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COURSE DESCRIPTION:  This course covers installation and serving procedures related to photovoltaic (PV) systems.  Upon completion of the course, students should have demonstrated a basic understanding of related safety, site surveys, mechanical and electrical design, installation process, performance analysis, troubleshooting, and maintenance.  The course prepares the student to take the National American Board of Certified Energy Practitioners (NABCEP) Solar PV Installer Certification Exam.  Though highly recommended, taking the exam is not a mandatory requirement of the course.  
CONTACT/CREDIT HOURS 

Theory

1 credit hours

Lab


2 credit hour

Total


3 credit hours

NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule practical lab hours as 3:1 or 2:1 contact to credit ratio.  Clinical hours are 3:1 contact to credit ratio. (Ref Board Policy 705.01)

PREREQUISITE COURSES 
As determined by college.
CO-REQUISITE COURSES 
As determined by college.
INSTRUCTIONAL NOTE:  Professional competencies listed in this document are from the North American Board of Certified Energy Practitioners Technical Committee Document (NABCEP), “PV Installers Task Analysis – October 2011.
PROFESSIONAL COMPETENCIES

· Perform tasks in a safe manner.

· Survey a potential PV site and estimate materials and job cost.

· Design a mechanical installation plan for a PV system.

· Design an electrical installation plan for a PV system.

· Install a PV system.

· Troubleshoot and maintain a PV system.

INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to installing and servicing photovoltaic systems.
· Psychomotor – Install and service photovoltaic systems.
· Affective – Value the importance of adhering to policy and procedures related to safety and proper installing and servicing photovoltaic systems.
STUDENT OBJECTIVES

Condition Statement:  Unless otherwise indicated, evaluation of student’s attainment of objectives is based on knowledge gained from this course.  Specifications may be in the form of, but not limited to, cognitive skills diagnostic instruments, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab assignments, or any combination of specifications.

STUDENT LEARNING OUTCOMES
	MODULE A – PHOTOVOLTAIC SYSTEM SAFETY

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Perform tasks in a safe manner.

(NABCEP Objective 1)
	A1.1
Use safety practices when installing PV systems, components and equipment.
Samples of Behavior:
· Demonstrate safe work habits.

· Demonstrate proper use of tools and equipment.

· Demonstrate proper use of personal protection equipment.

A1.2
Implement codes and standards concerning installation, operation, and maintenance of PV systems and equipment.
Samples of Behavior:
· Implement codes and standards related to worker and public safety.
· Implement codes and standards related to personal safety.
· Implement codes and standards affecting environmental safety.
	3


	LEARNING OBJECTIVES 

	A1.1.1
Explain the purpose and importance of safety policies.
A1.1.2
Match the proper tool to its use.
A1.1.3
Demonstrate awareness of safety hazards and how to avoid them.
A1.1.4
Discuss basic first aid and CPR techniques.
	2
1

3

2

	A1.2.1
Identify codes and standards concerning installation, operation and maintenance of PV systems and equipment.
A1.2.2
Identify codes and standards concerning worker and public safety.
A1.2.3
Identify personal safety hazards associated with PV installations.
A1.2.4
Identify environmental hazards associated with PV installations.
A1.2.5
Identify elements of a safety plan.
	2
2

2

2
2

	MODULE A OUTLINE:

· Safe work habits

· Tool and equipment safety

· Personal protection equipment

· Safety hazard awareness

· First aid & CPR

· Safety codes & standards

· Personal & environmental safety hazard identification


	MODULE B – VERIFYING SYSTEM DESIGN

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Verify a PV system design and review component sizing and selection (NABCEP Task Step A)
	B1.1
Assess the appropriate design for a PV system installation, size system materials, and confirm operation
Samples of Behavior:  

· Verify client needs

· Review site survey 
· Confirm system sizing

· Analyze design of energy storage systems

· Confirm string size calculations.

· Review system component selection

· Assess wiring and conduit size calculations

· Review overcurrent protections selection

· Review fastener selection

· Review plan sets
	4


	LEARNING OBJECTIVES 

	B1.1.1
Describe critical elements for verifying client needs (A1).
B1.1.2
Discuss the importance of thorough analysis of critical needs. (A1).
B1.1.3
Describe critical elements of a site survey (A2).
B1.1.4
Discuss the importance of a comprehensive site survey. (A2).
B1.1.5
Explain how to confirm system sizing (A3).
B1.1.6
Describe elements of an energy storage system (A4).
B1.1.7
Differentiate between appropriate and inappropriate storage system locations (A4).

B1.1.7
Summarize considerations for confirming the design of an energy storage system (A4).

B1.1.8
Use calculations and measurements to confirm temperatures, voltages, and limits of PV module parameters (A5).
B1.1.9
Describe the process for confirming system component’s compatibility and appropriateness (A6).

B1.1.10
Calculate wiring and conduit size for various PV system applications (A7).

B1.1.11
Summarize considerations for confirming overcurrent protection selection (A8).
B1.1.12
Summarize considerations for confirming fastener selection (A9).
B1.1.13
Analyze plan sets to confirm requirements of authority having jurisdiction (A10).
	2
2

3

3

2

2

4

3

4

2

4

3

3

4

	MODULE B OUTLINE:

· Verifying client needs
· Location of equipment

· Aesthetic concerns

· Legal considerations

· Load assessments

· Client expectations


Module B Outline Continued

	· Site Surveys

· Structural considerations

· Array and equipment locations

· Hazards and obstructions

· Environmental conditions

· System sizing

· Mounting area

· AHJ restrictions

· Energy storage systems

· Location

· Ventilation

· Loads

· Access

· Components


	MODULE C – MANAGING PROJECTS 

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Comprehend facets for managing a PV installation(NABCEP Task Step B)
	C1.1 Manage a PV installation project.
Samples of behavior:

· Conduct pre-construction meeting

· Secure permits and approvals

· Manage project labor

· Adapt system designs

· Manage project equipment

· Implement site-specific safety plans
	4

	LEARNING OBJECTIVES

	C1.1.1
Discuss elements of a pre-construction meeting (B1)

C1.1.2
Describe the process of securing and resolving conflicts with permits and approvals for a PV installation project (B2).

C1.1.3
Discuss considerations for managing project labor to include coordinating with subcontractors, allocation of resources and order of tasks, supervising labor, and safety (A3)

C1.1.4
Explain additional management responsibilities for PV installation (A3).
C1.1.5
Discuss considerations for adapting a system design to required design changes or conflicts (A4).

C1.1.6
Explain considerations for managing project equipment (A5)
	2
3

3

3

3

3

	MODULE C OUTLINE:
· Pre-construction meetings
· Planning
· Design considerations

· Work flow

· Communication with client

· Scheduling

· Securing permits and approvals

· Inspectors

· Permits

· Authority having jurisdiction

· Plan and utility conflicts

· Additional agency requirements and permits
· Managing project labor
· Coordination with subcontractors

· Work flow and labor tracking

· Resolving disputes
· Adapting system design
· Identifying conflicts

· Documentation

· Proposing modifications
· Managing project equipment

· Safety plan (Reference module A.  Re-teach as appropriate)


	MODULE D – INSTALLING ELECTRICAL COMPONENTS

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Install a PV system.

(NABCEP Task step C)
	D1.1
Install and verify proper performance of electrical components of a PV system.
Samples of Behavior:
· Mitigating electrical hazards
· Installing grounding systems

· Installing conduit raceways

· Installing electrical components

· Installing circuit conductors

· Installing utility interconnections

· Installing system instrumentations

· Installing battery components
	3


	LEARNING OBJECTIVES 

	D1.1.1
Discuss how to mitigate various safety hazards involved with installing electrical components of a PV system (C1).

D1.1.2
Describe the process for installing various electrical components for a PV system(C2-C8). 
	3

3

	MODULE D OUTLINE:
· Mitigating safety hazards

· Installing electrical components

· Grounding

· Conduits

· Components

· Conductors

· Interconnections

· Instrumentations

· Battery components


	MODULE E – INSTALLING MECHANICAL COMPONENTS

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0
Install a PV system.


(NABCEP Task step D)
	E1.1
Install and verify proper performance of mechanical components of a PV system.
Samples of Behavior:
· Install equipment foundation

· Install mounting systems

· Install PV modules
	3



	LEARNING OBJECTIVES 

	E1.1.1
Discuss how to mitigate various safety hazards involved with installing mechanical components of a PV system (Module A).

E1.1.2
Describe the process for installing various mechanical components for a PV system(D1-D3). 
	3

3

	MODULE E OUTLINE:
· Mitigating safety hazards

· Installing mechanical components

· Foundations

· Mounting systems

· PV modules


	MODULE F – COMPLETE SYSTEM INSTALLATION

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	F1.0
Verify proper operation of an installed PV system.


(NABCEP Task step E)
	F1.1
Verify proper operation of a newly installed PV system.
Samples of Behavior:
· Test system for proper operation
· Commission the system
· Complete system documentation
· Orient customer to system
	4


	LEARNING OBJECTIVES 

	F1.1.1
Discuss various tests required to verify proper PV system operation (E1)
F1.1.2
Describe the process of commissioning a PV system. (E2).

F1.1.3
Discuss the importance of thorough and accurate documentation (E3).

F1.1.4
Describe documentation required for PV system installation (E3).

F1.1.5
Explain considerations for orienting the customer to the PV system (E4).
	3
3

3

3

3

	MODULE F 0UTLINE:
· System testing

· Commissioning the system

· Documentation

· Importance

· Elements

· Customer orientation


	MODULE G – CONDUCTING MAINTENANCE AND TROUBLESHOOTING ACTIVITIES

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	G1.0
Verify proper operation of a PV system.  (NABCEP Task step F)
	G1.1
Verify proper operation of a newly installed PV system.
Samples of Behavior:
· Conduct a visual inspection

· Verify system operation

· Perform corrective actions

· Verify effectiveness of corrective actions
	4


	LEARNING OBJECTIVES 

	G1.1.1
Identify critical points for visual inspection (G1).

G1.1.2
Describe various tests and measures to verify PV system operation for optimal design (G2).

G1.1.3
Describe how to perform various corrective actions for improper or substandard PV system operation and how to verify effectiveness. (G3-G4).

G1.1.4
Discuss the importance of thorough and accurate documentation. (G1-G4).
	2
3

4

3

	MODULE G 0UTLINE:
· Visual inspections
· Critical points

· Documentation

· Verifying system operation

· Corrective actions

· Verifying effectiveness

· Documentation


LEARNING OUTCOMES Table of specifications

The table below identifies the percentage of learning objectives for each module.  Instructors should develop sufficient numbers of test items at the appropriate level of evaluation.  
	
	Limited Knowledge and Proficiency
	Moderate Knowledge and Proficiency
	Advanced Knowledge and Proficiency
	Superior Knowledge and Proficiency

	
	1
	2
	3
	4

	Module A
	11%
	78%
	11%
	-

	Module B
	-
	36%
	36%
	28%

	Module C
	-
	17%
	83%
	-

	Module D
	-
	-
	100%
	-

	Module E
	-
	-
	100%
	-

	Module F
	-
	-
	100%
	-

	Module G
	-
	25%
	50%
	25%


	Learner’s Knowledge, Skills and Abilities

	Indicator
	Key Terms
	Description

	1
	Limited Knowledge and Proficiency
	· Recognize basic information about the subject including terms and nomenclature.

· Students must demonstrate ability to recall information such as facts, terminology or rules related to information previously taught.  

· Performs simple parts of the competency.  Student requires close supervision when performing the competency.

	2
	Moderate Knowledge and Proficiency
	· Distinguish relationships between general principles and facts. Adopts prescribed methodologies and concepts.

· Students must demonstrate understanding of multiple facts and principles and their relationships, and differentiate between elements of information.  Students state ideal sequence for performing task. 

· Performs most parts of the competency with instructor assistance as appropriate.

	3
	Advanced Knowledge and Proficiency
	· Examines conditions, findings, or other relevant data to select an appropriate response.  

· The ability to determine why and when a particular response is appropriate and predict anticipated outcomes. 

· Students demonstrate their ability to seek additional information and incorporate new findings into the conclusion and justify their answers.

· Performs all parts of the competency without instructor assistance.

	4
	Superior Knowledge and Proficiency
	· Assessing conditions, findings, data, and relevant theory to formulate appropriate responses and develop procedures for situation resolution. Involves higher levels of cognitive reasoning. 
· Requires students to formulate connections between relevant ideas and observations. 

· Students apply judgments to the value of alternatives and select the most appropriate response. 

· Can instruct others how to do the competency.

· Performs competency quickly and accurately.

	A
	Affective Objective
	· Describes learning objectives that emphasize a feeling tone, an emotion, or a degree of acceptance or rejection.  
· Objectives vary from simple attention to selected phenomena to complex but internally consistent qualities of character and conscience. 
· Expressed as interests, attitudes, appreciations, values, and emotional sets or biases.
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