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Board of Building Standards 
 

ELECTRICAL SAFETY INSPECTOR ADVISORY COMMITTEE 
REQUEST FOR RECOMMENDATIONS 

 
 
DATE:   MARCH 24, 2023 
TIME:   10:00 AM 
LOCATION:  NO MEETING THIS MONTH 
 
Personnel Certification Applications 

P-1 Baum, Justin ESI 
Certification ID: 9060 
Current certifications- None 
Staff notes- requested journeyman card 3/13 
ESIAC Recommendations:  
Committee recommendation: 
 

P-2 Davet, Michael - BO, BI, MI, ESI, NRIUI 
Certification ID# 6018 
Current certifications- RBO, PE since 1997 
Staff notes: Has passed ESI and BI, MI exams.  
ESIAC Recommendations: 
Committee Recommendation: 
 

P-3 Fisher, Kyle - ESI 
Certification ID: 9068 
Current certifications: none 
Staff notes: Appears to meet requirements for exam.  Recommend approval. 
ESIAC Recommendations: 
Committee Recommendation: 
 

P-4 Glenn, Kevin - ESI 
Certification ID: 9075 
Current certifications: none 
Staff notes: Holds Electrical Contractor Certification, recommend approval 
ESIAC Recommendations: 
Committee Recommendation: 
 

P-5 Helmer, Jason - ESI 
Certification ID: 9056 
Current certifications: none 
Staff notes: Recommend approval.  Has completed exams. 
ESIAC Recommendations:  
Committee Recommendation: 
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P-6 Lopez, Jimmy - ESI 
Certification ID: 9061 
Current certifications- none 
Staff notes- Appears to meet certification requirements for exams.  Recommend 
approval. 
ESIAC Recommendations:  
Committee Recommendation: 
 

P-7 Lovett, Brandon - ESI 
Certification ID: 9066 
Current certifications- none 
Staff notes: Application reflects 7+ years electrician experience, certification by 
ABC.  Has completed his E1 exam 
ESIAC Recommendations: 
Committee Recommendation: 
 

P-8 Melbar, Thomas - ESI 
Certification ID: 6039 
Current certifications- RBO, RPE, RMI, RBI 
Staff notes- Appears to meet certification requirements: recommend approval. 
ESIAC Recommendations:  
Committee Recommendation: 
 

P-9 Oeder, Charles - ESI 
Certification ID: 5409 
Current certifications- none, previously approved for ESI exams 
Staff notes: OCILB contractor, meets criteria, recommend approval. 
ESIAC Recommendations: 
Committee Recommendation:  
 

P-10 Sharpe III, John - ESI, MI 
Certification ID: 9065 
Current certifications- none 
Staff notes: Appears to meet requirements: Recommend approval for exams. 
ESIAC Recommendations: 
Committee Recommendation:  
 

  
Continuing Education Applications for Review 
 

ER-1 Electric Vehicle Power Transfer Systems and the 2020 NEC Part 2 (Matthews Electrical 
Services) 
All certifications (4 hours) 
Staff Notes:  Part 1 was approved in January. 
ESIAC Recommendation:   
Committee Recommendation:  
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ER-2 One- and Two-Family Dwelling (2017 NEC) (IAEI Central) 
All certifications (five 2-hour sessions) 
Staff Notes:  The five sessions include one session already presented February 9, for 
which retroactive approval is sought.  The Committee can ignore the session listed for 
the year 2024.  It will be submitted at the proper time. 
ESIAC Recommendation:   
Committee Recommendation:  
 

ER-3 Soares Grounding and Bonding (2017 NEC) (IAEI Central) 
All certifications (five 2-hour sessions) 
Staff Notes:  The five sessions include two sessions presented on January 12 and 
March 9, for which retroactive approval is sought.  The Committee can ignore the two 
sessions listed for the year 2024.  They will be submitted at the proper time. 
ESIAC Recommendation:   
Committee Recommendation:  
 

ER-4 Western Section IAEI Special Meeting (IAEI Western) 
All certifications (18.5 hours) 
Staff Notes:  The submitter has made it clear that, despite the way he filled out the 
application, this two-and-a-half-day meeting is not a multisession course.  If approved, it 
will receive one course number. 
ESIAC Recommendation:   
Committee Recommendation: 
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File Attachments for Item:

P-1 Baum, Justin ESI

Certification ID: 9060

Current certifications- None

Staff notes- requested journeyman card 3/13

ESIAC Recommendations:

Committee recommendation:
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File Attachments for Item:

P-2 Davet, Michael - BO, BI, MI, ESI, NRIUI

Certification ID# 6018

Current certifications- RBO, PE since 1997

Staff notes: Has passed ESI and BI, MI exams.

ESIAC Recommendations:

Committee Recommendation:
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File Attachments for Item:

P-3 Fisher, Kyle - ESI

Certification ID: 9068

Current certifications: none

Staff notes: Appears to meet requirements for exam.  Recommend approval.

ESIAC Recommendations:

Committee Recommendation:
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Kyle J. Fisher 
                    

                                              
 
Objective: 
 
To find an employer where I can utilize my varied knowledge of the electrical trade, 
enabling me to continue to build a career in the electrical field. 
 
Education: 
 
Fortis College, Cuyahoga Falls, OH     Graduated: June 2015 
Diploma, Electrical Systems Technician       
 Awards Received: Dean’s List, President’s List & Perfect Attendance 
 
10 Hour OSHA Safety Training Course       August 2014  
 
Norton High School, Norton OH     Graduated: June 2013 
Web Programming & Design  
 
Skills: 
• Residential & Commercial Wiring, Pipe Bending & Troubleshooting 
• Testing and Maintaining Generator Systems 
• Digital Home Integration systems & Networks 
• Repair of low voltage electronic systems 
• Audio, Video, Security, Fire Alarm, and Tele-data 
• Ability to follow electrical code manuals to install and repair electrical systems 
• Understanding of electrical codes 
• Competent with hand tools, power tools, electronic testing equipment and 

understanding schematics and blueprints 
• Trained in Next Star Service system and salesS 
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Experience: 
 
Thompson Electric        
August 2020 - Present 
 Responsibilities include: 

•  Working with Customers to understand their situations and providing them 
with proactive solutions for their residential and commercial electrical 
systems 

• Quoting work for customers 
• New home wiring 
• Understanding blue prints and requirements for system integrations 
• Re-wiring homes 
• Troubleshooting electrical systems 
• Ordering parts and materials 
• Clearing fire damaged properties 
• Teaching apprentices safe common practices in the electrical field 
• Installing lighting, ceiling fans, outlets, switches, timers etc. 

 
 
 
Blind and Sons Heating, Cooling, Plumbing & Electric 
July 2015 – August 2020      
 Responsibilities include: 

• Quoting work for customers and point of sales 
• Ordering parts and materials  
• Installing electrical service and panel systems  
• Re-wiring homes 
• Generator installations and Maintenance  
• Troubleshooting electrical systems  
• Installing lighting, ceiling fans, outlets, switches, timers etc. 
 

Akron Design and Costume       
(Seasonal) October 2009 – 2014 
 Responsibilities include: 

• Shipping and Receiving  
• Stock, Inventory and Bar coding 
• Maintenance  
• Maintaining Website 
• Running Cash Register  
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File Attachments for Item:

P-4 Glenn, Kevin - ESI

Certification ID: 9075

Current certifications: none

Staff notes: Holds Electrical Contractor Certification, recommend approval

ESIAC Recommendations:

Committee Recommendation:
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File Attachments for Item:

P-5 Helmer, Jason - ESI

Certification ID: 9056

Current certifications: none

Staff notes: Recommend approval.  Has completed exams.

ESIAC Recommendations:

Committee Recommendation:
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File Attachments for Item:

P-6 Lopez, Jimmy - ESI

Certification ID: 9061

Current certifications- none

Staff notes- Appears to meet certification requirements for exams.  Recommend approval.

ESIAC Recommendations:

Committee Recommendation:
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File Attachments for Item:

P-7 Lovett, Brandon - ESI

Certification ID: 9066

Current certifications- none

Staff notes: Application reflects 7+ years electrician experience, certification by ABC.  Has 

completed his E1 exam

ESIAC Recommendations:

Committee Recommendation:
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File Attachments for Item:

P-8 Melbar, Thomas - ESI

Certification ID: 6039

Current certifications- RBO, RPE, RMI, RBI

Staff notes- Appears to meet certification requirements: recommend approval.

ESIAC Recommendations:

Committee Recommendation:
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File Attachments for Item:

P-9 Oeder, Charles - ESI

Certification ID: 5409

Current certifications- none, previously approved for ESI exams

Staff notes: OCILB contractor, meets criteria, recommend approval.

ESIAC Recommendations:

Committee Recommendation:
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3/16/23, 5:01 PM Print Lookup Details

https://elicense4.com.ohio.gov/Lookup/PrintLicenseDetails.aspx?cred=9347&contact=19787 1/1

Ohio Department Commerce - OCILB  OCILB - Ohio Construction Industry Licensing Board
 

Lookup Detail View
Name and Address
 

Name Mail Address Public Address

CHARLES J OEDER

Registration Information

Credential License Type Issue Date Expiration Date Status Reason Company

EL.13566 Electrical 07/01/2022 06/30/2023 ACTIVE ACTIVE GREAT LAKES ELECTRIC

Renewal Requirements

Formatted Credential CE Requirements Completed Estimated Amount Due

EL.13566 No $0.00

Generated on:  3/16/2023 5:01:11 PM
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File Attachments for Item:

P-10 Sharpe III, John - ESI, MI

Certification ID: 9065

Current certifications- none

Staff notes: Appears to meet requirements: Recommend approval for exams.

ESIAC Recommendations:

Committee Recommendation:
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File Attachments for Item:

ER-1 Electric Vehicle Power Transfer Systems and the 2020 NEC Part 2 (Matthews Electrical 

Services)

All certifications (4 hours)

Staff Notes:  Part 1 was approved in January.

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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Electrical Vehicle Power Transfer Equipment and the NEC Part 2 
Outline 

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

• Article 625 Electric Vehicle Power Transfer Systems 

• Article 100 Key Definitions 

• Article 250 Grounding and Bonding 

• Chapter 3 Wiring Methods and Materials 

• Chapter 9 Tables 
 
Other Resources: 

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

• NECA 413 Standard for Installing and Maintaining Electrical Vehicle Supply Equipment 
(EVSE) 

• OSHA 1910 Subpart S Electrical Safety 
 
Referenced Websites: 

• www.NFPA.org 

• NREL – National Renewable Energy Laboratories 

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

• www.mikeholt.com 

• www.esfi.org Electrical Safety Foundation International) 

• Multiple  automobile and Class 2/DC Fast charger manufacturer websites 
 
Course Content: 

• Electrical Safety review with emphasis on DC systems 

• NEC definitions 

• Electric Vehicle Infrastructure 
o Non-residential installations 
o Fleet considerations 

• ADA Considerations 

• Installation requirements 

• Example Installations 
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  Board of Building Standards 
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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
This course will cover article 625 in the NEC for electric vehicle power transfer systems.  This course 

4 at least one per quarter

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

www.matthewselectrical.net

Electric Vehicle Power Transfer Systems and the NEC Part 2

will follow up on Electric Vehicle Power Transfer Systems and the NEC Part 1 and will focus on code-compliant installations.
Examples of a single phase Level 2 charger installation and a three-phase level 2 charger will be presented and explained.

, 5-27-2023 via Zoom.  Registration at www.matthewselectrical.net
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               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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Electric Vehicle Power Transfer 
Systems and the NEC Part 2

OCILB Course # 4871435

1
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Notice!

This course is based on the 2020 NEC.

The 2020 NEC has not been adopted in Ohio

Presented for
INFORMATIONAL PURPOSES ONLY.

The 2020 NEC has not been adopted in Ohio. PRESENTED FOR 
INFORMATIONAL PURPOSES ONLY

2
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Webinar 
Rules

• Attendee must be present the entire time 
(except breaks)
• Mute microphone at all times
• Prevents distraction during webinar
• Instructor may activate participant 

microphone if verbal response is needed

The 2020 NEC has not been adopted in Ohio. PRESENTED FOR INFORMATIONAL 
PURPOSES ONLY 3
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Webinar Rules (Continued)

• 5 minute breaks every hour
• Return promptly after breaks
• The instructor will check attendance after each break

• Emergencies

• Contingency Plans: Ohio Weather 
• Unexpected interruption

• Re-joining webinar
• Problems: 

• send me a text message: 419-575-3488
• Or email: hpmatthews66@att.net

The 2020 NEC has not been adopted in Ohio. PRESENTED FOR INFORMATIONAL 
PURPOSES ONLY 4
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Webinar 
Completion

• Certificate of completion will be sent via 
email to all attendees
• 4 hours of Code credits will be submitted to 

the OCILB and OBBS state boards within 48 
hours of class
• Feedback is encouraged to improve future 

webinars!
• Send other inquires, feedback and questions 

to:  hpmatthews@matthewselectrical.net
• 419-575-3488 (cell)

The 2020 NEC has not been adopted in Ohio. PRESENTED FOR INFORMATIONAL 
PURPOSES ONLY 5
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WELCOME!
• Goals
• Promote learning
• Make session engaging
• Discussion
• Videos
• Case Studies
• Polls

• Make 4 hours as productive as possible!

The 2020 NEC has not been adopted in Ohio. PRESENTED FOR 
INFORMATIONAL PURPOSES ONLY

6
137



7
138



8
139



140



Your Instructor:  Henry Matthews
• Advanced Senior Engineer (Current): (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

10
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Electric Vehicle Power Transfer 
Equipment and the NEC Part 2
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Agenda

• Part 1 review

• EV Current State

• Article 705: Interconnected 
Electrical Power Sources

• Residential Installation 
Example

• Commercial Examples:
• Three-phase system 

power, single phase 
charger application

• Three-phase system 
power, three phase 
charger app
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Resources
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Websites
• www.NFPA.org

• www.evassociation.org Electric Vehicle Charging Association

• www.chargedevs.com.  Charged Electric Vehicles Magazine

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

• www.mikeholt.com

• www.esfi.org Electrical Safety Foundation International)

• https://www.nrel.gov/ National Renewable Energy Laboratories

• Multiple  automobile and Class 2/DC Fast charger manufacturer websites
147
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Always Lead with Safety!
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Courtesy
ESFI.org
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Electric Vehicle Infrastructure Training 
Program (EVITP)

• https://evitp.org/
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Review
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Types of 
Electric 
Vehicles

Hybrid Electric Vehicles (HEV)

Plug-In Hybrid (PHEV)

Plug-In Electric Vehicle (PEV)

Battery Electric Vehicle (BEV)
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Relevant NEC Chapters and Articles (Based on the 2020 NEC)

• Article 625 Electric Vehicle Power Transfer Systems
• Article 100 Key Definitions
• Article 110 Requirements for Electrical Installations
• Article 210 Branch Feeders - including GFCI requirements
• Article 215 Feeders
• Article 220 Branch-circuit, Feeder and Service Load Calculations
• Article 230 Services
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Relevant NEC Chapters and Articles (Based on the 2020 NEC)

• Article 240 Overcurrent Protection
• Article 242 Overvoltage Protection
• Article 250 Grounding and Bonding
• Chapter 3 Wiring Methods and Materials
• Article 685 Integrated Electrical Systems
• Article 690 Solar Photovoltaic Systems
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Relevant NEC Chapters and Articles (Based on the 2020 NEC)

• Article 702 Optional Standby Systems
• Article 705 Interconnected Electric Power Production
• Article 706 Energy Storage Systems
• Chapter 9 Tables
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Other Resources

• NFPA 70E (2021) Electrical Safety in the Workplace
• NECA 413 Standard for Installing and Maintaining Electrical Vehicle 

Supply Equipment (EVSE)
• OSHA 1910 Subpart S Electrical Safety
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UL and Other Standards

• UL 2594 Electric Vehicle Supply Equipment
• UL 2231 Personal Protection Device (i.e., CCID Hardware)
• UL 1998 Standard for Safety-Related Software
• UL 991 Standard for tests for Safety-Related Controls 

Employing Solid-State Devices
• SAE J1772 Electric Vehicle Conductive Charge Coupler
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NEC 705

• IEEE Std 2030.7-2017, IEEE Standard for the Specification of Microgrid 
Controllers,
• IEEE Std 2030.8-2018, IEEE Standard for the Testing of Microgrid 

Controllers, provide information on microgrid controllers.
• IEEE Std 1547-2018, IEEE Standard for Interconnection and 

Interoperability of Distributed Energy Resources with Associated 
Electric Power Systems Interfaces.
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Residential Installations
• Verify that equipment has proper listings: UL, ETL, CSA, TUV e.g.
• Note: CE, RoHS, ISO 9000 etc. are not acceptable in the US!

• Read all manufacturer instructions!
• Follow all grounding and bonding requirements from manufacturer 

and the NEC 
• Do not install in a hazardous location unless the equipment is rated 

for the location (Class I, Division 2, Class II, Division 2 for example)
• See NEC chapter 5

• Inspect equipment for damage prior to installation
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Residential Installations
• Use recommended wire type and material (90 deg C, copper) for 

example
• Make sure charger will be operating within its temperature range
• Verify in extreme hot and cold locations

• Determine whether charger will be installed indoors or outdoors
• Verify equipment is rated for outdoor, wet or damp locations if installed 

outdoors
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Example:

ChargePoint 
HomeFlex, 
16A-50A 
Flexible 

Amperage 
Charger
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Options

• Use one NEMA 14-50 or NEMA 6-50 Outlet
• Fastened in place equipment shall be connected to the premises 

wiring by one or more of the following methods per 625.43(B) 
Fastened In-Place Equipment
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Installation

• Choose an installation location that allows the charging cable to 
reach the car’s charging port while still providing slack
• Ensure a stud is available for mounting the charger
• Ensure a reliable WiFi signal is available
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Outdoor Installation Option

• Requires outdoor –rated weather-resistant electrical outlet per 
625.56
• Or hardwired installation
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625.56 Receptacle Enclosures

• Receptacles for EV charging in a wet location shall 
be installed in a weatherproof enclosure

• Outlet box hood for the WP enclosure shall be 
listed and identified for Extra Duty

• If the the enclosure or assembly does not include a 
hood, it is not required to be marked as Extra Duty
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Hardwire or Plug-In Installation?
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Surge Protection

• In areas with frequent 
thunderstorms, add surge 
protection at the service 
panel for all circuits.

• Reference NEC Article 242
• Note: not a NEC 2017 

requirement. This is a 
2020 NEC requirement
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Determine Required Charging Amps

• Check electrical panel available space
• Check electrical service available capacity
• Important! Chargers are considered a Continuous load
• Multiply rated amps x 125% (1.25) per NEC 625.41
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625.41 Overcurrent Protection (Circuit Breakers or Fuses)

• Overcurrent protection for EVSE and WPTE equipment shall be sized 
for continuous duty (125%)
• Shall have a rating of not less than 125% of the maximum load of the 

equipment.
• Use nameplate data to determine maximum rating
• Where noncontinuous loads are supplied from the same feeder, the 

overcurrent device shall have a rating of not less than the sum of the 
noncontinuous loads plus 125 percent of the continuous loads.

171



Determine Required Charging Amps
• Charge controller can be installed at a variety of amperages
• Determine if homeowner prefers plug-in or hard-wired installation
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Higher Charging Amps

• This unit is capable of charging at higher amps
• Check electrical service to determine if adequate supply is available
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Determine Appropriate Outlet and NEMA 
Receptacle Size

For single phase 120V application
• Hot
• Neutral
• Ground

For single phase 240V application
• Hot (L1)
• Hot (L2)
• Neutral 
• Ground

Required for this installation 174



Electrical Service

• Ensure the panel can accept a 2-pole, 240-volt circuit breaker
• Ensure this will be a dedicated circuit per 625.40
• Each outlet installed for the purpose of charging electric vehicles shall be 

supplied by an individual branch circuit. Each circuit shall have no other 
outlets.
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625.54 Ground-Fault Circuit-Interrupter Protection for 
Personnel

• Portable and fastened-in-place EVSE that is permitted to be cord-and 
plug-connected must be supplied through a GFCI-protected 
receptacle.
• Henry’s take: As far as I know, I have not seen any NEMA 14-50 GFCI 

receptacles, therefore, this must be a GFCI breaker at the panel (2-pole, 240V)
• Amperage to be determined later 

• What about hard-wired installations?
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625.54 Ground-Fault Circuit-Interrupter Protection for 
Personnel

• The outlet supplying direct-connected EVSE is not required to be GFCI 
protected unless specified in the manufacturer’s instructions.

• Henry’s note:  Many manufactures have built-in GFCI or shock 
protection
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Remember

• Per the NEC, GFCI’s are required for
• Garages  per 210.8(A)(2)
• Outdoor installations per 210.8(A)(3)
• NEW for 2020 NEC: installations rated 150 VAC to ground or less.   This 

includes 208V (120 volts to ground) and 240 V (120 volts to ground) 
installations per 210.8(A)
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From Clipper Creek…

• With a hardwired charging station you generally do not need to have 
a GFCI circuit breaker in place whereas you would be required to 
have this for any 240V outlet used for an electric vehicle charging 
station per National Electric Code requirements.
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From Clipper Creek…

• Using a GFCI breaker to supply a charging station can result in 
nuisance tripping of the breaker during charging. The trip threshold 
for a standard U.S. GFCI breaker is 5mA which is relatively low for 
electric vehicle charging. For comparison, charging stations have 
20mA GFCI protection built it. At the 5mA trip threshold you may 
experience nuisance tripping of the circuit breaker during charging 
due to noise on the line generated by the vehicle.
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Per the 2020 NEC…
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Mounting 

• For plug-in applications, the outlet should be 
located 20-26 inches from the ground

• Note: The input cable is 12 inches long per the 
NEC
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625.50 Location

• Minimum mounting height for fixed or fastened-in-
place EVSE coupling connectors (cabling and 
connectors)
• Not less than 18 inches above the floor for indoor 

locations
• Not less than 24 inches above the grade for outdoor 

locations
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Details

240/120 Volt, 200-amp existing service

100 amps of existing load

Several spaces in panel available

Decide to use 40 amp charging (40 rated amps)

Uses 50-amp circuit per instructions

Installing inside of the garage

Plug-in installation*

*GFCI protection required

NEMA 14-50 receptacle

Using NM (Romex) cable, no conduit
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Example Calculations: Residential Single Phase
• Can the existing panel handle the new load?
• What size overcurrent protection is required?
• What size wire is required for feed the charger?
• Is voltage drop acceptable?
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Example Calculations: Residential Single Phase
• Charger rated 240 VAC, 40 amps, 9600 watts
• Since EVSE (chargers) are considered a continuous load: 
• 40 x 1.25 = 50 Amps

• Existing service has 100 amps of load existing (max demand)
• 100 + 50 = 150 Amps
• Yes, the 200 amp panel can handle the additional EVSE load 
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Calculate Wire Size
• Since EVSE is a continuous load: 40A x 1.25 = 50 amps
• Size wire size for 50A
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Final Design

• 60 amp, 2-pole, 208V CB (non-GFCI)
• Hardwired (no receptacle or plug)
• (2) #2 THWN-2 and (1) #4 THWN-2 EGC in ¾” 

RMC
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Three Phase Example

• What is the minimum size 120/208 V, three –phase OCPD and THWN-2 
CU feeder required to supply 6 CS-40 chargers?

• Assume all equipment is rated 75 deg C

• Assume load is balanced

• For 6 chargers, there will be 2 chargers on each phase to balance the 
load
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Example

• One charger draws 32 A. 
• Power for one charger = 32 x 208 = 6656 VA (Watts)
• For 6 chargers, total power = 6656 x 6 = 39,936 VA (Watts)
• 3-phase power equation: P = 1.73 x V x I
• I = P/(1.73 x V) = 39,936/(1.732 x 208) = 110.85 A
• Since loads are balanced, there will be 110.85 amps on each phase
• Since chargers are continuous loads, multiply current by 125% for 

OCPD and wire size calculations
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Determine Wire Size

• Multiply line currents by 125%
• 110.85 x 1.25 = 138.57 A
• 1/0 THWN-2 wire is good for 150 A @ 75 deg. C
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Determine Overcurrent Protection Size

• Multiply line currents by 125%
• 110.85 x 1.25 = 138.57 A
• There is no standard CB for 138.57 A, so OK to use next size up
• 150A CB
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Can 150A CB 
Protect 1/0 Wire?

• 1/0 THWN-2 wire at 75 deg C is 
good for 150A
• Yes, 150A circuit breaker can 

protect 1/0 wire
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Other Adjustment Factors to Consider
• Number of wires in conduit
• Ambient temperature
• Voltage Drop
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Follow up question…
• If this 400 A service already had 200A of load on it, can it accept the new 

charger loads?
• New load is 32A/charger x 6 chargers = 192 amps
• Since chargers are considered a continuous load, have to add 125%
• 192 x 1.25 = 240A
• 200 amps of existing load + 240 amps of new load = 440 amps
• No! The service cannot accept the new load!
• Would need to:

• install a larger service
• Decrease existing load
• Or select lower wattage chargers!
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Other Considerations for Commercial Installations
• Placement of chargers: Charging for one car or two
• Protection of chargers: bollards, concrete curbs etc.
• Access to chargers
• Protection of cables
• Theft of cables
• Physically Impaired driver access: ADA compliance
• Lighting of areas
• Water Drainage
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Warning! 
Uglier Math 
Ahead!
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Challenges

• Unbalanced loads
• Long feeder distance to 

charger - voltage drop
• Hardwire installations
• If using parallel feeds: 

avoiding inductive heating
• Must consider neutral current 

due to line imbalance (if 
using neutral)

• Circuit Breaker selection
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CONGRATULATIONS!

75FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO
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Next Steps

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN OHIO 76

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-2 One- and Two-Family Dwelling (2017 NEC) (IAEI Central)

All certifications (five 2-hour sessions)

Staff Notes:  The five sessions include one session already presented February 9, for which 

retroactive approval is sought.  The Committee can ignore the session listed for the year 2024.  

It will be submitted at the proper time.

ESIAC Recommendation:

Committee Recommendation:
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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 

     lettherebelight110@yahoo.com      937-763-6361

   1 & 2 Family Dwelling (2017 NEC), Soares Grounding and bonding (2017 NEC).
     Eric M. Klintworth PE; Matthew Ross; Chad Roberts

     of Electrical Inspectors (IAEI)
     These classes will cover the 2017 NEC; via PowerPoint slides created by t

    2 hours ea.   10; 13 if able to backd
     1/12, 2/9, 3/9, 4/13, 5/11, 6/8, 9/14, 10/12, 11/9, & 12/14/2023; 1/11

     International Association of Electrical Inspectors (IAEI) Central Ohio division
     International Association of Electrical Inspectors (IAEI) Central Ohio division

     1081 Lewis Center Road Lewis Center, OH 43035

✔

✔

✔

     1081 Lewis Center Road Lewis Center, OH 43035
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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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IAEI Central Ohio Division 2023-2024 syllabus


1. January 12, 2023

1. Soares 2017 NEC Part 1 (Final) 2--Chapter 4 Grounding Electrical Services. 

Instructor, Matthew Ross.

2. February 9, 2023


1. 1 & 2 Family (2017 NEC) (Vol I) Chapter 3. Instructor, Eric Klintworth.

3. March 9, 2023


1. Soares 2017 NEC Part 1 (Final) 2--Chapter 5 Main bonding Jumpers and 
Services. Instructor, Matthew Ross.


The above classes have already been taught if it is possible to backdate to get credit 
for these classes, that would be great. If not, I understand. We have an attendance 
roster for verification.  


4. April 13, 2023

1. Soares 2017 NEC Part 1 (Final) 2--Chapter 6 Grounding Electrode Systems. 

Instructor, Matthew Ross.

5. May 11, 2023


1. 1 & 2 Family (2017 NEC) (Vol II) Chapter 4. Instructor, Eric Klintworth.

6. June 8, 2023


1. 1 & 2 Family (2017 NEC) (Vol II) Chapter 5. Instructor, Eric Klintworth.

7. September 14, 2023


1. Soares 2017 NEC Part 1 (Final) 2--Chapter 7 Grounding Electorde Conductors. 
Instructor, Matthew Ross.


8. October 12, 2023

1. 1 & 2 Family (2017 NEC) (Vol II) Chapter 6. Instructor, Eric Klintworth.


9. November 9, 2023

1. Soares 2017 NEC Part 1 (Final) 2--Chapter 8 Bonding Enclosures and 

Equipment. Instructor, Matthew Ross.

10. December 14, 2023


1. 1 & 2 Family (2017 NEC) (Vol II) Chapter 7. Instructor, Eric Klintworth.

11. January 11, 2024


1. Soares 2017 NEC Part 1 (Final) 2--Chapter 9 Equipment Grounding 
Conductors. Instructor, Matthew Ross.


12. February 8, 2024

1. 1 & 2 Family (2017 NEC) (Vol II) Chapter 8. Instructor, Eric Klintworth.


13. March 14, 2024

1. Soares 2017 NEC Part 1 (Final) 2--Chapter 10 Enclosure and Equipment 

Grounding. Instructor, Matthew Ross.
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Eric M Klintworth, PE 
638 Rockbridge Road, Westerville, Ohio 43081 

klintworth@earthlink.net 

Cell: 614–499–7056 

Senior Electrical Engineer 

A seasoned electrical engineer with in-depth experience in industrial control & 
automation, instrumentation, PLC, HMI,  SCADA, and power distribution. Extensive 
hands-on startup, troubleshooting, and system level experience. 

Core Competencies: 

Industrial Control & Automation  Instrumentation  PLC  HMI  SCADA 
Low & Medium Voltage Power  Hazardous Locations  Machine Safety  

 Field Startup & Commissioning  Advanced Troubleshooting  Expert Witness 
VFD  Servo Drives  HVAC Controls  Networking  NEC  UL 508a  Lighting 

Professional Experience 

Hyperion Materials & Technologies/Diamond Innovations/Sandvik 
Worthington, Ohio, 2014–present 

Manufacturer of synthetic diamond and cubic boron nitride for industrial applications 

Senior Electrical Controls Engineer, R&D 

 Developed specialized control schemes and measurement techniques for high 
temperature, high pressure, pressing to facilitate new product development. 

 Created Microsoft SQL Server database tables to automatically record process data 
from PLCs via Cimplicity. 

 Customized imported hydraulic presses to meet specialized in-house needs via 
hardware, PLC, and HMI program additions. 

 Led upgrade of cubic press controls and hydraulics to achieve unique multi-axis 
pressure control. 

Consultant to Bricker & Eckler Attorneys, Columbus, Ohio, 2002–present 

Troubleshooter and Technical Expert (occasional) 

 Sort out performance issues with water and wastewater construction projects. 

 Determine root causes and most economical remedies, working with owners, 
engineers, and contactors. 

 Advise attorneys on technical matters. 

 Prepare reports and serve as expert witness as needed. 

Continued…  
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Eric M Klintworth, PE 

Star Dynamics Corporation, Hilliard, Ohio, 2008–2014 

Builder of advanced multi-target tracking radars and radar cross-section measurement systems 

Staff Electrical Engineer 

 Led design of AC and DC power distribution for mobile tracking radar system. 

 Designed and programmed PLC-based radar system operator’s console. 

 Integrated digital motion controller with industrial servo drives for five-axis antenna 
characterization system. 

LATA/Sharp and Associates, Westerville, Ohio, 1996–2008 

Engineers and system integrators for environmental remediation, water, and wastewater systems 

Senior Electrical Engineer 

 Wrote and commissioned all PLC programs for radio-connected multi-site 
groundwater remediation system in Lansing, Michigan. Prepared and stamped 
electrical drawings for three system expansions. 

 Replaced entire control and SCADA system at 3 Mgal/day municipal water treatment 
plant, Wadsworth, Ohio. 

 Test/startup engineer and electrical SME at greenfield US Department of Energy 
DUF6 nuclear facility, Piketon, Ohio.  

 Designed, programmed, and retrofitted PLC-based 21-site rural water distribution 
SCADA system, Erie County, Ohio. 

Worthington Foods, Inc., Worthington, Ohio, 1993–1994 

Producer of Morningstar Farms brand frozen and packaged vegetarian foods, now Kellogg’s  

Electrical Project Engineer 

 Ferreted out and resolved complex power and control system deficiencies throughout 
the newly built Zanesville food plant.  

Ormet Primary Aluminum Corporation, Hannibal, Ohio, 1987–1993 

256 acre aluminum reduction plant producing 1.5M lb/day of sows and premium extrusion billets  

Electrical Project Engineer 

 Oversaw specification, procurement, and retrofitting of 13.8kV substations. 

 Conceived and oversaw implementation of aluminum billet casting control system.  

Education, Licensure, Professional Memberships 

 BS in Electrical Engineering with Management Option, Ohio Northern University 

 Registered Professional Engineer in Ohio, Michigan, Colorado, Arizona, & New 
Mexico 

 Licensed Electrical Contractor in Ohio 

 NFPA 70E Qualified Person 

 IEEE Senior Member 
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Calculating the 
Load for a Two-Family Dwelling

• Trade practice is to supply the service equipment for a two-
family dwelling through a common mast or through a common 
service lateral

• Where this is done, a duplex meter base is commonly installed

• A calculation must be performed to determine the minimum 
size of service-entrance or service-lateral conductors required to 
supply the common loads

Calculation Methods 
of Two-Family Dwellings

• Standard calculation of both feeders and service-entrance or 
service-lateral conductors
• Optional calculation of feeders to individual dwelling units and 

standard calculation of service-entrance or service-lateral 
conductors
• Optional calculation under NEC 220.83
• Two calculations are performed
• Standard calculation under Article 220 Part III for two units, 

then for three units under Section 220.82
• Smaller of the two calculated loads can be used 
• Applies only to service-entrance or service-lateral conductors

Service-Entrance Conductors - Two-Family 
Dwellings

Article 100: Definitions

• Cabinet: “An enclosure that is designed for either surface or 
flush mounting and is provided with a frame, mat, or trim in 
which a swinging door or doors are or can be hung.”

• Panelboard: “A single panel or group of panel units designed for 
assembly in the form of a single panel, including buses and 
automatic overcurrent devices, and equipped with or without 
switches for the control of light, heat, or power circuits; 
designed to be placed in a cabinet or cutout box placed in or 
against a wall, partition, or other support; and accessible only 
from the front.”

Cabinet

Panelboard

Article 100: Definitions 312.2 Cabinets in 
Damp and Wet Locations  

• Must be designed to prevent moisture or water from entering or 
accumulating within the cabinet or cutout box

• Shall be mounted so there is at least 6 mm (¼ in.) airspace 
between the enclosure and the wall or surface

• Enclosures installed in wet locations shall be weatherproof

• For enclosures in wet locations, raceways or cables entering 
above uninsulated live parts must use fittings listed for wet 
locations
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Minimum 6 mm (¼ in.) 
airspace between the 
enclosure and the wall 
or surface

312.2 Damp and Wet Locations

Position in Walls and Repairs

• Cabinets installed in walls of concrete, tile, or other 
noncombustible material must have their front edge recessed 
not more than 6 mm (¼ in.) from the finished surface

• Where installed in wooden walls or other combustible material, 
cabinets must be flush with the finished surface or project out 
from the surface [NEC 312.3]

• Finished surfaces such as plaster, drywall or plasterboard that 
are broken out or incomplete have to be repaired

• The maximum permitted gap around or surrounding the cabinet 
and the finish surface is 3 mm ( ⅛ in.) for cabinets that have a 
flush-type cover [NEC 312.4]

312.2 and 312.3 Cabinet and Cutout Box 
Installation

312.5 Cables Entering 
Cabinets and Cutout Boxes

• Cables and conductors shall be protected from abrasion

• Openings in enclosures shall be adequately closed

• Concealed knob-and-tube or open wiring shall enter through 
insulating bushings or, in dry locations, through flexible tubing 
extending from the last insulating support and firmly secured to 
the enclosure

• Where cables are used, each cable shall be individually secured 
to the cabinet, cutout box, or meter socket enclosure (see 
exception)

312.5(C) Cable Entries to Cabinets
Wire Bending Space at Terminals

• Conductors at terminals or conductors entering or leaving 
enclosures must be installed so that adequate wire bending 
space at each terminal is provided

• Allows connections to be made to terminals without damaging 
the terminal or conductor insulation

• Larger the conductor, stiffer it is and more difficult to bend to 
make connections; thus, more wire-bending space is required

• Code requires cabinets to be provided with back wiring spaces, 
gutters, or wiring compartments

• Applies to cabinets that contain devices connected within the 
cabinet to more than eight conductors

145 146 147
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408.55 Wire-Bending Space Within an 
Enclosure Containing a Panelboard

312.6(B)(2) Ex. No. 2: Meter Socket 
Enclosures

Conductor Protection 
from Abrasion

• Insulated circuit conductors (4 AWG or larger) entering a 
raceway in a cabinet, pull box, junction box, or auxiliary gutter, 
required to be protected by an identified fitting providing a 
smoothly rounded insulating surface
• Fittings used for this purpose typically are an insulated conduit 

bushing (Code permits alternatives such as a metal fitting with 
an insulated throat or a nonmetallic terminal adaptor)
• Conduit bushings made wholly of insulating material are not 

permitted to be used to secure a raceway to an enclosure
• Listed metal locknut would need to be used in conjunction with 

an insulating bushing
• See NEC 312.6(C), 300.4(G)

312.6(C) Protect 
Conductors from Abrasion

Wire Space in Enclosures

• Cabinets and meter socket enclosures are required to have 
sufficient space to accommodate all installed conductors

• Cabinet enclosures for switches or overcurrent devices are 
generally not permitted to be used as junction boxes, auxiliary 
gutters, or raceways for conductors feeding through or tapping 
off to other switches or overcurrent devices (unless adequate 
space is provided) 

• Conductors not permitted to fill the wiring space at any cross 
section to more than 40% of the cross-sectional area of the 
gutter space in the enclosure

• Where conductors are spliced in these switch or overcurrent 
device enclosures, the conductors, splices, and taps cannot fill 
the wiring space at any cross section to more than 75% of the 
cross-sectional area of the space

Wire Space in Enclosures (cont.)

• Where feed-through conductors are present, a warning label 
complying with NEC 110.21(B) is required to be applied to the 
enclosure identifing the closest disconnecting means for these 
feed-through conductors

• See NEC 312.8
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312.8 Enclosures for Overcurrent 
Devices

Mounting and Location of Switches 
and Overcurrent Devices

• Switches and circuit breakers of the externally operable type 
must be mounted in an enclosure listed for the intended use 
[404.3(A)]

• Minimum wire bending space at terminals and minimum gutter 
space must be provided in switch enclosures [312.6]

• Where installed in any damp or wet location or outside a 
building, a switch or circuit breaker is required to be enclosed in 
a weatherproof enclosure or cabinet [404.4(A)]

• General-use and motor-circuit switches and circuit breakers, 
where mounted in an enclosure, must clearly indicate whether 
they are in the open “off” or closed “on” position [404.7]

Mounting and Location of Switches 
and Overcurrent Devices (cont.)

• Where switch or circuit breaker handles are operated vertically 
rather than rotationally or horizontally, the “up” position of the 
handle must be in the “on” position [404.7, 240.81]

• All switches and circuit breakers that are used as switches must 
be located so they can be operated from a readily accessible 
location [404.8(A)]

• All switches and circuit breakers must be installed so the center 
of the grip of their operating handles, when in their highest 
position, will not be more than 2.0 m (6 ft 7 in.) above the 
surface of the floor or other working platform [404.8(A), 
240.24(A)]

240.24 Accessibility and 
Location of Overcurrent Devices

408.4(A) Circuit Directory or Circuit Identification
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Main Bonding Jumper

• Where a panelboard is used as service equipment it must be 
provided with a main bonding jumper

• Generally, the main bonding jumper is a bus, strap, or screw 
provided by the manufacturer, and under this condition, it can 
be installed without a sizing requirement in the field

• It is placed within the panelboard and is used for connecting the 
grounded (neutral) service conductor on its supply side to the 
metallic frame of the panelboard 

• See NEC 250.28, 408.3(C)

408.3(C) Panelboard as Service 
Equipment

Main 
Bonding 
Jumper

408.36 Overcurrent 
Protection for Panelboards

• Generally, a panelboard is required to be protected by an 
overcurrent protective device having a rating not greater than 
that of the panelboard

• This overcurrent protective device to be located within or at any 
point on the supply side of the panelboard

• Ex. No. 1: Individual protection not required for a 
panelboard used as service equipment with multiple 
disconnecting means [up to six means of disconnect(230.71)]

• Panelboards protected in this manner shall not supply a 
second bus structure within the same panelboard

(cont. on next slide)

408.36 Overcurrent 
Protection for Panelboards (cont.)

• Generally, a panelboard is required to be protected by an 
overcurrent protective device having a rating not greater than 
that of the panelboard

• This overcurrent protective device to be located within or at any 
point on the supply side of the panelboard

• Ex. No. 2: Individual protection not required for a 
panelboard protected by main on its supply side (two main 
circuit breakers or two sets of fuses)

• A panelboard employing this exception shall not contain 
more than 42 overcurrent devices

(cont. on next slide)

408.36 Overcurrent 
Protection for Panelboards (cont.)

• Generally, a panelboard is required to be protected by an 
overcurrent protective device having a rating not greater than 
that of the panelboard

• This overcurrent protective device to be located within or at any 
point on the supply side of the panelboard

• Ex. No. 3: For existing panelboards, individual protection not 
required for a panelboard used as service equipment for an 
individual residential occupancy

408.36 Overcurrent Protection for Panelboards 408.36 Overcurrent 
Protection for Panelboards (cont.)

• Generally, panelboards are no longer limited to a maximum of 
42 overcurrent devices per panelboard

• See 408.36, Ex. No. 2 

• Number of overcurrent devices per panelboard limited only by 
listing and manufacturer’s specifications
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408.36 Ex. No. 1 Overcurrent 
Protection 408.36(D) Back-Fed Devices

Grounded Conductors 
in Panelboards

• Each grounded (neutral) conductor must terminate in an 
individual terminal that is not to be used to terminate another 
neutral conductor

• Exception will allow more than one grounded conductor to 
terminate under one termination point where parallel 
conductors are installed, as long as they terminate in a terminal 
identified for more than one conductor 

• See NEC 110.14; 408.41

Grounded conductors 
in panelboards limited 
to one conductor per 
terminal (408.41)
Exception for parallel 
conductors if terminal is 
identified for more than one 
conductor

(photo shows violation)

408.40 Grounding 
of Panelboards

• Metal panelboard cabinets and panelboard frames must be:
• In physical contact with each other
• Connected to an equipment grounding conductor

• Where the panelboard is used with nonmetallic raceway or 
cable or where separate equipment grounding conductors are 
provided, a terminal bar for the equipment grounding 
conductors shall be secured inside the cabinet
• Terminal bar must be bonded to the cabinet and panelboard 

frame (if of metal) otherwise it shall be connected to the 
equipment grounding conductor that is run with the conductors 
feeding the panelboard 
• Exception for isolated equipment grounding conductor

408.40 Grounding 
of Panelboards (cont.)

• Equipment grounding conductors are not be connected to a 
terminal bar provided for grounded conductors or neutral 
conductors unless…
• Terminal bar is:
• identified for the purpose 
• located where interconnection between equipment 

grounding conductors and grounded circuit conductors is 
permitted or required by Article 250 

408.40 Grounding of Panelboards
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Appendices

Appendices
• Appendix A - Cross reference from 2017 NEC to 2018 IRC

• Appendix B - Residential Wiring Checklists NEC & IRC

• Appendix C – Comparison Chart of NEC and IRC Tables

• Appendix D - Answers to Chapter Lesson Questions 

One- and Two-Family Dwelling 
Electrical Systems – 2017 NEC

Training Presentation by:
International Association of Electrical Inspectors

End of Volume I of IV
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One- and Two-Family Dwelling 
Electrical Systems – 2017 NEC

Training Presentation by:
International Association of Electrical Inspectors

Volume II of IV

One- and Two-Family Dwelling 
Electrical Systems – 2017 NEC

• Presentation based on 
IAEI’s One- and Two-
Family Dwelling 
Electrical Systems ,      
10th edition textbook

• This textbook is based 
on the requirements 
contained the 2017 NEC 
and the 2018 IRC

General Requirements for Services

• A building or other structure is generally required to be served 
by only one service [NEC 230.2]
• Service conductors supplying a building or structure shall not 

pass through the interior of another building or structure     
[NEC 230.3]
• Conductors other than service conductors are not permitted in 

the same raceway or cable with the service conductors         
[NEC 230.7]
• Service raceways entering buildings from an underground 

distribution system required to be sealed with a material 
identified for the use [NEC 230.8]

Article 100: Definitions

• Premises Wiring (System): “Interior and exterior wiring, 
including power, lighting, control, and signal circuit wiring 
together with all their associated hardware, fittings, and wiring 
devices, both permanently and temporarily installed. This 
includes (a) wiring from the service point or power source to the 
outlets or (b) wiring from and including the power source to the 
outlets where there is no service point. 
• Such wiring does not include wiring internal to appliances, 

luminaires, motors, controllers, motor control centers, and 
similar equipment.”
• Informational Note: Power sources include, but are not 

limited to, interconnected or stand-alone batteries, solar 
photovoltaic systems, other distributed generation systems, 
or generators.

Article 100: Definitions

• Service: “The conductors and equipment for delivering electric 
energy from the serving utility to the wiring system of the 
premises served.”
• Service Cable: “Service conductors made up in the form of a 

cable.” 
• Service Conductors: “The conductors from the service point to 

the service disconnecting means.”

Article 100: Definitions

• Service Conductors, Overhead: “The overhead conductors 
between the service point and the first point of connection to 
the service-entrance conductors at the building or other 
structure.”
• Service Conductors, Underground: “The underground 

conductors between the service point and the first point of 
connection to the service-entrance conductors in a terminal 
box, meter, or other enclosure, inside or outside the building 
wall.”
• Informational Note: Where there is no terminal box, meter, 

or other enclosure, the point of connection is considered to 
be the point of entrance of the service conductors into the 
building.

1 2 3
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Article 100: Definitions

• Service Drop: “The overhead conductors between the utility 
electric supply system and the service point.”
• Service-Entrance Conductors, Overhead System: “The service 

conductors between the terminals of the service equipment and 
a point usually outside the building, clear of building walls, 
where joined by tap or splice to the service drop or overhead 
service conductors.”

Article 100: Definitions

• Service-Entrance Conductors, Underground System: “The 
service conductors between the terminals of the service 
equipment and the point of connection to the service lateral or 
underground service conductors.
• Informational Note: Where service equipment is located 

outside the building walls, there may be no service-entrance 
conductors or they may be entirely outside the building.

• Service Equipment: “The necessary equipment, usually 
consisting of a circuit breaker(s) or switch(es) and fuse(s) and 
their accessories, connected to the load end of service 
conductors to a building or other structure, or an otherwise 
designated area, and intended to constitute the main control 
and cutoff of the supply.”

Article 100: Definitions

• Service Lateral: “The underground conductors between the 
utility electric supply system and the service point.” 
• Service Point: “The point of connection between the facilities of 

the serving utility and the premises wiring.”

• Informational Note: The service point can be described as 
the point of demarcation between where the serving utility 
ends and the premises wiring begins. The serving utility 
generally specifies the location of the service point based on 
the conditions of service.

Article 100: Service Definitions

Point of Attachment

Service Point

Clearances on Buildings

• The Code requires minimum clearances for service conductors 
installed as open conductors (such as duplex or triplex service 
drops or multiconductor cables) that do not have an overall 
outer jacket from building openings and other items such as:
• Porches
• Balconies
• Ladders
• Stairs

• Does not restrict the installation of a multiconductor cable 
assembly that has an overall outer jacket, such as Type SE
• See NEC 230.9

Clearances on Buildings (cont.)

• Open service conductors (including the drip loop) cannot be 
installed any closer than 900 mm (3 ft) from the sides or bottom 
of any window that is designed to be opened
• This 900 mm (3 ft) clearance required from:

• Doors
• Porches
• Balconies
• Ladders
• Stairs
• Fire escapes
• Other similar locations

Clearances on Buildings (cont.)

• This 900 mm (3 ft) clearance is intended to keep open service 
conductors at least “reach distance” from building openings or 
platforms

• Some forms of service conductors are not required to maintain 
this 900 mm (3 ft) such as:

• Service conductors installed above the top level of a 
window

• Service conductors in the form of service-entrance cable, 
Type SE or SER

• Service conductors installed in a raceway

10 11 12
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230.9 Clearance on Buildings

Service Drop 
Clearances Above Roofs

• General rule for clearances requires service drops to have a 
minimum vertical clearance of not less than 2.5 m (8 ft) where 
they pass over a roof

• This 2.5 m (8 ft) vertical clearance must generally be maintained 
for a distance of 900 mm (3 ft) in all directions from the edge of 
the roof

• Five exceptions to this general rule

• See NEC 230.24(A) and (B)

230.24(A) Clearances Above Roofs

Service Drop 
Clearances Above Roofs (cont.)

• Service drops to have a minimum vertical clearance of not less 
than 2.5 m (8 ft) above roof (with exceptions)

• Reduction of the service-drop clearance to 900 mm (3 ft)
when the voltage between the service-drop conductors is 
not over 300 volts and the roof has a slope of 100 mm (4 in.)
in 300 mm (12 in.) or greater

• See 230.24(A) Ex. No. 2

Service Drop 
Clearances Above Roofs (cont.)

• Service drops to have a minimum vertical clearance of not less 
than 2.5 m (8 ft) above roof (with exceptions)
• Reduction in clearance of the service-drop conductors to 

450 mm (18 in.) above the roof where:
• Voltage between conductors does not exceed 300 volts 
• Service drop passes over only the overhanging portion of 

the roof, and not more than 1.8 m (6 ft) of service-drop 
conductor passes diagonally over the roof overhang
• Service drop does not pass over an overhang that 

extends more than 1.2 m (4 ft) horizontally from the 
structure 
• Secured to an electric service mast (through-the-roof) 

raceway or other approved support means
• See 230.24(A) Ex. No. 3

230.24(A) Ex. No. 3 - Clearances 
Above Roofs

230.24(B) Vertical Clearances 
Above Final Grade

• Vertical clearances for service drops and overhead service 
conductors passing above finished grade or ground level vary 
depending on the voltage involved and the condition

• Vertical clearance must be maintained at the minimum 
distances described in the Article 230

• See next slide
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230.24(B) Vertical Clearances from 
Ground

230.28 Service Mast as Support

• Service masts used as support of service drops must be “of 
adequate strength” to withstand safely the weight imposed by 
service drop (or be supported by braces or guy wires)
• The Code does not mandate minimum size of conduit permitted 

for a service mast or the use of additional support such as guy 
wires
• Interpretation of “of adequate strength” determined by AHJ
• Many serving utility companies provide a set of regulations that 

detail what is required for the service mast to which a service 
drop is to be attached
• By electric utility company regulations or local ordinances often 

require a metric designator 53 (2 in.) or larger steel galvanized 
rigid metal conduit to be used for an electric service mast

230.28 Service Masts as Support 

230.50 Protection Against Physical 
Damage

230.41 Insulation of Service-
Entrance Conductors

Service-Entrance Cable Installation

• Type SE cable can be used for services and is often used in older, 
existing dwelling units (See NEC Article 338)
• Several fittings are made to facilitate the installation of Type SE 

cables for services including:
• Weatherhead or service cap
• Watertight connectors for connection at meter bases and 

service equipment
• Service-cable sill plates
• One-hole and two-hole straps
• One-screw and two-screw connectors

• Additional information on service-entrance cable fittings can be 
found in the UL Product Spec (formally UL White Book) in 
Category (TYZX)

Typical Fittings for Use with Type SE 
Cables 230.43(7) Service-Entrance Cable
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230.50 Protect Service-Entrance 
Cable

230.43  Raceways 
Permitted for Service Entrance 

• Rigid metal conduit (RMC)
• Intermediate metal conduit (IMC)
• Rigid polyvinyl chloride conduit (PVC)
• Electrical metallic tubing (EMT)
• Electrical nonmetallic tubing (ENT)
• Flexible metal conduit (FMC) [1.8 m (6 ft) lengths]
• Liquidtight flexible metal conduit (LFMC) [1.8 m (6 ft) lengths]
• Liquidtight flexible nonmetallic conduit (LFNC)
• High density polyethylene conduit (HDPE)
• Nonmetallic underground conduit with conductors (NUCC)
• Reinforced thermosetting resin conduit (RTRC)

310.10(C) & (D) Conductors Suitable for the 
Location

Service Disconnecting Location

• All one- and two-family dwelling services required to provide a 
means of disconnect for all service-entrance conductors 
installed in a building or other structure
• Service disconnecting means must be installed in a readily 

accessible location
• Permitted to be located outside the building or inside the 

building
• If located inside the building, the disconnecting means must 

be located “nearest the point of entrance” from where the 
service conductors enter the building

• See NEC 230.70(A)(1)

Service Disconnecting Location (cont.)

• Service conductors considered outside the building under any 
of the following conditions where they are installed in:
• Suitable raceway under not less than 50 mm (2 in.) of 

concrete beneath building
• Building, but the raceway or cable is encased in not less 

than 50 mm (2 in.) of concrete or brick
• A vault (not typical for dwelling units)
• Conduit under not less than 450 mm (18 in.) of earth

beneath the building
• Rigid metal conduit (RMC) or intermediate metal conduit 

(IMC) routed directly through an eave (not a wall) 
• See NEC 230.6

230.70(A)(1) 
Service Disconnect Location

Service Disconnecting Location (cont.)

• Overcurrent devices (including service OCPD) required to be 
installed in a readily accessible location to the occupant
• Overcurrent devices restricted from being located in the 

following locations:

• In the vicinity of easily ignitible material (such as clothes 
closets)
• Over steps of a stairway
• In bathrooms of dwelling units (exception for supplementary 

OCPD)
• Service disconnecting means are not permitted to be installed 

in bathrooms [NEC 230.70(A)(2)]
• See NEC 240.24
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230.70(A)(2) Not Permitted in 
Bathrooms

230.66 Marking of 
Service Disconnecting Means

• Service equipment required to be marked as being suitable for 
use as service equipment

• Marking provided by the manufacturer and is often a part of the 
information on the label affixed inside the cabinet

• Manufacturers markings will include:

• SUITABLE FOR USE AS SERVICE EQUIPMENT

• SUITABLE ONLY FOR USE AS SERVICE EQUIPMENT

• SUITABLE FOR USE AS SERVICE EQUIPMENT – WHEN NOT 
MORE THAN SIX MAINS ARE INSTALLED

• All service equipment shall be listed or field labeled

• Also see 230.70(B)

230.66 Service Disconnect 
Suitable for the Use

230.70(B) Marking of 
Service Disconnecting Means

• Each service disconnect is also required to be permanently 
marked identifying it as a “Service Disconnect”

• This is in addition to the manufacturer’s marking of service 
equipment required to be marked as being suitable for use as 
service equipment [230.66]

Working Space – Space 
About Electrical Equipment

• Ample working space is required in the vicinity of service 
equipment so any repairs, operation, or servicing of equipment 
can be performed safely
• Minimum 750 mm (30 in.) wide in front or the width of the 

equipment whichever is greater
• Minimum headroom required – 2.0 m (6½ ft)
• Doors to swing a minimum of 90° angle
• Dedicated electrical space required above and below the 

electrical equipment
• Dedicated electrical space applies to both indoor and outdoor 

installations

110.26(A) Working Space Required 110.26(A)(2) Width of Working 
Space
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Limited Access Working Space

• Working space is also required around electrical equipment 
located in spaces with “limited access” such as above 
suspended ceilings, attics, or crawl spaces
• Strict compliance with normal working space rules in attics and 

crawl spaces is often not feasible and, in some cases, not 
possible
• Prescriptive requirements for such limited access spaces has 

been addressed in the latest edition of the Code and sorely 
lacking previously
• Limited access working space provisions is an attempt to 

provide relief for both the installer and the enforcement 
community
• See NEC 110.26(A)(4)

Working Space –
Illumination & Headroom

• Illumination shall be provided for all working spaces about 
service equipment and panelboards installed indoors
• Additional lighting outlets not required where the work space is 

illuminated by an adjacent light source
• Illumination source cannot be controlled by an automatic 

means only (such as a motion sensor)
• Minimum headroom required – 2.0 m (6½ ft)

• Exception:  In existing dwelling units, service equipment or 
panelboards not exceeding 200 amperes are permitted in 
spaces where the headroom is less than 2.0 m (6½ ft)

110.26(A)(3) and (D) Illumination 
and Headroom

Requirements for 
Service Disconnects

• Service disconnect required for each service permitted by 230.2 
or each set of service-entrance conductors permitted by 230.40 
Ex. No. 1 

• Shall consist of not more than six switches or six circuit 
breakers mounted in a single enclosure or separate enclosures

• The two to six service disconnects permitted by 230.71 are 
required to be grouped together

• Each service disconnect shall be marked to indicate the load 
served

230.71(A) Maximum Number of 
Disconnects

230.71(A) & 230.72(A) 
Service Disconnects Grouped

Services for Outbuildings

• Section 230.40 Ex. No. 3 permits a set of service-entrance 
conductors to be run from a common location (such as a meter 
socket enclosure or wireway) to another building

• Service drop or lateral can supply either building

• Service-entrance conductors must remain outside the 
structures per 230.3

• Service disconnect(s) located to comply with 230.70(A) (outside 
or inside, nearest the point of entrance) 

• Connections to service-entrance conductors or service lateral to 
be made in an acceptable manner in an enclosure with 
adequate space

230.40 Ex. No. 3 Service-Entrance 
Conductor Sets
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230.40 Ex. No. 3 Service-Entrance 
Conductor Sets

Minimum Size of 
Service-Entrance Conductors

• Not less than the calculated load in accordance with Article 220 
[230.42(A)]

• Minimum 100 amperes for one-family dwellings as required by 
the disconnect sizing requirements of 230.79

• Must be equal to or exceed the rating of the overcurrent device 
in series with service-entrance conductor [230.90(A)]

Sizing Service-Entrance Conductors 
for Dwelling Units

• NEC 310.15(B)(7) can be applied specifically to the service-
entrance, service-lateral and the main power feeder conductor 
for dwelling units

• Applies to dwelling unit services of 120/240 volts, 3-wire or 
208Y/120 volts, single-phase feeder conductors 

• Permitted to have an ampacity not less than 83 percent of the 
service or feeder rating based on standard ampacity ratings 
found at NEC 240.6(A)

• Permitted to be used for the feeder conductors that supply the 
entire load associated with the dwelling unit

310.15(B)(7) Permitted to be Used 310.15(B)(7) Permitted to be Used 310.15(B)(7) Permitted to be Used

Overload Protection for 
Service-Entrance Conductors

• In most cases, each ungrounded (hot) service-entrance 
conductor must be protected from overload by an overcurrent 
device installed in series with the conductor that will operate 
during an overload

• Each ungrounded service conductor is required to have 
overload protection

• Service-entrance conductors are protected from overload at 
their load end rather than at their supply end

• See NEC 230.90
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Overload Protection for 
Service-Entrance Conductors (cont.)

• An overload includes 

• Operation of equipment in excess of normal

• Full-load rating

• Conductor in excess of rated ampacity (which, if it persists 
for a sufficient length of time, would cause damage or 
dangerous overheating)

• A fault, such as a short circuit or ground fault, is not an overload

230.90 Overload Protection 
Required

Panelboards at Dwelling Units

• Two types of panelboards are commonly used in residential 
occupancies

• Main circuit breaker or set of fuses installed at the factory by the 
manufacturer (most commonly used at dwellings)

• “Main Lug Only” (MLO) panelboard (no main breaker)

• MLO panelboard has the ungrounded service or feeder conductors 
connected directly to the main lugs on the load side rather than to a 
circuit breaker or set of fuses

• MLO panelboard protected from overcurrent and overload on the 
supply-side of the feeder with two main circuit breakers or two sets 
of fuses having a combined rating not greater than that of the 
panelboard

408.36 Overcurrent 
Protection for Panelboards

• Generally, a panelboard is required to be protected by an 
overcurrent protective device having a rating not greater than 
that of the panelboard

• This overcurrent protective device to be located within or at any 
point on the supply side of the panelboard

• Ex. No. 1: Individual protection not required for a 
panelboard used as service equipment with multiple 
disconnecting means [up to six means of disconnect(230.71)]

• Panelboards protected in this manner shall not supply a 
second bus structure within the same panelboard

(cont. on next slide)

408.36 Overcurrent 
Protection for Panelboards (cont.)

• Generally, a panelboard is required to be protected by an 
overcurrent protective device having a rating not greater than 
that of the panelboard

• This overcurrent protective device to be located within or at any 
point on the supply side of the panelboard

• Ex. No. 2: Individual protection not required for a 
panelboard protected by main on its supply side (two main 
circuit breakers or two sets of fuses)

• A panelboard employing this exception shall not contain 
more than 42 overcurrent devices

(cont. on next slide)

408.36 Overcurrent 
Protection for Panelboards (cont.)

• Generally, a panelboard is required to be protected by an 
overcurrent protective device having a rating not greater than 
that of the panelboard

• This overcurrent protective device to be located within or at any 
point on the supply side of the panelboard

• Ex. No. 3: For existing panelboards, individual protection not 
required for a panelboard used as service equipment for an 
individual residential occupancy

408.36 Overcurrent Protection for Panelboards
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Installing Service-Entrance Equipment
for Two-Family Dwellings

• Service equipment for two-family dwellings is usually installed in one 
of two methods:
• Locate service disconnects in or on the individual dwelling units 

(not grouped)
• Metering equipment at one location (typically required by the 

serving utility)
• Service-entrance conductors run to each dwelling unit
• Permitted by NEC 230.40 Exception No. 1

• Group the service disconnects at one location (typically near the 
metering equipment)
• Feeder run to each dwelling units to subpanel or feeder 

panelboard
• Permitted by NEC 230.40 Exception No. 2

• Requirements for installing services for one-family dwellings apply for 
two-family dwellings as well

230.40 Ex. No. 1 - Number of SE Conductor Sets 230.40 Ex. No. 1 - Number of SE Conductor Sets 

230.40 Ex. No. 2 One Service Lateral 
Supplying Two Service Disconnects

Number of Service-Entrance 
Conductor Sets Typical Service Equipment 

Purpose of Grounding

• Limit voltages due to lightning, line surges, or unintentional 
contact with higher voltage lines

• Proper grounding also serves to stabilize the voltage to ground
during normal operation [250.4(A)(1)]

• Conductive materials enclosing electrical conductors or 
equipment shall be connected to earth so as to limit the voltage
to ground on these materials [250.4(A)(2)]

• Conductive materials are grounded to limit the voltage to 
ground on these materials
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Purpose of Grounding

• Limit voltages due to lightning, line surges, or unintentional 
contact with higher voltage lines

• Proper grounding also serves to stabilize the voltage to ground
during normal operation [250.4(A)(1)]

• Conductive materials enclosing electrical conductors or 
equipment shall be connected to earth so as to limit the voltage
to ground on these materials [250.4(A)(2)]
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Purpose of Bonding

• Electrically conductive materials such as metal water piping, 
metal gas piping, and structural steel members are to be 
bonded to the supply system grounded conductor in a manner 
which establishes an effective path for fault current
[250.4(A)(3) and (4)]

• Effective fault current path must be continuous, capable of 
carrying the maximum fault current likely to be imposed on it, 
and shall have low impedance to facilitate overcurrent device 
operation [250.4(A)(5)]

Article 100: Definitions

• Bonded (Bonding): “Connected to establish electrical continuity 
and conductivity.”

• Bonding Conductor or Jumper: “A reliable conductor to ensure 
the required electrical conductivity between metal parts 
required to be electrically connected.”

• Bonding Jumper, Equipment: “The connection between two or 
more portions of the equipment grounding conductor.”

• Bonding Jumper, Main: “The connection between the grounded 
conductor and the equipment grounding conductor at the 
service.”

Article 100: Definitions

• Bonding Jumper, System:: “The connection between the 
grounded circuit conductor and the supply-side bonding jumper, 
or the equipment grounding conductor, or both, at a separately 
derived system.”
• Bonding Jumper, Supply-Side: “A conductor installed on the 

supply side of a service or within a service equipment 
enclosure(s), or for a separately derived system, that ensures 
the required electrical conductivity between metal parts 
required to be electrically connected.” (250.2)
• Effective Ground-Fault Current Path: “An intentionally 

constructed, low-impedance electrically conductive path 
designed and intended to carry current under ground-fault 
conditions from the point of a ground fault on a wiring system to 
the electrical supply source and that facilitates the operation of 
the overcurrent protective device or ground fault detectors.”

Article 100: Definitions

• Ground: “The earth.”

• Ground Fault: “An unintentional, electrically conductive 
connection between an ungrounded conductor of an electrical 
circuit and the normally non–current-carrying conductors, 
metallic enclosures, metallic raceways, metallic equipment, or 
earth.”

• Grounded (Grounding): “Connected (connecting) to ground or 
to a conductive body that extends the ground connection.”

• Grounded Conductor: “A system or circuit conductor that is 
intentionally grounded.”

Article 100: Definitions

• Ground-Fault Current Path: “An electrically conductive path 
from the point of a ground fault on a wiring system through 
normally non–current-carrying conductors, equipment, or the 
earth to the electrical supply source.”

• Informational Note: Examples of ground-fault current paths 
are any combination of equipment grounding conductors, 
metallic raceways, metallic cable sheaths, electrical 
equipment, and any other electrically conductive material 
such as metal, water, and gas piping; steel framing 
members; stucco mesh; metal ducting; reinforcing steel; 
shields of communications cables; and the earth itself.

Article 100: Definitions

• Grounding Conductor, Equipment (EGC): “The conductive 
path(s) that provides a ground-fault current path and connects 
normally non–current-carrying metal parts of equipment 
together and to the system grounded conductor or to the 
grounding electrode conductor, or both.”

• Grounding Electrode: “A conducting object through which a 
direct connection to earth is established.”

• Grounding Electrode Conductor: “A conductor used to connect 
the system grounded conductor or the equipment to a 
grounding electrode or to a point on the grounding electrode 
system.”

Article 100: Definitions

• Intersystem Bonding Termination: “A device that provides a 
means for connecting intersystem bonding conductors for 
communications systems to the grounding electrode system.”

250.4(A)(5) Effective Ground-Fault Current Path

Grounded conductor 
grounded at pad-mounted 
transformer and at service 

equipment at dwelling
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250.24 (C) Grounded (Neutral) Conductor 
Brought to Service Equipment

• Where ac system (less than 1000 volts) is grounded at any point, 
generally the grounded conductor (usually a neutral conductor 
in dwellings) required to be run to and bonded to each service-
disconnecting means enclosure

• Grounded conductor must be routed with the service-entrance 
phase conductors

• Grounded (neutral) service conductor serves dual role:

• Allows line-to-neutral loads to be served 

• Typically the lowest impeded path for ground-fault current 
in faulted conditions (provides low-impedance path from the 
service to the utility transformer)

250.24(C) Grounded Conductor to Service

250.24 (B) and (C) MBJ Bonding Grounded 
(Neutral) Conductor at Service

• Where ac system (less than 1000 volts) is grounded at any point, 
generally the grounded conductor (usually a neutral conductor 
in dwellings) required to be run to and bonded to each service-
disconnecting means enclosure

• For grounded systems, an unspliced main bonding jumper is 
generally required to be installed to connect the equipment 
grounding conductor(s) and the service-disconnect enclosure to 
the grounded conductor within each service disconnect

250.24(B) & (C) Grounded Conductor to Service
250.28 Main Bonding Jumper

• Main bonding jumpers must be of copper or other corrosion-
resistant material
• Main bonding jumper is required to be in the form of:
• Wire
• Bus
• Screw (green color finish)
• Similar suitable conductor (strap)

• For dwelling units, a properly sized main bonding jumper will 
usually be included as part of a listed panelboard
• Sizing of a wire-type main bonding jumper would be based on 

NEC Table 250.102(C)(1)

250.28 Main Bonding Jumper
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The Grounding Target

• For grounded electrical systems, four conductors or 
components must come together in the service equipment for 
effective grounding and bonding

• These four conductors connected within the service equipment 
are sometimes referred to as the “grounding target”

• The four conductors are: 

• Grounded service conductor (neutral conductor)

• Main bonding jumper

• Grounding electrode conductor(s)

• Equipment grounding conductor(s)

The “Grounding Target” at the Service

The “Grounding Target” at the Service

2

1

2

3

4

1 Grounded Conductor

Grounding Electrode
Conductor

Equipment Grounding
Conductor

Main Bonding Jumper

4

3

2

2

1

2

3

4

1 Grounded Conductor

Grounding Electrode
Conductor

Equipment Grounding
Conductor

Main Bonding Jumper

4

3

250.92(A) Bonding Requirements 
at Service Equipment

• All non–current-carrying metal parts of service equipment must 
be effectively bonded together including:

• Service raceways

• Service equipment enclosures containing service conductors 
(including meter fittings, boxes, or the like)

• Metallic raceway or armor enclosing a grounding electrode 
conductor

• Bonding of these enclosures is critical as there is no overcurrent 
protection on the line (supply) side of service equipment

• Effective bonding provides a low-impedance path for fault 
current back to the source (usually utility transformer)

250.92(B) Methods of Bonding 
Service Equipment

• Bonding of metallic enclosures and raceways at service 
equipment must be effective
• Electrical continuity at service equipment on the line side is to 

be ensured by any of the following methods:
• Bonding of the service equipment to the grounded (neutral) 

service conductor
• Threaded couplings and threaded hubs on enclosures with 

joints that are made up wrenchtight
• Threadless couplings and connectors made up tight for 

metal raceways and metal-clad cables
• Other listed devices, such as bonding-type locknuts,

bonding bushings, or bushings with bonding jumpers

250.142 Use of Grounded (Neutral) Circuit 
Conductor for Grounding Equipment

• Grounded (neutral) conductor is permitted to be used to ground 
non–current-carrying metal parts of equipment, raceways and 
other enclosures on the supply (line) side of a service 
disconnecting means [NEC 250.142(A)]
• Neutral conductor terminal bar is typically bonded to the 

enclosure at the factory in listed meter socket
• Neutral conductor serves as bonding conductor between the 

meter socket and the service enclosure
• Generally, not permitted to use the system grounded conductor 

(often a neutral conductor) for bonding or grounding equipment 
downstream from the service equipment (load side) [NEC 
250.142(B)]

250.92 and 250.142 Bonding at Services
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250.92(B) Methods of Bonding at Services

SSBJ Size on Supply Side of Service

• Where a supply-side bonding jumper is installed on the supply 
of the service it shall be:

• Not smaller than the sizes given in Table 250.102(C)(1)

• Table 250.102(C)(1) is based on service-entrance conductor 
size, not overcurrent device or service equipment ampere 
rating

• See 250.102(C)

SSBJ Size on Supply Side of Service

Example:

• A 200-ampere service has 4/0 AWG aluminum service-entrance 
conductors

• Section 250.102(C)(1) requires that the supply-side bonding 
jumper be not smaller than the sizes given in Table 
250.102(C)(1)

• Using Table 250.102(C)(1), the minimum size of the supply-side  
bonding jumper in this example would be a 4 AWG copper or a 2 
AWG aluminum

Supply-Side Bonding Jumper

Purpose of Intersystem Grounding & 
Bonding for Communication Systems

• Low voltage systems and circuits in Chapter 8 of the Code must 
be grounded (earthed) and bonded to the electrical power 
system grounding electrode or electrode system for the building 
or structure

• Grounding to a grounding electrode affords reasonable 
protection from spike and surge currents as well as brief 
elevated potentials due to lightning strikes

• Bonding the electrodes of the two systems together limits 
differences of potential during normal operation and during 
spike or surge events on the systems and lightning strikes at 
close proximities

• Bonding the electrodes of the two systems together limits 
potential differences and shock hazards that could result from 
isolated grounding connections
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Article 100: Definitions

• Intersystem Bonding Termination: “A device that provides a 
means for connecting intersystem bonding conductors for 
communications systems to the grounding electrode system.”

250.94 Intersystem Bonding 
for Communication Systems

• An intersystem bonding termination (IBT) for connecting 
intersystem bonding conductors required for communication 
systems shall be provided external to enclosures at the service 
or metering equipment and at the disconnecting means for any 
additional buildings or structures

• A listed IBT device shall comply with the following:

• Be accessible for connection and inspection

• Have the capacity for connection of not less than three 
intersystem bonding conductors

• Not interfere with opening a service or metering equipment 
enclosure

250.94 Intersystem Bonding 
for Communication Systems (cont.)

• A listed IBT device shall comply with the following: (cont.)   

• Listed as grounding and bonding equipment
• Securely mounted and electrically connected to:
• Service equipment
• Meter enclosure
• Building disconnecting means
• Exposed nonflexible metallic service raceway or…

• Mounted at one of these enclosures and be connected to 
the enclosure or to the grounding electrode conductor with 
a minimum 6 AWG copper conductor

250.94 Bonding for Communication Systems

Courtesy of Thomas and Betts

Intersystem Bonding termination is required to be:

• External to the enclosure

• Accessible for connection and inspection

• Capable of connection of not less than three 
intersystem bonding conductors

• Shall not interfere with the opening of any service or 
metering equipment enclosure

• Listed as grounding and bonding equipment  

250.94 Exception: Intersystem Bonding 
and Grounding at Existing Buildings

• At existing buildings, an accessible means external to the 
service equipment enclosure and at the disconnecting means 
for any additional buildings or structures shall be permitted for 
intersystem bonding and grounding conductors [250.94, 
Exception]

• Exposed nonflexible metallic service raceway(s)

• Exposed grounding electrode conductor

• A 6 AWG copper bonding or grounding electrode conductor 
not shorter than 150 mm (6 in.) and bonded to the service 
equipment enclosure or raceway with a listed and identified 
fitting

250.94 Exception: Bonding for Communication 
Systems
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Grounding Electrode System

• Grounding electrodes provide essential function of connecting
the electrical system and electrical equipment to the earth
• Primary purpose of grounding electrode(s) is to maintain the 

electrical equipment at the same voltage potential as the earth 
voltage potential where the grounding electrode(s) is located
• Another essential function of the grounding electrode(s) is to 

dissipate overvoltages into the earth
• Code requires equipment grounding conductors, service-

equipment enclosures, grounded service conductor to be 
connected to the grounding electrode(s) [NEC 250.24(D)]
• Conductor used to make this connection is the grounding 

electrode conductor

Article 100: Definitions

• Grounding electrode: “A conducting object through which a 
direct connection to earth is established.” 
• This definition needs to be used cooperatively with the list of 

electrodes identified in NEC 250.52(A)
• List of grounding electrodes can be a device or other conducting 

object such as a building footing or metal well casing that 
establishes and maintains a direct connection to the earth
• Resistance in the connection between an electrode and the 

earth will vary based on:
• Soil conditions
• Electrode depth
• Type of electrode
• Seasonal conditions or geographical location(s)

250.50 Grounding Electrode System

• These grounding electrodes are required to be used where 
present
• If any of these electrodes are inherent to the building or 

structure or installed, they shall be used in the grounding 
electrode system:

250.52(A)(1)  Metal underground water pipe
250.52(A)(2)  Metal frame of a building or structure
250.52(A)(3)  Concrete-encased electrode
250.52(A)(4)  Ground ring
250.52(A)(5)  Rod and pipe electrode
250.52(A)(6)  Other listed electrodes
250.52(A)(7)  Plate electrodes
250.52(A)(8)  Other local metal underground systems         

or structures

250.50 Grounding Electrode System

• Where none of the grounding electrodes described in 
205.52(A)(1) through (7) are present, one or more of the 
grounding electrodes specified below shall be installed and 
used:

250.52(A)(4)  Ground ring
250.52(A)(5)  Rod and pipe electrode
250.52(A)(6)  Other listed electrodes
250.52(A)(7)  Plate electrodes
250.52(A)(8)  Other local metal underground systems

or structures

250.52(A) Grounding Electrodes 250.50 Grounding Electrode System 250.52(A)(1) Metal Underground
Water Piping Systems

• Metal underground water piping systems required to be used 
for the grounding electrical systems (where present)

• Must be in direct contact with the earth for 3.0 m (10 ft) or 
more and electrically continuous

• Includes any metal well casing bonded to the pipe

• Can be made electrically continuous by bonding around 
insulating joints or insulating pipe

• Must not be coated or otherwise insulated from direct contact 
with the earth
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250.53(D)(2) Supplemental Electrode Required 250.52(A)(2) Metal In-Ground 
Support Structure(s)

• Metal in-ground support structure required to be used for the 
grounding electrical systems (where present and qualifies)

• Must be in direct contact with the earth vertically for 3.0 m (10 
ft) or more (with or without concrete encasement)

• If multiple metal in-ground support structures are present, 
permitted to bond only one into the grounding electrode 
system

• Could include (but are not limited to) pilings, casing, and other 
structural metal

• Metal in-ground support structures uncommon for dwelling unit 
construction

250.52(A)(3) 
Concrete-Encased Electrode

• Concrete-encased electrodes required to be used when 
consisting of:
• At least 6.0 m (20 ft) of bare copper conductor not smaller 

than 4 AWG or one or more bare or electrically conductive 
coated steel reinforcing bars or rods of not less than 13 mm 
(½ in.) in diameter
• Installed in one continuous 6.0 m (20 ft) length, or multiple 

pieces connected together by the usual steel tie wires, 
exothermic welding, welding, etc. to create a 6.0 m (20 ft) or 
greater length 
• Metallic components encased by at least 50 mm (2 in.) of 

concrete 
• Located horizontally within portions of a concrete 

foundation or footing or vertical structural components in 
direct contact with the earth

250.52(A)(3) Concrete-Encased Electrodes

250.52(A)(3) Concrete-Encased Electrodes

250.68(C)(3) Concrete-Encased 
Electrode Extension

• Common practice to extend a rebar-type extension from a 
concrete-encased electrode out of the footing or foundation 
before the slab or foundation is poured

• Typically accomplished by using a piece of rebar connected to 
the concrete-encased electrode and “stubbed-up” out of the 
poured concrete to provide an accessible connection point
above the slab

• Electrician can make the grounding electrode conductor 
connection after the foundation has been poured and cured

• The extension or “stub-up” is not part of the concrete-encased 
electrode
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250.52(A)(5) 
Rod or Pipe Electrodes

• Requirements or conditions a rod and pipe electrode must 
meet to qualify as a grounding electrode are as follows:

• Not be less than 2.44 m (8 ft) in length 

• Pipe or conduit grounding electrodes must consist of the 
following materials:

• Not smaller than metric designator 21 (trade size ¾)

• Where of steel, outer surface must be galvanized or 
otherwise metal-coated for corrosion protection

250.52(A)(5) 
Rod or Pipe Electrodes (cont.)

• Requirements or conditions a rod and pipe electrode must 
meet to qualify as a grounding electrode are as follows:

• Not be less than 2.44 m (8 ft) in length 

• Rod-type grounding electrodes must consist of the 
following materials:

• Stainless or copper or zinc coated steel 

• At least 15.87 mm (⅝ in.) in diameter, unless listed

250.53(G) Installation of Rod and 
Pipe Electrodes

• Rod and pipe electrodes required to be installed with least 
2.44 m (8 ft) is in contact with the soil

• Required to be driven vertically unless rock bottom is 
encountered

• If rock bottom is encountered (preventing rod or pipe from 
being driven 2.44 m (8 ft) vertically), rod or pipe permitted to 
be installed at an oblique angle of not more than 45 degrees 
from vertical

• Where driven at an angle cannot be achieved, only then can 
the rod or pipe be buried in a trench that is at least 750 mm 
(30 in.) deep

250.53(G) Rod or Pipe Electrode Installation 250.53(A)(2) Supplemental Electrode Required

250.58 
Common Grounding Electrode

• A grounding electrode system may consist of one or more 
electrodes
• The same “common grounding electrode” to be used to ground 

(connect to earth) conductor enclosures and equipment in or on 
a building or structure 
• Prohibited from installing one grounding electrode for the 

electrical service or system and another one for grounding 
electrical equipment (such as a hydromassage tub motor)
• Two or more services supply a single building required to be 

connected to the same grounding electrode system
• Two or more grounding electrodes that are effectively bonded 

together are considered as a single or common grounding 
electrode 

250.58 Common Grounding Electrode

250.68(C)(1) Sizing Grounding Electrode 
System Bonding Jumpers

• Bonding jumper installed to connect multiple grounding 
electrodes together for the system must be sized in accordance 
with NEC Table 250.66

• Where interior metal water pipe is used to bond other 
electrodes together (such as concrete-encased electrodes, 
building in-ground support structures, or a ground ring), 
bonding connections must be made within the first 1.5 m (5 ft)
from where water pipe enters the building

• At a dwelling unit, metal water pipe is not permitted to be used 
for bonding the grounding electrodes together beyond this first 
1.5 m (5 ft)
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250.68(C)(1) Connections Within First 1.5 m (5 ft) Grounding
Electrode
Conductor

250.70 Grounding Electrode 
Conductor Connections

• Exothermic welding

• Listed lug, pressure connectors

• Listed clamps of cast bronze or brass, or plain or malleable iron, 
or other listed means

• Clamps listed for material of both grounding electrode and 
grounding electrode conductor

• Where used underground, must be listed for direct burial or 
concrete encasement 

• One conductor unless listed for more than one

• Connections that depend on solder must not be used

250.70 Grounding Electrode Conductor 
Connections

250.64(C) GEC 
Without Splice or Joint

• Grounding electrode conductors can be solid or stranded, 
insulated, covered or bare

• Generally, must be installed in one continuous length without a 
splice or joint

• Permitted to be spliced only by means of:

• Irreversible compression-type connector that is listed as 
grounding and bonding equipment

• Exothermic welding process

• Sections of busbars are also permitted to be connected together 
to form a grounding electrode conductor

250.64(C) Continuous Without Slice or Joint

250.64(D)(1) 
Common GEC and Taps

• The Code permits the connection of taps to the grounding 
electrode conductor (GEC)
• Common method of installing the GEC where two or more 

service disconnecting means enclosures are grouped at the 
same location
• A common GEC is run from the grounding electrode to the 

vicinity of the service disconnecting means
• Each GEC tap conductor is required to extend from the common 

GEC to inside each such enclosure
• Common GEC sized based on largest service-entrance 

conductors using Table 250.66
• GEC taps to each disconnect permitted to be sized for the 

largest conductor serving the separate enclosures
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250.64(D)(1) Grounding Electrode Conductor Taps

250.66 Sizing of Grounding 
Electrode Conductors

• Sizing of grounding electrode conductor(s) (GEC) cannot be less 
than that given in NEC Table 250.66
• Size of the GEC is based on the size of the largest service-

entrance conductor (not on the rating of the circuit breaker or 
fuse in the service equipment)
• To use Table 250.66:
• Determine the size of the largest service-entrance conductor
• Is it copper or aluminum?
• Follow column for the size and type of conductor down until 

the size of the largest service-entrance conductor is found
• Move to the right to find the copper or aluminum GEC 

required

250.66 Sizing of Grounding 
Electrode Conductors (cont.)

• Note that neither the ampere rating of the service equipment 
nor the ampere rating of a main breaker or fuse is used to 
determine the size of the GEC
• Ampere rating of the service equipment or the main circuit 

breaker or fuse could be used to determine the size of the 
largest service-entrance conductors
• Example: If the size of the service-entrance conductors is 400 

kcmil copper, the GEC must be either 1/0 AWG copper or 3/0 
AWG aluminum
• NEC 250.66(A), (B), and (C) give specific sizes of GECs for 

connection to rod, pipe, or plate electrodes; concrete-encased 
electrodes; or a grounding electrode ring that do not extend on 
to other types of electrodes that require a larger size conductor

Table 250.66 Grounding Electrode 
Conductors

250.66 Sizing of Grounding 
Electrode Conductors (cont.)

• Grounding electrode conductors are generally required to be 
not smaller than the values in Table 250.66

• Grounding electrode conductor or bonding jumper may be sized 
as follows where not extended on to other types of electrodes 
that require a larger size conductor:

• Not required to be larger than 6 AWG copper or 4 AWG 
aluminum to rod, pipe, or plate type grounding electrodes 
[250.66(A)]

• Not required to be larger than 4 AWG copper to concrete-
encased electrode [250.66(B)]

• Not larger than the ground ring conductor [250.66(C)]
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250.64(B) Grounding Electrode 
Conductor Installation

• Must be securely fastened to mounting surface if exposed

• Permitted to be installed on or through framing members 

• Sizes 4 AWG or larger copper or aluminum conductor must be 
protected if exposed to physical damage

• A 6 AWG that is free from physical damage is permitted to be 
run on surface, otherwise protected by installation in raceway 
or armor

• GEC smaller than 6 AWG must be protected by installation in 
raceway or armor

250.64(A) Grounding Electrode 
Conductor Installation

• Bare aluminum GEC not to be in contact with masonry or earth 
or subject to corrosive conditions

• Aluminum GEC not to be terminated within 450 mm (18 in.) of 
earth 

250.64(E) Bonding Metal Enclosures for
Grounding Electrode Conductors

• Common practice to enclose a grounding electrode conductor in 
a raceway or enclosure to protect it from physical damage
• If the raceway or enclosure is ferrous metal, the Code requires 

the metallic enclosure to be protected from magnetic fields
• Required to bond ferrous metallic raceways and enclosures for 

GECs to the GEC itself
• Bonding puts the ferrous metallic enclosure and the GEC in 

parallel with each other
• Ferrous metal enclosures for GECs required to be electrically 

continuous from the point of attachment to cabinets or 
equipment to the grounding electrode
• Bonding jumper(s) required to be at least the same size as the 

GEC itself

250.64(E) Ferrous Metal Enclosures for GEC

250.104(A) Bonding of 
Metal Water Piping Systems

• Metal water piping systems are required to be bonded to one of 
the following:

• The service equipment enclosure

• The grounded (neutral) conductor at the service

• The grounding electrode conductor where of sufficient size, 
or…

• To the one or more grounding electrodes used (GEC or 
bonding jumper of sufficient size)

• The metallic water piping system required to be bonded would 
include ether piping systems installed in or attached to a 
building or structure 

250.104(A) Bonding of 
Metal Water Piping Systems (cont.)

• The metal water piping system bonding jumper must be sized in 
accordance with NEC Table 250.66 (just as though this bonding 
conductor were being connected to the metal water pipe as a 
grounding electrode conductor)

• Bonding applies to both supply and metal drain lines

• Points of attachment of the bonding jumper to the metal piping 
are required to be accessible

250.104(A) and (B) Bonding of 
Piping Systems
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250.104(B) 
Bonding of Other Piping Systems

• Metal gas piping system(s) and other metallic piping systems 
that are likely to become energized are required to be bonded 
to any of the following:

• Equipment grounding conductor for the circuit that is likely 
to energize the piping system

• Service equipment enclosure

• Grounded conductor at the service

• Grounding electrode conductor, if of sufficient size

• One or more grounding electrodes used (if GEC or bonding 
jumper are of sufficient size)

250.104(B) 
Bonding of Other Piping Systems (cont.)

• Bonding conductor(s) or jumper(s) used to bond other piping 
systems must be sized in accordance with 250.122, using the 
rating of the circuit that is likely to energize the piping system(s)

• The equipment grounding conductor for the circuit that is 
capable of energizing the piping is permitted to serve as the 
bonding means

• The points of attachment of the bonding jumper(s) to be 
accessible

Table 250.122 (in part)  Sizing EGCs 250.80 Exception: 
Service Raceway Grounding and Bonding

• All metal enclosures for service enclosures and equipment 
required to be connected to the grounded system conductor

• Metal elbows and metal components are exempted from this 
bonding that is installed in an underground installation of 
nonmetallic conduit where it is isolated from possible contact by 
a minimum earth cover of 450 mm (18 in.) to any part of the 
elbow or metal component

• Common practice to install metal elbows for pulling purposes in 
an underground service raceway of rigid polyvinyl chloride 
conduit (PVC) to prevent damaging the PVC raceways during 
cable pulling operations

250.80 Exception: Service Raceway 
Grounding
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Bonding and Grounding Remote 
Metering Equipment

• The Code requires all equipment containing service conductors 
to be grounded and bonded (including meter enclosures) (NEC
250.80; 250.92)

• Important that the grounded service (neutral) conductor be 
connected to the meter enclosure

• Provides a low-impedance path from any line-to-ground fault 
that may occur in the remote metering equipment back to the 
source (typically utility transformer)

• The use of the grounded service conductor for bonding 
equipment on the line side of the service disconnecting means 
is permitted by the Code for this purpose [NEC 250.142(A)]

Bonding and Grounding Remote 
Metering Equipment (cont.)

• Where a ground rod or other electrode such as a plate or pipe is 
installed at the remote meter equipment, it is considered a 
auxiliary grounding electrode

• Permitted to be installed in addition to the required safety 
bonding and grounding connections

• The earth is not permitted to be used as a substitute for a 
required equipment grounding conductor 

• See NEC 250.54

250.142(A) Supply Side Bonding and 
Grounding

Grounding at Separate Buildings or 
Structures (Outbuildings)

• For new installations, feeders and branch circuits to separate 
outbuildings must employ an equipment grounding conductor

• Feeder or branch circuit to the outbuilding must provide a 
means to ground equipment in the outbuilding (EGC with the 
supply conductors to the outbuilding)

• Grounded conductor cannot be connected to the EGCs or to the 
established grounding electrode system at the second building

• Grounding electrode system must be established at the 
outbuilding if there is no existing grounding electrode system 
present at the outbuilding 

• See NEC 250.32(A) and (B)

Grounding at Separate Buildings or 
Structures (Outbuildings) (cont.)

• Exception to NEC 250.32(B) permits the use of grounded 
(neutral) circuit conductor for grounding at outbuilding (existing
building with existing feeder or branch circuit)
• Grounded (neutral) conductor permitted to be grounded again 

at additional building or structure if all the following conditions 
are met:
• No EGC with supply to the second building or structure
• No continuous metallic paths bonded to the grounding 

system in each building or structure involved (metallic wiring 
method, metallic water or gas lines, phone lines, etc.)
• No Ground-fault protection of equipment on the common 

ac service (not typical for dwelling units) 
• See NEC 250.32(B)(1) Ex. No. 1

Typical Service Grounding and 
Bonding
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Bonding and Grounding Remote 
Metering Equipment

• The Code requires all equipment containing service conductors 
to be grounded and bonded (including meter enclosures) (NEC
250.80; 250.92)

• Important that the grounded service (neutral) conductor be 
connected to the meter enclosure

• Provides a low-impedance path from any line-to-ground fault 
that may occur in the remote metering equipment back to the 
source (typically utility transformer)

• The use of the grounded service conductor for bonding 
equipment on the line side of the service disconnecting means 
is permitted by the Code for this purpose [NEC 250.142(A)]

Bonding and Grounding Remote 
Metering Equipment (cont.)

• Where a ground rod or other electrode such as a plate or pipe is 
installed at the remote meter equipment, it is considered a 
auxiliary grounding electrode

• Permitted to be installed in addition to the required safety 
bonding and grounding connections

• The earth is not permitted to be used as a substitute for a 
required equipment grounding conductor 

• See NEC 250.54

250.142(A) Supply Side Bonding and 
Grounding

Grounding at Separate Buildings or 
Structures (Outbuildings)

• For new installations, feeders and branch circuits to separate 
outbuildings must employ an equipment grounding conductor

• Feeder or branch circuit to the outbuilding must provide a 
means to ground equipment in the outbuilding (EGC with the 
supply conductors to the outbuilding)

• Grounded conductor cannot be connected to the EGCs or to the 
established grounding electrode system at the second building

• Grounding electrode system must be established at the 
outbuilding if there is no existing grounding electrode system 
present at the outbuilding 

• See NEC 250.32(A) and (B)

Grounding at Separate Buildings or 
Structures (Outbuildings) (cont.)

• Exception to NEC 250.32(B) permits the use of grounded 
(neutral) circuit conductor for grounding at outbuilding (existing
building with existing feeder or branch circuit)
• Grounded (neutral) conductor permitted to be grounded again 

at additional building or structure if all the following conditions 
are met:
• No EGC with supply to the second building or structure
• No continuous metallic paths bonded to the grounding 

system in each building or structure involved (metallic wiring 
method, metallic water or gas lines, phone lines, etc.)
• No Ground-fault protection of equipment on the common 

ac service (not typical for dwelling units) 
• See NEC 250.32(B)(1) Ex. No. 1

Typical Service Grounding and 
Bonding
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Article 100: Definitions

• Concealed: “Rendered inaccessible by the structure or finish of 
the building.”

• Informational Note: Wires in concealed raceways are 
considered concealed, even though they may become 
accessible by withdrawing them.

• Exposed (as applied to wiring methods): “On or attached to the 
surface or behind panels designed to allow access.”

• Feeder: “All circuit conductors between the service equipment, 
the source of a separately derived system, or other power 
supply source and the final branch-circuit overcurrent device.”

Article 100: Definition of a Feeder

Sizing Feeder Conductors

• Feeders must sized to have an ampacity not less than required 
to supply the loads as calculated in Parts III, IV, and V of Article 
220 [215.2(A)(1)]

• Feeder conductors for a dwelling unit or mobile home need not 
be larger than the service-entrance conductors

• 83 percent ampacity adjustment factor given at 310.15(B)(7) 
shall be permitted to be used for the “main power feeder”

• Ampacity values for feeders other than the “main power 
feeder” are derived from Table 310.15(B)(16)

Same feeder – One end at 
feeder panelboard (left) and 
other end at future outside 
main disconnecting means 
at service location (right)

Same feeder – One end at 
feeder panelboard (left) and 
other end at future outside 
main disconnecting means 
at service location (right)

310.15(B)(7) Main Power Feeder

• 310.15(B)(7) permits an 83 percent adjustment to the ampacity
values of Table 310.15(B)(16) to a feeder conductor that serve 
as the “main power feeder” of a dwelling unit

• For application of this section, the main power feeder shall be 
the feeder that supplies the entire load of a dwelling unit 
installed between the main service disconnect and a feeder 
panelboard (sub-panelboard)

310.15(B)(7) Main Power Feeder
Feeder Overcurrent Protection

• Feeder conductors are required to be protected against 
overcurrent (which includes overload, ground faults and short 
circuits) in accordance with the provisions of Part I of Article 240
• Protect conductors against overcurrent in accordance with their 

ampacities as specified in 310.15, unless otherwise provided 
[240.4]
• Generally, overcurrent device for dwelling unit feeders must be 

selected so as to not exceed ampacity of conductors in Table 
310.15(B)(16)
• Generally, the overcurrent protection is required to be located 

at the point where the conductor receives its supply
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Tap Rules for Feeders

• Protect feeders generally at the point where the feeder receives 
its supply

• Feeder taps permitted in 240.21(B)

• 3.0 m (10 ft) tap rule [240.21(B)(1)]

• 7.5 m (25 ft) tap rule [240.21(B)(2)]

240.21(B)(1) Feeder Taps – 3.0 m 
(10 ft)

240.21(B)(1) Feeder Taps – 3.0 m 
(10 ft)

240.21(B)(2) Feeder Taps – 7.5 m 
(25 ft)

240.21(B)(2) Feeder Taps – 7.5 m 
(25 ft)

Equipment Grounding Conductors

• NEC 215.6 requires a feeder supplying branch circuits in which 
equipment grounding conductors are required, the feeder must 
include or provide an EGC in accordance with 250.134, to which 
all EGCs of the branch circuits will be connected

• Section 250.134(A) permits any EGC permitted by 250.118

• Section 250.134(B) permits a grounding means by connecting to 
an EGC contained within the same raceway, cable, or otherwise 
run with the circuit conductors

215.6 Feeder Equipment Grounding 
Conductor

215.6 Feeder Equipment Grounding 
Conductor
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Feeder EGC

250.118 Types of 
Equipment Grounding Conductors

• Types of EGCs employed with the most commonly used wiring 
methods at dwelling units:
• Copper or other corrosion-resistant conductor
• Rigid metal conduit
• Intermediate metal conduit
• Electrical metallic tubing
• Flexible metal conduit (specific conditions)
• Liquidtight flexible metal conduit (specific conditions)
• Armor of Type AC Cable
• Type MC Cable listed for grounding
• Other electrically continuous metal raceways listed for 

grounding

334.108 EGC for Type NM Cable

• In addition to the insulated conductors, Type NM cable shall 
have an insulated or bare equipment grounding conductor (EGC)

• This equipment grounding conductor shall be sized in 
accordance with Table 250.122

250.119 Identification of EGCs

• Identification of equipment grounding conductor must be by 
continuous green color, or green with one or more yellow 
stripes

• EGCs can also be bare, covered, or insulated

• An insulated or covered EGC larger than 6 AWG shall be 
permitted, at the time of installation, to be permanently 
identified as an EGC at each end and at every point where the 
conductor is accessible 

• Identification shall encircle the conductor 

Table 250.122 (in part) Sizing EGCs 250.24(A)(5) Separate Neutrals and 
Grounds
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Types of Feeder Conductors

• A wide variety of feeder conductors is permitted in dwelling 
units in the form of both cable and raceways

• Feeders installed in a conduit or as a cable assembly  required to 
include conductors having insulation that is recognized by NEC 
Table 310.104(A)

• Typical feeder cable assemblies may include:
Type AC Type NM
Type UF Type SER

• Typical raceways used for feeders may include:
ENT EMT RMC
PVC IMC

Type SER 
Cable

Type SER 
Cable

Installation Requirements for 
Raceways

Minimum Size of Raceways

• Conduit fill requirements are important
• NEC 300.17 as well as “XXX.22” of the wiring method articles 

provides general information relative to the number and size of 
conductors permitted in raceways 
• Limits the build up of heat from current-carrying conductors and 

minimizes damage to the conductors
• NEC Table 1 Chapter 9 provides maximum percentages for 

conduit fill

Percentage of Fill for Raceways

Number of 
Conductors/Cables 1 2 Over 2

Cross-Sectional Area (%) 53% 31% 40%

Informative Annex C 
Conduit Fill Example

• What is the minimum size EMT for a 100-ampere feeder using 
three 4 AWG THHN conductors?

• Step 1. EMT is the raceway; therefore, Table C.1 applies.

• Step 2. THHN is the insulation type. Follow down the left 
column until the insulation type THHN is found. Stop at 
conductor size 4 AWG.

• Step 3. Follow across the columns until the smallest size 
EMT for 3 conductors is found. Metric designator 21 (¾ in.) is 
too small. Metric designator 27 (1 in.) will accept 4 
conductors.

Expansion Fittings

• Expansion fittings for PVC conduit are required to be provided 
to compensate for thermal expansion and contraction in a 
straight run between securely mounted equipment such as 
boxes, cabinets, elbows, or other conduit terminations

• Applies where the calculated expansion will exceed 6 mm (¼ in.)

• NEC Tables 352.44 give the expansion characteristics of PVC 
conduit for various temperature changes

• As a rule of thumb, add 30°F to the expected temperature 
change for direct sunlight exposure

• Gray PVC conduit has a tendency to absorb the ultraviolet (UV) 
rays of the sun
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General Installation Rules for 
Raceways

Bends to be Made with Suitable 
Tools

NEC .24 of Chapter 3 Wiring Method Articles

Article 348 Flexible Metal Conduit Article 350 Liquidtight Flexible 
Metal Conduit

Installation of Type SE Cables

• Service-entrance cable is often used for feeders at dwelling 
units

• Type SE cable is required to be marked to indicate:

• Maximum rated voltage

• Proper type letters

• Manufacturer’s name

• Trademark

• Where Type SE service-entrance cable is used for interior wiring, 
it must be installed in the same manner as nonmetallic-
sheathed cable in NEC Article 334, Part II (excluding 334.80)
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Installation of Type SE Cables (cont.)

• Type USE conductors are usually limited to installation 
underground

• This is due to the Type USE insulation not being of flame-
retardant construction

• The Code permits Type USE cable to rise aboveground as long as 
it is outside of the building

Article 338 Service-Entrance Cable 338.10 Type SE and USE - Uses 
Permitted 

338.10(B) Type SE Cable Permitted 
as Feeders

Cables and Electrical Nonmetallic Tubing 
Through Metal Framing Members

• Where nonmetallic-sheathed feeder cables are run exposed or 
concealed and pass through either factory- or field-punched, 
cut, or drilled slots or holes in metal framing members, the 
cable assembly must be protected by bushings or grommets 
securely fastened in the opening before the cable is installed

• Bushing or grommet required to cover all metal edges and it 
shall be listed (variety of products that meet this requirement)

• The use of a piece of cardboard or other non-approved material 
is not acceptable and must not be permitted as damage to the 
cable could be the result

• See NEC 300.4(B)(1)

Cables and Electrical Nonmetallic Tubing 
Through Metal Framing Members (cont.)

• Where driven nails or screws can penetrate feeders of 
nonmetallic-sheathed cable or electrical nonmetallic tubing 
installed through metal studs, a steel sleeve, steel nail plate or 
steel clip not less than 1.6 mm (1/16  in.) in thickness is 
required to protect cable or tubing from possible penetration

• Thinner steel plates permitted here if listed and marked 
appropriately

• Not applicable to Type AC feeder cable assemblies 

• See NEC 300.4(B)(2)

300.4(B) Protection for SE Cables
Conduit Bodies

• Requirements for installing conduit bodies are found in NEC
Article 314

• Conduit bodies generally are not permitted to contain splices 
unless they are durably and legibly marked with their cubic inch 
capacity

• If they are marked, conductor fill is determined using the same 
procedure for other than standard boxes 

• See NEC 314.16(C)(2)
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Conduit Bodies (cont.)

• Conduit bodies that are used as pull or junction boxes are 
required to comply with NEC 314.28(A)(1) through (A)(3)

• For straight-through pulls, the length of the conduit body 
normally must not be less than eight times the diameter of the 
largest raceway

• Where used with angle or U pulls, the distance between 
raceway entries and the opposite wall must not be less than six 
times the diameter of the largest conduit

• Dimension can be reduced where the conduit entry is opposite 
a removable cover and that distance is not less than in NEC 
Table 312.6(A) for one conductor per terminal

314.28(A) Box and Conduit Body 
Sizes

Article 100: Definitions

• Appliance: “Utilization equipment, generally other than 
industrial, that is normally built in standardized sizes or types 
and is installed or connected as a unit to perform one or more 
functions such as clothes washing, air conditioning, food mixing, 
deep frying, and so forth.”

• Utilization Equipment: “Equipment that utilizes electric energy 
for electronic, electromechanical, chemical, heating, lighting, or 
similar purposes.”

Branch Circuit 
Requirements for Appliances

• Rating of branch circuit 422.10

• Individual branch circuit 422.10(A)

• Circuits supplying two or more loads 422.10(B)

• Branch-circuit overcurrent protection 422.11

• Individual branch circuit required 422.12 (central 
heating equipment) 

• Disconnecting means within sight 422.31(C)
(motor-operated 
appliance 
rated over ⅛ hp)

422.12 Individual Branch Circuit 
Required

262 263 264

265 266 267

268 269 270
255



3/10/2023

30

Conduit Bodies (cont.)

• Conduit bodies that are used as pull or junction boxes are 
required to comply with NEC 314.28(A)(1) through (A)(3)

• For straight-through pulls, the length of the conduit body 
normally must not be less than eight times the diameter of the 
largest raceway

• Where used with angle or U pulls, the distance between 
raceway entries and the opposite wall must not be less than six 
times the diameter of the largest conduit

• Dimension can be reduced where the conduit entry is opposite 
a removable cover and that distance is not less than in NEC 
Table 312.6(A) for one conductor per terminal

314.28(A) Box and Conduit Body 
Sizes

Article 100: Definitions

• Appliance: “Utilization equipment, generally other than 
industrial, that is normally built in standardized sizes or types 
and is installed or connected as a unit to perform one or more 
functions such as clothes washing, air conditioning, food mixing, 
deep frying, and so forth.”

• Utilization Equipment: “Equipment that utilizes electric energy 
for electronic, electromechanical, chemical, heating, lighting, or 
similar purposes.”

Branch Circuit 
Requirements for Appliances

• Rating of branch circuit 422.10

• Individual branch circuit 422.10(A)

• Circuits supplying two or more loads 422.10(B)

• Branch-circuit overcurrent protection 422.11

• Individual branch circuit required 422.12 (central 
heating equipment) 

• Disconnecting means within sight 422.31(C)
(motor-operated 
appliance 
rated over ⅛ hp)

422.12 Individual Branch Circuit 
Required
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422.16  Appliances 
Connected with Flexible Cords

• Flexible cords permitted to be used for the connection of some 
appliances
• Flexible cord permitted to facilitate frequent interchange or to 

prevent the transmission of noise or vibration to an appliance 
(such as a sump pump)
• Flexible cord is also permitted to be used to facilitate the 

removal or disconnection of appliances that are fastened in 
place - appliance must be specifically identified for a flexible 
cord connection (such as range, dishwasher, etc.)
• Central heating appliances and electric water heaters are not 

permitted to be cord-and-plug-connected (flexible cords 
typically not listed for heating appliance)

422.16(A) Use of Flexible Cords 
Limited

422.16(B) Appliances 
Connected with Flexible Cords

• Some appliances are specifically permitted to be cord-and plug-
connected even though they are not portable appliances

• The attachment plugs must be of the grounding-type

• Specific appliances permitted to be cord-and-plug connected 
[422.16(B)]:

• Kitchen waste disposers

• Dishwashers

• Trash compactors

• Ovens and ranges

• Range vent-a-hoods

422.16(B) Flexible Cords Permitted

422.16(B)(1) Wiring of 
In-Sink Kitchen Waste Disposal

• Permitted to be cord-and-plug connected

• Flexible cord shall be terminated with a grounding-type 
attachment plug

• Length - 450 mm (18 in.) to 900 mm (36 in.)

• Flexible cord and receptacle not to be subject to physical 
damage

• Connection required to be accessible

422.16(B)(2) 
Wiring of Built-in Dishwasher

• Permitted to be cord-and-plug connected

• Flexible cord shall be terminated with a grounding-type 
attachment plug

• Length – 900 mm (36 in.) to 2.0 m (6.5 ft)

• Flexible cord and receptacle not to be subject to physical 
damage

• Receptacle to be located in the space adjacent to the appliance

• Receptacle required to be accessible
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422.16(B)(2) 
Wiring of Trash Compactor

• Permitted to be cord-and-plug connected

• Flexible cord shall be terminated with a grounding-type 
attachment plug

• Length – 900 mm (36 in.) to 1.2 m (4 ft)

• Flexible cord and receptacle not to be subject to physical 
damage

• Receptacle to be located in same space as appliance or adjacent 
space to the appliance

• Receptacle required to be accessible

422.16(B)(4) 
Wiring of Range Hoods

• Permitted to be cord-and-plug connected

• Flexible cord shall be terminated with a grounding-type 
attachment plug

• Length – 450 mm (18 in.) to 1.2 m (4 ft)

• Flexible cord and receptacle not to be subject to physical 
damage

• Receptacle required to be accessible

• Receptacle supplied by an individual branch circuit

422.16(B)(4) Cord-and-Plug Connected Range 
Hood

Wall-Mounted Ovens and Counter-
Mounted Cooking Units

• Wall-mounted ovens and counter-mounted cooking units are 
permitted to be either permanently connected or cord-and-plug 
connected

• No minimum or maximum length of the cord for this type of 
appliance

• The cord, the separable connector, or plug and receptacle 
combination in the supply circuit to the oven or cooking unit 
shall be suitable for the maximum temperature of the space in 
which it is located (consult manufacturer’s installation 
instructions)

Wall-Mounted Ovens and Counter-
Mounted Cooking Units (cont.)

• The Code prohibits the use of flexible cords where they will run 
through holes in walls, structural ceilings, suspended ceilings, 
dropped ceilings, or floors

• Flexible cord permitted to pass through a hole in the side of a 
kitchen cabinet in order to reach a receptacle outlet located in 
an adjacent cabinet (side of a kitchen cabinet is not a wall)

• Flexible cord must be protected from physical damage

• Generally, grounding-type attachment plug is required

422.18 Support of Ceiling-
Suspended (Paddle) Fans

• Ceiling-suspended (paddle) fans is considered an appliance

• Must be supported independent of an outlet box by one of the 
following means:

• A listed outlet box or listed outlet box system identified for 
use with a ceiling-suspended (paddle) fan and installed to 
meet the requirements of NEC 314.27(C)

• A listed outlet box system with a listed locking support and 
mounting receptacle, and a compatible factory installed 
attachment fitting designed for support, identified for the 
use and installed in accordance with NEC 314.27(E)
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422.13 Wiring of 
Electric Water Heaters

• Where a branch circuit supplies a fixed storage-type water 
heater having a capacity of 120 gallons or less, load to be 
considered a continuous load 

• Branch circuit required to be rated at not less than 125% of the 
rating of the water heater shown on the nameplate

• This includes both the overcurrent device [422.11] and the 
conductors [422.10(A)]

Typical Electric Water Heater 
Nameplate

422.13 Wiring of 
Electric Water Heaters (cont.)

• Branch-Circuit Ampacity Example:

• Nameplate rating = 4500 watts

• 4500 watts x 125% = 5625 watts

• 5625 watts ÷ 240 volts = 23.4 amperes

• 23.4 amperes = Minimum ampacity for               
branch-circuit conductors

422.11 OCPD for 
Electric Water Heaters

• Overcurrent Protection Example:

• Nameplate rating = 4500 watts

• 4500 watts ÷ 240 volts = 18.8 amperes

• 18.8 amperes x 150% = 28.2 amperes  [422.11(E)(3)]

• Permitted to round up to next standard overcurrent device 
rating [422.11(E)(3)]

• Minimum overcurrent device = 30 ampere fuse or circuit 
breaker

422.31 Disconnecting 
Means for Appliances

• Disconnecting means are generally required for all appliances to 
disconnect all ungrounded conductors

• 422.31(A) Rated at Not Over 300 VA or ⅛ hp

• Branch-circuit overcurrent device permitted as 
disconnecting means with…

• Switch or circuit breaker within sight from appliance or…

• Capable of being locked in accordance with 110.25

• Locking device must remain in place with or without the lock 
installed

422.31 Disconnecting 
Means for Appliances (cont.)

• Disconnecting means are generally required for all appliances to 
disconnect all ungrounded conductors

• 422.31(B) Rated at Over 300 VA

• Branch-circuit switch or circuit breaker is permitted as the 
disconnecting means where…

• Switch or circuit breaker within sight from appliance or…

• Capable of being locked in accordance with 110.25

• Locking device must remain in place with or without the lock 
installed

422.31 Disconnecting 
Means for Appliances (cont.)

• Disconnecting means are generally required for all appliances to 
disconnect all ungrounded conductors

• 422.31(C) Motor-Operated Rated Over ⅛ hp

• Disconnecting means must be:

• Within sight from appliance or…

• Capable of being locked in accordance with 110.25

• Locking device must remain in place with or without the lock 
installed

• Branch-circuit switch or circuit breaker is permitted to be 
out of sight of the appliance (with unit switch) 

422.31 Disconnecting Means 
Required
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422.34 
Unit Switch as Disconnecting Means

• Unit switch (on appliance) permitted as the required disconnect 
where other means of disconnection is provided 

• (Service disconnecting means can serve as “other 
disconnecting means” at one- and two-family dwellings)

• Switch is provided by the manufacturer as part of the appliance

• Unit switch has a marked “off” position

• Switch disconnects all ungrounded (hot) conductors 

422.11 Overcurrent 
Protection for Appliances

• Appliances are required to be protected against overcurrent

• The limits on the maximum size of the OCPD are based upon the 
type of appliance and the information provided on the 
nameplate

• If an OCPD rating is marked on the appliance, the branch-circuit 
OCPD rating can not exceed the protective device rating marked 
on the appliance

422.11 Overcurrent 
Protection for Appliances (cont.)

• Appliances with Surface Heating Elements:

• A household-type appliance provided with surface heating 
elements having a maximum demand of more than 60 
amperes is required to have its power supply subdivided 
into two or more circuits

• Each subdivided circuit is to be provided with overcurrent 
protection rated at not over 50 amperes

• (Subdivision of circuit is not common in household-type 
appliances) 

• See 422.11(B)

422.11 Overcurrent 
Protection for Appliances (cont.)

• Single, Non-Motor-Operated Appliances:

• Rating of OCPD must not be in excess of that marked on the 
appliance nameplate

• If the OCPD rating is not marked on the nameplate and the 
appliance is rated at over 13.3 amperes, overcurrent 
protection cannot exceed 150% of the appliance rated 
current (next higher standard size rating permitted)

• If the OCPD rating is not marked and the appliance is rated 
13.3 amperes or less, the maximum rating of the OCPD is 20 
amperes (lower values are permitted)

• See 422.11(E)

422.11 Overcurrent 
Protection for Appliances (cont.)

• Electric Heating Appliances with Heating Elements Rated More 
than 48 Amperes:

• Must have their heating elements subdivided

• Each subdivided load cannot exceed 48 amperes and is 
required to be protected at not more than 60 amperes

• Supplementary-type overcurrent protective devices are 
permitted to be used for this application (cont. on next slide)

• See 422.11(F)(1)

422.11 Overcurrent 
Protection for Appliances (cont.)

• Electric Heating Appliances with Heating Elements Rated More 
than 48 Amperes: (cont.)
• Supplementary-type overcurrent protective devices are 

permitted to be used for this application 

• Supplementary OCPD are required to be: 
 (1) factory installed within or on the heater enclosure, or 

provided as a separate assembly by the heater 
manufacturer
 (2) accessible, but need not be readily accessible
 (3) suitable for branch-circuit protection

• See 422.11(F)(1)

422.11 Overcurrent 
Protection for Appliances (cont.)

• Resistance-type immersion electric heating elements:

• Permitted to be subdivided into circuits not exceeding 120 
amperes and protected at not more than 150 amperes 
where:

• (1) contained in ASME-rated and stamped vessels

• (2) included in listed instantaneous water heaters

• (3) installed in low-pressure water heater tanks or open-
outlet water heater vessels

• See 422.11(G)
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422.11 Overcurrent 
Protection for Appliances (cont.)

• Motor-Operated Appliances:

• Overload protection for the motors of motor-operated 
appliances must be provided per Part III of Article 430

• In many cases, the manufacturer builds this overload 
protection into the appliance

• Where separate motor-operated appliance OCPD are 
required, information for selection of these devices must be 
marked on the appliance nameplate

• See 422.11(G)

250.110 Grounding of Appliances

• Dwelling unit appliances must be properly grounded by 
connection to an equipment grounding conductor under the 
following conditions:

• Where located within 2.5 m (8 ft) vertically or 1.5 m (5 ft) 
horizontally of earth grade or grounded metal objects and 
subject to contact by persons

• Where located in wet or damp locations (not isolated) 

• Where in electrical contact with metal 

• Where supplied by a metal-clad, metal-sheathed, metal-
raceway or other wiring method that provides an equipment 
grounding conductor

250.110 Grounding of Appliances

Types of Equipment Grounding 
Conductors for Appliances

• The type of EGC used to ground appliances will depend on the 
type of wiring method employed
• Cable wiring systems – EGC typically contained in the cable
• Metal-clad cable – metal cable jacket may qualify and serve 

as EGC
• Metal raceways – metal raceway itself permitted as EGC
• Nonmetallic raceways – EGC must be installed inside 

raceway
• Cord- and plug-connected equipment may be grounded by 

EGC consisting of a bare conductor or insulated conductor 
that is green or green with one or more yellow stripes that is 
part of a cable assembly or flexible cord

• See NEC 250.118

Grounding of Cooking 
Appliances and Clothes Dryers

• New Installations:
• Frames of ranges, wall-mounted ovens, counter-mounted 

cooking units, and clothes dryers required to be grounded 
by connection to an equipment grounding conductor (EGC)

• Outlet or junction boxes that are part of the circuit must be 
grounded in a similar manner
• For a typical 120/240-volt, single-phase dwelling unit system 

– (4) conductors to these appliances
• For cord- and plug-connected equipment, the EGC will 

typically terminate in a grounding type attachment plug with 
a fixed grounding contact 

250.140 Grounding of New 
Appliances
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• Existing Installations:

• For existing branch-circuit installations only where an EGC 
is not present, the frames of electric ranges, wall-mounted 
ovens, counter-mounted cooking units, clothes dryers are 
permitted to be connected to the grounded circuit 
conductor if all the following conditions are met:

 (1) Supply circuit is 120/240-volt, single-phase, 3-wire; or 
208Y/120-volt derived from a 3-phase, 4-wire, wye-
connected system

 (2) Grounded conductor is not smaller than 10 AWG 
copper or 8 AWG aluminum

(cont. on next slide)

Grounding of Cooking 
Appliances and Clothes Dryers (cont.)

• Existing Installations: (cont.)

• For existing branch-circuit installations only where an EGC 
is not present, the frames of electric ranges, wall-mounted 
ovens, counter-mounted cooking units, clothes dryers are 
permitted to be connected to the grounded circuit 
conductor if all the following conditions are met:

 (3) Grounded conductor insulated, or the grounded 
conductor is uninsulated and part of a Type SE service-
entrance cable and the branch circuit originates at the 
service equipment 

 (4) Grounding contacts of receptacles furnished as part 
of the equipment are bonded to the equipment

Grounding of Cooking 
Appliances and Clothes Dryers (cont.)

250.140, Ex. Grounding of Existing Appliances

250.140, Ex. Grounding of Existing 
Appliances

250.134(A) Counter-Mounted 
Cooking Units

316 317 318

319 320 321

322 323 324
262



File Attachments for Item:

ER-3 Soares Grounding and Bonding (2017 NEC) (IAEI Central)

All certifications (five 2-hour sessions)

Staff Notes:  The five sessions include two sessions presented on January 12 and March 9, for 

which retroactive approval is sought.  The Committee can ignore the two sessions listed for the 

year 2024.  They will be submitted at the proper time.

ESIAC Recommendation:

Committee Recommendation:
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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 

     lettherebelight110@yahoo.com      937-763-6361

   1 & 2 Family Dwelling (2017 NEC), Soares Grounding and bonding (2017 NEC).
     Eric M. Klintworth PE; Matthew Ross; Chad Roberts

     of Electrical Inspectors (IAEI)
     These classes will cover the 2017 NEC; via PowerPoint slides created by t

    2 hours ea.   10; 13 if able to backd
     1/12, 2/9, 3/9, 4/13, 5/11, 6/8, 9/14, 10/12, 11/9, & 12/14/2023; 1/11

     International Association of Electrical Inspectors (IAEI) Central Ohio division
     International Association of Electrical Inspectors (IAEI) Central Ohio division

     1081 Lewis Center Road Lewis Center, OH 43035

✔

✔

✔

     1081 Lewis Center Road Lewis Center, OH 43035
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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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IAEI Central Ohio Division 2023-2024 syllabus


1. January 12, 2023

1. Soares 2017 NEC Part 1 (Final) 2--Chapter 4 Grounding Electrical Services. 

Instructor, Matthew Ross.

2. February 9, 2023


1. 1 & 2 Family (2017 NEC) (Vol I) Chapter 3. Instructor, Eric Klintworth.

3. March 9, 2023


1. Soares 2017 NEC Part 1 (Final) 2--Chapter 5 Main bonding Jumpers and 
Services. Instructor, Matthew Ross.


The above classes have already been taught if it is possible to backdate to get credit 
for these classes, that would be great. If not, I understand. We have an attendance 
roster for verification.  


4. April 13, 2023

1. Soares 2017 NEC Part 1 (Final) 2--Chapter 6 Grounding Electrode Systems. 

Instructor, Matthew Ross.

5. May 11, 2023


1. 1 & 2 Family (2017 NEC) (Vol II) Chapter 4. Instructor, Eric Klintworth.

6. June 8, 2023


1. 1 & 2 Family (2017 NEC) (Vol II) Chapter 5. Instructor, Eric Klintworth.

7. September 14, 2023


1. Soares 2017 NEC Part 1 (Final) 2--Chapter 7 Grounding Electorde Conductors. 
Instructor, Matthew Ross.


8. October 12, 2023

1. 1 & 2 Family (2017 NEC) (Vol II) Chapter 6. Instructor, Eric Klintworth.


9. November 9, 2023

1. Soares 2017 NEC Part 1 (Final) 2--Chapter 8 Bonding Enclosures and 

Equipment. Instructor, Matthew Ross.

10. December 14, 2023


1. 1 & 2 Family (2017 NEC) (Vol II) Chapter 7. Instructor, Eric Klintworth.

11. January 11, 2024


1. Soares 2017 NEC Part 1 (Final) 2--Chapter 9 Equipment Grounding 
Conductors. Instructor, Matthew Ross.


12. February 8, 2024

1. 1 & 2 Family (2017 NEC) (Vol II) Chapter 8. Instructor, Eric Klintworth.


13. March 14, 2024

1. Soares 2017 NEC Part 1 (Final) 2--Chapter 10 Enclosure and Equipment 

Grounding. Instructor, Matthew Ross.
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Matthew E. Ross 
1000 Township Road 3475 - Perrysville, Ohio 44864 
419-512-5025 
metdross@hotmail.com 

Education 
1988 | Loudonvi l le High School  
 Loudonville High School - 421 Campus Ave. - Loudonville, Ohio 44842 

2004 | Journeyman Electr ician  
Associated Builders and Contractors, Northern Ohio Chapter - 9255 Market Place West - 
Broadview Heights, Ohio 44147 

Professional Certifications and Licenses 
2003 | Fire Alarm Instal lat ion and Testing  
 Division of State Fire Marshal - 8895 E. Main St. - Reynoldsburg, Ohio 43068 

2006 | Electrical Safety Inspector  
 Ohio Board of Building Standards - 6606 Tussing Rd. - Reynoldsburg, Ohio 43068 

2007 | Electrical Contractor  
 Ohio Construction Industry Licensing Board - 6606 Tussing Rd. - Reynoldsburg, Ohio 43068 

2009 | Residential Building Offic ial  
 Ohio Board of Building Standards - 6606 Tussing Rd. - Reynoldsburg, Ohio 43068 

2010 | Building Inspector  
 Ohio Board of Building Standards - 6606 Tussing Rd. - Reynoldsburg, Ohio 43068 

2014 | Electrical Plans Examiner  
 Ohio Board of Building Standards - 6606 Tussing Rd. - Reynoldsburg, Ohio 43068 

2015 | Building Official  
 Ohio Board of Building Standards - 6606 Tussing Rd. - Reynoldsburg, Ohio 43068 

Experience 

07/1996 – 10/1998 | General Construction Worker 

Johnson and Johnson Construction - 7342 Armstrong Rd. - Butler, Ohio 44822 

Job responsibilities included but were not limited to general construction of steel frame buildings 
for residential, agricultural, and commercial applications. 
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10/1998 – 11/2000 | Cabinetmaker 

Self Employed (Posse Isle Wood Works) - 1014 Twp. Rd. 3475 - Perrysville, Ohio 44864 

Job responsibilities included but were not limited to general woodworking and cabinetry for use 
in residential and commercial applications. 

11/2000 – 04/2002 | Electrician 

Clark-Fowler Electric - 510 W. Henry St. - Wooster, Ohio 44691 

Job responsibilities included but were not limited to the installation and service of power, control, 
and signaling systems in residential, commercial, and industrial applications. 

04/2002 – 02/2007 | Electrician 

Carter Electric, Inc. - 844 Edwards St - Galion, Ohio 44833 

Job responsibilities included but were not limited to the installation and service of power, control, 
and signaling systems in residential, commercial, and industrial applications. 

03/2007 –  07/2013 | Electrical Inspector,  Chief Bui lding Inspector  
 Galion Building and Zoning Department - 301 Harding Way East - Galion, Ohio 44833 

Job responsibilities included but are not limited to the enforcement of regulations and policy 
related to property and structures such as commercial and residential construction, zoning, 
property maintenance,  flood plain administration, and nuisance abatement. 

07/2013 –  09/2016 | Building/Electrical  Inspector 
 Wayne County Building Department – 428 W. Liberty St. – Wooster, Ohio 44691 

Job responsibilities included but are not limited to the enforcement of regulations and policy 
related to commercial and residential construction.  

09/2016 - Present | Building Inspector,  Electr ical  Inspector 
 City of Dublin - Building Standards Division – 5200 Emerald Pkwy, Annex  – Dublin, Ohio 43017 

Job responsibilities include but are not limited to the enforcement of regulations and policy 
related to commercial and residential construction.  
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File Attachments for Item:

ER-4 Western Section IAEI Special Meeting (IAEI Western)

All certifications (18.5 hours)

Staff Notes:  The submitter has made it clear that, despite the way he filled out the application, 

this two-and-a-half-day meeting is not a multisession course.  If approved, it will receive one 

course number.

ESIAC Recommendation:

Committee Recommendation:
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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 

 

Thomas Moore
Western Section IAEI

3462 Brunk Road
tmoore1767@gmail.com

Western Section IAEI Special Ohio Meeting

18.5

Thomas Moore (Multiple Presenters)

XX

No

XX

http://IAEI-Western.org

This will be a 2.5 day meeting. The educational presentation will consist of 

Encore Hotel & Hall Millersburg, Ohio 44654

NEC 2023 Code Analysis 8.25 hrs. 

Code panel question and answers by nationally recognized code expert's and code making panel members 3.75 hrs. 
BBS & OCILB Reports by Regina Hanshaw and Carol Ross  hrs. 1.5  - Ohio Required Instruction: Existing Buildings. 3 hrs.

Solar Photovoltaic and Electrical Storage Systems Wendall Whistler CMP member  hrs. 2
         5

April 23 - 26, 2023 Encore Hotel & Hall 4365 St. Route 39, Millersburg, Ohio 44654 

Western Section IAEI                                        tmoore1767@gmail.com

(330) 289-7932

 XX Western Section IAEI Special Ohio Meeting

XX

XX

 XX

XX
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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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Bret Johnston Bio 
Journeyman Electrician since 1984 
Master Electrician since 1994 
Electrical Inspector for Sedgwick County (Wichita, Kansas) since 1992 
Chief Building Inspector for Sedgwick County (Wichita, Kansas) since 2016 
IAEI Member since 1993 
Kansas Sunflower Chapter Secretary since 2012 
Western Section President 2023 

Christine Porter Bio 

Intertek Testing Service  Menlo Park CA  

Christine Porter is a Field Evaluator – Conducting field evaluations of unlisted, modified, relocated, or 

used equipment for Intertek. She also provides Codes and Standards Training  – Creating and providing 

classes and seminars for listing engineers, new field evaluators, as well as classes for Intertek clients, 

electrical & building trades associations, as well as code enforcement agencies on the applicable codes 

and standards. Christine taught in an electrical training/apprenticeship program for 32 years and earned  

Professor Emeritus from the Construction Industry Training College of Washington. Her duties included 

course development that involved creating training course material for electrical trainees and 

apprentices, as well as continuing education programs for certification purposes. She also earned 

recognition as a Subject Matter Expert (SME) from The National Center for Construction Education and 

Research (NCCER).  She is a principal on CMP 5 covering the Grounding & Bonding requirements in NFPA 

70, (NEC) National Electrical Code and a voting alternate on the Correlating Committee of NFPA 70 that 

correlates the requirements contained in NPFA 70, NFPA 70A, NFPA 70B, NFPA 70E, NFPA 73, NFPA 79, 

NFPA 110, NFPA 790, and NFPA 791.  She is also an alternate on CMP 1 covering definitions and General 

Requirements in the NEC (NFPA 70). She serves as chair of NFPA 780 Standard for Installation of 

Lightning Protection Systems.  

 

David Williams Bio 

David Williams Electrical Inspector and Instructor, Delta Township, Michigan, and Lansing Community 
College. IAEI Code Panel 2008-2011-2014 CMP-5, Chair CMP-7 2017, 2020, 2023 CMP-10 and the NEC 
Correlating Committee. Master Electrician, Certifications: CEI-M, Certified Electrical Inspector-Master, 
IAEI, Electrical Inspector General and Electrical Inspector 1-2 Family. Dave serves on the UL Electrical 
Council and seven UL STP’s. IAEI International Chairman of the Board of Directors 2022 and 2023. 
Secretary, IAEI-Michigan, Secretary NFPA Electrical Inspector Section. 
 

Don Iverson Bio 

Don Iverson is the Manager of Industry Codes & External Relations for Schneider Electric. His 

responsibilities are to support code adoptions on a national level as well as various roles within the 

business.  Previously, Mr. Iverson was the Midwest Field Representative for the National Electrical 

Manufactures Association (NEMA). He has worked in the electrical field for over 22 years as a field 

electrician, apprenticeship instructor and, Electrical Inspector. He also holds a State of Michigan Electric 

masters & contractor’s license and is a registered code official as an Electrical Inspector. Mr. Iverson is 

currently a member of NFPA 915, CMP 3 for the 2023 Representing Schneider Electric and past member 

of CMP 1 for the 2014, 2017 & 2020 NEC representing NEMA.         
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Gerald O’Connor Bio 

Gerald has been with Eaton Corp. since August 2023 working in Electrical Codes & Standards. He was 

previously an electrical inspector with the City of Chicago for 6 years and is a part-time instructor with 

I.B.E.W. #134 technical institute in the greater Chicago area.  He represented the IAEI on NFPA CMP-16 

for the 2023 NEC and is waiting for approval as principal on CMP - 18. He also participates in NFPA 78 & 

1078. 

Jack Jamison Bio       

Jack is the Chief Inspector with Jack E. Jamison, Jr. Inspections of Morgantown, WV.  He holds a Bachelor 

of Science degree from Fairmont State University in Engineering Technology-Electrical Electronics.  He is 

an ICC Master Code Professional, IAEI Certified Electrical Inspector Master, and a WV State Fire Marshall 

Class C Plans Examiner/Electrical Inspector.  He is a founding member of the WV Chapter IAEI and 

currently serves as the Secretary and Education Committee.  He has served as an IAEI Representative on 

the NFPA National Electric Code Making Panel for the last three code cycles on CMP 14, 18, and 11.  

Joe Pavia Profile 

Joe Pavia, P.E. is a Field Application Engineer with Eaton’s Bussmann Business. He has over 30 years with 

Bussmann series solutions, specializing in training on the design and application of overcurrent 

protective devices and equipment in electrical distribution systems in accordance with the National 

Electrical Code® and equipment in accordance with the various product standards. He is a registered 

Professional Engineer for several States, serves on UL508C / UL61800-5-1 STP, NEMA SC07 committee 

and on Code Making Panel 11 for the National Electrical Code (NFPA 70).  He also is active in various 

trade organizations including the Independent Electrical Contractors (IEC), International Association of 

Electrical Inspectors (IAEI), Institute of Electrical and Electronic Engineers (IEEE), National Electrical 

Manufacturer’s Association (NEMA) and the National Fire Protection Association (NFPA).  

 

Tim McClintock Bio 

Tim McClintock has 36 years’ experience in the electrical industry and is currently the National Electrical 
Manufacturers Association (NEMA) Midwest Technical Field Representative. In this role Tim serve NEMA 
members by promoting the use and adoption of the National Electrical Code® (NEC®) and by monitoring 
regional developments of importance to the electroindustry. Prior to joining NEMA, Tim was a Regional 
Electrical Code Specialist with the National Fire Protection Association (NFPA) providing support to state 
and local jurisdictions across 26 states with the adoption and use of the NEC® and other NFPA electrical 
codes and standards. Tim also served as the Chief Building Official and Electrical Inspector for the Wayne 
County Building Department in Wooster, Ohio for 16 years and prior to that, worked for nine years as an 
electrician for McClintock Electric Incorporated. 
He served on Code Making Panel 12 for the 2008 and 2011 NEC code development cycle and also served 
as Chair of NFPA’s Technical Committee on Electrical Equipment Evaluation, which is responsible for 
NFPA 790, Standard for Competency of Third-Party Field Evaluation Bodies and NFPA 791, 
Recommended Practice and Procedure for Unlabeled Electrical Equipment. 
Tom Lichtenstein Bio 

Tom Lichtenstein is a Sr. Regulatory Engineer and Distinguished Member of Technical Staff in the Codes 

and Regulatory Services Department at UL Solutions Northbrook Office.  As an electrical engineer with 

UL for 33 years, Tom is UL’s principal representative for NEC CMP-7 (formerly CMP-19) for seven code 

cycles and past alternate on CMP-1 for the 2011 NEC.  In addition, was UL’s representative for several 
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cycles on the Canadian Electrical Code (CEC), Part 1 committee and the Canadian Advisory Council on 

Electrical Safety (CACES) and is responsible for supporting the UL Mark for the Western Section of the 

International Association of Electrical Inspectors (IAEI) and providing technical presentations and 

support services for regulatory authorities. 

Tom Moore Bio 

Tom Moore, Akron Ohio, is past President of the IAEI Western Section, Ohio Chapter and Akron Division 

and past IAEI IO Board of Directors, Assistant Secretary/Treasurer of the Western Section IAEI’ President 

and Membership Chair of the Akron Division IAEI.   He has been involved in the inspection industry since 

1987 and the electrical industry for over 50 years. Tom retired as the the Assistant Building 

Commissioner with the City of Beachwood Ohio and presently back building and electrical inspector for 

the City Stow and Portage County. 

Tom has represented the IAEI on NEC CMP 11 for the 2005, 2008, and 2011code cycles and previously 

CMP 5 for the 2002 Code Cycle, Chair of CMP 16 for the 2014, 2017 and 2020, and presently Chair of 

CMP 8 code cycles. Tom is presently Chair of CMP 8. Additionally, served on NFPA 915 Standard for 

Remote Inspections. 

Wendell Whistler Bio 

Wendell Whistler was born in Juneau, Alaska in 1960. He graduated from Juneau-Douglas High School in 
1978 and served his electrical apprenticeship in Alaska and graduated from the A.J.E.A.T.T. program in 
1984. Wendell has also attended University of Alaska and Oregon State University enrolled in the 
Electrical Engineering program. Over his 43-year career as an electrician he has worked on the Alaska 
Pipeline and Seafood canneries helped build or maintain several small Alaskan airports, worked on 
nuclear power plants in California and has been on construction crews in many different states. 
Wendell holds an Oregon Electrical Supervisors license, an Oregon OIC certificate, an Alaska Electrical 
Administrators license, Idaho Master Electricians License and Journeyman Electrical licenses in Alaska 
and Washington along with a NCSCB medium voltage cable splicers certificate. He is an approved 
instructor for both 10- and 30-hour OSHA courses and a MSHA above ground (24 hour) and under-
ground (40 hour) instructor and an Extra class Amateur radio (HAM) license holder 
Wendell started working as a follow-up services inspector for Intertek Testing in 2004 and then moved 
into doing field evaluations later that year. Became the team leader for the Western U.S.A. and 
coordinated 25 + field inspectors along with being a reviewer for the field reports. Most recently he 
worked for QPS America as a senior field inspector. Has numerous standards that he is competent is 
Such as UL 48, 1598, 73, 499, 61010-1, 508A, ISA 12.12.01 
NFPA 70, 79, 99, 101. 
Wendell began teaching apprenticeship and journeyman classes in 2000 and opened his own business, 
Whistler Consulting and Technical Services in 2002. Classes were approved in Alaska, Idaho, Oregon, and 
Washington. 
Wendell is the former Apprenticeship Coordinator for the Central Electrical JATC and the former Training 
Coordinator for AJEATT in Fairbanks, AK. 
 
Tom Lichtenstein Bio 
Tom Lichtenstein is a Sr. Regulatory Engineer and Distinguished Member of Technical Staff in the Codes 

and Regulatory Services Department at UL Solutions Northbrook Office.  As an electrical engineer with 

UL for 33 years, Tom is UL’s principal representative for NEC CMP-7 (formerly CMP-19) for seven code 
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cycles and past alternate on CMP-1 for the 2011 NEC.  In addition, was UL’s representative for several 

cycles on the Canadian Electrical Code (CEC), Part 1 committee and the Canadian Advisory Council on 

Electrical Safety (CACES) and is responsible for supporting the UL Mark for the Western Section of the 

International Association of Electrical Inspectors (IAEI) and providing technical presentations and 

support services for regulatory authorities. 
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The Western Section IAEI  

2023 Western Section Special Ohio Meeting 

Outline and Time Schedule 

 

 

Registration 
Pre-Function Area - Registration  

 

Sunday,  April 23, 2023- 2:00 pm until 5:00 pm 

Monday, April 24, 2023 - 7:00 am until 9:00 am 

 

Please check the hotel event board for any room changes 

 

  Sunday April 23, 2023 

 

12.00 pm – 5:00 pm - Registration 

 

 

1:00 pm – 2:00 pm Secretaries, Membership & 

                  Education Chair Meeting 

                                                               

 

  

 

2:00 pm - Opening of Exhibits                  

       

 

 

2:00 pm to 5:00 pm Ohio Chapter Board of Directors Meeting 

                 

 

5:00 pm- Exhibit Area Closed 

 

6:30-8:30 pm- Welcoming Reception 

 

 

  Monday, April 24, 2023 

 

NOTE: 1.85 CEU’s (1.85 contact hours) will be awarded for attending the complete educational 

program registration forms must be signed and submitted at the proper time for CEU’s to be 

awarded. NO PARTIAL CEU’s WILL BE ISSUED.  

IO CEU Credits 1.8        

Ohio BBS all Certifications 18.5 hrs. 

Ohio OCILB all disciplines 18.5 hrs. 

 

7:00 am – 8:00 am  Registration & Visit Exhibit Displays  

 

1. Call to Order- Welcome 

            -Bret Johnston, President-Western Section 

  

2. Introduction of  Color Guard -  

            TBD  - 
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3. Pledge of Allegiance–  

            Bob Sallaz  

   

4. Invocation  

             Bob Sallaz  

  

5. Welcome to Millersburg    

                - Dave Hall – Holmes County Commissioner 

 

6. -Western Section President Address- 

                 -Bret Johnston, Kansas 

   

7. Ohio Appointment of Nominating Committee 

                 - Karl Fredrick -Ohio Chapter President 

  

8. Address of IAEI Chairman of the Board 

                  - David Williams, Lansing, MI 

 

 9. IAEI President/ CEO Report 

                  -Rudy Garza, Richardson, TX 

 

10. NFPA Report NFPA Regional Electrical Specialist  
                  - Tim McClintock                                      

 

11. Western Section Secretary Report 

                   -Tom Moore, Akron, OH 

 

12. Introduction of Manufacturers/Exhibitors 

 

9:00 am- NFPA Correlating Committee Report  1 hr. 

                   -  Larry Ayre, Chair Correlating Committee   

                   - David Williams, Correlating Committee & CMP 10 

 

10:00 am- Coffee, Rolls and Visit Displays 

                    

Refreshments Courtesy of:  

 TBD 

 

10:15 IAEI NEC 2023 Analysis     1.75 hrs. 

     - Don Iverson Schneider, Electric CMP 3 

     - Tim McClintock, NFPA 
 

    

12:00 Noon- Recess for Lunch & Visit Displays 

            General Member’s Luncheon  

 

 

1:00 pm – Code Panel 1 Forum – Your questions Answered by NEC Code Panel Members 2 hrs. 

 

Moderator: OP Post – Previous Past Ohio Chapter President  

 

-Brian Deacy, Atkore Manufacturing 

      CMP 3 & CMP 5 

-Tom Moore, City of Stow 

      CMP 8 

-Gerald O’Connor  Eaton Corporation  
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      CMP 16 

-Wendall Whistler QPS America 

      CMP 4 

-Borgia Noel, State of Wyoming 

      CMP 6 

-Tom Lichtenstein, UL 

      CMP 7 

 

3:00 pm- Break and Visit Displays 

Refreshments Courtesy of:  

 TBD 

  

3:15 pm –  IAEI NEC 2023 Analysis  1.75 hrs. 

     - Don Iverson Schneider, Electric CMP 3 

     - Tim McClintock, NFPA 
 

                   

5:00 pm- Adjournment 

 

--- On Your Own Dinner 

 

 

                TUESDAY, SEPTEMBER 20, 2023 
 

7:00 am - Coffee, Rolls and Visit Displays 

Refreshments Courtesy of:  

 TBD 

 

8:00 am – Code Panel 2 Forum – Your questions Answered by NEC Code Panel Members 1.75 hrs. 

 

Moderator: OP Post – Previous Past Ohio Chapter President  

-Don Iverson - Schneider Electric 

       CMP 1 & CMP 3 

-Christine Porter - Intertek 

       CMP 6 

-Steve Froemming – City of  Franklin, WI 

       CMP 13 

-Jack Jamison - WV Chapter IAEI 

       CMP 11 

-Bob Fahey – City of Janesville, WI 

        CMP 18  

      - Joe Pavia Bussmann  

         CMP 13: 

 

9:45 am- Break and Visit Displays 

Refreshments Courtesy of:  

 TBD  

   

Note: Display booths will be closing at 3:15 pm 

 

10:00am – IAEI NEC 2023 Analysis  2 hrs.  

     - Don Iverson Schneider, Electric CMP 3 

     - Tim McClintock, NFPA   

 

12:00 Noon- Recess for Lunch & Visit Displays 

                -General Member’s Luncheon 
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                   Location TBD 

                 -Ohio Board of Directors & Past Chapter & 

                   Section President’s Luncheon  

 

                       

1:00 pm- Ohio Chapter Business Meetings 

1. Report of Board of Directors Meeting (Chapter Secretary) 

       2.    Report of Nominating Committee  

       3.    Election of Officers, Board of Directors Members  

              (Voting by Ohio Chapter Members only)  

  

1:30 pm – 2:15 pm BBS Report Regina Hanshaw .75 hrs. 

 

2:15 pm – 3:00 pm OCILB Report Carol Ross .75 hrs. 

 

 

3:00 pm -  Break and Visit Displays 

Refreshments Courtesy of:  

 TBD 

                  

  

 

3:15 pm – IAEI NEC 2023 Analysis  1.75 hrs. 

     - Don Iverson Schneider, Electric CMP 3 

                    - Tim McClintock, NFPA 

5:00 pm - Adjournment 

 

6:00 pm - Reception, Banquet, Dinner 

Installation of Officers, Door Prizes &  

Entertainment  

 

WEDNESDAY, SEPTEMBER 22, 2023 

 

 

 

7:00 am –  Photovoltaic Systems & Energy Storage Systems 2 hrs. 

                  Wendall Whistler 

               NEC CMP 4  

 
   
9:00 am - Break   

Refreshments Courtesy of:  

                    TBD              

   

9:15am – Ohio Required Instruction: Existing Buildings 3 hrs. 
- Jay Richards BBS 

- Mike Thompson DIC 

 
 

 
 12:15 pm- Adjournment of the 2023 Western Section Meeting  
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Note: IAEI IO and Ohio BBS CEU Certificates for All Attendees Who Submitted the For CEU’s will 

be Available following Wednesday Adjournment. OCILB hours will be entered directly into the 

OCILB database.  

 

The Western Section IAEI thanks all the members of the Ohio Chapter for making this Annual 

Meeting a Success 

 

Please join us for our 2023 Annual Western Section Meeting September 17 – 20, 2023 at Oglebay 

Resort in Beautiful Wheeling, WV. 
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Inspecting Solar Panel Installations 

 

• NEC Article 690 

• Plan Review 

• PV Modules and Arrays 

• Nameplate 

• Mechanical Attachment 

• PV System Components 

• Off Grid Solar Components 

• PV Labeling 

• Solar PV Priorities 

• PV Layout 

• Grounding 

• Overcurrent Protection 

• Inverters & Micro-Inverters 

• Markings 

• Disconnects  

o Rapid Shutdown 

• UL Standards 

o UL 6703 Electrical Connections 

o UL 1741 Inverters & Controllers 

o UL 1703 PV Modules 

o UL 4703 PV wire 

o UL 2703 Mounting Systems 

▪ Racking 
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INSPECTING
SOLAR PANEL INSTALLATIONS

PRESENTED BY:

WENDELL WHISTLER
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INTRODUCTION

375



Testing Services

3

• Product Safety

• EMC

• Wireless/OTA

• Environmental Simulation

• Field Evaluation
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Field Evaluations

4

• Typically required by AHJs or 

end users

• Custom equipment

• Certified equipment that has 

been modified

• CE-marked equipment

• Unlisted equipment
377



Field Evaluation Services

5

• We are a resource for AHJs and 

Contractors

• Standards consultation

• Continuing education

• Code making panels

• Very active in IAEI
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Contact Information

6

Wendell Whistler - Senior Field Engineer

wendell.whistler@metlabs.com

Cell: (971) 289-6652
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INSPECTING
SOLAR PANEL
INSTALLATIONS

7
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NEC Article 690

8

Solar Photovoltaic (PV) Systems

Part I General

Part II Circuit Requirements

Part III Disconnecting Means

Part IV Wiring Methods

Part V Grounding and Bonding

Part VI Marking 

Part VII Connection to other Sources

Part VIII Energy Storage Systems
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Plan Review

What size PV projects require plan review?

Residential

Commercial

Large scale PV
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PV Modules and Arrays

UL 1703 Standard for Flat-Plate Modules and Panels 

• 110.3 

• 690.4(B
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Module Nameplate
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Mechanical Attachment

• Modules attached to the listed mounting structure the manufacturer’s 

instructions {(110.3 (B)}

• Roof penetrations secure and weather tight {110.12, 110.13}
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UL 2703 

Standard for Mounting Systems, Mounting Devices, Clamping and Retention 

devices and Ground Lugs for use with Flat-Plate Photovoltaic Modules
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Racking

387



Racking
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Module Nameplate Information

389



Off Grid Solar Components

390



PV Labeling Micro-inverters

391



PV Labeling Micro-inverters

392



Solar PV Priorities

393



Layout of Grid Tie PV System

394



Grounded PV System

395



Ungrounded PV System
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Grounding

Each module grounded using supplied hardware, the grounding point 

identified on the module and the manufacturer’s instructions.

Bolting the module to a grounded structure usually will not meet the NEC 

requirements in 110.3(B) and may not comply with the installation 

instructions for grounding the PV module.

Array PV mounting racks are usually not identified as equipment grounding 

conductors unless listed to UL 2703
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Grounding

690.43

Module instruction manual must specifically show or 

indicate grounding and mounting methods.

690.45

Properly sized equipment grounding conductors (EGC) 

routed with the circuit conductors
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Listed PV grounding clamps

399



Means of grounding terminations
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Grounding Terminations

http://www.solarabcs.org/about/publications/reports/systemgrounding/pdfs/SystemGrounding_studyreport.pdf
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PV System Components

402



Conductors

Standard for Photovoltaic Wire 

UL 4703
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Conductors
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Conductors

Listed Conductors  UL 4703

Conductor Type-

If exposed USE-2 or PV wire for grounded PV arrays

All PV modules will use PV wire

2017 NEC allows USE-2 or PV wire for both grounded

and ungrounded systems
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Conductor Insulation

Conductor insulation rated at 90 degrees C  (UL 1703) to allow for operations 

70 degrees C near modules and in conduit or cables exposed to sunlight 

{Table 310.15 (B) (3) (c)}

Temperature corrected ampacity calculations based on 125% of short circuit 

current (Isc) or the 156%  Isc without conditions of use. 

Use the worst case
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Conductor Temperature Correction

Suggest temperature derating factors of 65 degrees C for conductors behind 

modules in installations where the backs of the modules receive cooling air 

(4 “ or more from the roof) 

Suggest temperature derating factors of 75 degrees C for conductors behind 

modules in installations where no cooling air can get to the backs of the 

modules 

Ambient temperatures near and at the array location of more than 

40 degrees C may require different derating factors
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Overcurrent Protection

Overcurrent devices in the DC circuit listed for DC operation?

If device is not marked for “DC” verify listing with the manufacturer

Auto, Marine and Telecom devices are not acceptable

In PV circuits OCPD must be listed as a PV device {690.9 (B)}

Rated at 156% (1.25 x 1.25) short circuit current from modules?

{UL 1703, 690,8 and module instructions}

Overcurrent devices listed for PV applications are required

{690.9(B)}
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Overcurrent Protection

• Each module or series string of modules have an overcurrent devices 

protecting the module(s)?

• Frequently installers ignore this requirement marked on the back of the 

modules

• Listed combiner boxes meeting this requirement are available. One or two 

strings of modules do not generally require overcurrent devices, however 

three strings or more in parallel will usually require an overcurrent device. 

The module maximum series fuse must be at least 1.56 Isc. {690.9(A)}
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Overcurrent Protection

• Only one conductor of and ungrounded PV source or PV output circuit is 

permitted to have and Overcurrent Protective Device (OCPD). 

• If used other OCPD’s in the dc circuit must be in the same polarity

• Located in a position in the circuit to protect the module conductors from 

back-fed currents from parallel module circuits or from the charge 

controller or battery? {609.9(A)}
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Overcurrent Protection

• Is the smallest conductor used to wire modules protected? Sources of 

overcurrent are parallel connected modules, batteries and ac back feed 

through inverters. {690.9(A)}

• Are User accessible fuses in “touch safe” holders or fuses capable of 

being changes without touching live contacts? Disconnect form all 

sources of voltage in dc combiners at the inverter? {690.16}
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Electrical Connections

UL 6703 Standard for  the use in Photovoltaic Systems
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Electrical Connections

• Pressure terminals tightened to the recommended torque specifications? 

{110.3(B), 110.14}

• Crimp-on terminals listed and installed with the listed crimping tools by 

the same manufacturer? {110.3 (B)}

• Twist on wire connectors listed for the environment (dry, damp, wet or 

direct burial) and installed per manufacturer’s instructions?
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Electrical Connections

• Pressure lugs or other terminals listed for the environment? (inside, 

outside, wet or direct burial)

• Power distribution blocks (PDB) listed and not just a recognized ?

• Terminals containing more than one conductor listed for multiple 

conductors?

• Connectors or terminals using flexible fine stranded conductors listed for 

use with such conductors? {690.321(H), 690.74 (A), 110.14}

• Locking connectors (tool required) on readily accessible {V conductors 

operating at over 30 volts? {690.33 (C)}
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Charge Controllers

• Charge controllers listed to UL 1741? {690.4(B)} 

• Exposed energized terminals not readily accessible?

• Does the diversion controller have an independent back-up control 

method {706.23 (B) (1)}
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Disconnects

• Rapid shutdown system installed? {690.12}                                    

• Applied to inverter inputs, module outputs, batteries and combiner 

outputs.                                                                                                    

• Listed equipment is available and the UL  Standards addressing the 

requirements are published.

• Rapid Shutdown operation verified?

• Disconnects listed for dc operation in DC circuits?

• PV disconnect readily accessible and located at the first point of 

penetration of the PV conductors? (Location not specified)
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Disconnects

• PV conductors outside of the structure until reaching the first readily 

accessible disconnect unless in a metallic raceway?                                 

{690.13(A) & 690.31 (F)}

• Metallic raceway now required all of the way to the inverter dc input

• Disconnects for all current carrying conductors for the PV system? 

{690.13}

• PV system disconnect must disconnect all circuit conductors even on 

solidly grounded systems. However solidly grounded conductors should 

not be opened. 
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Disconnects

• Disconnects for equipment? {690.15 & 690.17}                      

• Equipment isolation disconnects may disconnect only the ungrounded 

conductor

• DC combiner has output circuit disconnect/isolator internal or within 10 

ft? {690.15(A)}
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Disconnects

• Grounded conductors are NOT fused or switched except PV system 

disconnect?

• Listed PV Power centers are available for 12, 24 and 48-volt systems. They 

contain charge controllers, disconnects and overcurrent protection for the 

entire dc system with the possible exception of the source circuit and 

module protective devices
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Inverters

420



Micro-Inverters
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Inverters

• Stand Alone systems

• Inverters listed to UL 1741 {110.3(B) 690.4 (B)}

• DC input current from the battery calculated for conductor and fuse 

requirements? Input current equals rated ac output in watts divided by the 

lowest battery voltage divided by the inverter efficiency at that power level 

{690.8 706.20}

• Cables to batteries sized at 125% of the inverter input current? {609/8(a) 

706.20}
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Inverters

• Overcurrent/Disconnects mounted near batteries and external to PV load 

centers if conductors are longer than 4-5 feet to batteries or inverter.

• High interrupt listed DC-rated fuses or circuit breakers used in battery 

circuits? Ampere Interrupt Rating at least 20,000 amps  {706.21 110.9 

110.10}

• No multi-wire branch circuits where 120-volt inverters are connected to 

120/240 volt load centers. {710.15}
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Batteries

• NO separate battery cells are listed

• AC battery systems are generally self-contained and will be listed as an 

assembly

• Building wire type cabling used?

• Must be a Chapter 3 type conductor. No welding cable , DLO, appliance 

wire (AWM) or automotive battery cables. Do NOT meet NEC. Listed 

flexible RHW and THW cables available. Flexible cable 2/0 and larger for 

battery cell connections {690.74 400.8}. Fine stranded (Class K) cables 

require special listed terminations {110.14 690.74}
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Batteries

• Access limited? {706.30}

• Installed in well ventilated areas? {706.10 (A)}

• Have the conductor routing requirements in 706. 20 and 706.32 been met?

• Cables to inverters, dc load centers and/or charge controllers in conduit?

• Conduit enters the battery enclosure below the terminals of the flooded 

batteries? {300.4} There are a few listed battery boxes. Lockable heavy-

duty plastic polyethylene  toolboxes are usually acceptable
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Utility Interactive Inverter Systems

UL 1741

• Standard for Inverters, Converters, Controllers and Interconnection 

System Equipment for use with Distributed Energy Resources

• Identified for use in interactive photovoltaic power system {690.4(B) 705.4}

• Back-up charge controllers to regulate the batteries in the systems with 

multi-mode inverters when the grid fails. {706.23(B)}

• Connected to dedicated branch circuits with back-fed overcurrent 

protection?{705.12(B)} or connected as a supply side connection with 

overcurrent protection within 10 feet? {705.12(A) 705.31}
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Utility Interactive Inverter Systems

• Listed dc and ac disconnects and overcurrent protection?{690.15 690.17}

• All requirements of 705.12 (A) or 705.12(B) met?

• Square wave or modified sine wave inverters may be listed to UL 1741 but 

are not compatible with many power tools battery chargers, smoke alarms 

and other listed electronic devices and should NOT be used. The 

manufacturer’s instructions will usually have a warning statement 

{110.3(B)}
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Grounding

• Only one bonding conductor (ground only on solidly grounded PV 

systems) for DC circuits on grounded PV arrays and one bonding 

conductor for ac circuits  (neutral to ground)  for ac system grounding

• Utility interactive inverters will generally provide the “Functional ground” 

for the system. Instructions for “functional ground will be in the inverter 

instruction manual

• System inverter grounding meets requirements of 690.47?

• EGC properly sized? {690.43 690.45 690.46}
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Grounding

• Disconnects and overcurrent in both ungrounded conductors in each 

circuit on 12-volt, ungrounded systems or on ungrounded systems of any 

voltage {690.9 690.13 690.15 690.31}

• Functionally grounded PV systems will not have any DC PV source or 

output conductors with white insulation

• Bonding-grounding fittings or bushings used with metal conduits when 

dc system voltage is more than 250 volts DC? {250.97}

• Grounding-bushings used where grounding electrode conductors are in 

metallic raceways or enclosures?
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Conductors

• Standard building wire cables and wiring methods are used? {300.1 (A)}

• Wet rated conductors used in conduits in exposed locations?

• Conductor insulations other than black will NOT be durable in outdoor UV-

rich environments

• DC color codes; are they correct?

• Same as AC color codes for grounded and grounding {200.6 (A)}

• Ungrounded PV array conductors on ungrounded PV arrays will NOT be 

white in color. White only used in solidly grounded PV systems {690.41}
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Markings

• All field-applied markings; are they correct?

{690.13 690.31(B) 690.51 690.53 690.54 690.55 705.10 705.12}

• Meet color and letter size requirements? {690.56}
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DC PV Arc Fault

• Photovoltaic (PV) DC Arc-Fault Circuit Protection UL 1699 B

• Usually installed in the inverter or on larger systems in the array field. May 

be multiple devices {690.11}
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PV Rapid Shutdown

Installed per NEC 690.12 and local requirements?

Operational?
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Article 691

• Large Scale Photovoltaic (PV) Electric Power Production Facility

• 5 Mega-watts and Larger

• Independent Power Producer
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NEC Article 705
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Combiner box

436



Combiner Boxes
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Standards

• Rack Mounting products to UL 2703

• Modular Framing Systems to ICC AC 428

• Solar Trackers to UL 3703

• Junction Boxes to UL 3730

• Wiring Harnesses to UL Subject 9703

• Connectors to UL 6703
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Standards

• Power Ratings to IEC 61853-1

• Inverters to IEC 62109-2

• UL1741 (Inverters, Combiner boxes, DC Optimizers, Charge Controllers)

• IEEE 1547.1 (Grid Interaction Equipment)

• UL4703 (PV Wire)

• UL/ULC ORD C1703 (PV Modules)

• IEC61730 (PV Modules Safety Requirements)

• IEC61215 (Performance Requirements for PV Modules)
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Photovoltaic Power Systems

For Inspectors, Plan Reviewers 7 Professionals

Third Edition

John Wyles

International Association of Electrical Inspectors
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Thank you for attending

Questions?
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Wendell Whistler - Senior Field Engineer

wwhistler@qpsamerica.com

971 289 6652
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