely seat at least the number of attendees present in the room and shall be climate 
controlled, non-smoking, and sound controlled so that outside noise will not interfere with the training. 
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  Board of Building Standards 

Ohio Board of Building Standards 10/7/2022 Form No. 216 
 

Application for Continuing Education Course Approval 
Provider Information: 
Name:  
Organization:  
Address:  
E-mail:   Telephone:    
Website:   
Conference Sponsor (if applicable) Conference Email:  
 
Check here if Course Renewal:  Prior course number     (i.e. BBS2018-429) 
Renewals will only be granted for identical content and certifications, within the current code cycle.   
Attach a copy of prior course approval letter for confirmation. No further information is required. 
 
New Course Information: 
Course title:   
Course instructor:   
Course description:   
   
   
   
Instructional hours per session:  Number of Sessions:   
Course Date(s) and Location:     
 
Special Content: 
Code Administration:   Conference Course:    
Existing Buildings:      ______  Conference Name:      
Electrical Instruction: ______ Conference location:   
Plumbing Instruction:______   
 

 
Course to be offered online?_______ On Demand_____    Webinar_______ 
Course Website:     
Detail online course participation confirmation method (i.e. test, quizlets, participant activity confirmation): 
   
 

Course applicable for the following certifications  
 
Residential Certifications Only: _______ Commercial Certifications: _______ 
Administrative Course, All Certifications:  _______ 
 
Application materials included: 
______ Course Outline or Course Learning Objectives 
______ Presentation Materials/Slides (not required for roundtable courses) 
______ Assessment Materials (for online courses) 
______ Presenter Bio  

Please submit application and materials in .pdf format to: michael.lane@com.ohio.gov or BBS@com.ohio.gov 

 

Henry P. Matthews
Matthews Electrical Services

1203 McKinley Place; Fostoria, Ohio  4830
hpmatthews@matthewselectrical.net 419-575-3488

www.matthewselectrical.net

Henry P. Matthews

4 at least one per quarter

Surveys, polls, and roll call after each break will be conducted.

www.matthewselectrical.net

This course will cover some of the more significant code changes from Chapter 1-4 in the 2023 NEC.

2023 NEC Code Changes Chapters 1-4
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Ohio Board of Building Standards 
6606 Tussing Road 
Reynoldsburg, OH 43068-9009  

 
Timothy Galvin, Chair 

 
An Equal Opportunity Employer and Service Provider 

                    614-644-2613 
              Fax 614 -644-3147 
      TTY/TDD 800-750-0750 

               com.ohio.gov/dico/bbs 
 

Instructions for new Continuing Education Approval form 
 
Provider Information 

1. Please include all contact information. 
2. If course is not part of a conference, leave conference sponsor and email blank. 

 
Course Renewal 

1. Indicate if the course is being submitted for renewal.  Include prior approval letter 
and write in prior course number. 

2. Certification approval for courses has now changed: all existing courses being 
renewed will be approved within the new classification system. 

a. Courses previously approved for only residential certifications will be 
approved for all residential certifications. 

b. Courses previously approved for at least on commercial certification will now 
be approved for all commercial certifications and all residential certifications. 

c. Courses on required instruction topics, Ohio Ethics, Code Administration and 
Existing Buildings, will be noted as Administrative Courses and be approved 
for all certifications. 

3. Courses being renewed should skip the New Course information section and are not 
required to submit outline, agenda, slides or other instructional materials for review. 
Skip to Special Content, and mark any item that applies to the course. 

 
New Course Information 

1. Enter course title, name of instructor, and a brief description of the course content. 
Learning objectives may be substituted for course description, if desired. 

2. Number of instructional hours per session is the length of instructional time. 
3. Number of sessions: can be 1 or the number of sessions planned. 
4. Course date(s) and location: not necessary at this time, enter if known. 

 
Special Content 

1. Indicate if the course will meet instructional time in Code Administration or Existing 
Buildings. 

2. Indicate if the course is a plumbing or electrical course, for ESIAC review and trainee 
course tracking. 

3. If the course is associated with a conference, indicate the conference name and 
location, as this will allow BBS to coordinate approvals with the conference provider. 

4. If the course will be offered online, specify whether it will be on demand or offered 
as a virtual webinar, or both.  Include website where the course will be provided. 

  

97



 

Course applicable for the following certifications 
This section represents a major change from previous BBS course approval forms.  

1. If the course is only for residential certifications, check ‘Residential Certifications 
Only’.  The course, if approved, will be approved for all residential certifications. 

2. If the course is appropriate for any commercial certifications, check Commercial 
Certifications. The course, if approved, will be approved for all commercial 
certification AND all residential certifications. 

3. If the course is intended to meet required instruction in Code Administration 
(Chapter 1) or Existing Buildings (commercial or residential) check ‘Administrative 
Course, All Certifications’. 

 
Application Materials Included 
 This is a checklist for the course submitter’s use, to be sure all materials necessary for 
review are included with the application.  All materials should be submitted in .pdf format, 
along with  the application, via email to Michael.Lane@com.ohio.gov or BBS@com.ohio.gov 
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Welcome and Good Morning!
2023 NEC Code Changes Chapters 1 - 4 
OCILB Course number:  4871438
OBBS Course number:  Not yet approved

Please Accept Invitation to be a Panelist!
You will not be asked to present. This allows the host
to verify your attendance and allows us to interact
with each other like a classroom

Please mute your microphone

Text me at cell no. 419-575-3488 for any problems

Thank You!
1FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 

OHIO
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Notice!

This course is based on the 2023 NEC.

The 2023 NEC has not been adopted in Ohio

Presented for
INFORMATIONAL PURPOSES ONLY.

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO

2
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Why Teach the 2023 NEC Now?

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 3
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Current NEC Adoption

4

Source: www.nfpa.org
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Disclaimer 

• I don’t know everything!

• It will be IMPOSSIBLE to 
learn all of the changes  in 
4 hours!

 
• But we’ll try to cover the 

main points

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO
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Disclaimer #2

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 9

The views and opinions presented in this class are those of Matthews 
Electrical Services and not necessarily those of the various entities the 
presenter represents or has previously or currently works for.

The material used in this class is based on documented publicly-available 
information (NFPA, OSHA, IEEE etc.)

The interpretation of this material is based on the presenter’s experience 
and training of the subject matter.
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Disclaimer #3

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 10

This presentation uses video and props from various electrical 
equipment manufacturers.  This is not intended to endorse any 
particular products, vendors or manufacturers.

The content is shown for educational purposes only.
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Resources

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO
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Resources

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO
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Mike Holt

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 15

NEC Global Changes

113

https://www.mikeholt.com/


Review!
Service, Feeders and Branch Circuits

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO
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Review: 
Receptacles, Outlets, Receptacle Outlets

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO

17

Outlet Receptacle OutletReceptacle
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Symbols I will use for emphasis!

18

Change that has major impact!The NEC has tried many times 
To get this right

Head scratcher or 
Revolutionary idea

Attention Please!
Should be
Obvious!

116



Chapter 1 
General
Article 90
Article 100
Article 110

117



Article 100

• All definitions moved to the front

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 20
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Article 100 Definitions- Counter (Countertop)
A new definition was added to help users of the Code understand what constitutes a 
“Counter (Countertop)” location

There appears to be installer and enforcement confusion, as well as frequent product 
misapplications resulting from electrical equipment being installed incorrectly on these 
surfaces

The key distinction between a work surface and a countertop is the quantity of spillage that 
the surfaces may be subjected (Generally, a counter application assumes a greater volume of 
spillage)

The electrical professional will be directed to the industry standards that aid in the proper 
application of receptacles in these locations 

See Informational Note No. 1 for a reference to UL 498, Receptacles and Attachment Plugs, 
and UL 943, Ground-Fault Circuit-Interrupters

See Informational Note No. 2 for information on receptacles for counters and countertops 
distinguished from receptacles for work surfaces

CMP- 2, Joseph Wages, Jr. NFPA LINK© 119

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Article 100- Impedance Grounding Conductor 
Substantiation was submitted for the creation of a new definition for 
Grounding Conductor, Impedance 

There was no definition until the 2023 NEC for a conductor that made a connection 
between the neutral point for an impedance grounded system and the grounding 
impedance device

The impedance grounding conductor will carry fault current that has been reduced by a 
designated impedance

This conductor did not meet the definition of a neutral conductor as it is not intended to 
carry current under normal conditions 

It also did not meet the definition of a grounding electrode conductor

IAEI Contributor- Paul Dobrowsky NFPA LINK© 121

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100


Review

• Impedance denoted by Z, measured in ohms
• Impedance is made up of Resistance, Inductance and Capacitance
• Impedance equation:

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO
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Article 100- Impedance Grounded System 
Substantiation was submitted for the creation of a new definition for 
Grounded System, Impedance

There was no definition for an impedance grounded system before the 2023 NEC code 
cycle

This resulted in an inconsistent use and understanding of these systems as they applied 
with high impedance grounded neutral systems and impedance grounded neutral systems

Electrical professionals will have a new definition that is accurate and consistently defines 
elements that make up this system

IAEI Contributor- Paul Dobrowsky NFPA LINK© 124

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Article 100- Impedance Grounded System
Photo shows the typical ground 
detection and alarm system 
associated with an impedance 
grounded system

Has visual as well as audible 
alarm features

These systems help maintain 
continuity of power, and are 
recognized in NFPA 70E as a 
method of reducing arc flash 
severity

Manufactured by Post Grover

Photo courtesy of Rob Bowman

IAEI Contributor- Paul Dobrowsky 126
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Article 100 Definitions- In Sight From
The definition of “In Sight From (Within Sight From), (Within Sight)” has been 
modified per requirements of the NEC Style Manual

The NEC Style Manual states that definitions shall not contain requirements or 
recommendations

See the new section for “In Sight From (Within Sight From), (Within Sight)” in 110.29 for 
requirements

Definition revised for clarity and uniform enforcement

Equipment that is visible and not more than 15 m (50 ft.) distant from other equipment is 
considered to be in sight from that other equipment

CMP- 1, Paul Sood NFPA LINK©

“Keep Trying” until they get it right

128
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Article 100- Likely to Become Energized
Substantiation was submitted for the creation of a new definition explaining 
the phrase Energized, Likely to Become

There was no definition of this phrase that appears 25 times within the NEC

Annex B of the NEC Style Manual defines “likely to become energized” as a “failure of 
insulation on” (Annex B is units of measure)

There is a very important distinction between what can become energized compared to 
what is likely to become energized 

Likely to become energized was up to interpretation with opinions that differed from 
jurisdiction to jurisdiction

This caused frustration among electrical professionals when applying requirements from 
the NEC

IAEI Contributor- Paul Dobrowsky NFPA LINK© 130

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Article 100 Definitions- PV DC Circuit
New terms and revised definitions for PV System DC elements 

PV System Source Circuit and PV String Circuit subsets of a PV System DC Circuit

PV Source Circuit is inclusive of the series and/or parallel dc circuit conductors between 
the modules and combiners, inverters or PV system dc disconnect

PV String Circuit is inclusive of the series dc circuit conductors between the modules

Previous terms and definitions were difficult to apply to current designs

Decided to clarify these definitions as well as relocate all definitions to Article 100

The definitions relocated to comply with the NEC Style manual requirements

CMP- 4, Pete Jackson NFPA LINK© 132

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Article 100 Definitions- Short Circuit
A new definition for “short circuit” has been added to the Code by CMP-10

Short circuit is used several times throughout the NEC

The definition is added to improve the usability of the code

Previously, the user of the Code had to rely on other industry standards to determine the 
definition of this term, such as the IEEE 100-1992, The New IEEE Standard Dictionary of 
Electrical and Electronic Terms, 5th Edition

CMP- 10, David Williams NFPA LINK© 134

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Article 100 Definitions- Work Surface
A new definition was added to help users of the Code understand what 
constitutes a “Work Surface” location

There appears to be installer and enforcement confusion as well as frequent product 
misapplications resulting from electrical equipment being installed incorrectly on these 
surfaces (Work surfaces involve lower volumes of spillage than countertops)

The key distinction between a work surface and a countertop is the quantity of spillage 
that the surfaces may be subjected

The electrical professional will be directed to the industry standards that aid in the proper 
application of receptacles in these locations 

See Informational Note No. 1 for UL 111, Outline of Investigation for Multioutlet 
Assemblies, and UL 962A, Furniture Power Distribution Units

See Informational Note No. 2 for information on receptacles for work surfaces 
distinguished from receptacles for counters and countertops

CMP- 2, Joseph Wages, Jr. NFPA LINK© 136

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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110.3 Examination, Identification, Installation, Use, and Listing (Product 
Certification) of Equipment. (A) Examination.
Substantiation was submitted that addresses cybersecurity for network-connected life 
safety equipment (list item 8)

Cybersecurity is a technology hazard that can cause many disturbances to electronic 
equipment
It needs to be considered when evaluating equipment for safety
Does not mandate that the electrical professional conduct a cybersecurity evaluation but to 
remember and recognizes that it is a hazard
Informational Note No. 3 introduces the following valuable standards for consideration 
towards cybersecurity concerns for electrical equipment:

IEC 62443 series of standards for Industrial Automation and Control Systems
UL 2900 series of standards for Software Cybersecurity for Network-Connectable 
Products 
UL 5500, the Standard for Remote Software Updates

IAEI Codes and Standards Committee NFPA LINK© 138

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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110.16(B) Service Equipment/Feeder Supplied Equipment
This adds “Feeder Supplied Equipment” to the title, adds the phrase “arc 
flash” for the type of permanent label required, and reduces 1200 to 1000 
amperes for equipment rating amperes

Clarifies that the requirements apply to both service equipment and feeder-supplied 
equipment

It was necessary to add the phrase “arc flash” to clarify the type of permanent label 
required for this equipment

The revision from 1200 to 1000 amperes will protect worker safety

The four previous list items and exception were deleted, and now references label to meet 
applicable industry practice

CMP- 1, Greg Chonow NFPA LINK© 140

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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110.26 Spaces About Electrical Equipment
This change concerns equipment doors and their interference with egress 
and access from the working space

Many instances of electrical equipment installations violate the previous Code language 
involving this working space (entrapment when doors are open)

Worker entrapment by equipment doors can cause serious injury or death 

This change recognizes open equipment doors can impede egress from electrical 
equipment when dangerous situations arise (arc blast, etc.)

Access and egress are impeded if an equipment door(s) is opened and restricts the 
working space access to less than 610 mm (24 in.) wide and 2.0 m (6 ½ ft) high 

This rule also applies to the space between two simultaneously opened doors on opposite 
sides of the aisleway

CMP- 1, Greg Chonow NFPA LINK© 143

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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440.14 Location
Adds a reference to 110.26(A), which makes it clear that working space 
clearances are required for air-conditioning and refrigerating equipment 

HVAC contractors install their equipment per the manufacturer’s specifications

Some are not aware of the minimum required clearances in 110.26 for disconnects that 
require servicing

Adds clarity for the inspector and installer that minimum clearances must be maintained at 
air-conditioning and refrigerating disconnects

CMP- 11, Casey Littlefield NFPA LINK© 145

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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CONGRATULATIONS!
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Next Steps
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A Certificate of Completion will be emailed to 
those who successfully completed course

4 hours of Code Class Hours will be reported to 
the OCILB fand OBBS or Code Continuing 
Education Credits

Contact instructor at 
hpmatthews@matthewselectrical.net for any 
questions or comments

Make sure you completely sign out of webinar 
after the next slide!
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File Attachments for Item:

ER-3 2023 NEC Code Changes Chapters 5-9 (Matthews Electrical Services)

All certifications (4 hours)

Staff Notes:  Slides are a sampling.

ESIAC Recommendation:

Committee Recommendation:
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2023 NEC Significant Code Changes Chapters 5-9 
Outline 

 
NEC Chapters and sections covered 

• Scope: Article 90 

• Chapters 5 - 9 
 

 
Other Resources: 

• 2021 NFPA 70E 

• 2023 NFPA 70B 

• NFPA 79 
 
Referenced Websites: 

• www.NFPA.org 
www.IAEI.org  (International Association of Electrical Inspectors) 

• www.mikeholt.com 

• www.esfi.org Electrical Safety Foundation International) 

• Various motor and transformer manufacturer websites. 
 
Course Content: 

• NEC Chapter 5 Special Occupancies 

• NEC Chapter 6 Special Equipment 

• NEC Chapter 7 Special Conditions 

• NEC Chapter 8 Communication Systems 

• NEC Chapter 9 Tables 
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2023 NEC Significant Code Changes Chapters 5 - 9 
Syllabus 

 
 

1. Welcome 
2. Attendance and eligibility verification 
3. Training session rules 
4. Agenda review 
5. Resources Used 
6. Review of key points from NEC Overview 
7. Chapters 5 -9Code Changes 

a. New Articles 
b. Deleted articles and sections 
c. Discussion on key changes 

8. Question and Answers 
9. Wrap-up:  post-class expectations (credits, certificates etc.) 
10. Dismissal 
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  Board of Building Standards 

Ohio Board of Building Standards 
6606 Tussing Road 
Reynoldsburg, OH 43068-9009  

 
Timothy Galvin, Chairman 

 
An Equal Opportunity Employer and Service Provider 

Phone: 614-644-2613 
Fax 614 -644-3147 

TTY/TDD 800-750-0750 
com.ohio.gov/dico/bbs 

 

APPLICATION FOR CONTINUING EDUCATION APPROVAL 
COURSE CONDITIONS AND GUIDELINES 

 
The Ohio Board of Building Standards is committed to the ongoing education and professional development of board-certified 
personnel through the delivery of high-quality, accurate and engaging professional continuing education content.  To this end, the 
Board reviews and approves Continuing Education Courses for building department personnel.  
 
Board approval is granted for course instruction on current codes and standards, including the OBC, OMC, OPC, and RCO, and any 
other content areas directly related to the responsibilities of the certification for which credit is being requested. 
 
Promotion: Any person or organization promoting an approved course is required to make full and accurate disclosure regarding 
course title, course approval number, number of credit hours, categories for which the BBS has approved the class, and fees in 
promotion materials and advertising. The Board does not grant retroactive approval. It is recommended that courses be 
submitted for approval well in advance of any scheduling of classes and advertising.  Advertising may not falsely state BBS 
approval before approval is granted. Course providers may state that BBS approval is pending. 
 
Application Submission: All Applications and associated materials shall be submitted by email in .pdf format.  Instructions for 
completing the application are attached. 
 
Certificate of Completion: Course providers shall provide participants a certificate of completion containing the following 
information:  

o Name of participant 
o Title of approved courses 
o BBS approval # 
o BBS approved certifications 
o Date of the continuing education program 
o Number of approved credit hours awarded, and  
o Signature of authorized sponsor or instructor. 

 
Any person or organization administering an approved course shall return a completed BBS Course Attendance form by email. 
 
Participants: Participants must attend the complete course as presented by the instructor to receive credit hours approved by the 
Board. The organization or instructor of online courses shall plan and execute methods to verify the individual’s attendance and 
completion of the course. No partial credit will be given to any participant who failed to complete the entire course as approved.  
 
Board approval: All courses are approved for the calendar year in which application is made.  Courses may be renewed so long as 
the referenced code is in effect, and the CEUs, certification and content remain unchanged. When the referenced code is updated, 
courses must be updated, and new approvals obtained. 
 
Facility/training area: BBS Course may be delivered in person or online, or both, at the sponsor’s option. 
Course facilities shall include the following: 
 
In Person Classes: Online Classes: 

Sufficient seating capacity Web-accessible 
ADA accessible facilities ADA accessible delivery 
Appropriate Audio/Visual devices for delivery Tech support available 
Writing surfaces for participants Live and recorded courses permitted 

 
In-person facilities shall comfortably and safely seat at least the number of attendees present in the room and shall be climate 
controlled, non-smoking, and sound controlled so that outside noise will not interfere with the training. 
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  Board of Building Standards 

Ohio Board of Building Standards 10/7/2022 Form No. 216 
 

Application for Continuing Education Course Approval 
Provider Information: 
Name:  
Organization:  
Address:  
E-mail:   Telephone:    
Website:   
Conference Sponsor (if applicable) Conference Email:  
 
Check here if Course Renewal:  Prior course number     (i.e. BBS2018-429) 
Renewals will only be granted for identical content and certifications, within the current code cycle.   
Attach a copy of prior course approval letter for confirmation. No further information is required. 
 
New Course Information: 
Course title:   
Course instructor:   
Course description:   
   
   
   
Instructional hours per session:  Number of Sessions:   
Course Date(s) and Location:     
 
Special Content: 
Code Administration:   Conference Course:    
Existing Buildings:      ______  Conference Name:      
Electrical Instruction: ______ Conference location:   
Plumbing Instruction:______   
 

 
Course to be offered online?_______ On Demand_____    Webinar_______ 
Course Website:     
Detail online course participation confirmation method (i.e. test, quizlets, participant activity confirmation): 
   
 

Course applicable for the following certifications  
 
Residential Certifications Only: _______ Commercial Certifications: _______ 
Administrative Course, All Certifications:  _______ 
 
Application materials included: 
______ Course Outline or Course Learning Objectives 
______ Presentation Materials/Slides (not required for roundtable courses) 
______ Assessment Materials (for online courses) 
______ Presenter Bio  

Please submit application and materials in .pdf format to: michael.lane@com.ohio.gov or BBS@com.ohio.gov 

 

Henry P. Matthews
Matthews Electrical Services

1203 McKinley Place; Fostoria, Ohio  4830
hpmatthews@matthewselectrical.net 419-575-3488

www.matthewselectrical.net

Henry P. Matthews

4 at least one per quarter

Surveys, polls, and roll call after each break will be conducted.

www.matthewselectrical.net

This course will cover some of the more significant code changes from Chapter 5-9 in the 2023 NEC.

2023 NEC Codes Changes Chapter 5-9 
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Ohio Board of Building Standards 
6606 Tussing Road 
Reynoldsburg, OH 43068-9009  

 
Timothy Galvin, Chair 

 
An Equal Opportunity Employer and Service Provider 

                    614-644-2613 
              Fax 614 -644-3147 
      TTY/TDD 800-750-0750 

               com.ohio.gov/dico/bbs 
 

Instructions for new Continuing Education Approval form 
 
Provider Information 

1. Please include all contact information. 
2. If course is not part of a conference, leave conference sponsor and email blank. 

 
Course Renewal 

1. Indicate if the course is being submitted for renewal.  Include prior approval letter 
and write in prior course number. 

2. Certification approval for courses has now changed: all existing courses being 
renewed will be approved within the new classification system. 

a. Courses previously approved for only residential certifications will be 
approved for all residential certifications. 

b. Courses previously approved for at least on commercial certification will now 
be approved for all commercial certifications and all residential certifications. 

c. Courses on required instruction topics, Ohio Ethics, Code Administration and 
Existing Buildings, will be noted as Administrative Courses and be approved 
for all certifications. 

3. Courses being renewed should skip the New Course information section and are not 
required to submit outline, agenda, slides or other instructional materials for review. 
Skip to Special Content, and mark any item that applies to the course. 

 
New Course Information 

1. Enter course title, name of instructor, and a brief description of the course content. 
Learning objectives may be substituted for course description, if desired. 

2. Number of instructional hours per session is the length of instructional time. 
3. Number of sessions: can be 1 or the number of sessions planned. 
4. Course date(s) and location: not necessary at this time, enter if known. 

 
Special Content 

1. Indicate if the course will meet instructional time in Code Administration or Existing 
Buildings. 

2. Indicate if the course is a plumbing or electrical course, for ESIAC review and trainee 
course tracking. 

3. If the course is associated with a conference, indicate the conference name and 
location, as this will allow BBS to coordinate approvals with the conference provider. 

4. If the course will be offered online, specify whether it will be on demand or offered 
as a virtual webinar, or both.  Include website where the course will be provided. 
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Course applicable for the following certifications 
This section represents a major change from previous BBS course approval forms.  

1. If the course is only for residential certifications, check ‘Residential Certifications 
Only’.  The course, if approved, will be approved for all residential certifications. 

2. If the course is appropriate for any commercial certifications, check Commercial 
Certifications. The course, if approved, will be approved for all commercial 
certification AND all residential certifications. 

3. If the course is intended to meet required instruction in Code Administration 
(Chapter 1) or Existing Buildings (commercial or residential) check ‘Administrative 
Course, All Certifications’. 

 
Application Materials Included 
 This is a checklist for the course submitter’s use, to be sure all materials necessary for 
review are included with the application.  All materials should be submitted in .pdf format, 
along with  the application, via email to Michael.Lane@com.ohio.gov or BBS@com.ohio.gov 
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BIOGRAPHY 
Henry P. Matthews PE, CPE, CESCP, PVA 

 
 

Henry has over 31 years of experience in the electrical design, construction, engineering and safety fields.  

He has a passion for teaching and mentoring.  

Henry obtained his Bachelor of Science degree in Electrical Engineering from Penn State University in 

1989. 

He also earned a Master of Business Administration from Bowling Green State University in 2003. 

In addition, Henry earned several certificates including: 

• Plumbing and Electrician from Penn Foster Career School 

• Welding from Owens Community College in Findlay, Ohio 

• Residential Solar PV Systems from Solar Engineering International 

Henry currently holds the following licenses, and memberships: 

• Licensed Electrical Contractor in Ohio 

• Licensed Training Agency in Ohio 

• Licensed Professional Engineer in Ohio, Michigan, Kentucky, Indiana, Illinois, Wisconsin  

• Certified Plant Engineer (CPE) 

• Certified Building Operator (CBO) 

• Certified Electrical Compliance Safety Professional (CESCP) by NFPA 

• Solar PV Associate by the North American Board of Certified Energy Practitioners 

• Electric Vehicle Infrastructure Training Program (EVITP) certification 

• Senior Member of the Institute of Electrical and Electronic Engineers (IEEE) 

• Member of the International Association of Electrical Inspectors (IAEI) 

• Member of the National Fire Protection Association (NFPA) 

Henry is currently employed as an Advanced Senior Engineer for Marathon Petroleum Company in 

Findlay, Ohio.  During his 16 years at Marathon, Henry has worked as an Electrical Design Engineer, 

Project Engineer, Engineering Supervisor and currently as a Reliability Engineer. 

Henry is also the owner of Matthews Electrical Services, a small, but full-service electrical contractor 

company. 

Prior to this, he worked 13 years as an Electrical Engineer and a Plant Engineering Manager in at Cooper 

Standard Automotive, a major automotive parts supplier in Bowling Green, Ohio 

Henry is the past co-chair of American Petroleum Institute Recommended Practice 545 Lightning 

Protection for Above Ground Storage Tanks. 

He was also past president of the Fostoria Toastmaster club. 
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Notice!

This course is based on the 2023 NEC.

The 2023 NEC has not been adopted in Ohio

Presented for
INFORMATIONAL PURPOSES ONLY.

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO

2
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Current NEC Adoption

3

Source: www.nfpa.org
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Resources
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Terms Used During the Presentation

AHJ- Authority Having Jurisdiction

CMP- Code Making Panel

CPSC- Consumer Products Safety Commission

IAEI- International Association of Electrical Inspectors

ICSC- IAEI Codes and Standards Committee 

NEC- National Electrical Code

NECA- National Electrical Contractors Association

NEMA- National Equipment Manufacturers Association

NFPA- National Fire Protection Association

UL- Underwriters Laboratories
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Mike Holt
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Chapter 5
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Hazardous Locations
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500.4 Documentation
Added additional language to assist the authority having jurisdiction (AHJ) for 
requirements on documentation for hazardous (classified) locations

Revised to require that the documentation provided includes an area classification 
drawing

Will create a consistent method of documenting hazardous (classified) locations 

Documentation will clearly indicate the boundaries between the classified areas and 
unclassified areas

New language will assist the electrical plans examiner, inspector, and installer verify the 
installation meets NEC requirements for all hazardous (classified) locations

CMP- 14, Haywood Kines NFPA LINK© 168

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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500.5(D)(1)(a) Combustible Fibers/Flyings
Previous language has been completely reworded to align with the new 
definition for combustible fibers/flyings and the edits for combustible dust

Change involving Class III locations resulted from members of several technical 
committees as part of a Task Group

Members from NFPA 70, NFPA 499, NFPA 652, and NFPA 654 worked to develop new 
definitions that would provide consistency in all the documents

Necessary for correlation with changes to NEC Articles 502, 503, and 506 and with other 
NFPA dust-related standards

Will help the industry determine the type of hazardous (classified) locations that exist

CMP- 14, Haywood Kines NFPA LINK© 171

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Combustible 
Fibers and 

Flyings
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505.9(C) Equipment Suitable for Hazardous (Classified) Locations
The text was deleted at 505.9(C)(2)(4) referencing Table 505.9(C)(2)(4) with 
new text added to reference the new Chapter 9 Table 13 

The requirements at 505.9(C)(2)(4) discuss zone equipment marking requirements

The new Table 13 in Chapter 9 provides a complete list of the types of protection for 
hazardous (classified) locations

The table also improves the readability of 505.9(C)(2)(4) 

This new table was determined by the CMP to be a vast improvement over the previous 
Table 505.9(C)(2)(4)

This table will assist the designer, contractors, and the AHJ in verifying compliance with 
the Code and the manufacturer’s listing of the equipment installed in a hazardous 
(classified) location

CMP- 14, Haywood Kines NFPA LINK© 175

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Article 512 Cannabis Oil Equipment
Created a new article, which covers cannabis oil extraction equipment, 
booths, postprocessing equipment, and systems using flammable materials in 
commercial and industrial facilities

The authorities having jurisdiction (AHJ) and other industry members have expressed 
concerns about safety 

Several fire and explosion hazards are associated with equipment used to process and 
extract plant oils from cannabis

Flammable solvents such as butane, pentane, hexane, propane, and ethanol can be 
released during the processing and extraction of plant oils

This includes high temperatures and high pressures, which increase the risk of fire and 
explosion

This information is intended to address the hazards associated with the extraction of 
cannabis oil

CMP- 14, Haywood Kines NFPA LINK© 177

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Photo courtesy of Steve Thomas

This processing facility has the 
proper city, state and federal 
permits to grow and sale the 
plants you see in this photo.
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Article 517 Health Care Facilities
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Article 517 Health Care Facilities 
This edition of the NEC has completed the phased approach of changing the 
references from critical, general, basic, and support spaces to Category 1, 2, 
3, and 4 Spaces.

Starting with the 2014 NEC, the migration from the previous terms started 

For the 2017 NEC, the Category terms as parenthetical references were included, and 
then the order of parenthetical references was reversed in the 2020 NEC

This “phased approach” of aligning with NFPA 99 (Health Care Facilities Code) was 
completed this cycle, and the parenthetical references were deleted, leaving only the 
Category space references

This will allow for harmony between the two documents with fewer conflicts between 
designers and installers/inspectors

Consistent use of the terminology related to patient care and support spaces will bring 
better useability to the Code

CMP- 15, Mark Hilbert and Brett Stoddard NFPA LINK© 182

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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517.6 Patient Care-Related Electrical Equipment
Reconditioning requirements found elsewhere in the Code do not apply to 
patient care-related electrical equipment

This electrical equipment is different from the other electrical equipment

It will be reconditioned or recertified in accordance with U.S. Federal Food, Drug, and 
Cosmetic Act (FDCA) when relocated

Marking and labeling requirements found at 110.21(A)(2) and other restrictions on the use 
of reconditioned equipment will not apply to electrical equipment used in these locations

CMP- 15, Mark Hilbert and Brett Stoddard NFPA LINK© 184

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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518.2 General Classification- (A) Examples
Casinos and gaming facilities are now included in the list of assembly 
occupancy examples

Substantiation shows that casinos and gaming facilities are more prevalent than some of 
the assembly occupancies already included in the list of current examples

Electrical equipment that is suitable for use in exhibition halls is also installed in casinos 
and similar gaming facilities

Including these items in the list format will ensure that there is no confusion or 
misapplications of NEC requirements for these locations

CMP- 15, Mark Hilbert and Brett Stoddard NFPA LINK© 190

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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I am going to  the Las Vegas 
Luxor! The NEC has added 

places like this to the assembly 
occupancy examples. 191



518.5 Supply (Assembly Occupancies) 

The section was reorganized for clarity and revised which included new 
requirements for commercial appliance outlet centers and panelboard 
orientation

Revisions to specifically reference commercial outlet appliance centers

Outlet appliance centers have unique features, such as panelboards in a face face-up 
position

Section 408.43 no longer permits the mounting of panelboards in a face face-up position

It was necessary to permit the orientation for listed commercial appliance outlet centers 
designed for in-floor mounting

Marking requirements for use by qualified persons, identifying the disconnecting means 
location, and a shock hazard warning requiring disconnection before servicing were all 
included to provide additional safety to the worker

CMP- 15, Mark Hilbert and Brett Stoddard NFPA LINK© 192

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Section 547.26
Physical Protection (Agricultural Buildings)

• Nonmetallic cables will be prohibited from being 
concealed within walls and above ceilings of 
buildings that are connected or attached to 
livestock confinement areas.

• Rodents and pests can damage wiring

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 39
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547.26 Physical Protection (Agricultural Buildings)

Nonmetallic cables will be prohibited from being concealed within walls and 
above ceilings of buildings that are contiguous with or physically adjoin 
livestock confinement areas

It has been substantiated that rodents and other pests have caused damage to wiring 
systems such as nonmetallic sheathed cables

There is also a requirement that protection is to be provided for all types of electrical 
wiring that are subject to physical damage

Electrical wiring installed in this environment should be protected against physical damage 

CMP- 7, Dean Hunter NFPA LINK© 197

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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547.44 Equipotential Planes and Bonding of Equipotential Planes
Clarifies the indoor and outdoor locations requiring equipotential planes and 
specifies the bonding locations for these planes at agricultural buildings

Text provides clarification on where the equipotential plane can be connected in 
agricultural environments

Bonding should take place to the following items: 

a circuit equipment grounding conductor (EGC)

any metal part connected to a circuit equipment grounding conductor

the grounding electrode conductor (GEC)

any grounding electrode of the grounding electrode system (GEC) or 

the equipment-grounding terminal in a panelboard

IAEI Codes and Standards Committee NFPA LINK© 200

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Mobile Homes, 
Manufactured 

Homes and 
Mobile Home 

Parks
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550.32(A) Service Equipment
The electrical service disconnect can now be located “within sight from” the 
mobile home as opposed to the previously required 30 feet

Service equipment cannot be installed in or on mobile homes

The service disconnect can also serve as the emergency disconnect (230.85)

“Within sight from” is a defined term in Article 100 [see In Sight From (Within Sight From, 
Within Sight)(purview of CMP-1)]

 Visible and not more than 15 m (50 feet)

Reference 250.32 in the NEC for requirements concerning grounding

Note: Manufactured homes (with permanent foundation) are not required to have remote 
service equipment 

CMP- 7, Dean Hunter NFPA LINK© 204

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Next Steps
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A Certificate of Completion will be emailed to 
those who successfully completed course

4 hours of Code Class Hours will be reported to 
the OCILB for Code Continuing Education 
Credits

Contact instructor at 
hpmatthews@matthewselectrical.net for any 
questions or comments

Make sure you completely sign out of webinar 
after the next slide!
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File Attachments for Item:

ER-4 2023 NEC Significant Changes Overview (Matthews Electrical Services)

All certifications (4 hours)

Staff Notes:  Slides are a sampling.

ESIAC Recommendation:

Committee Recommendation:
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BIOGRAPHY 
Henry P. Matthews PE, CPE, CESCP, PVA 

 
 

Henry has over 31 years of experience in the electrical design, construction, engineering and safety fields.  

He has a passion for teaching and mentoring.  

Henry obtained his Bachelor of Science degree in Electrical Engineering from Penn State University in 

1989. 

He also earned a Master of Business Administration from Bowling Green State University in 2003. 

In addition, Henry earned several certificates including: 

• Plumbing and Electrician from Penn Foster Career School 

• Welding from Owens Community College in Findlay, Ohio 

• Residential Solar PV Systems from Solar Engineering International 

Henry currently holds the following licenses, and memberships: 

• Licensed Electrical Contractor in Ohio 

• Licensed Training Agency in Ohio 

• Licensed Professional Engineer in Ohio, Michigan, Kentucky, Indiana, Illinois, Wisconsin  

• Certified Plant Engineer (CPE) 

• Certified Building Operator (CBO) 

• Certified Electrical Compliance Safety Professional (CESCP) by NFPA 

• Solar PV Associate by the North American Board of Certified Energy Practitioners 

• Electric Vehicle Infrastructure Training Program (EVITP) certification 

• Senior Member of the Institute of Electrical and Electronic Engineers (IEEE) 

• Member of the International Association of Electrical Inspectors (IAEI) 

• Member of the National Fire Protection Association (NFPA) 

Henry is currently employed as an Advanced Senior Engineer for Marathon Petroleum Company in 

Findlay, Ohio.  During his 16 years at Marathon, Henry has worked as an Electrical Design Engineer, 

Project Engineer, Engineering Supervisor and currently as a Reliability Engineer. 

Henry is also the owner of Matthews Electrical Services, a small, but full-service electrical contractor 

company. 

Prior to this, he worked 13 years as an Electrical Engineer and a Plant Engineering Manager in at Cooper 

Standard Automotive, a major automotive parts supplier in Bowling Green, Ohio 

Henry is the past co-chair of American Petroleum Institute Recommended Practice 545 Lightning 

Protection for Above Ground Storage Tanks. 

He was also past president of the Fostoria Toastmaster club. 
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  Board of Building Standards 

Ohio Board of Building Standards 
6606 Tussing Road 
Reynoldsburg, OH 43068-9009  

 
Timothy Galvin, Chairman 

 
An Equal Opportunity Employer and Service Provider 

Phone: 614-644-2613 
Fax 614 -644-3147 

TTY/TDD 800-750-0750 
com.ohio.gov/dico/bbs 

 

APPLICATION FOR CONTINUING EDUCATION APPROVAL 
COURSE CONDITIONS AND GUIDELINES 

 
The Ohio Board of Building Standards is committed to the ongoing education and professional development of board-certified 
personnel through the delivery of high-quality, accurate and engaging professional continuing education content.  To this end, the 
Board reviews and approves Continuing Education Courses for building department personnel.  
 
Board approval is granted for course instruction on current codes and standards, including the OBC, OMC, OPC, and RCO, and any 
other content areas directly related to the responsibilities of the certification for which credit is being requested. 
 
Promotion: Any person or organization promoting an approved course is required to make full and accurate disclosure regarding 
course title, course approval number, number of credit hours, categories for which the BBS has approved the class, and fees in 
promotion materials and advertising. The Board does not grant retroactive approval. It is recommended that courses be 
submitted for approval well in advance of any scheduling of classes and advertising.  Advertising may not falsely state BBS 
approval before approval is granted. Course providers may state that BBS approval is pending. 
 
Application Submission: All Applications and associated materials shall be submitted by email in .pdf format.  Instructions for 
completing the application are attached. 
 
Certificate of Completion: Course providers shall provide participants a certificate of completion containing the following 
information:  

o Name of participant 
o Title of approved courses 
o BBS approval # 
o BBS approved certifications 
o Date of the continuing education program 
o Number of approved credit hours awarded, and  
o Signature of authorized sponsor or instructor. 

 
Any person or organization administering an approved course shall return a completed BBS Course Attendance form by email. 
 
Participants: Participants must attend the complete course as presented by the instructor to receive credit hours approved by the 
Board. The organization or instructor of online courses shall plan and execute methods to verify the individual’s attendance and 
completion of the course. No partial credit will be given to any participant who failed to complete the entire course as approved.  
 
Board approval: All courses are approved for the calendar year in which application is made.  Courses may be renewed so long as 
the referenced code is in effect, and the CEUs, certification and content remain unchanged. When the referenced code is updated, 
courses must be updated, and new approvals obtained. 
 
Facility/training area: BBS Course may be delivered in person or online, or both, at the sponsor’s option. 
Course facilities shall include the following: 
 
In Person Classes: Online Classes: 

Sufficient seating capacity Web-accessible 
ADA accessible facilities ADA accessible delivery 
Appropriate Audio/Visual devices for delivery Tech support available 
Writing surfaces for participants Live and recorded courses permitted 

 
In-person facilities shall comfortably and safely seat at least the number of attendees present in the room and shall be climate 
controlled, non-smoking, and sound controlled so that outside noise will not interfere with the training. 
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  Board of Building Standards 

Ohio Board of Building Standards 10/7/2022 Form No. 216 
 

Application for Continuing Education Course Approval 
Provider Information: 
Name:  
Organization:  
Address:  
E-mail:   Telephone:    
Website:   
Conference Sponsor (if applicable) Conference Email:  
 
Check here if Course Renewal:  Prior course number     (i.e. BBS2018-429) 
Renewals will only be granted for identical content and certifications, within the current code cycle.   
Attach a copy of prior course approval letter for confirmation. No further information is required. 
 
New Course Information: 
Course title:   
Course instructor:   
Course description:   
   
   
   
Instructional hours per session:  Number of Sessions:   
Course Date(s) and Location:     
 
Special Content: 
Code Administration:   Conference Course:    
Existing Buildings:      ______  Conference Name:      
Electrical Instruction: ______ Conference location:   
Plumbing Instruction:______   
 

 
Course to be offered online?_______ On Demand_____    Webinar_______ 
Course Website:     
Detail online course participation confirmation method (i.e. test, quizlets, participant activity confirmation): 
   
 

Course applicable for the following certifications  
 
Residential Certifications Only: _______ Commercial Certifications: _______ 
Administrative Course, All Certifications:  _______ 
 
Application materials included: 
______ Course Outline or Course Learning Objectives 
______ Presentation Materials/Slides (not required for roundtable courses) 
______ Assessment Materials (for online courses) 
______ Presenter Bio  

Please submit application and materials in .pdf format to: michael.lane@com.ohio.gov or BBS@com.ohio.gov 

 

Henry P. Matthews
Matthews Electrical Services

1203 McKinley Place; Fostoria, Ohio  4830
hpmatthews@matthewselectrical.net 419-575-3488

www.matthewselectrical.net

Henry P. Matthews

4 at least one per quarter

Surveys, polls, and roll call after each break will be conducted.

www.matthewselectrical.net

2023 NEC Significant Code Changes Overview 

This course will cover approximately 30 of the most significant code changes in the 2023 NEC
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Ohio Board of Building Standards 
6606 Tussing Road 
Reynoldsburg, OH 43068-9009  

 
Timothy Galvin, Chair 

 
An Equal Opportunity Employer and Service Provider 

                    614-644-2613 
              Fax 614 -644-3147 
      TTY/TDD 800-750-0750 

               com.ohio.gov/dico/bbs 
 

Instructions for new Continuing Education Approval form 
 
Provider Information 

1. Please include all contact information. 
2. If course is not part of a conference, leave conference sponsor and email blank. 

 
Course Renewal 

1. Indicate if the course is being submitted for renewal.  Include prior approval letter 
and write in prior course number. 

2. Certification approval for courses has now changed: all existing courses being 
renewed will be approved within the new classification system. 

a. Courses previously approved for only residential certifications will be 
approved for all residential certifications. 

b. Courses previously approved for at least on commercial certification will now 
be approved for all commercial certifications and all residential certifications. 

c. Courses on required instruction topics, Ohio Ethics, Code Administration and 
Existing Buildings, will be noted as Administrative Courses and be approved 
for all certifications. 

3. Courses being renewed should skip the New Course information section and are not 
required to submit outline, agenda, slides or other instructional materials for review. 
Skip to Special Content, and mark any item that applies to the course. 

 
New Course Information 

1. Enter course title, name of instructor, and a brief description of the course content. 
Learning objectives may be substituted for course description, if desired. 

2. Number of instructional hours per session is the length of instructional time. 
3. Number of sessions: can be 1 or the number of sessions planned. 
4. Course date(s) and location: not necessary at this time, enter if known. 

 
Special Content 

1. Indicate if the course will meet instructional time in Code Administration or Existing 
Buildings. 

2. Indicate if the course is a plumbing or electrical course, for ESIAC review and trainee 
course tracking. 

3. If the course is associated with a conference, indicate the conference name and 
location, as this will allow BBS to coordinate approvals with the conference provider. 

4. If the course will be offered online, specify whether it will be on demand or offered 
as a virtual webinar, or both.  Include website where the course will be provided. 
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Course applicable for the following certifications 
This section represents a major change from previous BBS course approval forms.  

1. If the course is only for residential certifications, check ‘Residential Certifications 
Only’.  The course, if approved, will be approved for all residential certifications. 

2. If the course is appropriate for any commercial certifications, check Commercial 
Certifications. The course, if approved, will be approved for all commercial 
certification AND all residential certifications. 

3. If the course is intended to meet required instruction in Code Administration 
(Chapter 1) or Existing Buildings (commercial or residential) check ‘Administrative 
Course, All Certifications’. 

 
Application Materials Included 
 This is a checklist for the course submitter’s use, to be sure all materials necessary for 
review are included with the application.  All materials should be submitted in .pdf format, 
along with  the application, via email to Michael.Lane@com.ohio.gov or BBS@com.ohio.gov 
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2023 NEC Significant Code Changes Overview 
Outline 

 
NEC Chapters and sections covered 

• Scope: Article 90 

• Chapters 1-9 

• Annexes 
 
Other Resources: 

• 2021 NFPA 70E 

• 2023 NFPA 70B 

• NFPA 79 
 
Referenced Websites: 

• www.NFPA.org 
www.IAEI.org  (International Association of Electrical Inspectors) 

• www.mikeholt.com 

• www.esfi.org Electrical Safety Foundation International) 

• Various motor and transformer manufacturer websites. 
 
Course Content: 

• How to be involved in the code-making process 

• How changes are integrated into the NEC 

• Focus areas of the 2023 NEC 

• Scope changes 

• Format changes 

• Significant changes in Chapters 1-9 
o Note: detailed changes will be covered in separate classes or webinars 
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Notice!

This course is based on the 2023 NEC.

The 2023 NEC has not been adopted in Ohio

Presented for
INFORMATIONAL PURPOSES ONLY.

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO

2
216



WELCOME!
• Goals
• Promote learning
• Make session engaging
• Discussion
• Videos
• Case Studies
• Polls

• Make 4 hours as productive as possible!

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO
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Your Instructor:  Henry Matthews
• Advanced Senior Engineer (Current): Oil and Gas Company (16 yrs)
• Plant Engineering Manager:  Cooper Standard Automotive (13 yrs)
• Electrical Designer:  Toledo Engineering Company (4 yrs)
• BS Electrical Engineering – Penn State University
• MBA – Bowling Green State University
• Registered Professional Engineer – OH, IN, KY, WI, MI, IL,WV
• Certified Professional Engineer – CPE
• Certified Electrical Safety Compliance Professional (CESCP) by NFPA
• Licensed Electrical Contractor – OH
• Registered Training Agency – OCILB OH #48714
• Registered Training Agency – Ohio Board of Building Standards (BBS)
• Senior Member of IEEE
• Member of NFPA – Builders and Architects division
• Member of International Association of Electrical Inspectors (IAEI)
• Member of Association of Facility Engineers (AFE)
• Co-chair API RP 545 – Lightning Protection for Above Ground Storage Tanks
• Over 29 years in the electrical design, construction and standards industry

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO
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Resources
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Current NEC Adoption

6

Source: www.nfpa.org
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How to Get Involved in the Code-Making Process

8

https://www.youtube.com/watch?v=uKZXkXgMsfo&t=1s
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2023 NEC Themes and Focus

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 9

GFCI, Ground Fault, AFCI Expansion

Continuation of External Disconnects

Medium Voltage Expansion

Listing of Equipment

Extending some Service requirements to Feeders

Addressing flaws of 2020 NEC

Gearing up for  communication and renewables

Introduction of the Special Purpose GFCI  (SPGFCI) for circuits with voltage > 150V to ground

223



Review!
Service, Feeders and Branch Circuits

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO
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New 
Articles 
(Medium Voltage)

• Article 235: Branch Circuits, Feeders, and Services over 
1000 vac, 1500 vdc, nominal

• Article 245: Overcurrent Protection for Systems Rated 
Over 1000 vac, 1500 vdc

• Article 305: General Requirements for Wiring Methods 
and Materials for Systems Rated Over 1000 vac, 1500 
vdc, nominal

• Article 315: Medium Voltage Conductors, Cable, Cable 
Joints, and Cable Terminations

• Article 495: Equipment Over 1000 vac, 1500 vdc, 
nominal

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 11
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New Articles

• Article 369: Insulated Bus Pipe (IBP)/Tubular Covered Conductors 
(TCC) Systems
• Article 371: Flexible Bus Systems
• Article 722: Cables for Power-Limited Circuits, Fault-Managed Power 

Circuits and Optical Fiber
• Article 724: Class 1 Power-Limited Circuits and Class 1 Power-Limited 

Remote-Control and Signaling Circuits
• Article 726: Class 4 Fault Managed Power Systems

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 12
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2023 NEC Key Changes

• Scope: 90.4 “Special Permission”. This term has been removed from 
many sections because the scope in 90.4 gives the AHJ to waive 
certain NEC requirements.

• Can use QR (Quick Response) codes to find information regarding 
equipment
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2023 NEC Key Changes

Article 110: 
Cybersecurity 
provisions

228



Introducing My Top 
25 Code Changes!

(In chronological order)

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 15
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#1. Article 100

• All definitions moved to the front

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 16
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#2. Section 110.17
• New Section!
• Servicing and Maintenance of Equipment
• Emphasizing importance of maintenance
• Promotes alignment with NFPA 70E and 

NFPA 70B

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 18
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#3. Section 210.8(A)(6) Dwelling Unit Kitchens
• GFCI protection has been expanded to include any cord 

and plug equipment in the kitchen!
• It no longer matters if it serves the countertop or not

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 21

Major Impact!
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2020                                               2023
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#4. Section 
210.8(B)
Multiple changes involving GFCIs for Other 
than Dwelling Units

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 26
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Photo courtesy of IAEI Archives
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2020                                                       2023
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2020                                                       2023
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Important!

• Note: in 2020 NEC, the receptacle had to be located within 6 ft of a 
sink
• Now in the 2023 NEC, it is the receptacle or the equipment within 6 

ft of a sink – whichever is closest!

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
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Major Impact!
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Six Foot Rule Amended

• 6 ft used to be defined as distance from the edge of sink to the 
receptacle
• However, the shock hazard is not the receptacle, but the energized 

frame of the appliance
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Photo courtesy of IAEI Archives

Accidents when water and electricity
are used together have happened 

and GFCI protection for receptacles
is now required

Angler of the Year
2022
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Bonus Slide: 
Honorable 
Mention
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Bonus Slide: 
Honorable 
Mention
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Section 
210.23 
Permissible 
Loads

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 44

Until the release of the 2023 NEC, the smallest branch circuit 
recognized by the NEC for power and lighting circuits has 
been 15 amps.

The NEC now recognizes 10-ampere branch circuits for select 
power and lighting loads

This is significant for the NEC and the industry as a whole. 

The decision by the NEC to recognize 10-amp branch circuit 
conductors and overcurrent devices is likely in response to the 
availability of new higher efficiency lighting systems.
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210.23 Permissible Loads 
Permissible Loads, Multiple-Outlet Branch Circuits 10 Ampere Branch 
Circuits

This change covers permitted and non-permitted use of a 10-ampere branch circuit

Installation requirements were necessary for the use of a 10-ampere branch circuit if the 
installer chose to do so

Advantages include lower cost due to smaller conductors with loads such as increased 
LED lighting installations

A 10-ampere branch circuit can supply loads for lighting outlets, lighting circuits for 
bathroom and laundry area exhaust fans within dwelling units, and a gas fireplace unit 
served by an individual branch circuit

A 10-ampere branch circuit cannot supply loads for receptacle outlets, fixed 
appliances (except as permitted for individual branch circuits), garage door openers, or 
laundry equipment

CMP- 2, Joseph Wages, Jr. NFPA LINK© 259

https://link.nfpa.org/publications/70/2023/chapters/1/articles/100
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Photo courtesy of IAEI Archives

A 10-ampere branch 
circuit can supply loads for 

lighting outlets
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An individual 10 ampere 
branch circuit can serve 
electrical needs to a gas 

fireplace unit

Photo courtesy of IAEI Archives
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A 10-ampere branch circuit 
cannot supply loads for 

receptacle outlets

Photo courtesy of IAEI Archives
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#5  Section 210.52(C): Islands and Peninsulas

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 50
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Island and 
Peninsular 
Countertops 
and Work

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 51

AGAIN!
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CONGRATULATIONS!
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Next Steps

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 53

A Certificate of Completion will be emailed to 
those who successfully completed course

4 hours of Code Class Hours will be reported to 
the OCILB and OBBS for Code Continuing 
Education Credits

Contact instructor at 
hpmatthews@matthewselectrical.net for any 
questions or comments

Make sure you completely sign out of webinar 
after the next slide!
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File Attachments for Item:

ER-5 Motors, Transformers, and the 2020 NEC (Matthews Electrical Services)

All certifications (4 hours)

Staff Notes:  Slides are a sampling.

ESIAC Recommendation:

Committee Recommendation:
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BIOGRAPHY 
Henry P. Matthews PE, CPE, CESCP, PVA 

 
 

Henry has over 31 years of experience in the electrical design, construction, engineering and safety fields.  

He has a passion for teaching and mentoring.  

Henry obtained his Bachelor of Science degree in Electrical Engineering from Penn State University in 

1989. 

He also earned a Master of Business Administration from Bowling Green State University in 2003. 

In addition, Henry earned several certificates including: 

• Plumbing and Electrician from Penn Foster Career School 

• Welding from Owens Community College in Findlay, Ohio 

• Residential Solar PV Systems from Solar Engineering International 

Henry currently holds the following licenses, and memberships: 

• Licensed Electrical Contractor in Ohio 

• Licensed Training Agency in Ohio 

• Licensed Professional Engineer in Ohio, Michigan, Kentucky, Indiana, Illinois, Wisconsin  

• Certified Plant Engineer (CPE) 

• Certified Building Operator (CBO) 

• Certified Electrical Compliance Safety Professional (CESCP) by NFPA 

• Solar PV Associate by the North American Board of Certified Energy Practitioners 

• Electric Vehicle Infrastructure Training Program (EVITP) certification 

• Senior Member of the Institute of Electrical and Electronic Engineers (IEEE) 

• Member of the International Association of Electrical Inspectors (IAEI) 

• Member of the National Fire Protection Association (NFPA) 

Henry is currently employed as an Advanced Senior Engineer for Marathon Petroleum Company in 

Findlay, Ohio.  During his 16 years at Marathon, Henry has worked as an Electrical Design Engineer, 

Project Engineer, Engineering Supervisor and currently as a Reliability Engineer. 

Henry is also the owner of Matthews Electrical Services, a small, but full-service electrical contractor 

company. 

Prior to this, he worked 13 years as an Electrical Engineer and a Plant Engineering Manager in at Cooper 

Standard Automotive, a major automotive parts supplier in Bowling Green, Ohio 

Henry is the past co-chair of American Petroleum Institute Recommended Practice 545 Lightning 

Protection for Above Ground Storage Tanks. 

He was also past president of the Fostoria Toastmaster club. 
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Motors, Transformers and the NEC 
Outline 

 
Relevant NEC Chapters and Articles (Based on the 2020 NEC) 

• Article 430 Motors, Motor Circuits and Controllers 

• Article 450 Transformers and Transformer vaults 

• Article 240 Overcurrent Protection 

• Article 250 Grounding and Bonding 

• Chapter 3 Wiring Methods and Materials 

• Chapter 9 Tables 
 
Other Resources: 

• NFPA 70E (2021) Electrical Safety in the Workplace 

• OSHA 1910 Subpart S Electrical Safety 
 
Referenced Websites: 

• www.NFPA.org 
www.IAEI.org  (International Association of Electrical Inspectors) 

• www.mikeholt.com 

• www.esfi.org Electrical Safety Foundation International) 

• www.Eaton.com 

• Various motor and transformer manufacturer websites. 
 
Course Content: 

• History of Motors 

• Definitions 

• Motor and generator theory 

• Types of motors and applications 

• How to apply article 430 to motor installations 

• History of Transformers 

• Definitions 

• Transformer theory 

• Types of transformers 

• How to apply article 450 to transformer installations 

• Transformer system grounding per Article 250 
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  Board of Building Standards 

Ohio Board of Building Standards 
6606 Tussing Road 
Reynoldsburg, OH 43068-9009  

 
Timothy Galvin, Chairman 

 
An Equal Opportunity Employer and Service Provider 

Phone: 614-644-2613 
Fax 614 -644-3147 

TTY/TDD 800-750-0750 
com.ohio.gov/dico/bbs 

 

APPLICATION FOR CONTINUING EDUCATION APPROVAL 
COURSE CONDITIONS AND GUIDELINES 

 
The Ohio Board of Building Standards is committed to the ongoing education and professional development of board-certified 
personnel through the delivery of high-quality, accurate and engaging professional continuing education content.  To this end, the 
Board reviews and approves Continuing Education Courses for building department personnel.  
 
Board approval is granted for course instruction on current codes and standards, including the OBC, OMC, OPC, and RCO, and any 
other content areas directly related to the responsibilities of the certification for which credit is being requested. 
 
Promotion: Any person or organization promoting an approved course is required to make full and accurate disclosure regarding 
course title, course approval number, number of credit hours, categories for which the BBS has approved the class, and fees in 
promotion materials and advertising. The Board does not grant retroactive approval. It is recommended that courses be 
submitted for approval well in advance of any scheduling of classes and advertising.  Advertising may not falsely state BBS 
approval before approval is granted. Course providers may state that BBS approval is pending. 
 
Application Submission: All Applications and associated materials shall be submitted by email in .pdf format.  Instructions for 
completing the application are attached. 
 
Certificate of Completion: Course providers shall provide participants a certificate of completion containing the following 
information:  

o Name of participant 
o Title of approved courses 
o BBS approval # 
o BBS approved certifications 
o Date of the continuing education program 
o Number of approved credit hours awarded, and  
o Signature of authorized sponsor or instructor. 

 
Any person or organization administering an approved course shall return a completed BBS Course Attendance form by email. 
 
Participants: Participants must attend the complete course as presented by the instructor to receive credit hours approved by the 
Board. The organization or instructor of online courses shall plan and execute methods to verify the individual’s attendance and 
completion of the course. No partial credit will be given to any participant who failed to complete the entire course as approved.  
 
Board approval: All courses are approved for the calendar year in which application is made.  Courses may be renewed so long as 
the referenced code is in effect, and the CEUs, certification and content remain unchanged. When the referenced code is updated, 
courses must be updated, and new approvals obtained. 
 
Facility/training area: BBS Course may be delivered in person or online, or both, at the sponsor’s option. 
Course facilities shall include the following: 
 
In Person Classes: Online Classes: 

Sufficient seating capacity Web-accessible 
ADA accessible facilities ADA accessible delivery 
Appropriate Audio/Visual devices for delivery Tech support available 
Writing surfaces for participants Live and recorded courses permitted 

 
In-person facilities shall comfortably and safely seat at least the number of attendees present in the room and shall be climate 
controlled, non-smoking, and sound controlled so that outside noise will not interfere with the training. 
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  Board of Building Standards 

Ohio Board of Building Standards 10/7/2022 Form No. 216 
 

Application for Continuing Education Course Approval 
Provider Information: 
Name:  
Organization:  
Address:  
E-mail:   Telephone:    
Website:   
Conference Sponsor (if applicable) Conference Email:  
 
Check here if Course Renewal:  Prior course number     (i.e. BBS2018-429) 
Renewals will only be granted for identical content and certifications, within the current code cycle.   
Attach a copy of prior course approval letter for confirmation. No further information is required. 
 
New Course Information: 
Course title:   
Course instructor:   
Course description:   
   
   
   
Instructional hours per session:  Number of Sessions:   
Course Date(s) and Location:     
 
Special Content: 
Code Administration:   Conference Course:    
Existing Buildings:      ______  Conference Name:      
Electrical Instruction: ______ Conference location:   
Plumbing Instruction:______   
 

 
Course to be offered online?_______ On Demand_____    Webinar_______ 
Course Website:     
Detail online course participation confirmation method (i.e. test, quizlets, participant activity confirmation): 
   
 

Course applicable for the following certifications  
 
Residential Certifications Only: _______ Commercial Certifications: _______ 
Administrative Course, All Certifications:  _______ 
 
Application materials included: 
______ Course Outline or Course Learning Objectives 
______ Presentation Materials/Slides (not required for roundtable courses) 
______ Assessment Materials (for online courses) 
______ Presenter Bio  

Please submit application and materials in .pdf format to: michael.lane@com.ohio.gov or BBS@com.ohio.gov 

 

Henry P. Matthews
Matthews Electrical Services

1203 McKinley Place; Fostoria, Ohio  4830
hpmatthews@matthewselectrical.net 419-575-3488

www.matthewselectrical.net

Henry P. Matthews

4 at least one per quarter

Surveys, polls, and roll call after each break will be conducted.

www.matthewselectrical.net

Motors, Transformers and the NEC 

This course will cover important motor terms and installation requirement from article 430 in NEC.
It will also cover terms and installation requirements for transformers in article 450.
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Ohio Board of Building Standards 
6606 Tussing Road 
Reynoldsburg, OH 43068-9009  

 
Timothy Galvin, Chair 

 
An Equal Opportunity Employer and Service Provider 

                    614-644-2613 
              Fax 614 -644-3147 
      TTY/TDD 800-750-0750 

               com.ohio.gov/dico/bbs 
 

Instructions for new Continuing Education Approval form 
 
Provider Information 

1. Please include all contact information. 
2. If course is not part of a conference, leave conference sponsor and email blank. 

 
Course Renewal 

1. Indicate if the course is being submitted for renewal.  Include prior approval letter 
and write in prior course number. 

2. Certification approval for courses has now changed: all existing courses being 
renewed will be approved within the new classification system. 

a. Courses previously approved for only residential certifications will be 
approved for all residential certifications. 

b. Courses previously approved for at least on commercial certification will now 
be approved for all commercial certifications and all residential certifications. 

c. Courses on required instruction topics, Ohio Ethics, Code Administration and 
Existing Buildings, will be noted as Administrative Courses and be approved 
for all certifications. 

3. Courses being renewed should skip the New Course information section and are not 
required to submit outline, agenda, slides or other instructional materials for review. 
Skip to Special Content, and mark any item that applies to the course. 

 
New Course Information 

1. Enter course title, name of instructor, and a brief description of the course content. 
Learning objectives may be substituted for course description, if desired. 

2. Number of instructional hours per session is the length of instructional time. 
3. Number of sessions: can be 1 or the number of sessions planned. 
4. Course date(s) and location: not necessary at this time, enter if known. 

 
Special Content 

1. Indicate if the course will meet instructional time in Code Administration or Existing 
Buildings. 

2. Indicate if the course is a plumbing or electrical course, for ESIAC review and trainee 
course tracking. 

3. If the course is associated with a conference, indicate the conference name and 
location, as this will allow BBS to coordinate approvals with the conference provider. 

4. If the course will be offered online, specify whether it will be on demand or offered 
as a virtual webinar, or both.  Include website where the course will be provided. 
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Course applicable for the following certifications 
This section represents a major change from previous BBS course approval forms.  

1. If the course is only for residential certifications, check ‘Residential Certifications 
Only’.  The course, if approved, will be approved for all residential certifications. 

2. If the course is appropriate for any commercial certifications, check Commercial 
Certifications. The course, if approved, will be approved for all commercial 
certification AND all residential certifications. 

3. If the course is intended to meet required instruction in Code Administration 
(Chapter 1) or Existing Buildings (commercial or residential) check ‘Administrative 
Course, All Certifications’. 

 
Application Materials Included 
 This is a checklist for the course submitter’s use, to be sure all materials necessary for 
review are included with the application.  All materials should be submitted in .pdf format, 
along with  the application, via email to Michael.Lane@com.ohio.gov or BBS@com.ohio.gov 
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Motors and 
Transformers

Matthews Electrical Services
Ohio Training Agency #48714
Henry Matthews, PE, CPE, CESCP
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WELCOME!
• Goals
• Review electrical theory
• Review important NEC Calculations
• Make session engaging
• Discussion
• Videos
• Polls

• Make 4 hours as productive as possible!

2
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Your Instructor:  Henry Matthews
• Advanced Senior Engineer (Current): Oil and Gas Company (17 yrs)
• Plant Engineering Manager:  Cooper Standard Automotive (13 yrs)
• Electrical Designer:  Toledo Engineering Company (4 yrs)
• BS Electrical Engineering – Penn State University
• MBA – Bowling Green State University
• Registered Professional Engineer – OH, IN, KY, WI, MI, IL,WV
• Certified Professional Engineer – CPE
• Certified Electrical Safety Compliance Professional (CESCP) by NFPA
• Licensed Electrical Contractor – OH
• Registered Training Agency – OCILB OH #48714
• Registered Training Agency – Ohio Board of Building Standards (BBS)
• Senior Member of IEEE
• Member of NFPA – Builders and Architects division
• Member of International Association of Electrical Inspectors (IAEI)
• Member of Association of Facility Engineers (AFE)
• Co-chair API RP 545 – Lightning Protection for Above Ground Storage Tanks
• Over 29 years in the electrical design, construction and standards industry

3
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Agenda

4

Applicable Codes and NEC Standards

Motor Theory

Transformer Theory

Article 430 Motors

Article 450 Transformers
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Why Motors and Transformers?
• Both use mutual induction and magnetism
• Transformer: stationary magnetic field
• Motors: rotating magnetic field
• Motors are similar to generators
• Motors require electric power to create work
• Generator require work to create  electric power
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Goal: 

Take the Mystery out 
of Motors and 
Transformers
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Motors and Transformers

Motors: Article 430
• 27 pages

Transformers: Article 450
• 7 pages
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Recommendations for This 
Course • Have copy of NEC for 

reference
• Grab a basic calculator 

perform simple 
calculations
• Advise me to slow down 

if something is not clear
• Don’t be afraid to 

question something if 
you don’t agree

8
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Motors! Article 430
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Motor Challenges
• Motors present unique challenges
• High starting (inrush current)

• How to start motor without tripping circuit breaker
• Motors are very expensive – protection motor is a priority in many cases
• Adequately protecting motor feeder
• Multiple motors on a circuit
• High Inertia
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Motors have a lot of rotational inertia

In other words… an object in motion will stay in motion unless
acted upon by another force
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Motor Challenges
• Safety: stopping, torque, speed control, guarding moving parts
• Lots of energy: inductive
• Produce heat
• Vibration: impacts connections and cabling
• Impacts power factor
• What is a motor running backwards?
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Goals
• Protect motor from overcurrent (short-circuits and ground faults)
• Protect motor from overload (heat, excessive current from overloads)
• Protect motor conductors
• Protect people (shocks, arc flash, burns etc.). Also see NFPA 70E
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Definitions (Not in NEC)

• Torque: rotational force
• Slip: the difference between the rotating magnetic field and the rotor
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Courtesy of Siemens
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Courtesy of Siemens
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Motor Nameplate Information

• HP (Horsepower): Rotational Power of a motor
• Voltage: Rated voltage of a motor
• Frequency: Number of cycles/sec of the incoming power (design)
• 60 Hz for USA, 50 Hz for Europe

• RPM (Revolutions per Minute):  speed of a motor
• Determined by number of poles and motor frequency
• RPM = (120 x F)/number of poles of motor
• For example: What is the speed of a 60HZ, 2 pole induction motor?
• RPM = (120 x 60)/2 = 7200/2 = 3600 rpm
• Note: the more poles a motor has, the lower the RPM
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Motor Nameplate Continued

• Full load Amps (FLA)
• The current the motor draws when running at rated voltage, frequency and 

RPM

• Frame size: provides information on
• Size of motor
• Mounting of motor 
• Connection to load (C-face, gearbox, coupling etc.)
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Motor Nameplate Information
• Service Factor: 
• The percentage of overloading the motor can handle for short 

periods 
• Example: a 10 hp motor with a service factor of 1.15 could 

provide 10 x 1.15 = 11.5 hp for a short time.

• Locked rotor amps and code: 
• The KVA (kilo-volt-amps) of a motor when starting. This is usually 

6 to 8 times the full load current.  
• KVA can be converted to amps to determine the locked rotor 

amps.  Can be used to help size the overcurrent protective devices 
(fuses and circuit breakers)
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Motor Nameplate Information

• Locked Rotor amps (cont.)
• Code Letters: A-H, J-N, P-V
• Used to help size the overcurrent protection of a motor

• See Table 430.7(B)
• Example: What is the Locked Rotor Amps of a 3-phase, 20 HP, 

208V motor with a code letter B?
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Code Letter and Locked Rotor Amps

• 20 HP
• 208 volts, 3 phase
• Code letter B:  
• 3.15 - 3.54 per Table 430.7(B)
• Use 3.54 for worst case

• Amps = KVA per HP x 1000/(Volts x 1.732)
• Amps = 3.54 x 20 x 1000/(208 x 1.732)
• Amps = 196.52 
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Temperature (T-Codes)
Maximum Temperature Temperature Class (T-Code)

Degrees C Degrees F

450 842 T1

300 572 T2

280 536 T2A

260 500 T2B

230 446 T2C

215 419 T2D

200 392 T3

180 356 T3A

165 329 T3B

160 320 T3C

135 275 T4

120 248 T4A

100 212 T5

85 185 T6 24
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25
57 deg C = 134.6 deg F
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Nameplate Information
• Hazardous location classification
• Gives information for what locations this motor can be used
• Class I, Class II, Class III; Divisions 1 and 2 for example

• Altitude:
• Standard motors are designed to operate below 3300 feet. Above 3300 

feet, air is thinner and the ability to dissipate heat is not as good.
• Most motors must be derated for altitudes above 3300 feet.
• The derating factor may or may not be stamped on the motor 

nameplate.  Check manufacturing manual for more information.
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Article 450: Transformers and Transformer Vaults
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Transformer Basics
• Works on the principle of mutual induction
• Power measured in VA (Volts-Amps)
• Can be single phase or three phase
• Typically have a primary and secondary winding
• Current in one winding induces a current in another winding
• Voltage and current determined by the number of turns of wire in the 

windings
• Can step up or step down voltage and current
• Used for circuit isolation
• Windings require protection from damage
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Issues with Transformer Installations
• Inrush current
• Allowing transformer to start without tripping, similar to motors

• Dealing with two sets of voltages and currents
• Confusing overcurrent protection requirements
• Primary only
• Primary and secondary
• Supervised
• Unsupervised

• Can be extremely high fault currents on the secondary of the 
transformer due to low impedance
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Issues with Transformer Installations
• Heat: cooling
• Grounding and bonding – can be complicated
• Environment, many installed outdoors
• Environmental, some are oil-filled, leaks
• Noise
• Security, recent issues with shootings of transformers
• Expensive
• Large, heavy, hard to transport and maneuver
• Vibration
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Overcurrent Protection
• Article 450: goal is to protect the TRANSFORMER, not the conductors
• Article 240: goal is to protect the transformer FEEDERS
• The overcurrent protection requirements of 450 may also protect the 

feeders
• The overcurrent protection requirements of 240 may also protect the 

transformer
• BUT they may not!

307



Transformers 
Protected 
According to 
Article 450
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Transformer Secondary Feeder Protection
• Required with few exceptions
• Primary side protection of secondary feeders is allowed when 

requirements of 240.21(C)(1) are met
• Secondary OCPD is not required when the conductor is short and 

meets the tap rule requirements in 240.21(C)(2), (3) (5) and (6)
• Secondary OCPD is not required for outside conductors when the 

requirements of 240.21(C)((4) are met (another tap rule)
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Types
• Dry-type
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Oil -Filled
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Guarding 450.8

• Mechanical protection shall be provided to minimize the possibility of 
damage to transformers, examples:  barriers, bollards, fencing, walls 
etc.

• Exposed energize parts shall be guarded

• Voltage warning labels or other types of identification shall be 
installed to indicate the operating voltage of the transformer
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Ventilation (450.9)

• Transformers shall be installed such that vents won’t be blocked by 
walls or other obstacles
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Marking Requirements (450.11)

• Name of manufacturer
• Rated Kilovolt-amperes
• Frequency
• Primary and secondary voltage
• Impedance of transformers 25 kva and larger
• Required clearances for transformers with ventilation openings
• Amount and kind of insulating liquid where used
• For dry-type transformers, temperature class for the insulating system.
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Where would you put a circuit 
breaker or a fuse on the 
secondary side (X1, X2, X3)?

Next available location is the 
service-rated disconnect down
stream from the transformer 
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These wires are unprotected
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Transformer Overcurrent Protection

• Objective: To protect the windings, not the conductors
• Reference section 450.3(B)

Table 450.3(B) Primary Protection Only
1000V and Less

Primary Current Rating Maximum Protection
9A or more 125%, note 1

Less than 9A 167%

Less than 2A 300%

Note 1:  Where 125% of the primary current doesn’t correspond to a standard rating 
of a fuse or nonadjustable circuit breaker, the next higher rating is 
permitted[240.6(A)] 318
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Transformer Primary Conductor Sizing

• Conductors must be sized no less than 125% of the continuous loads, 
plus 100 percent of the noncontinous loads, based on the terminal 
temperature rating ampacities as listed in Table 310.15(B)(16) before 
and ampacity adjustment [210.19(A)(1)]
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Current 
Transformers

• Safely converts electrical current 
into a voltage signal
• Used for metering, relays, test 

instruments etc.
• Can read positive and negative 

flow
• Correct orientation to indicate 

proper current direction is 
important
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CONGRATULATIONS!
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File Attachments for Item:

ER-6 Significant Changes to the 2023 NEC (Dayton Area Electrical JATC)

All certifications (12 hours, two 6-hour sessions)

Staff Notes:

ESIAC Recommendation:

Committee Recommendation:
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Code-Wide Revisions
and Chapter 1 
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Change Summary

Code-Wide Revisions © 2022 electrical training ALLIANCE

Reconditioned Equipment

• There are now several reconditioned equipment requirements in the 
NEC.

• The second section of some articles (XXX.2) is now reserved for any 
requirements that either permit or prohibit reconditioning of equipment 
that is covered by the article.

Code-Wide Revisions
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Change Summary

Code-Wide Revisions © 2022 electrical training ALLIANCE

Definitions

• Article 100 now contains all definitions. No definitions will be in the 
other articles of the Code.

• Article 100 will no longer be divided into parts.
• Definitions are assigned to code-making panels based on the articles 

assigned to the panel and how closely the panel aligns with the 
definition. The responsible panel is indicated in each definition.

• Some definitions only apply to a single article. Where that is the case, 
the article number appears toward the end of the definition.

• In a few cases, multiple definitions continue to be required.

Code-Wide Revisions
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Change Summary

Code-Wide Revisions © 2022 electrical training ALLIANCE

New, Deleted, and Relocated Articles and Revised Article Titles for 
the 2023 NEC

• Some Articles are new, three were deleted, some had title revisions, 
and others were relocated.

– 110 General Requirements for Electrical Installations (Revised 
title)

– 210 Branch Circuits, Not Over 1000 Volts ac, 1500 Volts dc, 
Nominal (Revised title)

– 235 Branch Circuits, Feeders, and Services Over 1000 Volts ac, 
1500 Volts dc, Nominal (New)

– 245 Overcurrent Protection for Systems Rated Over 1000 Volts 
ac, 1500 Volts dc, Nominal (New)

– 305 General Requirements for Wiring Methods and Materials for 
Systems Rated Over 1000 Volts ac, 1500 Volts dc, Nominal 
(New)

Code-Wide Revisions
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Change Summary

Code-Wide Revisions © 2022 electrical training ALLIANCE

New, Deleted, and Relocated Articles and Revised Article Titles for 
the 2023 NEC (continued)

– 315 Medium Voltage Conductors, Cable, Cable Joints, and Cable 
Terminations (Revised title and relocated)

– 335 Instrument Tray Cable: Type ITC (Relocated)
– 369 Insulated Bus Pipe (IBP)/Tubular Covered Conductors (TCC) 

Systems (New)
– 371 Flexible Bus Systems (New)
– 395 Outdoor Overhead Conductors over 1000 Volts (Relocated)
– 480 Stationary Standby Batteries (Revised title)
– 495 Equipment Over 1000 Volts ac, 1500 Volts dc, Nominal 

(Revised title and Relocated)
– 510 Hazardous (Classified) Locations-Specific (Deleted)

Code-Wide Revisions
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Change Summary

Code-Wide Revisions © 2022 electrical training ALLIANCE

New, Deleted, and Relocated Articles and Revised Article Titles for 
the 2023 NEC (continued)

– 512 Cannabis Oil Equipment and Cannabis Oil Systems Using 
Flammable Materials (New)

– 712 Direct Current Microgrids (Deleted)
– 720 Circuits and Equipment Operating at Less Than 50 Volts 

(Deleted)
– 722 Cables for Power-Limited Circuits and Fault-Managed Power 

Circuits (New)
– 724 Class 1 Power-Limited Circuits and Class 1 Power-Limited 

Remote Control and Signaling Circuits (New)
– 725 Class 2 and Class 3 Power-Limited Circuits (Revised title)
– 726 Class 4 Fault-Managed Power Systems (New)
– 810 Antenna Systems (Revised title)

Code-Wide Revisions
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Change Summary

Code-Wide Revisions © 2022 electrical training ALLIANCE

NEC Style Manual Changes

• A new version of the style manual was issued in 2020.
• Text was simplified to avoid long paragraphs and long sentences by 

placing complex requirements into a list format.
• Many of the changes improved readability, and those changes are not 

covered in this book.

Code-Wide Revisions
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Change Summary

Code-Wide Revisions © 2022 electrical training ALLIANCE

Medium- and High-Voltage Requirements

• Many medium- and high-voltage requirements were removed from 
existing articles and moved to an article ending in number 5.

• For example, Article 235 now covers medium- and high-voltage 
services.

• New articles:
– 235 Branch Circuits, Feeders, and Services Over 1000 Volts ac, 

1500 Volts dc, Nominal
– 245 Overcurrent Protection for Systems Rated Over 1000 Volts 

ac, 1500 Volts dc, Nominal
– 305 General Requirements for Wiring Methods and Materials for 

Systems Rated Over 1000 Volts ac, 1500 Volts dc, Nominal

Code-Wide Revisions
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Change Summary

Code-Wide Revisions © 2022 electrical training ALLIANCE

Medium- and High-Voltage Requirements (continued)

– 315 Medium Voltage Conductors, Cable, Cable Joints, and Cable 
Terminations

– 395 Outdoor Overhead Conductors over 1000 Volts
– 495 Equipment Over 1000 Volts ac, 1500 Volts dc, Nominal

• Articles 395 and 495 were relocated from 399 and 490, respectively, 
for consistency with the numbering scheme for medium- and high-
voltage articles.

Code-Wide Revisions
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Change Summary

Code-Wide Revisions © 2022 electrical training ALLIANCE

Not a Change?

• Prior to the 2002 Code, NM cable was limited to buildings of three 
stories or less.

• Section 334.10 permitted NM cable in buildings of Types III, IV, and V 
construction, but the cables had to be concealed within walls, floors, or 
ceilings that provided a thermal barrier of material that provided at 
least a 15-minute finish rating.

• Limitations in 334.12 provided some applications and occupancies 
where NM cable was not permitted to be used.

• International Building Code and NFPA 5000 limited Type IV heavy 
timber construction to five stories above grade.

• The NEC requirements were based on these limitations for 20 years.

Code-Wide Revisions
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Change Summary

Code-Wide Revisions © 2022 electrical training ALLIANCE

Not a Change? (continued)

• The International Building Code changed its definition of Class IV 
construction to permit a heavy timber constructed building of up to 18 
stories.

• NFPA 5000 permits a Type IV heavy timber constructed building of up 
to 24 stories.

• These changes resulted in a significant change to the NEC that was 
not processed through the NEC.

• CMP 6 did not change the language.
• Significant changes took place in other codes outside of the NEC but 

affect the NEC.

Code-Wide Revisions
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Scope

• Article 90 now has a scope that provides the scope of Article 90, rather 
than the scope of the Code.

• The material previously found in 90.1 has been combined with 90.2, 
which is now titled “Use and Application.”

• This change provides consistency and clarity but does not make any 
technical change to the Code.

90.1
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

90.1
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Use and Application

• Section 90.2 has a new title: Use and Application.

• All previous text in Section 90.1 has been blended into a reorganized 
90.2

• The titles of 90.2(C) and (D) have been changed to accommodate the 
reorganization.

90.2
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

90.2
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Enforcement

• This section was reorganized for clarity.

• A list format is used to make this section clearer.

• A new reference was added to Informative Annex H to comply with the 
NEC Style Manual.

90.4
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

90.4
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Explanatory Material

• If a referenced standard does not have an edition date, the latest 
edition can be assumed.

• Newer editions of standards could have been released after the Code
committee considered the latest edition.

• Since references are not mandatory, there is no prohibition against 
using an updated edition.

• Standards references are for convenience only. Most installations can 
be completed without referring to the referenced standards.

90.5(C) 
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

90.5(C)
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100 Reorganization

• Article 100 has been consolidated into an article that is not divided into 
parts.

• All of the definitions from other articles have been relocated into Article 
100.

• The XXX.2 sections of various articles no longer contain definitions.

• If a term had multiple uses, it has been modified to facilitate each use. 
In many cases, terms were modified to cover all appropriate 
applications.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Accessible (as applied to wiring methods)

• For a wiring method to be considered accessible, it must not be closed 
in or blocked by the structure.

• Accessible wiring methods must also not be blocked by other electrical 
equipment.

• Coordination with other trades is often needed to ensure that 
accessible wiring methods are not blocked by building mechanical or 
plumbing systems.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Attachment Fitting, Weight Supporting

• This definition was revised to better describe the function of WSAF.

• The WSAF is a recognized component that is part of a listed luminaire 
or paddle fan.

• The combination of the WSAF and WSCR facilitate the modular 
replacement of luminaires and paddle fans in one- and two-family 
dwellings.

• Note also at the end of the definition the notation (CMP-18). This 
indicates the code-making panel that is responsible for the definition.

• NEMA WD6 recognizes WSAF configurations.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE Courtesy of SKYX Platforms

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Motor Branch Circuit

• A new definition was added to differentiate between a branch circuit 
and a motor branch circuit.

• Branch circuits originate at the last overcurrent protective device 
supplying the circuit.

• Motor branch circuits include controllers and adjustable speed drives.

Article 100

352



Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Class 4 Definitions

• These definitions are for terms used in new Article 726, Class 4 (CL4) 
Power Systems.

• Class 4 power systems will be used with equipment used in 5G 
Internet communications systems.

• A Class 4 Power System is a fault-managed system that relies on a 
continuous electronic handshake to ensure proper operation.

• Faults in Class 4 Power Systems result in immediate termination of 
output power.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE Courtesy of Michael J. Johnston

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Clothes Closet Storage Space

• A new simplified definition for clothes closet storage space has been 
added to Article 100.

• A clothes closet storage space is the area within a clothes closet in 
which combustible materials may be kept.

• The requirements for installation of luminaires remains in 410.16.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100

357



Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Commissioning

• Revised definition to provide consistency in a commissioning process.

• Commissioning was previously covered only in Article 708, Critical 
Operations Power Systems.

• New commissioning requirements are found in 700.3, 701.3, and 
706.7.

• Commissioning documentation should include as-built drawings and 
test results.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE Courtesy of PDE Total Energy Solutions

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Corrosive Environment

• Pool chemicals can cause corrosion of electrical equipment.

• Corrosive locations are those where pool sanitizing chemicals are 
present, and there is inadequate ventilation.

• Reference to NFPA 400 was removed because it was not helpful for 
pool electrical equipment installers.

• The reference to the EPA website was removed, as a direct reference 
to the appropriate publications is more helpful.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Counter (Countertop)

• A new definition was added for “counter (countertop)” to distinguish it 
from other work surfaces.

• An informational note reference was added for UL standards for 
receptacles and attachment plugs and GFCI devices.

• A second informational note references requirements for receptacles 
in countertops and work surfaces.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Energized, Likely to Become

• There is a new definition of the term likely to become energized.

• The term is used in 25 places in the 2020 NEC.

• Likely to become energized has been on a list of standard terms used 
in the NEC Style Manual, where it meant “failure of insulation on.” The 
new definition adds electrical spacing failure as an additional 
consideration.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE Courtesy of Michael J. Johnston

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definitions of Equipotential Plane

• There are now two definitions in Article 100 for Equipotential plane.

• The general definition is “Conductive elements that are connected 
together to minimize the voltage differences.” This definition is not 
limited to a single article.

• The second definition applies to natural and man-made bodies of 
water. This definition applies only to Article 682.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Fault Managed Power

• Fault-managed power is one of the key definitions for new Article 726. 
Class 4 power systems are fault-managed power systems.

• Class 4 power systems provide a pulsed power output that relies on a 
continuous handshake to provide fault detection and ensure proper 
operation.

• Class 4 power systems can supply up to 450 volts dc line-to-line or 
225 volts dc to ground to provide power and control of electronic 
equipment.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE Courtesy of Cisco

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Fibers/Flyings, Combustible

• A new definition was added for combustible fibers/flyings.

• Combustible fibers/flyings consist of solid particles greater than 500 
μm in size that can form an explosible mixture when suspended in air 
at standard atmospheric pressure and temperature.

• In contrast, combustible dusts consist of solid particles that are 500 
μm or smaller that can form an explosible mixture.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of GFCI, Special Purpose

• A new definition was added for Special Purpose Ground-Fault Circuit-
Interrupter.

• SPGFCIs are used on circuits with voltage greater than 150 volts to 
ground.

• Traditional GFCIs are also known as Class A GFCIs. Special purpose 
GFCIs are either Class C, D, or E GFCIs.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Ground-Fault Detector-Interrupter

• GFDI protection is designed to provide ground-fault protection of 
photovoltaic dc circuits.

• As noted in 690.41(B), equipment that does not have ground-fault 
protection will often have a warning in the manual that indicates that 
the unit does not have a GFDI device.

• GFDIs are equipment protection, not personnel protection.

Article 100
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Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Article 100
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Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Definition of Industrial Installation, Supervised

• The term Supervised Industrial Installation is used in Articles 240 and 
702, but it has been undefined until now.

• Industrial installations typically have a relaxation of some rules of the 
Code, as industrial installations are usually designed, installed, 
monitored, and maintained by qualified personnel.

• The definition was initially developed by CMP 10 and was revised by a 
task group including CMPs 1, 10, and 14; it remains limited to Article 
240.
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Definition of Inverter, Multimode

• Multimode inverters can operate in both interactive mode and island 
mode.

• In the interactive mode, an inverter operates in parallel with the utility 
and can supply power back to the utility.

• In the island mode, it will separate from the utility to supply power to 
the premises through an energy storage system.
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Definition of Location, Wet

• The definition of “wet location” has been rewritten into a list format.

• The previous format consisted of a sentence with commas, which 
made it more difficult to interpret.

• An informational note was added that gives an example of a wet 
location.

• The definitions of damp location and dry location were much shorter 
and clearer, so no changes to them were necessary.
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Definition of Locations, Hazardous (Classified)

• A new general definition has been added for Hazardous (Classified) 
Locations.

• Article 500 defines Classes I, II, and III, as well as the divisions and 
groups.

• Article 505 provides the classification system for gases, vapors, and 
liquids using the IEC Zone system.

• Article 506 provides the classification system for dusts and 
combustible fibers and flyings using the IEC Zone System.

• IEC uses the same zone system for dusts that is uses for fibers and 
flyings.
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Definition of Microgrid, Health Care

• A health care microgrid is now permitted to be used as the normal 
power source.

• If a health care microgrid is used as the normal source, it is not 
permitted to be used as the alternate source.

• Essential electrical systems are permitted to be supplied by a health 
care microgrid that also supplies non-essential loads.

• Note the nomenclature at the end of the definition that indicates that 
the source of this definition is NFPA 99, the Health Care Facilities 
Code.

Article 100
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Definitions of Panelboard and Panelboard, Enclosed

• The definition of “panelboard” was revised to recognize panelboards 
that are installed in an enclosure other than a cabinet or cutout box.

• A new definition was added for an “enclosed panelboard,” which is 
installed in a cabinet, cutout box, or enclosure suitable for a 
panelboard application.

• Sections 110.16(A) and 110.26(D) are among the requirements that 
apply to enclosed panelboards.
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Definition of Receptacle, Weight-Supporting Ceiling

• This is a new definition of a receptacle that was introduced in the 2017 
Code.

• Weight-supporting ceiling receptacles (WSCR) are contact devices 
that are designed to mate with a weight-supporting attachment fitting 
(WSAF) to make an electrical connection and to support the weight of 
luminaires or paddle fans.

• A WSCR that is listed for fan support can also support luminaires 
without fans, while a WSCR that is listed for luminaire support will 
reject a paddle fan.
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Definition of Servicing

• “Servicing” is defined as: The process of following a manufacturer’s 
set of instructions or applicable industry standards to analyze, adjust, 
or perform prescribed actions upon equipment with the intention to 
preserve or restore the operational performance of the equipment.

• “Reconditioned” is defined as: Electromechanical systems, equipment, 
apparatus, or components that are restored to operating conditions. 
This process differs from normal servicing of equipment that remains 
within a facility, or replacement of listed equipment on a one-to-one 
basis.

• The informational note points out that servicing includes maintenance 
and repair.
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Definition of Stranding (Compact and Compressed)

• New stranding definitions have been provided.

• Compact stranding: each layer is pressed together to minimize gaps 
between strands, reducing the overall diameter.

• Compressed stranding: conductors are pressed together, result is an 
overall diameter that is less than a concentric stranded conductor but 
greater than a compact stranded conductor.

Article 100
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Definition of Type P Cable

• Type P Cable has been used on drilling rigs for four decades.

• Type P Cable is limited to industrial locations where maintenance and 
supervision ensure that qualified personnel monitor and service the 
installation.

• Type P Cable is permitted in hazardous locations, where permitted in 
the article covering the location.

Article 100
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Examination

• Cyber attacks on network connected electronic equipment are an 
increasing threat.

• Section 110.3(A)(8) now requires the evaluation of cyber security for 
network-connected life-safety equipment.

• An informational note was added that references standards for 
including the IEC 62443 series of standards on Industrial Automation 
and Control Systems and UL standards on cyber security, including UL 
2900 and UL 5500.

110.3(A)
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Installation and Use

• Listed or labeled equipment is required to be installed and used in 
accordance with any instructions included in the listing or labeling. The 
same now applies to equipment that is identified for a use.

• Installation instructions are often misplaced after installation. This 
informational note points out that QR codes on products or information 
on manufacturer websites can provide installation instructions.

• Online product information is often easier to access after the product 
is installed.

110.3(B)
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Wiring Methods

• Section 90.2(C) indicates that if the installation is covered by the 
Code, the wiring methods recognized by the Code are permitted to be 
installed in any building, occupancy, or premises wiring system.

• The definition of premises wiring in Article 100 includes interior and 
exterior wiring and associated hardware.

• Premises wiring does not include the internal wiring of appliances, 
luminaires, motor controllers, motor control centers, and similar 
equipment.

110.8
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Mechanical Execution of Work

• The terms neat and workmanlike were replaced with professional and 
skillful.

• This editorial change uses more descriptive and gender-neutral terms.

• The informational note change is simply editorial.

• Informational Note No. 1 to 110.12(C) was deleted because this 
section applies to cables and conductors; it does not apply to fiber 
optic cables.

110.12
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Terminals

• The requirement that terminal connections be “thoroughly good” has 
been replaced with the term mechanically secure to replace vague and 
unenforceable terminology.

• The text was revised to clarify that terminal connections must provide 
a good electrical connection.

• Requirements for connection methods for certain equipment, such as 
receptacles (covered by CMP 18), are the responsibility of the panel 
that covers that equipment.

110.14(A)
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Service Equipment and Feeder Equipment

• Section 110.16(B) is expanded to apply to feeder supplied equipment, 
as well as service equipment.

• The requirement has been modified to make it clear that the required 
label is an arc flash warning label.

• The threshold for a required label has been lowered from 1,200 
amperes to 1,000 amperes.

• The requirements for the content of the label have been deleted 
because they are included in 110.21(B).

110.16(B)
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Servicing and Maintenance of Equipment

• This addition is significant because in addition to requiring a qualified 
person (a defined term), the individual must be a qualified person 
trained in servicing and maintenance of equipment.

• Servicing and maintenance must be performed in accordance with the 
manufacturer’s instructions and applicable industry standards or as 
approved by the AHJ.

• Identified replacement parts must be verified under applicable product 
standards.

110.17
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Reconditioned Equipment

• Equipment is generally permitted to be reconditioned, unless 
prohibited elsewhere in the Code.

• Requirements are provided for parts and sources of information.

• If listing is required, the equipment must be listed or field-labeled as 
reconditioned.

• If listing is not required, it must be listed or field-labeled as 
reconditioned or reconditioned in accordance with the manufacturer’s 
instructions.

110.20
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Reconditioned Equipment, Marking Requirements

• The marking requirements for reconditioned equipment have been 
reorganized into list format.

• The original listing mark must be removed or made permanently 
illegible.

• The original equipment nameplate can remain, but the listing mark 
must be removed.

• The exception for industrial facilities still applies.

110.21(A)

412



Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

110.21(A)

413



Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Identification of Disconnecting Means, General

• Disconnecting means are required to be legibly marked to indicate 
their purpose, unless located and arranged to make the purpose 
evident.

• The marking must include the identification and location of the circuit 
source that supplies the disconnecting means, unless located and 
arranged to make the identification of the circuit source evident.

• This change is intended to make it easier for service personnel to 
quickly locate the power source. This is especially important in large 
and high-rise buildings.

110.22(A)
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Depth and Width of Working Space

• The requirement that open equipment doors must not impede entry or 
egress to the working space was relocated from 110.26(C)(2) to 
110.26.

• Relocation of the open equipment door requirement to 110.26 means 
that it now applies to all equipment, not just large equipment.

• Access or egress is impeded if one or more simultaneously-opened 
equipment doors restricts access to less than 24 inches wide or 6 ½ 
feet high.

110.26
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Limited Workspace Requirements

• The limited access workspace requirements were modified to provide 
requirements for workspaces in front of duct heaters installed above 
partitions.

• The workspace must be unobstructed to the floor by fixed cabinets, 
walls, or partitions.

• A horizontal ceiling structural member or access panel is permitted in 
the space if the location of weight-bearing structural members does 
not result in a side reach of more than 6 inches to work inside the 
enclosure.

110.26(A)(4)
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Grade, Floor, or Working Platform

• Section 110.26 requires access and workspace around all electrical 
equipment to permit ready and safe operation and to permit 
maintenance.

• The grade, floor, or platform in the workspace must be clear of 
obstructions and tripping hazards.

• The grade, floor, or platform in the workspace must be as level and flat 
as possible.

• Similar requirements have been added to 110.34(A) for equipment 
operating over 1,000 volts.

110.26(A)(6)

420



Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

110.26(A)(6)

421



Change Summary

Chapter 1 • Articles 90, 100, and 110 © 2022 electrical training ALLIANCE

Dedicated Equipment Space

• The requirement for dedicated equipment space in 110.26(E) has 
been expanded to include all service equipment rated 1,000 volts or 
less.

• The requirement will now include service equipment for one- and two-
family dwellings, including the emergency disconnects now required in 
230.85

• A service rated disconnect will now have the same equipment space 
requirements as service rated switchgear and service rated 
panelboards for 1,000 volts or less.

110.26(E)
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Table 110.28 Enclosure Types, Informational Notes

• Informational Note No. 3 was revised to add a reference to 
502.10(A)(2) for Class II, Division 1 locations.

• Informational Note No. 5 notes that some Type 4X enclosures are 
marked “for indoor use only.”

• Informational Note No. 6 notes that some Type 4, 4X, and 12 
enclosures are ventilated, but still provide the required ingress 
protection.

• Informational Note No. 7 references the NEMA Standard for enclosure 
type ratings.

Table 110.28
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In Sight From (Within Sight From, Within Sight)

• A new requirement has been added that establishes that “in sight 
from” means that the equipment must be visible and not more than 50 
feet from the other equipment.

• This requirement was created to comply with the NEC Style Manual.

• Definitions are not permitted to contain requirements. The 
establishment of limits constitutes a requirement.

• The definition with the requirement still exists.

110.29
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Locks, Personnel Doors

• Personnel doors for electrical vaults containing equipment rated over 
1,000 volts are now required to open at least 90 degrees. These doors 
are required to be equipped with listed panic hardware or listed fire 
exit hardware.

• There is a similar requirement in 110.26(C)(3) for equipment rated 
1,000 volts and less.

• An informational note was added to reference two UL Standards: UL 
305, Standard for Panic Hardware; and UL 10C, Standard for Safety 
for Positive Pressure Fire Tests of Door Assemblies.

110.31(A)(4)
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General

• This section was revised to correlate with the change in 250.36.

• “High-impedance grounded systems” are now referred to as 
“impedance grounded systems.”

• The grounded system conductor of impedance grounded systems is 
now referred to as the “impedance grounded conductor.” This section 
does not apply to the impedance grounded conductor.

• This section was changed from paragraph to list format.

200.2(A)
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Branch Circuit Voltage Limitations

• The voltage limit in Section 210.6(D) was increased from 600 volts 
between conductors to 1,000 volts between conductors for 
consistency with other voltage limitations across the Code.

• The section has also been revised to reference a limit of 1,500 volts 
dc between conductors.

• Section 210.6(E) has been deleted.

• A new Article 235 has been created that will contain requirements for 
medium and high-voltage branch circuits, feeders, and services.

210.6(D) & (E)
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GFCI Protection for Personnel

• The term ground-fault circuit-interrupter protection for personnel in the 
first sentence is replaced with the term listed Class A GFCI.

• Elsewhere in the section, the acronym GFCI is used to comply with 
the NEC Style Manual, which requires the use of acronyms where 
practical.

• The definition of “Ground-fault Circuit Interrupter (GFCI)” in Article 100 
makes it clear that the term is used to describe a device that is 
intended to protect personnel. The informational note makes it clear 
that the device referred to is a Class A GFCI.

210.8
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Dwelling Units

• The reference to fire alarm systems in an informational note to list item 
(5) has been deleted because it is covered in Article 760.

• GFCI requirements for kitchens now apply to all kitchen receptacles.

• GFCI requirements apply to any area of a dwelling unit with permanent 
provisions for food preparation, drink preparation, or cooking.

• Receptacles in bathroom exhaust fan assemblies that are not readily 
accessible do not require GFCI protection.

210.8(A)
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Other Than Dwelling Units

• The GFCI requirements for other than dwelling units have been 
revised and clarified.

• List items (3) through (5) have been revised to clarify GFCI 
requirement for kitchens, food and beverage preparation and food 
serving areas, and any other preparation or food/beverage serving 
area where there is also cooking.

• A new requirement for GFCI protection of cord-and plug-connected 
fixed or stationary appliances has been added.

• A new GFCI requirement for receptacles within 6 feet of aquariums, 
bait wells, and similar open aquatic vessels or containers has been 
added.

210.8(B)
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GFCI Protection for Personnel-Specific Appliances

• In the 2020 Code, the determination of which appliances required 
GFCI protection was assigned to CMP 17, who placed them in 422.5.

• Section 422.5(A) specified several appliances that require GFCI 
protection. They could be protected via a branch circuit device, or they 
could be protected by a device in the cord.

• This section contained convoluted cross references to 422.5(A) for the 
list of appliances and 422.5(B) for the protection method.

• This revision brings back the list of appliances to 210.8, and it now 
requires GFCI protection of the branch circuit or the outlet.

210.8(D)
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GFCI Protection for Personnel-Outdoor Outlets

• The requirements of 210.8(F) have been revised to indicate that it 
applies to all outdoor outlets other than those covered by 210.8(A), 
Exception No. 1, rated 150 volts or less to ground, and 50 amperes or 
less.

• A list of three locations has been added to clarify which locations are 
included.

• If equipment supplied by one of the specified outlets is replaced, the 
outlet will now be required to be GFCI protected.

• Exception No. 2 does not require GFCI protection for listed HVAC 
equipment installed prior to September 1, 2026.

210.8(F)
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Garage Branch Circuits

• Section 210.11(C)(4) was revised to clarify that garages must be 
supplied by at least one 20-ampere branch circuit for receptacles with 
at least one receptacle for each vehicle bay. The circuits are not 
permitted to supply other garage receptacles.

• In a single-vehicle bay garage, the circuit is permitted to supply other 
outlets.

• The 20-ampere branch circuit was previously permitted to supply only 
readily accessible outdoor receptacle outlets. Exception No. 1 was 
revised to permit it to supply outdoor receptacle outlets.

• Additional branch circuits rated at least 15 amperes are permitted to 
supply other receptacle outlets.

210.11(C)(4)
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Arc-Fault Circuit-Interrupter Protection

• The main rule of 210.12 was rewritten to align with changes made to 
the subsections of 210.12, including a new requirement that all AFCIs 
be listed.

• The title of 210.12(A) was changed to “means of protection.” 
Information regarding the specific areas of the dwelling unit requiring 
AFCI protection has been moved into 210.12(B).

• Section 210.12(B), (C), and (D) have been changed into lists.

• Section 210.12(D)(3) has been added to require AFCI protection of 
120-volt, single-phase 15- and 20-ampere branch circuits in areas 
designed exclusively for sleeping in fire stations, stations for rescue 
squads, and police stations.

210.12
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Rating

• Section 210.18 now recognizes 10-ampere individual branch circuits.

• Exception No. 1 has been revised to permit individual branch circuits 
greater than 50 amperes that supply non-lighting loads in locations 
with conditions of maintenance to ensure that only qualified persons 
service the installations. This had previously been limited to industrial 
locations.

• A new Exception No. 2 was added that prohibits 10-ampere branch 
circuits from serving receptacle outlets.

210.18
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Conductors – Minimum Ampacity and Size

• New branch circuit voltage limits have been added for ac and dc 
circuits.

• Section 210.19 now applies to branch circuits not exceeding 1,000 
volts ac and 1,500 volts dc.

• The requirements for branch circuits exceeding 1,000 volts ac and 
1,500 volts dc have been removed from this section and relocated to 
Article 235.

• There are several minor editorial changes to comply with the NEC 
Style Manual.

210.19
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Permissible Loads, Multiple-Outlet Branch Circuits

• New requirements have been added to 210.23(A) for 10-ampere 
branch circuits.

• This section contains an ascending list from the smallest sized branch 
circuit to the largest. Therefore, the 10-ampere branch circuits appear 
first.

• 210.23(A)(1) lists the types of loads that are permitted to be supplied 
by a 10-ampere branch circuit, while 210.23(A)(2) lists the loads that 
are not permitted to be supplied by a 10-ampere branch circuit.

210.23
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Wall Space

• The criteria for what is considered wall space that requires receptacles 
in dwelling units has been revised.

• Since there are wall spaces where receptacle installation is 
impractical, Section 210.52(A)(2) spells out which spaces must be 
considered wall space for receptacles.

• The space behind stationary appliances has been added to 
210.52(A)(2)(1) to indicate that the wall space behind stationary 
appliances need not be considered as wall space that requires 
receptacles.

210.52(A)(2)
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Countertops and Work Surfaces

• A new exception was added to 210.52(C)(1) for countertops with wall 
space where a receptacle cannot be installed in the required wall 
space to permit installation as near as practicable.

• Receptacles are no longer required in 210.52(C)(2) for island and 
peninsular counter tops. If not installed, provision is required for a 
future installation.

• Receptacles are permitted to be in or on but not below countertops.

210.52(C)
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Lighting Outlets Required

• Section 210.70 has been revised to make it clear that switches of 
control devices are not permitted to rely only on battery power unless 
the lighting outlets are energized upon battery failure.

• A lighting outlet that is controlled by a listed wall-mounted control 
device is now required in laundry areas of dwelling units.

• A lighting outlet is required for exterior illumination of exits or 
entrances of dwelling units, attached garages, and detached garages 
with power. This does not apply to doors for vehicles.

• Dimmer control of lighting in accordance with 210.70(A)(2)(3) is not 
permitted, unless the listed control devices can provide dimming 
control that can provide maximum brightness at each location for 
stairway illumination.

210.70
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Barriers

• The widespread acceptance of NFPA 70E, Electrical Safety in the 
Workplace, has brought attention to the need to prevent electrical 
hazards that can exist while trying to establish an electrically-safe work 
condition.

• In the 2020 Code, the requirements for barriers in panelboards, 
switchboards, and switchgear were relocated from 408.3(A)(2) to 
230.62(C), where they only applied to services.

• A similar hazard exists for panelboards, switchboards, switchgear, and 
motor control centers that are supplied by feeders or transformer 
secondary conductors.

215.15
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Surge Protection

• During the 2020 Code cycle, a new surge protection requirement was   
added for dwelling unit services in 230.67 (expanded for 2023).

• Surge protection is now required for feeders that supply dwelling units, 
dormitory units, guest rooms and guest suites of hotels and motels, 
and patient sleeping rooms of nursing homes and limited care 
facilities.

• The use of sensitive electronic equipment in these newly added areas, 
supplied by services, is identical to its usage in dwelling units.

• A similar requirement was adopted in 225.42 for outside feeders.

215.18
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Article 220 Reorganization

• Article 220 has been rewritten to improve its usability. This change 
covers the reorganization only.

• Requirements that were in 220.11 and 220.10 were moved from Part 
II, Branch-Circuit Load Calculations, to Part I, General.

• Section 220.12 was relocated to Part III because it addresses feeder 
and service load calculations.

• Sections 220.14(J), (K), and (M) were relocated to 220.41, 220.43, 
and 220.44, respectively, because they deal with loads.

Article 220
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Floor Area

• Section 220.11 has been relocated from Part II of Article 220 to 
become 220.5(C).

• Garages and unfinished spaces, as well as unused spaces, are now 
included in the floor area calculations.

• Open porches continue to not be included in the floor area calculation 
if they cannot be adapted for future use as a habitable room or 
occupiable space.

220.5(C)
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Lighting Load for Non-Dwelling Occupancies

• The lighting load requirements for non-dwelling occupancies have 
been moved from Part II to Part III, Feeder and Service Load 
Calculations.

• The informational note to 200.42(A) points out that unit load conditions 
of the table are now based on minimum load conditions and 80% 
power factor, not 100%, as previously indicated. These values might 
not provide sufficient capacity.

• The note to the table has been revised to make it clear that no 
additional multiplier is required for the unit loads.

220.42
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Motors and Air-Conditioning Equipment

• The title of Section 220.50 has been changed to “Motors and Air-
Conditioning Equipment” to reflect the fact that it also provides a 
reference to the requirements for hermetic refrigerant motor-
compressors.

• The section has been reformatted to clearly delineate the 
requirements for motors from those for air-conditioning equipment.

• The air-conditioning requirements now reference all of Part IV of 
Article 440 for sizing of the branch circuit conductors.

220.50
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Appliance Load ꟷ Dwelling Units

• Section 220.53 permits a demand factor of 75% to be applied to the 
nameplate rating of four or more appliances fastened in place rated at 
least ¼ horsepower or 500 watts.

• Electric vehicle supply equipment has been added to the list of loads 
that are not permitted to have a reduced demand factor.

• Section 625.41 requires that the EVSE branch circuit be sized for 
continuous duty loads.

220.53
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Electric Vehicle Supply Equipment (EVSE) Load

• A new requirement has been added for sizing the load for electric 
vehicle supply equipment.

• The load must be sized at 7,200 volt-amperes or the nameplate rating 
of the equipment, whichever is larger.

• An informational note was added to reference 625.42, which provides 
the requirement for sizing an EVSE circuit.

220.57
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Noncoincident Loads

• This section covers requirements for calculating noncoincident loads 
on feeders and services. Noncoincident loads are loads that are 
unlikely to be used simultaneously, such as heating and air 
conditioning.

• The largest of the loads is permitted to be used for calculating the size 
of the feeder or service.

• Where a motor or air-conditioning load is part of the noncoincident 
load and is not the largest of the noncoincident loads, 125% of the 
larger of the motor load or the air-conditioning load must be used.

220.60
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Energy Management Systems (EMSs)

• Section 220.70 will allow listed energy management systems to be 
used to limit the load on feeders or services.

• Upon malfunction, the EMS must disconnect the loads.

• Access to the settings must be restricted to authorized personnel in 
accordance with 750.30(C)(3).

• There are field marking requirements indicating the maximum current 
setting, the date of the calculation and setting, and identification of 
current-limited loads and sources.

220.70
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Receptacle Loads – Health Care Facilities

• Demand factors for receptacle loads in health care facilities have been 
added in 220.110, which is located in the new Part VI, Health Care 
Facilities.

• These new requirements are based on receptacle load data from 
health care facilities.

• Since load calculations and demand factors are found in Article 220, 
the demand factors are referenced in 517.22.

220.110
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Receptacle Loads

• Table 555.6 has been relocated to 220.120.

• The relocation of demand factors is consistent with the decision to 
place requirements for demand factors in health care facilities into 
220.110.

• Note No. 2 was revised to provide a method for shore power load 
calculations for slips using individual kilowatt-hour submeters.

• A new note has been added to the table that notes that if a circuit 
feeds a boat hoist and shore power for the same boat slip, only the 
load with the larger demand factor must be counted in the calculation 
because the loads are not coincident.

220.120
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Emergency Disconnects

• One- and two-family dwelling units that are supplied by a feeder now 
require an emergency disconnect that is installed in an outdoor, readily 
accessible location.

• If more than one disconnect is required, they must be grouped.

• The disconnecting means must be marked “EMERGENCY 
DISCONNECT.”

• The disconnect marking is required to be on the outside front of the 
enclosure. The label must be red with white lettering.

225.41
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Surge Protection

• During the 2020 cycle, a new surge protection requirement was added 
for dwelling unit services in 230.67 (expanded for 2023).

• Surge protection is now required for outside feeders that supply 
dwelling units, dormitory units, guest rooms and guest suites of hotels 
and motels, and patient sleeping rooms of nursing homes and limited 
care facilities.

• A similar requirement is now located in 215.18 for feeders.

• There is no exception for outside feeder equipment for remotely-
located SPD protection for upstream feeder or service equipment.

225.42
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Other Conductors

• Service conductors have been prohibited from being in the same cable 
or raceway with branch-circuit or feeder conductors.

• Service conductors are now also prohibited from being installed in 
underground boxes or handhole enclosures with branch-circuit or 
feeder conductors.

• Intermingling service conductors with other conductors is a hazard to 
workers and to connected equipment.

• Grounding electrode conductors and supply-side bonding jumpers are 
permitted in the same raceway or enclosure as the service 
conductors.

230.7
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Above Roofs

• The requirement for the minimum vertical clearance of overhead 
conductors above a roof surface has been increased from 2.5 meters 
(8 ft.) to 2.6 meters (8 ft. 6 in.)

• The vertical clearance extends 3 feet in every direction from the edge 
of the roof.

• The minimum clearance requirement for service conductors was less 
than for feeder conductors. Service conductors would be a greater 
hazard to workers on roofs than feeder conductors.

• The metric conversion in 225.19(A) was incorrect in the last edition of 
the Code.

230.24(A)
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Wiring Methods for 1000 Volts, Nominal, or Less

• The list of permitted wiring methods for service entrance conductors 
has been revised.

• Type TC-ER cable is permitted where it is identified for use as service 
conductors.

• Flexible bus systems are a new wiring method that is now permitted 
for services.

• Article 371 provides installation requirements for flexible bus systems.

230.43
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Barriers

• Barriers are required in service equipment to minimize the likelihood of 
inadvertent contact with uninsulated, and ungrounded, service busbars 
and terminals.

• This requirement has been revised to make it clear that the 
requirement applies to protection from contact when the service 
disconnect is in the open position.

• The conductors and terminals being protected by barriers will remain 
energized when the service disconnect is in the open position.

230.62(C)
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Surge Protection

• Surge protection will now be required to be provided in service 
equipment for dormitories, guest rooms and guest suites of hotels and 
motels, and sleeping areas of nursing homes and limited care 
facilities.

• With the expansion of the requirements, the section was reformatted 
into list format.

• Surge protective devices must have a nominal discharge current rating 
of not less than 10 kA.

230.67
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Two to Six Service Disconnecting Means

• The requirements for barriers in vertical sections of switchboards were 
clarified.

• Transfer switches in service equipment are now required to be in 
separate compartments.

• Barriers between a service disconnect for a motor control center and 
motor disconnects are now required.

• An exception was added that permits the addition of service 
disconnects (up to six) in a single enclosure in an existing installation 
that was installed in compliance with editions of the Code prior to 
2020.

230.71(B)
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Emergency Disconnects

• Section 230.85 was rewritten into a list format and the language was 
clarified.

• An exception was added to not require an outdoor service disconnect 
to be readily accessible, where an outdoor feeder disconnect is 
installed in accordance with 225.41.

• If multiple disconnects are required, they must be grouped.

• If disconnects are replaced, all of the requirements of this section 
apply. However, the exception to (C) permits some repairs.

230.85
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Branch Circuits, Feeders, and Services Over 1000 Vac…

• A new Article 235 has been created that covers requirements for 
branch circuits, feeders, and services over 1,000 volts ac or over 
1,500 volts dc.

• This change is intended to locate the medium-voltage requirements to 
improve usability and clarity.

• Corresponding requirements have been deleted from Articles 210, 
215, and 230.

Article 235
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Reconditioned Equipment

• Section 240.2 has been created to indicate which equipment is 
permitted to be reconditioned.

• Equipment not permitted to be reconditioned includes GFPE, GFCI, 
low-voltage fuseholders, low-voltage nonrenewable fuses, molded-
case circuit breakers, and low-voltage circuit breaker electronic trip 
units.

• Equipment permitted to be reconditioned includes low-voltage power 
circuit breakers, electromechanical relays, and current transformers.

• Reconditioned equipment covered by Article 240 must be listed.

240.2
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Overcurrent Devices Rated 800 Amperes or Less

• Conductors must be protected from overcurrent in accordance with 
their ampacity. Where the ampacity does not equal a standard OCPD 
rating, the next standard size (not to exceed 800 amperes) is 
permitted to be used in accordance with 240.4(B).

• An adjustable trip OCPD is permitted to be used as long as the setting 
does not exceed the next standard rating size above the conductor 
ampacity.

• The means to adjust the setting of the adjustable trip mechanism must 
have restricted access in accordance with 240.6(C).

240.4(B)
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Remotely Adjustable Trip Circuit Breakers

• Remotely adjustable circuit breakers are permitted to have an ampere 
rating that is equal to the adjusted current setting (long-time pickup 
setting).

• Access can be achieved directly through a local nonnetworked 
interface or through a networked interface where the circuit breaker 
and software are identified as being evaluated for cybersecurity or the 
network has had a documented cybersecurity assessment.

• Two informational notes were added that reference cybersecurity 
standards and recognized methods of commissioning to identify cyber 
threats.

• A third informational note points out that continuous vigilance is 
necessary.

240.6(D)
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Listing Requirements

• Branch-circuit overcurrent protective devices are now required to be 
listed.

• The listing standards include UL 489 Standard for Safety: Molded-
Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker 
Enclosures, and UL 1066 Standard for Safety: Low-Voltage AC and 
DC Power Circuit Breakers Used in Enclosures.

• Products that are not listed must be evaluated for safety in accordance 
with 110.3(A) as the basis for approval by the AHJ. Jurisdictions do not 
have the facilities to properly evaluate circuit breakers.

240.7
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Selective Coordination

• Selective coordination of overcurrent protective devices limits the 
extent of an outage without opening the service.

• If there are feeders connected to the service that have loads that are 
not required to be coordinated, the uncoordinated loads could be 
capable of opening the service OCPD.

• The 2023 Code requires that when feeders are connected to a service 
that has loads that are required to be selectively coordinated, the 
feeders are also required to be selectively coordinated.

240.11
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Location in or on Premises

• The use of a tool to access overcurrent protective devices will be 
permitted in enclosures designed for hazardous (classified) locations 
and for enclosures to protect against environmental conditions.

• Branch-circuit overcurrent protective devices will not have to be 
accessible to all residents in sleeping rooms in dormitory units.

• The prohibition against locating overcurrent protection in bathrooms of 
dwelling units, dormitory units, and guest rooms and guest suites has 
been expanded to include all bathrooms, showering facilities, and 
locker rooms with showering facilities.

240.24
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Replacement Trip Units

• Replacement trip units for circuit breakers must be listed for use in the 
specific circuit breaker type.

• The trip unit may be identical to the original, or it could provide 
additional features.

• Listing ensures that the new trip unit will not compromise the operation 
of the circuit breaker.

• This action correlates with the action taken during the 2020 cycle in 
490.21(A)(5) for circuit breakers rated over 1,000 volts (245.21(A)(5) 
in this edition).

240.89
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Indicating

• Surge protective devices are required to provide an indication that they 
are operating properly.

• A surge protective device can be damaged by a high-level surge, even 
if it has protected the equipment.

• Previously, the occupant may not have known that the SPD operation 
may have damaged it, precluding future protection.

242.9
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Surge Arrester Rating

• Previously, the rating of a surge arrester was required to be equal to or 
greater than the maximum continuous operating voltage at the point of 
application.

• The duty cycle is now required to be not less than 125% of the 
maximum continuous operating voltage available at the point of 
application.

• The reference to silicon-carbon type surge arresters was deleted 
because they are no longer manufactured.

242.42
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Overcurrent Prot. Sys. Rated Over 1000 Vac, 1500 Vdc

• A new Article 245 has been created on overcurrent protection for 
systems rated over 1,000 volts ac and 1,500 volts dc.

• This new article will replace previous requirements for systems over 
1,000 volts, which were located in Articles 240 and 490.

• This is one of several new articles that are intended to enhance the 
NEC’s coverage of medium- and high-voltage applications.

Article 245
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Reconditioned Equipment

• This section was revised, placed into list format, and relocated to 
become 245.2.

• Medium- and high-voltage circuit breakers are now permitted to be 
reconditioned.

• Electromechanical protective relays and current transformers are now 
permitted to be reconditioned.

• Medium-voltage fuseholders and medium-voltage nonrenewable 
fuseholders are not permitted to be reconditioned.

245.2
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Objectionable Current

• This section was revised to recognize that bonding of various parts of 
electrical systems and equipment can also cause objectionable 
currents.

• 250.6(B) now provides remedies to objectionable currents resulting 
from bonding.

• 250.6(C) was revised to recognize that currents resulting from 
abnormal conditions may not be temporary and could also exist due to 
required grounding and bonding connections.

250.6
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Alternating-Current Systems to Be Grounded

• Alternating current systems are now required to be grounded in 
accordance with 250.20, unless prohibited elsewhere in the Code.

• A new informational note has been added to point to specific examples 
of applications where grounding is prohibited. In addition, 250.22 was 
deleted because it was a reference to some of these requirements 
elsewhere in the Code.

• 250.20(D) was revised to recognize that impedance grounded systems 
do not have a neutral conductor.

250.20
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Grounding of Service-Supplied AC Systems

• The term high impedance grounded system is now changed to 
impedance grounded system.

• The conductor that connects to the neutral point through an 
impedance is not a grounded conductor – it is an impedance grounded 
conductor. Correlating changes were made in 250.36.

• Parallel grounded service conductors in two or more parallel raceways 
are required to be connected in parallel. The grounded conductor in 
each raceway is to be sized based on the conductor in the raceway.

250.24
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Impedance Grounded Systems – 480 V to 1000 V

• The term high impedance grounded neutral system is now changed to 
impedance grounded system.

• The conductor that connects to the neutral point through an 
impedance is not a grounded conductor – it is an impedance grounded 
conductor.

• The conductor is also not a neutral conductor.

250.36
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Grounding Electrode Conductor Installation

• Section 250.64(B) has been updated to include copper-clad aluminum 
conductors in the requirements for securing and supporting.

• Section 250.64(D)(2)(2) has been revised to recognize that some 
buildings are supplied by branch circuits, rather than by feeders or 
services. This removes a conflict with 250.24(A)(1).

• A new 250.64(G) was added to prohibit grounding electrode 
conductors from being run through the ventilation openings of 
equipment.

• There were several minor editorial corrections in this section.

250.64
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Grounding Electrode Conductor Connections

• Interior metal piping that is electrically continuous with a metal 
underground water pipe electrode that is not more than 5 feet from the 
point of entrance is permitted to extend the grounding electrode.

• The measurement has been clarified in three places to make it clear 
that the measurement is along the water piping.

• In 250.68(C)(2) and (C)(3), there were references to “the usual steel 
tie wires” without explanation. The phrase “the usual” was deleted.

250.68(C)
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Bonding for Communications Systems-Other Means

• Section 250.94(B) was revised to clarify the requirement for the 
connection to a busbar, which is connected to the grounding electrode 
conductor. The conductor must be the larger of one of the following:

– A conductor that is sized at least as large as the largest conductor 
connected to the busbar.

– A 6 AWG conductor in accordance with 250.94(A)(4)

250.94(B)
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Bonding of Piping Systems and Exposed Struct. Metal

• Changes were made in 250.104(C) to replace the vague language 
about conductors of “sufficient size” with a reference to Table 
250.102(C)(1) to specify the size.

• Changes were made in 250.104(D)(3) to make it clear that the piping 
being referred to is metal water piping.

• Changes were also made to recognize that connections to grounding 
electrodes in the earth may be extended through portions of the pipe 
or structural electrodes that are above ground, provided the installation 
complies with 250.68(C).

250.104(C) & (D)
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Types of Equipment Grounding Conductors

• Section 250.118, Types of Equipment Grounding Conductors, was 
reformatted into two subdivisions: (A) Permitted, and (B) Not 
Permitted.

• Section 250.118(A)(5)(f) and (A)(6)(f) were added for locations where 
there is a need for high resistance to corrosion. A stainless-steel core 
has a higher electrical resistance than other metals used in the 
construction of liquidtight flexible metal conduit. The bonding jumper 
can be internal or external to the liquidtight flexible metal conduit.

• A requirement for a bonding jumper was also added to 
250.118(A)(5)(e).

250.118
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Limitations

• Article 300 was reorganized to limit it to systems rated 1,000 volts ac, 
nominal, or less and 1,500 volts dc, nominal, or less.

• Medium- and high-voltage requirements have been moved to the new 
Article 305.

• This is the first cycle that 1,500 volts dc has been established as a 
limit.

Article 300
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Limitations

• Section 300.2 has added a voltage limitation for dc systems that are 
covered by Article 300.

• Chapter 3 wiring methods apply to systems operating at 1,000 volts ac 
or less or 1,500 volts dc or less.

• Chapter 3 wiring methods are only permitted on systems operating 
over 1,000 volts ac and 1,500 volts dc if specifically permitted 
elsewhere in the Code.

• The scope of Article 305 states that it applies to installations 
exceeding 1,000 volts ac or exceeding 1,500 volts dc.

300.2 & 300.3
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Cables, Raceways, or Boxes Under Metal Decking

• Section 300.4(E) will now only apply to installations beneath metal-
corrugated roof decking.

• Exception No. 1 was revised to recognize that listed steel or malleable 
metal fittings and boxes provide protection from nail penetration.

• A new exception was added for corrugated roof decks that have a 
minimum 2-inch slab installed over the corrugated metal roof deck.

300.4(E)
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Expansion, Expansion-Deflection, Deflection Fittings

• Section 300.7(B) requires raceways to be provided with expansion-
deflection or deflection fittings where necessary to compensate for 
expansion, deflection, and contraction.

• Failure to provide these fittings can result in damage to the installation.

• Informational Note No. 1 provides references to tables that provide 
expansion information. It also provides information on the rate of 
expansion.

• A new informational note was added that references NEMA FB 2.40, 
Installation Guidelines for Expansion and Expansion/Deflection 
Fittings.

300.7(B)
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Boxes, Conduit Bodies, or Fittings – Where Required

• Section 300.15 was clarified to indicate that a box or conduit body is 
required at conductor splice, termination, junction, and pull points.

• Wording was added to indicate that boxes or conduit bodies are 
required at “wiring method transition points,” which indicates a change 
in wiring method.

• Section 300.15(G) was revised to clarify that it also applies to direct-
buried cables in addition to direct-buried conductors.

300.15
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Exit Enclosures (Stair Towers)

• Many buildings have exit enclosures (stair towers) to protect personnel 
who need to exit during a fire. These are often supported 
independently of the building.

• Exit enclosures that are required to have a fire rating must be served 
only by wiring methods serving equipment that is permitted by the AHJ 
to be in the stair tower.

• Luminaires for the exterior lighting of exit doors of exit enclosures are 
permitted to be supplied by a circuit that supplies the inside of the exit 
enclosure.

300.25 & Exception
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Remote-Control and Signaling Circuits Classification

• The scope of Article 725 has been changed, requiring this clarification.

• Class 2 and 3 power-limited remote-control and signaling circuits 
remain in Article 725.

• Class 1 power-limited remote-control and signaling circuits were 
relocated to the new Article 724.

• Non–power-limited remote-control and signaling circuits are governed 
by the requirements of Chapters 1 through 4 of the Code.

300.26
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Systems Rated Over 1000 V ac, 1500 V dc, Nominal

• Article 305 has been created to separate the requirements for 
medium-voltage systems from the requirements of systems rated 
1,000 volts ac or less and 1,500 volts dc or less.

• The bulk of Article 305 came from Part II of Article 300.

• Section 305.3 references the wiring methods permitted to be used 
over 1,000 volts ac and 1,500 volts dc.

• Requirements for services, feeders, and branch circuits for systems 
rated over 1,000 volts ac and over 1,500 volts dc are found in Article 
235.

Article 305
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Splices, Taps, and Feed-Through Conductors

• A new 312.8(A)(3) has been added to recognize the additional bending 
space needed for conductors 4 AWG and larger.

• Where splices or where angle or U pulls are made with insulated 
conductors, 314.28(A)(2) requires the distance between the raceway 
and the opposite wall to be at least six times the largest trade size in a 
row.

• The six times rule also applies to straight-through conduit entries if the 
conductors are spliced.

312.8
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Screws or Other Fasteners

• Screws and other fasteners installed in the field that enter the wiring 
space are required to be those provided by or specified by the 
manufacturer.

• If not supplied or specified by the manufacturer, this section provides 
three criteria that can be used, where applicable.

• An exception allows screws that enter to extend into the enclosure not 
more than 7/16 inch if located within 3/8 inch of an enclosure wall.

• A similar requirement was added for screws and fasteners in 314.5.

312.10
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Screws or Other Fasteners

• New requirements for screws and other fasteners have been added to 
314.5. Screws and other fasteners are required to have blunt ends.

• Specific requirements are provided for the permitted length, based on 
where in the box the screw or fastener is used.

• Longer screws are permitted where protected with an approved 
means.

314.5
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Box Fill Calculations

• The second paragraph of 314.16(B)(2) was deleted because the 
product line that it was intended for is not being produced.

• Equipment bonding jumpers were removed for the conductor fill 
calculation requirements in 314.16(B)(5). The panel concluded that if 
equipment bonding jumpers are run within raceways, they are 
considered an expansion of the equipment grounding conductor.

• 314.16(B)(6) was added to require a single volume allowance for a 
terminal block assembly based on the largest conductor terminated to 
the assembly.

314.16(B)
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Dimensions of Boxes

• The title of 314.24 has been changed from “depth of boxes” to 
“dimensions of boxes” to recognize that this section deals with more 
than depth.

• The rearward projection of devices or equipment must not be greater 
than the center line of a knockout used for a side wiring entrance or a 
½-inch clearance must be maintained between the device and the 
sidewall of the box.

• Where wiring enters the center portion of the rear of a box opposite 
the equipment, the minimum clearance must be increased to ½ inch.

314.24
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Covers and Canopies

• Section 314.25 was revised to clarify that conduit body enclosures 
must be enclosed by a cover, a lampholder, or a device.

• Like boxes, conduit bodies can contain splices, terminations, and 
devices. Therefore, conduit bodies should also be covered.

• The language in 314.25(A) and the informational note were revised to 
clarify that they apply to equipment grounding conductors.

314.25
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Outlet Boxes, Ceiling-Suspended (Paddle Fans)

• Outlet boxes used as the sole support of ceiling-suspended (paddle) 
fans are now required to be marked on the inside of the box so that 
the marking can be seen during a rough-in inspection.

• 314.27(C)(2) was simplified to recognize boxes that provide direct 
access through the box to structural framing capable of supporting a 
paddle fan, without the need to remove the box.

• The locking support and locking receptacle and the compatible 
attachment fitting have been renamed as “weight-supporting ceiling 
receptacle” and “weight-supporting attachment fitting.”

314.27(C) & (E)
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Medium Voltage Conductors and Cables

• Article 311 has been relocated to become Article 315, consistent with 
the numbering scheme for medium-voltage articles.

• The title and scope of Article 315 have been expanded to include 
cable joints and cable terminations.

• The scope of this article for dc cables is limited to cables rated 2,001 
through 2,500 volts.

Article 315
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Bends

• Sections 342.24 and 342.26 have been combined into a 342.24, 
Bends.

• This now clarifies the total degrees of bends between pull points.

• Since Chapter 3 articles follow the same format, the same change was 
made in Article 344, 348, 350, 352, 353, 354, 355, 356, 358, 360, and 
362.

342.24
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Securing and Supporting

• Section 342.30(A) requires intermediate metal conduit (IMC) to be 
securely fastened.

• A new exception permits IMC in concealed work to be fished in 
finished buildings or in prefinished wall panels where secure fastening 
is impractical.

• This exception only applies to unbroken lengths of IMC without 
couplings in the concealed space.

342.30(A)
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Reaming and Threading

• PVC-coated RMC is often used in areas subject to corrosion.

• New text was added to this section to require that the manufacturer’s 
instructions be followed when threading PVC-coated RMC to prevent 
damage to the exterior coating.

• A new informational note was added that references NECA 101, 
Standard for Installing Steel Conduits (RMC, IMC, EMT), which 
provides information on threading PVC-coated RMC.

344.28
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Insert Uses Permitted

• The uses permitted for PVC conduit have been clarified.

• PVC conduit is permitted to be embedded in concrete.

• Exposure to physical damage requirements have been removed from 
352.10(G) and moved to the new 352.10(K), Physical Damage.

• Where subject to physical damage, Schedule 80 PVC conduit, along 
with listed Schedule 80 PVC conduit fittings, must be used.

352.10
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Uses Permitted

• Section 358.10 was revised to recognize two new permitted uses for 
EMT.

• EMT is permitted in direct burial applications where it is used with 
fittings that are identified for direct burial.

• EMT is recognized for manufactured wiring systems as permitted in 
604.100(A)(2).

358.10
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Uses Permitted

• Section 362.10(2) was revised to clarify that ENT is permitted to be 
installed in combustible or noncombustible buildings where the walls, 
floors, and ceilings meet the finish rating.

• The mandatory reference to NFPA 13 was changed to an informational 
note reference.

• Section 362.10(6) was split into two sections to separate requirement 
for installations in poured concrete floors, ceilings, walls, and slabs 
from those where the ENT is embedded in concrete slabs.

362.10
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Insulated Bus Pipe (IBP)/Tubular Covered Conductors

• The new Article 369 covers Insulated Bus Pipe (Type IBP).

• IBP is a cylindrical solid or hollow conductor with a solid insulation 
system having conductive grading layers and a grounding layer 
embedded in the insulation that is provided with an overall insulation 
or metallic material. It is permitted for up to 35 kV.

• IBP is required to be listed.

• IBP is permitted to be used in wet or damp locations when listed for 
wet or damp locations.

• IBP must not be accessible to unqualified persons.

Article 369
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Cablebus Installation

• Cablebus installation requirements have been simplified.

• Cablebus is permitted to be run through fire walls in accordance with 
300.21.

• Since cablebus is a support system, similar to cable trays, the firestop 
requirements now refer to 300.21.

• The previous requirement for curbs where cablebus penetrates floors 
has been removed because cablebus is permitted in wet locations.

370.18
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Marking

• Section 370.120 was revised to clarify cablebus marking requirements 
and to harmonize with requirements in Canada.

• Nameplates are required at each terminating end of the system, 
identifying the manufacturer as well as the ratings.

• Nameplates are required to be visible after installation.

• Each section and fitting of a cablebus system is required to be 
identified with a marking that corresponds with the installation 
instruction.

370.120
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Flexible Bus Systems

• A new Article 371 was created for flexible bus systems, which are 
assemblies of flexible bus with associated fittings to secure, support, 
and terminate the bus. 

• Flexible bus is permitted for services, feeders, and branch circuits.

• Flexible bus is permitted indoors, or outdoors if identified for outdoor 
use.

• Flexible bus is permitted to be used exposed or behind access panels 
as long as the space behind the access panels is not used for air 
handling.

Article 371
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Portable Power Feeder Cables Over 2000 V, Nominal

• Article 400, Part III has a title change. It now covers portable cables of 
over 600 volts up to 2,000 volts.

• A new Part IV was added on portable power feeder cables over 2,000 
volts, nominal.

• Portable power feeder cables can be used for connection of portable 
equipment and machinery or for wiring of cranes and hoists. Portable 
power feeder cables can also be used for temporary services and 
other temporary installations.

400.40 through 400.52
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Scope

• Article 404 applies to all switches, switching devices, and circuit 
breakers used as switches.

• Article 404 typically applies to switches operating at 1,000 volts or less 
but can apply to switches operating at higher voltages as specifically 
referenced elsewhere in the Code.

• There is a new generation of wireless control switches that are battery 
operated. These wireless switches are not covered by Article 404.

• An informational note was added that points to 210.70, which now has 
requirements that apply to wireless switches.

404.1
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Snap Switch Terminations

• Section 404.14 has been revised to require that switches be listed and 
marked with their ratings.

• New 404.14(D) was added to provide requirements for conductors 
used on the terminals of switches based on the markings of the 
switches.

• Section 404.14(D)(3) also addresses the limited use of push-in 
terminals, which are restricted to 14 AWG copper conductors only.

404.14 & 404.14(D)
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Reconditioned Equipment

• Lighting, dimmer, and electronic control switches are not permitted to 
be reconditioned.

• Snap switches are an inexpensive and easily-replaceable item. 
Therefore, they are not permitted to be reconditioned.

• Knife switches, switches with butt contacts, and bolted pressure 
switches are permitted to be reconditioned.

404.16
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Switch Enclosures with Doors

• Doors of enclosures for switches that provide access to live parts 
when opened must be constructed so that either a tool or other 
approved means is necessary to open the door if the switch is in the 
closed position.

• A similar change was made in 690.13(A) and 690.15(A) during the 
2020 cycle.

• This does not prohibit the use of a lock to prevent access.

• These changes are intended to restrict access by unqualified persons. 
The primary intent is to protect children.

404.30
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Receptacle Rating and Type

• The title of 406.3(C) has been changed to CO/ALR Receptacles.

• Section 406.3(D) has been added to cover requirements for 
termination of conductors to receptacles.

• Push-in terminals are only listed for 14 AWG copper conductors and 
can only be used to connect receptacles on 15-ampere branch 
circuits.

406.3
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General Installation Requirements

• Section 406.4(D)(3) now requires replacement GFCI-type receptacles 
to be listed.

• Section 406.4(D)(5) provides requirements for replacement tamper-
resistant receptacles. A tamper-resistant receptacle is not required if a 
non–grounding-type receptacle is replaced with another non–
grounding-type receptacle. A tamper-resistant receptacle is also not 
required if a CO/ALR receptacle is replaced with another CO/ALR 
receptacle.

• Replacement receptacles must be provided with GFPE if required 
elsewhere in the Code.

• Floor receptacles must be protected in accordance with 406.4(G).

406.4
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Receptacles in Damp or Wet Locations

• Hinged covers of outlet box hoods in damp locations must be able to 
open at least 90° from the open to the closed position.

• If not designed to open 90°, it must be able to open fully.

• All receptacles in wet locations must be listed and identified as 
weather resistant.

• Other receptacles in wet locations that are attended while in use must 
be weatherproof with the attachment plug removed.

• The bathtub and shower space zones have been revised.

406.9
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Tamper-Resistant Receptacles

• Tamper-resistant receptacle requirements now include all dwelling 
units, boathouses, mobile homes, and manufactured homes, including 
their attached and detached garages.

• Requirements for tamper-resistant receptacles in medical facilities and 
other types of residential facilities have been revised and clarified.

• The exception has been clarified so that a tamper-resistant receptacle 
is not required for single receptacles that supply one appliance or 
duplex receptacles that are not readily accessible. The exception only 
applies if the receptacle is in the space designated for a specific 
appliance.

406.12
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Descriptions Required

• The title of 408.4 has been changed from “Field Identification” to 
“Descriptions Required.”

• Every circuit and circuit modification is required to be legibly and 
permanently described with its clear, evident, and specific purpose or 
use.

• All switchboards, switchgear, and panelboards supplied by a feeder in 
other than one- and two-family dwellings must be marked to indicate 
the location of the power source.

408.4
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Replacement Panelboards

• A new 408.9 has been added to provide requirements for replacement 
panelboards.

• Panelboards listed for the specific enclosure are permitted to maintain 
their short-circuit current rating.

• Panelboards not listed for the specific enclosure with fault current over 
10,000 amperes require field labeling. If fault current is less than 
10,000 amperes, any previous listing marks must be removed.

408.9
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Panelboard Orientation

• The 2020 Code prohibited panelboards from being installed in the 
face-up position because it created an unsafe working position and 
increased the likelihood that debris could accumulate in the 
panelboard.

• The requirement has also been modified for the 2023 Code to prohibit 
installation in the face-down position.

• Installation in a face-down position introduces working space 
concerns. Working on the panelboard would be awkward, increasing 
the likelihood of injury during an arc flash or arc blast incident.

408.43
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Bonding

• Section 409.60 has been retitled “Bonding” and has been reorganized 
into list format for clarity.

• Section 409.60(A), “Grounding,” requires an EGC sized in accordance 
with 250.122 to be connected to an equipment grounding bus or 
equipment grounding termination point provided in a single-section 
industrial control panel.

• Section 409.60(B) requires multisection industrial control panels to be 
bonded together using a bonding jumper sized in accordance with 
250.102(D).

409.60
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Surge Protection

• A new Section 409.70 has been added to require surge protection for 
safety circuits for personnel protection.

• A survey of facility managers in 2013 and 2014 by the Fire Protection 
Research Foundation found that 26% of safety circuits that were 
intended to protect personnel had surge damage.

• It was also found that 40% of the surges in industrial facilities were 
from causes within the plant rather than lightning-caused surges.

409.70
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Marking

• The marking requirements for industrial control panels have been 
clarified.

• The voltage, number of phases, and full-load current are required to 
be marked on the exterior of the enclosure for each supply circuit.

• If the industrial control panel is supplied by multiple sources of supply 
with multiple disconnecting means, the location of all sources 
exceeding 50 volts is required to be marked on the exterior.

• The other required markings must be inside or outside of the 
enclosure.

409.110
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Luminaires with Exposed Conductive Surfaces

• Section 410.42 was reorganized into a main rule that requires exposed 
conductive surfaces of a luminaire to be connected to an equipment 
grounding conductor.

• An exception covers parts that do not require an EGC connection, 
including:

– Surfaces that are separated by a listed system of double 
insulation.

– Small, isolated parts such as screws, clips, and bands that are 
separated by at least 1 ½ inches from terminals.

– Portable luminaires with polarized attachment plugs.

410.42
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Disconnecting Means-Fluorescent or LED Luminaires

• Section 410.130(G)(1) was moved into a new 410.71.

• The requirement has been expanded to include LED luminaire drivers 
that utilize double-ended lamps.

• LED luminaires are more energy-efficient but can still pose the same 
shock and electrocution hazards to workers.

410.71
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Provisions for Germicidal Irradiation Luminaires

• A new Part XVII on germicidal radiation luminaires has been added to 
Article 410.

• Luminaires intended to emit germicidal radiation are required to be 
listed.

• Germicidal radiation luminaires must be installed in accordance with 
the manufacturer’s instructions.

• Germicidal luminaires are not permitted in dwellings, unless listed and 
identified for dwellings.

410.190 through 197
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Appliances

• Several sections in Article 422 were deleted because they were unnecessary for 
field applications.

• Section 422.6 requires that all appliances be listed. This eliminated the need for 
Sections 422.3 and 422.4.

• Sections 422.15 and 422.46 were deleted because they do not address unique 
field installation problems.

• Section 422.23 was deleted because it provides a redundant reference to the 
special permission requirement in 90.3.

• The flexible cord requirements in 422.43 were consolidated with other flexible cord 
requirements in 422.16(A).

Article 422

635



Chapter 4 • Articles 400-495 © 2022 electrical training ALLIANCE

Article 422

636



Change Summary

Chapter 4 • Articles 400-495 © 2022 electrical training ALLIANCE

Ceiling-Suspended (Paddle) Fans

• 422.18(A)(1) was revised to clarify that listed outlet boxes or outlet box 
systems must be identified for fan support.

• 422.18(A)(2) was revised to use the new terms for weight-supporting 
ceiling receptacle and weight-supporting attachment fitting.

• 422.18(B) was added to prohibit metal parts of paddle fans from being 
located within three feet horizontally and eight feet vertically from the 
top of a bathtub rim or shower threshold.

422.18
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Installation of Cables in Walls

• Section 424.48 recognizes a new heating system that consists of 
heating cable sets or heating panel sets that can be installed in, on, or 
behind walls.

• Heating cables and cable sets are required to be GFCI and AFCI 
protected.

• Heating cables and cable sets are not permitted more than four feet 
above the floor.

424.48
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Scope

• Informational Note Figure 430.1 was revised to make it more useful. 
The table above the figure remains unchanged.

• For consistency, section numbers were removed from the figure.

• Blocks were added to the diagram indicating feeder overcurrent 
protection, motor controller disconnecting means, motor branch-circuit 
conductors, local motor branch-circuit disconnecting means 
(moved),and grounding.

430.1
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Conductor Ampacity and Motor Rating Determination

• For most general applications, the current values used for determining 
the ampacity of conductors, the ampere rating of switches, and the 
ampere rating of branch-circuit short-circuit and ground-fault protection 
are based on table values from Article 430, Part IV.

• New 430.6(A)(2)(3) was added to permit the use of nameplate current 
ratings for motors that exceed the motor sizes in Part XIV.

• Section 430.6 was changed into list format to make it easier to use.

430.6
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Rating or Setting

• Section 430.52(C)(3) was revised to recognize the higher available 
inrush current that is available for Design B premium efficiency motors 
that are protected by an instantaneous-trip circuit breaker.

• Section 430.52(C)(6) was revised to recognize the higher inrush 
current for Design B premium efficiency motors supplied by a self-
protected combination motor controller.

• Design B premium efficiency motors have been mandated in new 
federal energy efficiency regulations. Design B and Design B premium 
efficiency motors have high inrush currents because they are low-
impedance equipment.

430.52(C)
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Ratings

• The new 430.83(F) prohibits installing a motor controller on a circuit 
where the motor controller’s short-circuit current rating is exceeded.

• Section 430.8 generally requires motor controllers to be marked with 
their short-circuit current ratings.

• Section 110.20 requires the equipment short-circuit current ratings and 
other characteristics of the circuit to be selected and coordinated to 
permit the circuit protective devices to clear faults without extensive 
damage to the electrical equipment.

430.83(F)
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Single Machine and Location

• Air-conditioning and refrigeration equipment is prohibited from being 
installed within three feet horizontally and eight feet vertically above a 
bathtub rim or shower threshold, including the space directly above the 
shower or tub.

• This requirement primarily affects the installation of mini-split air-
conditioning system evaporators.

• Bathrooms are typically very small rooms. A change in bathroom 
configuration may be necessary to accommodate the equipment of 
this type of system.

440.8
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Rating or Setting for Individual Motor-Compressor

• Section 440.22(A) was revised by splitting the last sentence and 
creating two new exceptions. The existing exception became 
Exception No. 3.

• The first exception addresses installations where the determined value 
of branch-circuit short-circuit and ground-fault protection does not 
correspond with the standard sizes of OCPDs.

• The second exception permits the value of an OCPD to be increased 
in size to as much as 225% if the motor will not start.

440.22(A)
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Listing

• Previously, stationary generators rated 600 volts or less were required 
to be listed.

• This section now requires all generators to be listed. However, one-of-
a-kind custom manufactured generators are permitted to be field 
labeled.

• UL 2200, Stationary Generator Assemblies, now also covers medium-
voltage generators.

445.6
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Marking

• The generator marking requirements were clarified.

• This criterion is needed to ascertain the performance characteristics of 
the generator and to establish the overcurrent protective device 
settings.

• A new requirement was added that prohibits mounting equipment on 
the generator assembly that conceals or obscures the generator 
nameplate.

445.11
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Disconnecting Means

• Section 445.18 was divided into two sections. Section 445.18 
addresses disconnecting means, and new Section 445.19 addresses 
emergency shutdown of the prime mover.

• Section 445.18(B) was revised to clarify the need for the ability to 
isolate the generator output terminals from the paralleling system bus.

• A labeling requirement was added to identify the generator emergency 
shutdown.

445.18 & 445.19
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Accessibility

• The title of 450.43(C) was changed from “Locks” to “Accessibility.”

• Transformer vault doors are required to open in the direction of 
egress. This has been modified to require that the door be capable of 
opening at least 90°.

• Similar changes for a 90° opening of egress doors have been 
implemented in 110.26(C), 110.33(A)(3), and 480.10(E).

450.43(C)
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Load Current

• Switches used to switch capacitive loads on circuits over 1,000 volts, 
nominal, shall be specifically rated for the switching of capacitive 
loads.

• Switches are often evaluated for switching inductive loads, but not 
capacitive loads.

• Capacitive loads can generate recovery voltages of two to three times 
the rated system voltage, which can cause external equipment 
flashovers, rupture of capacitors, and damage to surge protective 
devices.

460.24(A)
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Stationary Standby Batteries

• The title of Article 480 has been changed from “Storage Batteries” to 
“Stationary Standby Batteries.”

• The scope of Article 480 has been revised to limit it to stationary 
batteries exceeding one kilowatt-hour.

• A new Informational Note No. 1 points to Article 706 for batteries that 
do not meet the definition of stationary storage batteries.

• A reference was added in Informational Note No. 2 to point to NFPA 
855, which is a fire protection standard for energy storage systems.

• NFPA 111: Stored Energy Systems also covers battery installations.

Article 480
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Equipment Over 1000 Volts ac, 1500 Volts dc, Nominal

• Article 490 has been relocated to become Article 495. The scope now 
covers equipment operating at more than 1,000 volts ac or 1,500 volts 
dc, nominal.

• Requirements for motors, capacitors, resistors, and reactors remain in 
Articles 430, 460, and 470, respectively.

• Requirements for transformers remain in Article 450. Moving those 
requirements may be warranted in the future.

Article 495
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Scope

• The scope of Article 500 was revised. As previously written, it provided 
a scope for Articles 500 through 504.

• The new scope only covers what is in Article 500.

• Article 500 now only covers the traditional Class I, II, and III locations.

• The zone classification systems are covered in Article 505 for Zones 0, 
1, and 2, and Article 506 for Zones 20, 21, and 22.

500.1

668



Chapter 5 • Articles 500-590 © 2022 electrical training ALLIANCE

500.1

669



Change Summary

Chapter 5 • Articles 500-590 © 2022 electrical training ALLIANCE

Documentation

• The documentation required by 500.4 now includes areas that have 
been determined to be unclassified.

• The documentation of the hazardous location must also be available to 
the authority having jurisdiction.

• The edition dates have been deleted for many of the referenced 
standards.

• It is important to remember that referenced standards are for 
information only.

500.4
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Class III Locations

• The definitions of Class III locations have been rewritten.

• The new definitions now align with the definitions of Class II locations.

• A Class III, Division 1 location is one in which combustible 
fibers/flyings can be present in the air under normal conditions in 
quantities to produce explosive or ignitible mixtures. Previously, 
combustible fibers/flyings were considered fast burning fire hazards, 
rather than explosion hazards.

• A Class III, Division 2 location is one in which nonmetal combustible 
fibers/flyings can be released through the abnormal operation of 
equipment and will not interfere with equipment operation. 

500.5(D)
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Class III Combustible and Ignitible Fibers/Flyings

• New 500.6(C) and (D) were added to correlate with NFPA 499: 
Recommended Practice for the Classification of Combustible Dusts 
and of Hazardous (Classified) Locations for Electrical Installations in 
Chemical Process Areas.

• Combustible fibers/flyings are materials with any dimension that is 
greater than 500 μm in nominal size that can form an explosible 
mixture when suspended in air at standard atmospheric pressure and 
temperature.

• Ignitible fibers/flyings are larger than 500 μm in nominal size, which 
are not likely to be in suspension in quantities to produce an explosible 
mixture but could produce an ignitable layer fire hazard.

500.6(C) & (D)
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Protection Techniques

• A reference was added for the new Chapter 9, Table 13 on protection 
techniques.

• Section 500.7(E) was revised to delete references to entire articles.

• New protection techniques were added to this section, including 
electrical resistance trace heating, impedance heating, enclosed 
break, non-sparking, sealed, and other techniques that are identified 
for use in hazardous (classified) locations.

500.7
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Unused Openings

• Unused openings must be closed with blanking elements or close-up 
plugs that are listed for the location.

• If the equipment has threaded entries of NPT-threaded conduit or 
fittings, the NPT-threaded entries must be made up with at least five 
threads fully engaged.

• For listed explosionproof equipment, joints with factory-threaded 
entries must be made up with at least 4 ½ threads fully engaged.

• For metric threaded entries, either the entry must be listed as being 
metric or listed adapters must be used.

500.8(E)(3)
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Wiring Methods, Class I

• The previous Exception to 501.10(A)(1)(1) was converted into positive 
text and now appears as (A)(1)(2).

• The wiring methods in (A)(4), (5), (7), and (8) are for restricted 
industrial establishments.

• Requirements for cable tray applications have been added to 
501.10(A)(1)(4), (A)(1)(7) and (A)(1)(8) which now reference 392.22.

• The reference to 337.10 has been corrected to Article 337, Part II.

501.10
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Sealing and Drainage

• The boundary seal requirement for seals in Division 2 locations has 
been relocated to 501.15(A)(4). This requires Division 1 wiring 
methods up to the seal fitting in the Division 2 location. 

• A revision to 501.15(B)(2) permits Type RTRC to be used from the 
boundary conduit seal to the point where it exits the Division 2 
location.

• Types TC-ER-HL and Type P cable were inadvertently omitted from 
the cable seal requirements in 501.15(D)(1) in the 2020 Code.

501.15
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Flexible Cables, Class I, Division 2

• A new Section 501.141 was added to provide requirements for flexible 
cables in Class I, Division 2 locations. 

• This new section is primarily focused on permitting the use of Type P 
cable.

• The means of terminating the cables requires the use of cable 
connectors that are listed for Class I, Division 2 locations.

• A new definition of “cable connector [as applied to hazardous 
(classified) locations]” has been added to Article 100.

501.141
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Receptacles and Attachment Plugs, Class I Locations

• Section 501.145 now requires receptacles and attachment plugs to be 
listed for the location, except as permitted by 501.105(B)(6) for 
meters, instruments, and relays.

• Listing for Class I, Division 2 is not required if the circuit only involves 
nonincendive wiring.

• Listing is not required in restricted industrial establishments complying 
with 501.105(B)(6), Exception No. 2, which also requires compliance 
with 501.6(B)(6)(2) through (4).

501.145
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Wiring Methods Class II Locations

• PVC-coated metal conduit is permitted in Class II, Division 2 locations, 
even where there is not an increased level of corrosion.

• EMT with compression-type fittings or connectors is now permitted in 
Class II, Division 2 Locations.

• Type RTRC-XW conduit is permitted in industrial establishments with 
restricted public access where conditions of maintenance and 
supervision ensure that only qualified persons service the installation.

502.10
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Sealing, Class II, Divisions 1 and 2

• The informational note was changed to become 502.15(5). It indicates 
that electrical sealing putty is a recognized means to prevent the 
entrance of dust into a dust-ignition-proof enclosure.

• Informational notes cannot be used to provide permissions or 
recommendations. 

• Seal fittings are required to be accessible, but they are not required to 
be explosionproof.

502.15
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Grounding and Bonding

• References to Article 250 were changed to refer to Article 250, Part VI 
for grounding and Part V for bonding.

• Cable trays were added to 502.30(B)(1), which addresses specific 
bonding means, to make it clear that cable trays must be bonded in 
the same manner as raceways.

• Requirements were added for bonding of metal struts, angles, or 
channels if used with Types TC-ER, PLTC-ER, or ITC-ER.

• Section 502.30(B)(2)(3) was changed from “not a power utilization 
load” to “part of a meter, instrument, or relay circuit.”

502.30
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Wiring Methods

• Type P cable is now permitted in Class III, Division 1 locations in 
restricted industrial establishments.

• Criteria is established for the installation of Type P cable in cable trays.

• Wiring in Class III, Division 2 locations must comply with the Division 1 
requirements.

• In sections, compartments, or areas that do not contain machinery and 
are used solely for storage, open wiring on insulators is permitted.

503.10
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Grounding and Bonding

• References to Article 250 were changed to refer to the general 
requirements in Part I of Article 250, as well as to Part VI for grounding 
and Part V for bonding.

• Cable trays were added to 503.30(B)(1), on specific bonding means, 
to make it clear that cable trays must be bonded in the same manner 
as raceways.

• Requirements were added for bonding of metal struts, angles, or 
channels if used with Types TC-ER, PLTC-ER, or ITC-ER.

503.30
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Separation of Intrinsically Safe Conductors

• Section 504.30(A)(1), installations in raceways, cable trays, and 
cables, had a simple rule, four exceptions, and three informational 
notes. It has been converted into more usable positive text.

• Section 504.30(A)(2), installations within enclosures, had three 
informational notes that were incorporated into enforceable Code text.

• Section 504.30(A)(3), other installations, contained an exception that 
was converted into positive text and incorporated into the existing text.

504.30
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Zone 0, 1, and 2 Locations

• 505.1 was revised to make it clear that this article does not cover the 
class/division classification system and that it does not cover 
explosives, pyrotechnics, or blasting agents.

• Section 505.3 was deleted because 90.3 makes it unnecessary.

• Section 505.4 on documentation was revised for consistency with the 
requirements for documentation in other articles in Chapter 5.

• Section 505.5(A) was revised for consistency with 500.5(A).

Article 505
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Protection Techniques

• Section 505.8 has been revised to recognize new protection 
techniques.

• Impedance heating is a protection technique that is now recognized. 
Its design is based on IEEE 844.3.

• A pressurized room “p” is a protection technique that is recognized for 
Zone 1 or 2 locations.

• Special protection “s” is a protection technique that is recognized for 
Zones 0, 1, and 2.

505.8
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Sealing and Drainage

• Section 505.16(B)(3) has been expanded to include pressurized 
rooms. An informational note was added to reference the IEC 
Standard for pressurized rooms.

• Section 505.16(C)(1) was rewritten into list format, and the exceptions 
were rewritten into positive language. 

• New requirements were added to provide sealing requirements for 
cables that enter breathing-type enclosures “nR.”

505.16
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Equipment Requirements, Zone 2

• Two new exceptions were added to 505.20(C) to make the 
requirements for Zone 2 locations consistent with the requirements for 
Class I, Division 2 locations.

• Exception No. 5 permits the use of certain space heaters in Zone 2 
locations where the space heaters are used to reduce condensation 
during shutdown periods.

• Exception No. 6 permits the use of sliding contact shaft bonding 
devices that are used on certain motors where the potential discharge 
is determined to be nonincendive.

505.20(C), Exc. Nos. 5 & 6
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Zone 20, 21, and 22 Locations

• 506.1 was revised to clarify that this article does not cover the 
class/division classification system and that it does not cover 
explosives, pyrotechnics, or blasting agents.

• 506.3 was deleted because 90.3 makes it unnecessary.

• 506.4, on documentation, was revised for consistency with similar 
requirements in other articles in Chapter 5.

• Table 506.9(C)(2)(3) has been deleted. The information is now located 
in Chapter 9, Table 13.

Article 506
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Material Groups

• The definition of the material groups has been updated for consistency 
with NFPA 499: Recommended Practice for the Classification of 
Combustible Dusts and of Hazardous (Classified) Locations for 
Electrical Installations in Chemical Process Areas.

• Group IIIC consists of combustible metal dusts and combustible metal 
fibers/flyings. 

• Group IIIB includes combustible dusts other than combustible metal 
dust.

• Group IIIA, includes combustible fibers/flyings or ignitible fibers/flyings.

506.6
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Other Articles

• A new Section 511.2 was created with a table that points to 
requirements in Articles 500, 501, and 505.

• The table is intended to simplify the use of either the traditional 
class/division classification system or the zone classification system.

• Articles 511 through 516 provide occupancy-specific requirements that 
are predicated on the use of Articles 500 and 501, or Article 505.

• Similar tables have been added to 512.2, 513.2, 514.2, 515.2, and 
516.2.

511.2
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Fixed Wiring Above Hazardous (Classified) Locations

• Section 511.7(A)(1) was converted into list format to make it easier to 
navigate.

• “Rigid Nonmetallic Conduit” was changed to “PVC Conduit.”

• Reinforced thermosetting resin conduit, RTRC, was added as a 
permitted fixed wiring method.

• The same changes were made in 514.7 for Wiring Above Hazardous 
(Classified) locations in Motor Fuel Dispensing Facilities.

511.7(A)
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Underground Wiring Below Hazardous Locations

• The title of this section was changed to “Underground Wiring Below 
Hazardous (Classified) Locations.”

• The language permitting intermediated metal conduit has been revised 
to clarify that it must be threaded.

• The exception has been rewritten into positive language.

511.8
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Cannabis Oil Equipment and Cannabis Oil Systems

• A new Article 512 has been created on cannabis oil equipment and 
cannabis oil systems using flammable materials. 

• Flammable materials are used to extract cannabis oil, including 
butane, ethanol, hexane, pentane, propane, and LPG.

• Article 512 provides detailed classification diagrams to help to 
evaluate hazardous areas.

Article 512
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Wiring & Equipment Not Within Hazardous Locations

• Section 516.7(A) was converted into a list format to make it easier to 
navigate.

• “Rigid Nonmetallic Conduit” was changed to “PVC Conduit.”

• Reinforced thermosetting resin conduit, RTRC, was added as a 
permitted fixed wiring method.

• Similar changes were made in 511.7(A) and 514.7(A).

516.7(A)
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Patient Care-Related Electrical Equipment

• A new requirement has been added that indicates that patient care-
related equipment is not subject to the reconditioning requirements in 
the Code.

• Patient care-related equipment is subject to a recertification process 
after it is reconditioned.

• Patient care-related equipment is also subject to recommissioning or 
recertification when it is relocated.

517.6
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Not Covered

• Informational Note No. 1 was added to point to certain receptacles in 
health care business offices that are required to be tamper-resistant.

• Informational Note No. 2 was added to point to requirements for AFCI 
protection for branch-circuit outlets in patient sleeping rooms that are 
required to be AFCI protected.

• A new list item (3) was added to exempt pharmacy services not 
contiguous to health care facilities from the requirements of Article 
517.

517.10(B)
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Equipment Grounding Conductor

• 517.13(B)(1), Exception No. 2 was relocated to 517.13 following the 
main rule.

• The requirement for grounding and bonding of metal faceplates was 
relocated from 517.13(B)(1)(3) to 517.13(B)(1), Exception No. 2. 
Faceplates are normally grounded through the attachment screws that 
connect them to the yoke of the switch or receptacle.

• All branch-circuit wiring for a patient care space must comply with 
517.13, including wiring that originates outside of the patient care 
space.

517.13

726



Chapter 5 • Articles 500-590 © 2022 electrical training ALLIANCE

517.13

727



Change Summary

Chapter 5 • Articles 500-590 © 2022 electrical training ALLIANCE

Panelboard Bonding

• An exception was added to 517.14 on panelboard bonding to permit 
an insulated copper conductor not smaller than 10 AWG to be 
terminated on listed connections to an aluminum or copper busbar.

• The busbar must be at least ¼ inch thick by two inches wide and of 
sufficient length to accommodate the number of terminations 
necessary for the bonding of the panelboards.

• The busbar must be securely fastened and installed in an accessible 
location.

517.14

728



Chapter 5 • Articles 500-590 © 2022 electrical training ALLIANCE

517.14

729



Change Summary

Chapter 5 • Articles 500-590 © 2022 electrical training ALLIANCE

Wet Procedure Locations

• Wet procedure locations are required to be provided with protection 
against electric shock.

• 517.20(A)(1) was clarified to indicate that it applies to isolated power 
systems that remain in operation in the event of a single line-to-ground 
fault.

• The informational note was revised to clarify that isolated power 
systems can eliminate the danger of electric shock.

517.20(A)
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Demand Factors

• New demand factors have been added for general-use receptacles 
and individual branch circuits not exceeding 150 volts to ground.

• This information is based on hospital load studies and a study by the 
Fire Protection Research Foundation.

• For cord-connected equipment, the table provides two sets of demand 
factors. One set applies to Category 1 and 2 spaces. The second 
applies to Category 3 and 4 spaces.

• For receptacle loads, the first 5 kVA is calculated at 100%, the next 5–
10 kVA is calculated at 50%, and the remainder is calculated at 25%.

517.22
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Sources of Power

• 517.30 requires that essential electrical systems (EES) have two or 
more independent sources or sets of sources.

• At least one source or set of sources must be entirely onsite and it 
must be capable of serving the entire EES load.

• 517.30(B) now provides a list of power sources for the EES, which 
includes utility supply power, generating units, fuel cell systems, 
energy storage systems, and health care microgrids.

517.30
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Required Power Sources

• Section 517.41 requires that the essential electrical system (EES) 
have two or more independent sources or sets of sources, one of 
which must be onsite and capable of supplying the entire EES load.

• At least one source or one set of sources must be entirely onsite.

• EES components are required so that they are not exposed to 
interruptions from storms, floods, earthquakes, or hazards from 
adjoining structures or nearby activities.

517.41

736



Chapter 5 • Articles 500-590 © 2022 electrical training ALLIANCE

517.41

737



Change Summary

Chapter 5 • Articles 500-590 © 2022 electrical training ALLIANCE

Diagnostic Imaging and Treatment Equipment

• The title of Part V has been changed to “Diagnostic Imaging and 
Treatment Equipment.”

• A new Informational Note No. 3 has been added that provides 
examples of 12 types of diagnostic imaging equipment covered by 
Part V.

• A new Informational Note No. 4 was added that provides examples of 
five types of treatment equipment covered by Part V.

Article 517, Part V.
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Patient Care Spaces

• Section 517.80 was revised to recognize that Class 2 circuits that 
transmit power and data to a powered device do not need to comply 
with the grounding requirements in 517.13.

• Power over Ethernet (PoE) is an example of a Class 2 circuit that can 
transmit power for applications, such as wireless access points and 
lighting, while also transmitting data.

• A new informational note was added to reference a NEMA standard on 
PoE lighting.

517.80
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Examples

• Casinos and gaming facilities have been added to the list of examples 
of assembly occupancies that are covered by Article 518.

• Casinos can have transient crowds of people hovering over machines 
and table games that can grow larger than in traditional places of 
assembly.

• Many casinos also have entertainment to retain customers at the 
machines.

518.2(A)
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Wiring Methods-General

• Section 518.4 was reformatted into list format.

• Section 518.4(B)(4) was added to recognize power over Ethernet 
(PoE) supplying lighting.

• A new informational note was added to 518.4(B)(4) that references a 
NEMA standard for the installation of PoE lighting.

• The wiring methods for buildings or portions of buildings of non-fire 
rated construction were expanded to include the permitted Chapter 3 
wiring methods.

518.4
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Construction

• A new sentence was added to the main rule to clarify that the 
requirements of 408.18(C) do not apply to portable stage 
switchboards.

• In the 2020 Code, single-pole separable connectors were relocated 
into 406.13.

• This section has been revised to point to 406.13. Since the general 
requirements would continue to apply to this section, there is no 
reason to repeat the requirements here.

• Section 520.53(C) now only covers those requirements that are unique 
to occupancies that are covered by Article 520.

520.53(C)
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Special-Purpose Multi-Circuit Cable Systems

• A new 520.68(D) was created to provide requirements for multi-circuit cable 
systems.

• These circuits are limited to not more than 20 amperes and not more than 150 
volts to ground.

• Trunk cables, breakout assemblies, and multi-circuit enclosures are required to be 
listed.

• Installation and operation of special-purpose multi-circuit cable systems requires 
qualified persons.

520.68(D)
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Motion Picture and TV Studios and Remote Locations

• Article 530 has been rewritten and updated.

• Several technologies have disappeared or are being phased out, 
including carbon arc luminaires, tungsten luminaires, fused extension 
cables, video tape, and film.

• Several newer technologies are being used, including the use of 
generators, AC enclosed arc luminaires, and digital cameras.

Article 530
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Power Supply

• This section was revised to clarify that relocatable structures must be 
supplied by a feeder.

• This correlates with Article 550, which does not allow service 
equipment on a structure without a permanent foundation.

• Two or more relocatable structures joined into a single unit are 
permitted to use a chassis bonding conductor as the tap conductor.

545.22

752



Chapter 5 • Articles 500-590 © 2022 electrical training ALLIANCE

545.22

753



Change Summary

Chapter 5 • Articles 500-590 © 2022 electrical training ALLIANCE

Physical Protection

• Section 547.26 has been revised to prohibit nonmetallic sheathed 
cable from being concealed within walls and above ceilings of 
buildings or portions thereof which are contiguous with or physically 
adjoined with livestock areas.

• Rodents and other pests frequently chew through cables.

• The requirement also provides examples of areas where this 
commonly happens, including within walls and ceilings of offices, 
lunchrooms, and ancillary areas adjoining animal confinement areas.

547.26
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Bonding of Equipotential Planes

• The bonding requirements in agricultural buildings have been clarified.

• Equipotential planes must be bonded to the grounding electrode  
system or an equipment grounding terminal in any panelboard 
associated with the equipotential plane.

• The bonding conductor must be an insulated, covered, or bare solid 
copper conductor that is not smaller than 8 AWG.

547.44(B)
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Mast Weatherhead or Raceway

• The reference to Article 230 has been clarified to indicate that Part II 
applies.

• This section previously permitted metal raceways. It has been clarified 
to indicate that the permitted metal raceways are rigid metal conduit or 
intermediate metal conduit.

• Previously, this section permitted rigid nonmetallic conduit. It now 
recognizes rigid polyvinyl conduit or other raceways suitable for the 
location.

550.10(I)
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Exposed Non-Current-Carrying Metal Parts

• Mobile homes often consist of multiple units that are joined together.

• Multiple sections of a mobile home are now required to be bonded with 
a solid copper conductor that is at least 8 AWG. It can be insulated or 
bare.

• Bonding conductor terminations must be in accordance with 250.8 and 
250.12.

550.16(C)(1)
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Mobile Home Service Equipment

• Section 550.32(A) was revised to make it clear that mobile home 
service equipment is not permitted to be mounted in or on the mobile 
home.

• The service equipment must be mounted in a readily accessible 
outdoor location, and it must be visible from the mobile home it serves.

• The mobile home service disconnect is permitted to serve as the 
emergency disconnect specified in 230.85.

550.32(A)
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Feeder Equipment

• A new 550.33(A) has been added. The previous 550.33(A) has 
become 550.33(B).

• Service equipment is not permitted to be mounted in or on a mobile 
home.

• The feeder assembly is not permitted to be mounted in or on the 
mobile home.

• Manufactured home feeder disconnecting means are permitted to be 
installed in or on the manufactured home in accordance with 
550.32(B).

550.33(A)
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Electrical Datum Plane Distances

• Electrical datum plane requirements were added to Article 551 
because RV parks often border bodies of water.

• In areas subject to tidal fluctuations, the datum plane is two feet above 
the highest high-tide level under normal conditions. 

• In areas not subject to tidal fluctuation, the plane is two feet above the 
normal high-water level.

551.3
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Loss of Ground Device

• The previous 551.40(D), titled “Reverse Polarity Device,” was deleted.

• The reverse polarity device may only indicate that the pedestal is mis-
wired but may not interrupt power.

• A new 551.40(D) was added to require a listed grounding monitor 
interrupter to be installed between the feeder assembly connection to 
the vehicle and before either a transfer switch (if installed) or the 
panelboard.

551.40(D)
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Distribution System

• Section 551.72(A) was revised to recognize 208Y/120 three-phase 
distribution systems in RV parks.

• The prohibition against reducing the size of the neutral conductor was 
moved from 551.72(C) to (D).

• An informational note was added indicating that RV loads are line-to-
neutral and non-permanently connected loads.

• The prohibition of the use of cord- and plug-connected 
autotransformers used on RV park distribution systems has been 
deleted.

551.72
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General Requirements

• Park trailers are designed for seasonal use. They are not permitted as 
permanent dwelling units.

• Section 552.4 makes it clear that trailers used as banks, clinics, 
offices, or similar applications are considered relocatable structures 
and are covered in Part II of Article 545.

• This change correlates with the action of CMP 7 to create a new Part 
II in Article 545 on relocatable structures.

552.4
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Location of Service Equipment

• Service equipment for a floating building, dock, or marina must be no 
closer than five feet horizontally from and adjacent to the structure.

• Service equipment must also be located a minimum of 12 inches 
above the datum plane.

• An electrical datum plane is a specified vertical distance above the 
normal high-water level at which electrical equipment can be installed 
and connections can be made.

555.4
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Equipotential Planes and Bonding of the Planes

• Articles 555 and 682 have overlaps in coverage. This change is 
intended to improve correlation between the articles.

• A new 555.14 has been added to correlate requirements for 
equipotential planes and bonding of equipotential planes with Article 
682.

• This section is intended to reduce step and touch potentials. It is also 
intended to reduce the hazards that have resulted in electric shock 
drownings.

555.14
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Replacement of Equipment

• A new requirement has been added titled “replacement of equipment,” 
which addresses modification of equipment as well as repairs.

• This new requirement recognizes the harsh environment that exists at 
marinas. The intent is to ensure that the installation remains in 
compliance.

• NFPA 303 requires annual inspections of marinas. Periodic 
inspections are outside the scope of the NEC.

555.15
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Electrical Equipment and Connections

• The term pier has been replaced with the term structure to apply to all 
fixed and floating structures.

• The separate section on fixed piers has been deleted as the 
requirements apply to both fixed and floating piers.

• Electrical components within electrical equipment and connections that 
are not intended for use while submerged are required to be located at 
least 12 inches above the deck of the structure.

555.30
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GFPE and GFCI

• The requirements for GFPE of feeder-supplied installations have been 
rewritten. Coordination with downstream GFPE is permitted. 

• Requirements for GFCI protection of boat hoist receptacles have been 
relocated from 555.9 to 555.35(C).

• The requirements for GFCI protection have been expanded to include 
all docking facilities, not just those at dwelling unit docks.

• A new requirement was added in 555.35(B)(2) for GFCI protection of 
outlets for other than shore power not exceeding 150 volts and 60 
amperes and 100 amperes or less, three-phase.

555.35
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Disconnecting Means for Shore Power Connection(s)

• A new requirement has been added for an emergency disconnect for 
each power outlet or enclosure that provides shore power to boats. 

• The emergency disconnect must be a listed emergency shutoff device 
or disconnect that is clearly marked “emergency shutoff.”

• The emergency shutoff must be located within sight of the marina 
power outlet or other device that provides shore power.

555.36(C)
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Equipment Grounding Conductor

• Section 555.37(B) and (C) were consolidated to require that the EGCs 
be insulated wire-type EGCs, sized in accordance with 250.122, but 
not smaller than 12 AWG.

• Section 555.37(E) has been added to provide requirements for EGCs 
for equipment that is not double-insulated.

• An exception was added to (E) that permits the EGC to be uninsulated 
if it is part of a listed cable assembly that is identified for the 
environment.

555.37
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Luminaires

• New requirements have been added for luminaires in marinas, 
boatyards, and docking facilities.

• Luminaires and retrofit kits are required to be listed and identified for 
use in the environment.

• Luminaires and their supply connectors must be secured to the 
structural elements of the marina in a manner that limits damage from 
watercraft impacts and from marine life.

555.38
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Overcurrent Protective Devices

• A new requirement has been added for wye-connected temporary 
service installations of more than 150 volts to ground, but not more 
than 1,000 volts phase-to-phase.

• If the available fault current exceeds 10,000 amperes, the overcurrent 
protection is required to be current-limiting.

• Where available fault current is less than 10 kA, conventional OCPDs 
will operate quickly enough to clear a fault before damage occurs.

590.8
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Branch Circuits

• The last sentence of 600.5(A) was converted into an exception that 
exempts some entrances, corridors, and hallways.

• A second exception was added that permits the branch circuit to 
supply other loads that are directly related to the control of the sign.

• Section 600.5(D)(2) now permits electrical enclosures integral to the 
sign that are listed and labeled as electrical enclosures to be used as 
pull or junction boxes for up to 600 volts.

600.5
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Disconnects

• The general requirements of Chapters 1 through 4 of the Code apply, 
including the requirements of 404.7, requiring disconnects to indicate 
whether they are open or closed.

• The disconnecting means is required to be accessible and located at 
the point of entry to the sign, within sight of the sign, or within sight of 
the controller.

• If the disconnecting means is remote from the sign, it must be 
mounted at an accessible location that is available to first responders 
and service personnel.

600.6
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Traveling Cables

• A new 620.12(A)(2) has been added to recognize Class 2 and 
communications cables used on Class 2 circuits, including power over 
Ethernet, in traveling cables.

• The minimum size of Class 2 and communications circuit conductors 
is 24 AWG.

• New requirements were added to require parallel conductors of 
traveling cables to be not smaller than 20 AWG.

620.12(A)
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Branch Circuits for Car Lighting, Receptacles, HVAC

• Section 620.22(A) permits car lighting branch circuits to supply 
additional loads.

• The lighting circuit is now permitted to supply emergency responder 
radio coverage circuits, car ventilation purification systems, car 
emergency signaling, and communications devices, including charging 
circuits.

• The permitted location of the OCPD for the circuit for the air 
conditioning and heating source has been revised to correlate with the 
OCPD locations permitted for other branch circuits in 620.22(A).

620.22
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Branch Circuits for Machine Room, Control Room…

• The title of 620.23 was revised to include truss interior lighting.

• Truss interiors are the structure of moving walkways and escalators.

• At least one 125-volt, single-phase, 15- or 20-ampere duplex 
receptacle is now required for truss interiors.

620.23
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Scope

• Two new informational notes were added to 625.1 to provide additional 
information for installation of electric vehicle infrastructure.

• UL 2750 provides information that was developed by UL when they 
were investigating wireless power transfer equipment.

• NECA 413 provides information on installation and maintenance of AC 
Level 1 and 2 and fast-charging dc EVSE.

625.1 Info. Notes
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Cords and Cables

• “Stationary equipment” was changed to “fastened-in-place equipment” 
for consistency with 625.44(B).

• The overall cord and cable length is not permitted to exceed 25 feet 
unless equipped with a cable management system.

• Section 625.17(C) has been revised to indicate how the power supply 
cords for the output cable is measured.

625.17
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Electric Vehicle Circuit

• Section 625.40 requires each outlet installed for supplying EVSE to be 
supplied by an individual branch circuit.

• The requirement for an individual branch circuit applies to outlets 
greater than 16 amperes or 120 volts.

• A new exception has been added that permits branch circuits to supply 
multiple EVSEs in accordance with 625.42(A) or (B).

625.40
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Rating

• Section 624.42 was split into two subsections to clearly provide 
separate requirements for load management systems and EVSE with 
adjustable settings.

• Energy management systems are permitted to be integral to one piece 
of equipment or to a listed system. If integral load management is 
provided, the system must be marked to indicate that control is 
provided.

• EVSE with adjustable settings is permitted if access to the settings is 
restricted.

625.42
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Disconnecting Means

• Section 625.43 was revised so that it applies to EVSE and WPTE 
rather than to all equipment.

• The disconnect must be installed in a readily accessible location.

• If the disconnect is in a remote location, a plaque must be installed on 
the equipment indicating the location of the disconnecting means.

625.43
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Island Mode

• EVPE and EVSE with a power export function is now permitted to be 
part of an interconnected power system that operates in island mode.

• Some electric vehicle installations can function as optional standby 
power systems.

• The rest of the connected system must be capable of operating in 
island mode.

625.49
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Installation

• Changes were made to 625.102 to better integrate wireless power 
transfer into the Code.

• The title of 625.102(B) was changed to “Control Box.” The term 
charger power converter is no longer used. 

• The title of 625.102(D) has been changed from “Protection of Cables” 
to “Protection of Cords and Cables to the Primary Pad.”

• If there is not a control box, the cord or cable supplying power to the 
primary pad must be secured in place to restrict movement and 
prevent strain at the connection points.

625.102
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Ground-Fault Circuit-Interrupter Protection

• All 125-volt, single-phase, 15- and 20-ampere receptacles installed in 
work areas where welders are operated are required to be GFCI 
protected.

• This requirement is to protect workers who are using electric hand 
tools or portable lighting equipment.

• The work area is not defined in this requirement.

630.8
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Supply Circuits and Interconnecting Cables

• New 645.5(B)(3) was added to ensure that the plugs and receptacles 
that connect power supply cords are listed and have properly-mated 
components.

• Sections 645.5(D), (E), and (F) were modified to use properly 
descriptive terminology.

• Section 645.5(H) was rearranged into list format to improve clarity.

645.5
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Permanent Nameplate

• The requirements for nameplates on industrial machinery were revised 
for consistency with NFPA 79 regarding industrial machinery.

• The nameplate must be attached to the outside of the control 
equipment enclosure or on the machine immediately adjacent to the 
main control equipment enclosure so that it is visible after installation.

• The requirement previously required that the nameplate be “plainly 
visible,” which was unenforceable.

670.3(A)
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GFCI and SPGFCI Protection

• The first sentence of 680.8 was deleted because it described the types 
of devices used for GFCI protection, which was not needed.

• Some GFCI requirements from other parts of Article 680 were 
consolidated into 680.5.

• The informational note to 680.5(B) points out that the high leg of a 
120/240-volt, 4-wire, delta-connected system exceeds the limits for 
Class A GFCIs.

• A new 680.5(C) has been added to address ground-fault protection of 
receptacles and outlets on single- and 3-phase circuits exceeding 150 
volts to ground.

680.5
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Grounding and Bonding

• Section 680.6, Bonding and Equipment Grounding, was deleted as it 
was redundant with requirements in Article 250. 

• Section 680.7 was retitled “Grounding and Bonding.” The previously 
existing text was revised and relocated to 680.7(C).

• The requirements for cord- and plug-connected equipment were 
relocated to 680.7(B) from 680.21(A)(3) and 680.8(B).

• Requirements for feeders and branch circuits were relocated into 
680.7(A) from 680.21(A)(3) and 680.8(B).

680.6 & 680.7
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Electric Pool Water Heater

• The title of 680.10 has been changed to indicate that it applies to 
heaters incorporating resistive heating elements and electrically-
powered swimming pool heat pumps and chillers.

• Section 680.10(A) only applies to heaters incorporating the traditional 
resistive heating elements.

• Section 680.10(B) recognizes the newer technology of electric heat 
pumps and chillers to heat or cool the pool water. They may do both.

680.10
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Equipment Rooms, Vaults, and Pits

• The title of the section and 680.12(A) have been revised so that the 
requirements also apply to equipment in vaults.

• Equipment in rooms or vaults that do not have drainage that prevents 
water accumulation must be identified for submersion.

• A new 680.12(B) has been added to require at least one GFCI-
protected, 125-volt, 15- or 20-ampere receptacle in the equipment 
room or vault.

• All other receptacles rated 150 volts or less to ground must be GFCI 
protected.

680.12
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Corrosive Environments

• Section 680.14 now covers wiring methods and other equipment in 
corrosive environments. 

• Liquidtight flexible nonmetallic conduit is now permitted to be used in 
corrosive environments.

• Aluminum conduit and tubing are not permitted for use in corrosive 
environments.

• Other equipment in corrosive environments must be installed in 
identified corrosion-resistant enclosures.

• Equipment listed for spa and pool use is suitable.

680.14
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Motors

• The requirements for corrosive environments were removed from this 
section because they are covered by 680.14.

• The title of 680.21(C) has been changed to “Ground-Fault Protection,” 
which now refers to 680.5(B) or (C).

• Section 680.21(D) has been revised to require that pool pump motors 
that are replaced or repaired be provided with ground-fault protection 
in accordance with 680.5.

680.21
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Location of Other Equipment

• This section was retitled “Location of Other Equipment.”

• The emergency switch for spas and hot tubs has been relocated to 
680.41(A). It will not apply to installations in one- and two-family 
dwellings.

• A new 680.41(B) was added to provide requirements for equipment 
exceeding the low-voltage contact limit.

680.41
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Ground-Fault Protection for Receptacles

• The requirements for ground-fault protection for receptacles have 
been revised.

• All receptacles rated 125 through 250 volts, 60 amperes or less, that 
are located within 10 feet of the inside walls of a spa or hot tub must 
have ground-fault protection complying with 680.5(B) or (C).

• Receptacles that provide power for spas and hot tubs are not 
permitted to exceed 150 volts to ground.

680.43(A)
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GFCI and SPGFCI Protection

• The first sentence of this section has been relocated to become 
680.44(A), and has been revised so that it requires the outlet that 
supplies a self-contained spa or hot tub, a packaged spa or hot tub 
equipment assembly, or a field-assembled spa or hot tub to have 
ground-fault protection in accordance with 680.5(B) or (C), as 
applicable.

• Section 680.44(C), “Other Units,” has been deleted because the 
reference to 680.5(C) covers ground-fault protection for 3-phase units.

• The new 680.44(C) provides requirements for gas-fired water heaters 
operating above the low-voltage contact limit.

680.44
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Bonding

• Section 680.54(B) was revised to require that a conductor used for 
bonding be a minimum 8 AWG solid copper conductor.

• Section 680.54(B)(6) was revised by replacing devices and controls 
with the more general term equipment.

• A new first-level subdivision 680.54(C) was added to require 
equipotential bonding of splash pads.

680.54
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GFCI and SPGFCI Protection for Receptacles

• The requirements for ground-fault protection for adjacent receptacle 
outlets have been expanded to apply to all receptacles rated 125 
through 250 volts, 60 amperes or less.

• The requirements apply to single-phase and 3-phase receptacles 
within 20 feet of the edge of the fountain.

• The protection will be GFCI or SPGFCI protection, in accordance with 
680.5(B) or (C), as applicable.

680.58
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Ground-Fault Protection for Nonsubmersible Pumps

• The title of 680.59 has been revised to recognize that it applies to 
GFCI and SPGFCI protection for permanently installed 
nonsubmersible pumps.

• If the voltage to ground is 150 volts or less, GFCI protection is 
required.

• If the voltage to ground exceeds 150 volts, SPGFCI protection is 
required.

• An exception was added for listed low-voltage motors not requiring 
grounding that do not exceed the low-voltage contact limit, if the motor 
is supplied by listed transformers or power supplies that comply with 
680.23(A)(2).

680.59
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Equipotential Bonding

• Equipotential bonding of pool lift equipment must use solid copper 
conductors that are not smaller than 8 AWG and may be covered, 
insulated, or bare.

• Connection to bonded parts must comply with 250.8.

• The bonding jumpers in the pool area are not required to be extended 
to remote panelboards, service equipment, or electrodes.

680.83
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Location of Electrical Distribution Equipment

• Section 682.11 has been revised to apply to electrical distribution 
equipment. It previously applied only to service equipment. It now 
provides two options for the location of the installation.

• Electrical distribution equipment can be located at least five feet 
horizontally from the shoreline where live parts of the equipment are 
located at least 12 inches above the datum plane.

• Electrical equipment can be located no closer than the shoreline 
where live parts of equipment are located at least 10 feet above the 
datum plane.

682.11

849



Chapter 6 • Articles 600-695 © 2022 electrical training ALLIANCE

682.11

850



Change Summary

Chapter 6 • Articles 600-695 © 2022 electrical training ALLIANCE

Electrical Connections

• Section 682.12, Electrical Connections, was divided into two 
subsections.

• Conductor splices located above the waterline but below the datum 
plane must be in junction boxes identified for wet locations, using 
sealed wire connector systems listed and identified for submersion.

• Replacement electrical connections that are located below the 
electrical datum plane and above the waterline must be listed and 
identified for submersion.

682.12
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Solar Photovoltaic (PV) Systems

• The informational note figures in 690.1 have been redrawn.

• Requirements for stand-alone systems were deleted from 690.10. 
Article 710 covers stand-alone systems. 

• Parts VI and VIII were deleted. Part VII, Connection to Other Sources, 
became Part VI, Source Connections. Part VIII, Energy Storage 
Systems, was deleted because that is covered in Article 706.

Article 690
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General Requirements

• There is a new definition of “electronic power converter” in Article 100, 
which includes inverters and dc-to-dc converters. Electronic power 
converters were added to the list of equipment in 690.4(B) to replace 
inverters and dc-to-dc converters. PV hazard control equipment and 
PV hazard control systems were also added.

• Acronyms were added for rapid shutdown (PVRSE), hazard control 
system (PVHCS), and hazard control equipment (PVHCE).

• New requirements were added for PV equipment floating on or 
attached to structures floating on bodies of water.

690.4
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Maximum Voltage

• Section 690.7 was revised for clarity and to remove requirements for 
systems over 1,000 volts. 

• Section 690.7(A) through (D) were revised to eliminate the terminology 
source and output and to add the defined term PV string circuit in 
690.7(B).

• Section 690.7(B) was also updated by deleting “source and output” 
from the term dc-to-dc converter circuits.

• The marking requirements for dc PV circuits were relocated to 
690.7(D) from 690.53.

690.7
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Circuit Sizing and Current

• An informational note was added to 690.8(A)(1) noting that some 
modules can produce electricity when exposed to light on multiple 
surfaces.

• Section 690.8(B) requires a minimum conductor size without 
adjustment and correction factors based on an ampacity not less than 
the current calculated in 690.8(A) multiplied by 125%.

• Section 680.8(D) was updated to use the term PV string circuits, which 
describes how some PV circuits are arranged.

690.8
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Transformers

• The requirements for protection of transformers are now covered in 
705.30(C).

• The requirements in 450.3 are based on the primary being one side at 
a time.

• Section 705.30(F) is based on interconnected power production 
sources. It is applicable to installations where there can be multiple 
sources.

690.9(D)
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Rapid Shutdown of PV Systems on Buildings

• Section 690.12 establishes requirements for rapid shutdown of PV 
systems on buildings.

• A new exception was added to exempt non-enclosed detached 
structures, such as those that provide parking shade, carports, solar 
trellises, and similar structures.

• The exception aligns with requirements for firefighter rooftop access in 
the building and fire codes.

690.12, Exception

863



Chapter 6 • Articles 600-695 © 2022 electrical training ALLIANCE

690.12, Exception

864



Change Summary

Chapter 6 • Articles 600-695 © 2022 electrical training ALLIANCE

Disconnecting Means for Isolating PV Equipment

• 690.15(D), Type of Disconnecting Means, has been relocated to 
690.15(A). Revised wording clarifies that disconnecting means 
complying with 690.15(C) are permitted in any circuit, regardless of 
current rating.

• 690.15(A)(2) was revised to permit an isolating device that is part of 
listed equipment where an interlock prevents opening the isolating 
switch under load.

• 690.15(D) was rewritten to remove the distances and to replace them 
with the terms readily accessible and in sight from.

690.15
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Wiring Methods

• Section 690.31(A)(2) has been expanded to cover all PV dc circuits, 
and it has been clarified to indicate the conditions to which it applies.

• Section 690.31(B)(1) has been rewritten into list format and clarified 
regarding which conductors can be intermingled.

• Requirements have been added that provide more detail on cable tray 
installations.

690.31
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Large-Scale Photovoltaic (PV) Electric Supply Stations

• Large-scale PV systems are those that have an inverter generating 
capacity of 5,000 kW or larger that are not under exclusive utility 
control.

• The 5,000 kW lower limit was moved from the scope to 691.4(7).

• Section 691.4(6) now requires large-scale PV systems to be monitored 
from a central command center.

691.1 & 691.4
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Fuel Cell Systems

• Section 692.4(B) now points to the requirement of a plaque or 
directory in 705.10.

• Part V, Grounding, was deleted because it did not modify the general 
rules of Article 250.

• Part VI, Marking, became Part V, Marking.

• Sections 692.60 through 692.65 were deleted in order to remove 
sections that did not modify the requirements of Chapters 1 through 4. 
In addition, requirements that are addressed during product listing 
were also deleted.

Article 692
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Interactive System Point of Interconnection

• The marking requirement for interactive points of interconnection with 
other sources that was in Section 694.50 was deleted. The new 
requirement is located in 705.14, which is a more general requirement 
for labeling an interactive point of connection to other sources.

• The requirement for points of connection was deleted from 694.68. 
The intent is that all sources combined with other sources must 
comply with Article 705.

• Requirements for identification of power sources in 694.54 requires a 
plaque or directory installed in accordance with 705.10.

694.50 & 694.68
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Not Covered

• The small water pumps that may be installed in one- and two-family 
dwellings for fire suppression are not the fire pumps covered by Article 
695.

• These water pumps would have to comply with Article 430 rather than 
Article 695.

• Larger homes may have a sprinkler system in accordance with NFPA 
13 or NFPA 13R, which could require a fire pump in accordance with 
NFPA 20 and Article 695.

695.1(B)

875



Chapter 6 • Articles 600-695 © 2022 electrical training ALLIANCE

695.1(B)

876



Change Summary

Chapter 6 • Articles 600-695 © 2022 electrical training ALLIANCE

Voltage Drop

• The exception to 695.7(A) which permits the voltage to drop more than 
15% below normal is now 695.7(B), Emergency Run.

• A new 695.7(C) has been added to recognize bypass mode.

• Both emergency run mode and bypass mode are permitted to exceed 
15% voltage drop, provided the pump can still be started while 
supplied by a generator.

695.7
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Tests and Maintenance

• The permanent connection point for the temporary generator must be 
located outdoors. Cables must not be run through exterior windows, 
doors, or similar openings.

• The switching means, including the interlocks, are required to be listed 
to prevent inadvertent interconnection of power sources.

• A permanent label must be field-applied at the permanent connection 
point that indicates the system voltage, maximum load, and short-
circuit current rating of the load-side equipment.

700.3
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Capacity and Rating

• Section 700.4(A) was deleted because this is a general requirement 
covered by 110.9 and 110.10.

• Emergency systems are now required to have sufficient capacity for 
rapid load changes and transient energy requirements associated with 
expected loads.

• Peak load shaving requirements are now covered in 700.4(C), Parallel 
Operations.

• A new 700.4(C) addresses requirements for the two types of parallel 
operations. Section 700.4(C)(1) covers parallel operation of normal 
and emergency sources, while 700.4(C)(2) covers emergency sources 
that operate in parallel.

700.4
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Transfer Equipment

• The requirement in 700.5(A) for approval by the AHJ of transfer 
equipment was deleted.

• The prohibition of reconditioning emergency transfer switches has 
been relocated to 700.2.

• A new 700.5(D), Redundant Transfer Equipment, has been added to 
require emergency loads that are supplied by a single feeder to have a 
redundant transfer switch or a bypass isolation switch.

• Where the redundant transfer switch or bypass isolation switch is 
manual or not automatic, it must be supervised when the primary is 
out of service.

700.5
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Wiring, Class-2-Powered Emergency Lighting Systems

• New Section 700.11 recognizes Class 2 emergency lighting systems 
that could use power over ethernet technology or low-power LED 
luminaires.

• These are directly-controlled luminaires and must comply with 700.24.

• In addition to other separation requirements, Class 2 emergency 
circuits must be separated from nonemergency Class 2 circuit 
conductors. If bundled, they must be bundled separately.

• Wiring must comply with 300.4 and be installed in a raceway, armored 
or metal-clad cable, or cable tray.

700.11
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General Requirements

• Section 700.12(B) was revised to correlate with the occupancy 
requirements in 700.10(D)(1).

• The title of 700.12(C) has been changed from “storage battery” to 
“supply duration” to cover the duration of all supplies. Battery and UPS 
durations are covered under 700.10(C)(4).

• The exception to 700.12(C)(3) recognizes that where the AHJ 
approves a public gas system to supply an emergency source, an 
onsite fuel supply is not required.

700.12
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Directly Controlled Emergency Luminaires

• Directly controlled luminaires can be energized in two different ways.

• An active control signal can be sent from a listed external control 
system. This requires the controller and the luminaire to be listed for 
use in emergency systems.

• Systems that are activated by disconnection of the control input by a 
listed control device, such as an automatic load control relay, would 
not require the luminaire to be listed for use in emergency systems.

700.24
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Selective Coordination

• Selective coordination of emergency systems is required to ensure 
that overcurrent protective device operation does not affect other loads 
supplied by the emergency systems.

• The text has been revised by adding “load-side” to ensure that 
coordination applies upstream and downstream.

• New text states that if OCPDs are replaced, modified, deleted, or 
added, coordination must be reevaluated.

700.32
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Parallel Operation

• Section 705.14 has been relocated to become 705.5.

• The title was changed from “Output Characteristics” to “Parallel 
Operation.”

• The previous first sentence of 705.14 has become 705.5(A).

• The marking requirements from 705.14 were deleted because listed 
equipment is required, which addresses the marking requirements.

• The last sentence of 705.14 has become 705.5(B).

705.5
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Identification of Power Sources

• The identification requirements have been reorganized into list format.

• The plaques, labels, or directories are now required to indicate the 
emergency telephone numbers of off-site entities that service the 
installation.

• A reference was added to NFPA 1: Fire Prevention Code, which 
provides installer information.

705.10
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Source Connections to a Service

• The title of 705.11 was revised to make it clear that it refers to any 
connection of an interconnected source to a service. 

• The requirements for service conductors were moved to 705.11(B).

• The former 705.11(D) was relocated to (C) and was completely 
rewritten.

• The new 705.11(E) was added to provide requirements for bonding 
and grounding.

705.11
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Load-Side Source Connections

• The first paragraph was revised for clarity by deleting unnecessary 
words.

• 705.12(A) was deleted because disconnecting requirements are 
covered in 705.20 and overcurrent protection is covered in 705.30.

• Requirements were revised for ampere ratings of busbars for 
connection to distribution equipment with no specific listing and 
instructions for combining multiple loads.

705.12
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Source Disconnecting Means

• Section 705.20 provides requirements for disconnecting means for 
interconnected electric power production sources.

• Most articles that cover power sources also include disconnecting 
means requirements.

• If an installation complies with 705.20, a single disconnecting means is 
permitted to disconnect multiple sources.

705.20
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Interconnected Systems Operating in Island Mode

• A new Part III has been added to provide requirements for operating 
an interconnected electric power production source in island mode.

• The three categories of operation are automatic load management, 
manual load management, and no-load management.

• Operation in island mode requires voltage and frequency to be 
controlled within limits.

705.80 through 705.82
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Scope

• Informational Note No. 1 points out that Article 480 covers installation 
of stationary-standby batteries.

• Other battery applications that are not stationary standby batteries are 
covered by Article 706.

• NFPA 1 and NFPA 855 were added to the list of reference standards 
because some battery chemistries require special fire protection 
precautions.

706.1 & 706.8
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Commissioning and Maintenance

• Section 706.7 has been expanded to require that energy storage 
systems be commissioned before being placed into service.

• This does not apply to ESS installations in one- and two-family 
dwellings.

• An informational note was added to point to NFPA 855 for information 
on commissioning of energy storage systems.

706.7
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Disconnecting Means

• Requirements for disconnecting means for energy storage systems 
have been expanded.

• For one- and two-family dwellings, an emergency shutdown function 
must cease export of power from the ESS to the premises wiring of 
other systems.

• New requirements have been added for disconnecting means for 
batteries where the battery is separate from the ESS electronics and is 
subject to field servicing.

706.15
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Cables for Power-Limited Circuits

• A new Article 722 has been created to cover cable requirements for 
Class 2 and 3 power-limited circuits, power-limited fire alarm circuits, 
and Class 4 fault-managed power systems.

• Many of the installation requirements for these types of cables were 
repeated in Articles 725 and 760.

• Part I provides general requirements for power-limited circuit 
conductors and cables.

• Part II covers listing requirements for conductors and cables.

• The requirements for Class 4 circuits are new for this cycle.

Article 722
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Hazardous (Classified) Locations

• Class 4 cables are permitted in hazardous (classified) locations where 
specifically permitted in the applicable article elsewhere in the Code.

• Similar language permitting wiring and applicable equipment has also 
been added to 725.10, 726.10, and 760.10 to provide a consistent 
approach in each of these articles.

• All of these sections have been rewritten into positive language by the 
NEC Correlating Committee.

722.10
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Class 1 Power-Limited Circuits

• Class 1 circuit requirements have been moved from Article 725 to the 
new Article 724.

• Class 1 circuits are now limited to not more than 30 volts and 1,000 
volt-amperes.

• The remote control and signaling circuits that are not power-limited are 
no longer considered to be Class 1 circuits. They are now covered by 
the first four chapters of the Code.

Article 724
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Class 2 and 3 Power-Limited Circuits

• Requirements for Class 1 circuits have been removed from Article 
725, which now only applies to Class 2 and 3 power-limited remote 
control and signaling circuits.

• General requirements for wiring of Class 2 and 3 circuits have been 
relocated to new Article 722, Cables for Power-Limited Circuits.

• The relocated material includes substitution tables, abandoned cables, 
mechanical execution of work, and other requirements that are 
common to Articles 725, 760, and 770.

Article 725
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Safety-Control Equipment

• If damage to Class 2 and 3 power-limited safety-control equipment can 
result in a direct fire or life safety hazard, the power-limited circuit must 
be installed in accordance with 724.31.

• Such circuits are no longer permitted to be reclassified as Class 1, but 
are required to be installed using Class 1 wiring methods.

• Reclassifying the wiring as Class 1 would require recertification of the 
source and load equipment as Class 1 equipment.

725.31
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Class 4 Power Systems

Article 726

• A new Article 726, Class 4 Power-Limited Circuits, has been created to 
provide requirements for fault-managed power systems.

• Fault-managed power systems monitor the circuit for faults and control 
power delivery to ensure that fault energy is limited.

• Class 4 circuits can have a peak output voltage of 450 volts dc line-to-
line or 225 volts line-to-ground.

922
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Energy Management Systems

• Energy management systems are required to be listed.

• Three options are provided for listing, including a complete listed 
system, a field installation kit, or listed components assembled as a 
system.

• 750.30(C) was expanded to provide requirements for current set point, 
system malfunction, settings, and marking requirements.

Article 750
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Mechanical Execution of Work

• Fire alarm circuit cables and conductors must be supported by 
hardware, including straps, hangers, and cable ties, that are listed and 
identified for securement and support.

• This correlates with requirements in 320.30, 330.30, 334.30, and 
337.30, which all require mounting hardware that is listed for 
securement and support.

• A similar requirement in 722.24 covers Class 2, 3, and 4 wiring.

760.24
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Change Summary
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General Requirements for Communications Systems

• During the 2020 cycle, communications circuit requirements were 
moved from Article 800 to Article 805. 

• A new Article 800, General Requirements for Communications 
Circuits, was created as a location for the Chapter 8 articles.

• The task was incomplete in the 2020 cycle. This cycle, several 
additional sections have been moved into Article 800.

Article 800

929



Chapter 8 • Articles 800-840 © 2022 electrical training ALLIANCE

Article 800

930



Change Summary

Chapter 8 • Articles 800-840 © 2022 electrical training ALLIANCE

Antenna Systems

• The title of Article 810 has been changed from “Radio and Television 
Equipment” to “Antenna Systems.”

• Most radio receiving equipment covered by Article 810 is cord- and 
plug connected to branch-circuit wiring.

• This article covers all radio receiving equipment.

• The only radio transmitting equipment covered by Article 810 is 
transmitters used for amateur radio and citizens band radio.

Article 810
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