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SolSmart
Technical Assistance

ÅOnline, by phone, or in-person

ÅOpportunity to receive a fully-
funded solar expert on staff for 
6-months (SolSmartAdvisor)

ÅFree of cost to participating 
communities!

Rewards and Recognition

ÅNationally recognized award for
leading solar communities

ÅThree levels: Bronze, Silver, 
Gold

Reducing the cost of solar for 300 communities 
throughout the country



No-Cost Technical Assistance

Á All communities pursuing SolSmart designation are eligible for no-cost 
technical assistance from national solar experts.

ÁTechnical assistance helps governments reduce solar soft costs, spur 
the local solar market, and achieve SolSmart designation.

Technical Assistance Topics

Permitting Solar Rights

Planning & Zoning Utility Engagement

Inspections CommunityEngagement

Construction Codes Market Development & Finance



Egan Waggoner

Å Directs the technical training component of the New York 
{ǘŀǘŜΩǎ t± ¢ǊŀƛƴŜǊǎ Network, which includes building, 
electrical, and fire codes as they relate to Solar PV 
development. 

Å Provides solar policy trainings for the Network and Solar 
Ready Vets 

Å Lead the Massachusetts Commercial Solar + Storage 
program to provide education and technical assistance to 
commercial interested in solar + storage procurement

Å Holds a Master of Science in Environmental Sciences with 
emphasis in Energy Systems and Water Resources from 
the SUNY College of Environmental Science & Forestry.
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Å Introduction to solar technology [60 min]

Å Identifying solar PV systems [45 min]

ÅBreak [10min]

Å Solar PV hazards and safety [30 min]

Å Identifying and disabling solar PV systems [45 
min]

Todayôs Agenda
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This presentation includes graphics, images, and schematics that 
have been take from a host of various sources as well as developed 
specifically by the author for this presentation. 

We would like to acknowledge the use of materials from the NY-Sun 
PV Trainers Network (PVTN), Interstate Renewable Energy Council 
(IREC), the National Electrical Code (NEC), Solar ABCs, the 
Department of Energy (DOE), IAEI

Acknowledgements and Disclaimer 

Acknowledgements
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This presentation will provide an introduction solar photovoltaic 
technology, identifying different solar PV systems, common safety 
hazards and how to safely to disable a solar PV system. 

This course will not provide you with all the information you need to 
know. 

Acknowledgements and Disclaimer 

Disclaimer
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National Electrical Code

Texas recently adopted the the 2017 National Electrical Code. Not 
all jurisdictions presently enforce the 2017 version of the NEC. 
Effective March 13, 2015, the City of Dallas adheres to the 2014 
NEC with Dallas Amendments. This presentation has been adapted 
to reflect the 2014 National Electrical Code cycle and best practices 
and highlights some of forthcoming changes in the 2017 version.  

Many changes to the most current and future versions of the NEC 
(2014 and 2017) have occurred due concerns expressed by the fire 
fighting community with regard to solar electric systems. 

Acknowledgements and Disclaimer 

Disclaimer
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Texas & Dallas Construction Codes

At the state level, the Uniform Code Code cycle is based on the 2006 
International Codes.  Texas Jurisdictions are authorized by state law to adopt 
later edition of the IBC, IRC, IPC, IMC, IFGC, and IECC. This presentation has 
been adapted to reflect the 2015 International Codes and recommended best 
practices.

The City of Dallas The Building Code Council adopted amendments that have 
been approved by the Rules Advisory Council are as follows (Jurisdictions may 
vary statewide):
Å 2015 Fire, Building, Plumbing, Mechanical, Residential, International Energy 

Conservation, Fuel & Gas, and Green Construction Codes with Dallas Amendments

Å 2003 Existing Building with Dallas Amendments

Acknowledgements and Disclaimer 

Disclaimer

http://www.dli.pa.gov/ucc/Pages/default.aspx
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1. How to identify solar electric systems on-site

2. How to differentiate between common system types

3. How to safely disable solar PV systems

Workshop Learning Objectives
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ÅConsultant, Solar PV and Renewable Energies

ÅMeister Consultants Group,  A Cadmus Company

ÅM.S. Environmental Science, Energy & Water Resources

ÅSUNY College of Environmental Science

ÅB.A. Biology, University of Kansas

ÅTechnical Team Coordinator - NY-Sun PV Trainers Network

ÅSolsmart Technical Assistance

ÅNYSERDA large scale renewables team

ÅNYSERDA storage technical assistance team

About Egan Waggoner
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Audience Introduction

ÅWhere are you from?

ÅWhatôs your job or role in 
local government?

ÅWhat are you hoping to take 
away from todayôs 
presentation? 
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Å Introduction to solar technology [60 min]

Å Identifying solar PV systems [45 min]

ÅBreak [10min]

Å Solar PV hazards and safety [45 min]

Å Identifying and disabling solar PV systems [45 
min]

Todayôs Agenda
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Introduction to Solar Technology

Solar Hot Water Concentrated Solar PowerSolar Photovoltaic (PV)
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Introduction to Solar Technology

Solar Hot Water Concentrated Solar PowerSolar Photovoltaic (PV)
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US Solar Market ïannual installations

Source: SEIA/GTM Research, U.S. Solar Market Insight: 2015 Year-in-Review

Cumulative Total 

through 2015: 

~25,600 Megawatts
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US Residential Solar PV Cost

Source: Tracking the Sun VI: The Installed Cost of Photovoltaics in the US from 1998-2013 (LBNL); Solar 
Energy industry Association, Solar Market Insight Report 2014 Q4

17
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Texas Solar Market 

Source: SEIA/GTM Research U.S. Solar Market Insight, 2016: http://www.seia.org/state-solar-policy/texas
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Solar Job Growth in the US

Source: SEIA Estimates (2006-2009),The Solar Foundationôs National Solar Jobs Census 2010 (2010),The Solar Foundationôs 
National Solar Jobs Census 2013 (2011-2015). 19

SEIA 

Estimates

The Solar 

Foundation
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Solar Jobs in TX

The Solar Foundation ïNational Solar Jobs Census (2015)

In 2016, Texas had 

9,396 persons employed in solar jobs

565 different companies

across
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Quick Facts on Texas Solar Market

# 7th solar installations in 2016

# 3rd in solar jobs across US

#7 cumulative installed solar 
capacity

Source: SEIA;  The Solar Foundation;  
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What is PV?

NEC 2014, 100 & 690..2

Photo  = Light Voltage = Electricity

The ñPhotovoltaic effectò is the creation of voltage or electrical 

current in a material upon exposure to light

Photovoltaic Systems as defined by the National Electrical 

Code:

The total components and subsystems that, in combination, convert 

solar energy into electric energy suitable for connection to a 

utilization load [NEC 2014, 100]

NEC 690.4 General Requirement (A)

Photovoltaic systems shall be permitted to supply a building or other 

structure in addition to any other electrical supply system(s) [NEC 

2014, 690.2].  
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How Do Solar PV systems Work?

Image from MIT power supply presentation

ÅSolar photovoltaics 

convert sunlight into 

electricity

ÅAmount of electricity 

directly dependent 

upon amount of 

sunlight striking the 

module
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Some Basic Terminology

Panel / Module

Cell
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Some Basic Terminology

Array

+ -
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e-e-

Some Basic Terminology

Capacity / Power
kilowatt (kW)

Production
Kilowatt-hour (kWh)

e-
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System Components
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Scale of Solar PV Systems

Residence

5-10 kW

Office

50 ï500 kW

Factory

1 MW+

Utility

2 MW+
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Solar PV System Types

Roof Mount Ground Mount Parking Canopy
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Residential Rooftops

Source: Atomic Solar (North Carolina); Egan Waggoner (Lincoln, MA)
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Commercial Rooftops
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Commercial Rooftops
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Shading Structures or Canopies
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Ground Mount Systems
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Rooftop Canopies
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Pole Top Mounts
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Solar Skylights
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Solar Shingles

Image from PV Magazine
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Building Integrated
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Types of Electrical Current

Images courtesy of Durofy

Alternating Current Direct Current

ÅUtility Power

ÅGenerators

ÅPV Cells

ÅBatteries
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Voltage

Graphics: Egan Waggoner

Concept source: Solar Energy International

Water Analogy
Potential difference Ÿ Pressure

Electrical Concept 
Potential difference Ÿ Voltage

12 V Battery

16V Panel 12 V 

Battery
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Current or Amperage

Graphics: Egan Waggoner

Concept source: Solar Energy International

Hose

Water Analogy
Water flow rate Ÿ gallons per minute

Electrical Concept
Electron flow rate Ÿ Amps

Wire

Flow Rate
Gallons / 

minute

Bucket

Flow Rate
Amps



43

Resistance

Graphics: Egan Waggoner

Concept source: Solar Energy International

Water Analogy
Opposition to flow Ÿ friction in hoseline

Electrical Concept
Opposition to flow Ÿ Resistance

Hose with less friction

Hose with more friction

Wire with more resistance

Wire with less 

resistance
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Resistance

Water Analogy

PSI = GPM x FL

PSI = Pressure

GPM = Gallons per minute

FL = Friction loss in hoseline

Potential difference Ÿ Pressure

Energy Concept

V = I x R

V= Voltage

I = Current (Amps)

R =Resistance (Ohms)

Potential difference Ÿ Pressure
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1. Name three different types of solar technology

2. Whatôs the difference between AC and DC Current?

3. Name three locations where solar PV systems can be 
installed?

4. Do solar PV systems produce AC or DC electricity? 

Pop quiz
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ÁIntroduction to solar 
technology [60 min]

ÁIdentifying solar PV systems 
[45 min]

ÁBreak [10min]

ÁSolar PV hazards and safety 
[45 min]

ÁIdentifying and disabling 
solar PV systems [45 min]

Todayôs Agenda

» Identifying solar PV 

systems

üSystem Components

üUnderstanding 

Schematic Drawings

ȷMicro and string 

inverters

ȷBattery back up

üDesign documentation
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1. Modules

2. Combiner Boxes/Overcurrent Protection

3. DC Disconnect Switch/Overcurrent Protection

4. Inverter

5. AC Disconnect Switch/ Overcurrent Protection

6. Utility Interconnection/Overcurrent Protection

7. Utility Grid and/or Batteries

System Components: 
Modules

4

1

2

3

5

6

2

1

6

3

4

5

7

7
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Solar Electric System Components
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System Components: Modules
1
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System Components: Modules
1 Poly Mono Thin film
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System Components: Modules

Module Specifications Sheet:

ÅPerformance 

ÅSystem Integration

ÅComponent Materials

ÅThermal Characteristics

ÅWarranties 

1
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System Components: Modules
1 DC Electricity
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1. Modules

2. Combiner Boxes/Overcurrent Protection

3. DC Disconnect Switch/Overcurrent Protection

4. Inverter

5. AC Disconnect Switch/ Overcurrent Protection

6. Utility Interconnection/Overcurrent Protection

7. Utility Grid and/or Batteries

System Components: 
Combiner Boxes

4

1

2

3

5

6

2

1

6

3

4

5

7

7
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System Components: Combiner Boxes
2
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System Components: Combiner Boxes
2
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1. Modules

2. Combiner Boxes/Overcurrent Protection

3. DC Disconnect Switch/Overcurrent Protection

4. Inverter

5. AC Disconnect Switch/ Overcurrent Protection

6. Utility Interconnection/Overcurrent Protection

7. Utility Grid and/or Batteries

System Components: 
DC Disconnect Switches

4

1

2

3

5

6

2

1

6

3

4

5

7

7
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System Components: DC Disconnect 
Switches
3 Large Commercial or Industrial Systems have DC 

Disconnect Switches located on the roof top or on 

the side of building at ground level. 
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System Components: DC Disconnect 
Switches
3 Five pieces of information:

Å Vmax or Voc (maximum system voltage)

Å Vmp (maximum power point voltage)

Å Isc (short circuit current)

Å Imp (maximum power point current)

Å Presence of charge controller

24

DC conduit, raceways, 

enclosures, cable assemblies and 

junction boxes.  Use every 1
0
ô
,
 

at 

every turn, above and below 

penetrations, and all DC 

combiner junction boxes per IFC 

605.11.1.4 & NEC 690.31 (E)(3).

Materials used for marking shall be 

reflective, weather resistant, and suitable for 

the environment.  

IFC 605.11.1.1.   

The markings shall be of sufficient durability 

to withstand the environment involved.  

NEC 110.21

Conductors at switch or circuit breakers (pull boxes) per NEC 690.4  

Main circuit breaker panel and meter per NEC 690.17, Dual power 

source NEC 705.12(D)(4)  and Back-Fed Breakers per NEC705.22.4 

and NEC690.64.

At the location of the ground-fault protection, normally at the 

inverter, warning of a shock hazard (NEC
690.5[C]). 

NEC690.4(F)  W
here circuits are 

embedded under roofing and not 

covered by PV modules, they 

shall be clearly marked.

MAIN SERVICE DISCONNECT

Per NEC 690.14(C)(2) & 690.15

Per NEC 690.17(4) 

Per NEC 690.54             

Per NEC690.14(2)

Per NEC 690.17 (4)

Per NEC690.33(E)(2)

Per NEC 110.27(C)

Per NEC 690.35(F) 1

1

1
2

4
5

6
7

3

1

Main Service

Disconnect

4
Breaker Panel/

Pull Boxes

4

AC Disconnect / Breaker / 

Points of Connection
5

Per NEC 690.53

Inverter
6

Net Meter
2

Building/Structure
3

Per NEC 690.5(C)

Per NEC 705.12(D)(4) & 

NEC 690.64

Per NEC 690.52

DC Disconnect/Breaker
7
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DC conduit, raceways, 

enclosures, cable assemblies and 

junction boxes.  Use every 1
0
ô
,
 

at 

every turn, above and below 

penetrations, and all DC 

combiner junction boxes per IFC 

605.11.1.4 & NEC 690.31 (E)(3).

Materials used for marking shall be 

reflective, weather resistant, and suitable for 

the environment.  

IFC 605.11.1.1.   

The markings shall be of sufficient durability 

to withstand the environment involved.  

NEC 110.21

Conductors at switch or circuit breakers (pull boxes) per NEC 690.4  

Main circuit breaker panel and meter per NEC 690.17, Dual power 

source NEC 705.12(D)(4)  and Back-Fed Breakers per NEC705.22.4 

and NEC690.64.

At the location of the ground-fault protection, normally at the 

inverter, warning of a shock hazard (NEC
690.5[C]). 

NEC690.4(F)  W
here circuits are 

embedded under roofing and not 

covered by PV modules, they 

shall be clearly marked.

MAIN SERVICE DISCONNECT

Per NEC 690.14(C)(2) & 690.15

Per NEC 690.17(4) 

Per NEC 690.54             

Per NEC690.14(2)

Per NEC 690.17 (4)

Per NEC690.33(E)(2)

Per NEC 110.27(C)

Per NEC 690.35(F) 1

1
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6
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3
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Disconnect

4
Breaker Panel/

Pull Boxes

4

AC Disconnect / Breaker / 

Points of Connection
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Per NEC 690.53

Inverter
6

Net Meter
2

Building/Structure
3

Per NEC 690.5(C)

Per NEC 705.12(D)(4) & 

NEC 690.64

Per NEC 690.52

DC Disconnect/Breaker
7

Voltage

Current

Current
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System Components: DC Disconnect 
Switches
3 Large Commercial or Industrial Systems have DC 

Disconnect Switches located on the roof top or on 

the side of building at ground level. 
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System Components: DC Disconnect 
Switches - Rapid Shutdown 

PHOTOVOLTAIC SYSTEM EQUIPMENT WITH RAPID SHUTDOWN

ÅAppears in the 2014 NEC to address the 

concerns of first responders when 

responding to a fire on a structure or 

system

ÅFor roof mounted PV systems but may 

apply to ground mount systems in some 

circumstances

ÅAllows first responders to quickly and 

easily control PV system circuits when 

leaving an an array in a PV system

3
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System Components: DC Disconnect 
Switches - Rapid Shutdown
3
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1. Modules

2. Combiner Boxes/Overcurrent Protection

3. DC Disconnect Switch/Overcurrent Protection

4. Inverter

5. AC Disconnect Switch/ Overcurrent Protection

6. Utility Interconnection/Overcurrent Protection

7. Utility Grid and/or Batteries

System Components: 
Inverter

4

1

2

3

5

6

2

1

6

3

4

5

7

7
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System Components: Inverters

ÅInverters (non-battery) convert dc 

power from the PV modules to AC 

power. 

ÅDisconnecting the AC utility power 

sources turns off the inverter, but 

DOES NOT disable the DC solar 

module circuit. 

4
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System Components: Non Battery String or 
Central Inverters
4 Non Battery Inverters convert DC power into ac power matching utility voltage 

and frequency to generate utility quality power. Disconnecting AC utility power 

turns off the inverter, but does not disable the dc solar circuit. 
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System Components: Micro inverters

Image on right from CESA fire safety training

4

Non Battery Inverters convert dc power into ac power 

matching utility voltage and frequency to generate utility 

quality power.  Disconnecting AC utility power turns off the 

inverter, but does not disable the DC solar circuit. 

Courtesy of Newport Solar
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System Components: Large Central/Utility 
Scale Inverter 

Images courtesy of the NY-Sun PV Trainers Network

4
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System Components: Battery String of 
Central Inverters

Images courtesy of the NY-Sun PV Trainers Network

4 Battery Inverters convert dc power into ac power matching utility voltage and 

frequency to generate utility quality power. Disconnecting AC utility power turns 

off the inverter, but does not disable the DC solar circuit. 
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1. Modules

2. Combiner Boxes/Overcurrent Protection

3. DC Disconnect Switch/Overcurrent Protection

4. Inverter

5. AC Disconnect Switch/ Overcurrent Protection

6. Utility Interconnection/Overcurrent Protection

7. Utility Grid and/or Batteries

System Components: 
AC Disconnect

4
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2
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5
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5

7

7
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System Components:  AC Disconnects
5

AC Disconnects must in or within sight 

of the inverter and be marked with the 

following:

ÅRated AC output current (Amps)

ÅNominal AC voltage (Volts)
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System Components:  AC Disconnects

Photos courtesy of Chad Laurent and author

5

AC Disconnects must in or within 

sight of the inverter and be marked 

with the following:

ÅRated AC output current (Amps)

ÅNominal AC voltage (Volts)
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1. Modules

2. Combiner Boxes/Overcurrent Protection

3. DC Disconnect Switch/Overcurrent Protection

4. Inverter

5. AC Disconnect Switch/ Overcurrent Protection

6. Utility Interconnection/Overcurrent Protection

7. Utility Grid and/or Batteries

System Components: 
Utility Interconnection

4
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7
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System Components: Utility 
Interconnection

Photo courtesy of Chad Laurent

6
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1. Modules

2. Combiner Boxes/Overcurrent Protection

3. DC Disconnect Switch/Overcurrent Protection

4. Inverter

5. AC Disconnect Switch/ Overcurrent Protection

6. Utility Interconnection/Overcurrent Protection

7. Utility Grid
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System Components: 
Understanding Schematic Drawings
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Solar Electric System Components
7
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Understanding Schematic Drawings: 
Micro Inverter or AC Module System

NEC 2014, Figure 690.1 (c)

7
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Understanding 
Schematic 

drawings: String 
tied inverter 

systems

Image courtesy of HVCCõs TEC-SMART 

7
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Understanding 
Schematic 
drawings: 
String tied 

inverter 
systems

Image courtesy of HVCCõs TEC-SMART 

7
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1. Modules

2. Combiner Boxes/Overcurrent Protection

3. DC Disconnect Switch/Overcurrent Protection

4. Inverter

5. AC Disconnect Switch/ Overcurrent Protection

6. Utility Interconnection/Overcurrent Protection

7. Batteries and Utility Grid

System Components:
Battery Backed up 
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Understanding Schematic Drawings: 
Hybrid System with Batteries

NEC 2014, Figure 690.1 (b)

7
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Understanding Schematic Drawings: 
Standalone system with batteries

NEC 2014, Figure 690.1 (b)

7
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Understanding Schematic Drawings: 
Schematic with battery Storage

Image from CA Energy Commissionõs Guide to System Design and Installation

7
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1. Whatôs the role of the inverter? 

2. Name one difference between systems with 
storage (batteries) and those without. 

3. What are the different inverter types? 

4. Identify the components!

Pop quiz
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3. What are the different inverter types? 

Pop quiz
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3. What are the different inverter types? 

Pop quiz

Non Battery 

String Inverter
Microinverter Large Central/Utility 

Scale Inverter
Battery String Inverter


