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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 – 10/18/06” Version 2.2.
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

	MODULE DESCRIPTION – This module covers safety and environmental practices associated with photovoltaic industry.  Specific topics include the purpose and importance of safety policies, safe and proper use of tools, awareness of safety hazards, codes and standards associated with installation, operation, and maintenance PV systems.

	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.
	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 – PV SYSTEM SITE SURVEYS & JOB ESTIMATING

	Module Description:  This module is an overview of methods and equipment used in performing PV system site surveys and job estimations.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Survey a potential PV site and estimate materials and job cost.

(NABCEP Objective 2)
	B1.1
Assess the appropriate site for PV installation, estimate materials, and determine job cost.
Samples of Behavior:
· Determining suitable location.

· Obtain data to formulate estimate of materials and job cost.
	4


	LEARNING OBJECTIVES 

	B1.1.1
Identify typical tools and equipment required for conducting site surveys for PV installations, and demonstrate proficiency in their use
B1.1.2
Discuss requirements for determining suitable location for installing PV array.
B1.1.3
Discuss requirements for determining suitable locations for installing inverters, control, batteries and other balance-of-system components.
B1.1.4
Diagram possible layouts and locations for array and equipment, including existing building or site features
B1.1.5
Assess any site-specific safety hazards or other issues associated with installation of system

B1.1.6
Interpret solar radiation and temperature data for site for purposes of establishing performance expectations and use in electrical system calculations

B1.1.7
Quantify the customer electrical load and energy use through review of utility bills, meter readings, measurements and/or customer interview including expectations and site conditions,

B1.1.8
Estimate and/or measure the peak load demand and average daily energy use for all loads directly connected to inverter-battery systems for purposes of sizing equipment, as applicable

B1.1.9
Determine requirements for installing additional subpanels, major components and interfacing PV system with utility service, and/or other generation sources as applicable

B1.1.10
Identify opportunities for the use of energy efficient equipment/appliances, conservation and energy management practices, as applicable

B1.1.11
Estimate time, materials and equipment required for installation, determine installation sequence to optimize use of time and materials
	2
3

3

3

4

4

4

3

3

3

3

	MODULE B OUTLINE:

· Tools & equipment
· Suitable locations

· Site-specific safety hazards

· Geographic performance data interpretation

· Electrical load assessments

· Auxiliary equipment requirements

· Energy management practices
· Material & equipment estimation


	MODULE C – PV SYSTEM MECHANICAL & ELECTRICAL DESIGN 

	MODULE DESCRIPTION – This module prepares students to design plans for mechanical and electrical for PV systems installation. 

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Design a mechanical installation plan for a PV system.

(NABCEP Objective 3, 4, and 5)
	C1.1
Create a mechanical plan for installation.
	3

	C.2.0
Design an electrical installation plan for a PV system.

(NABCEP Objective 3, 4, and 5)
	C2.1 
Create a plan for an electrical installation.
	3

	LEARNING OBJECTIVES

	C1.1.1
Identify a mechanical design, equipment to be used and installation plan that is consistent with the environmental, architectural, structural, code requirements and other conditions of the site.
C1.1.2
Identify appropriate module/array layout, orientation and mounting method for ease of installation, electrical configuration and maintenance at the site based on code requirements.
	3
3

	C2.1.1
Determine the design currents for any part of a PV system electrical circuit based on code requirements.
C2.1.2
Select appropriate conductor types and ratings for each electrical circuit in the system based on application based on code requirements.
C2.1.3
Determine the derated ampacity of system conductors, and select appropriate sizes based on design currents based on code requirements.
C2.1.4
Determine appropriate size, ratings and locations for all system overcurrent and disconnect devices based on code requirements.
C2.1.5
Determine appropriate size, ratings and locations for grounding, surge suppression and associated equipment based on code requirements.
C2.1.6
Determine voltage drop for any electrical circuit based on size and length of conductors based on code requirements.
C2.1.7
Verify that the array operating voltage range is within acceptable operating limits for power conditioning equipment, including inverters and controllers.
	3
2

3

3

3

3


3

	MODULE C OUTLINE:

· Mechanical design
· Equipment requirements

· Installation requirements

· Code requirements

· Mounting techniques

· Electrical design

· Electrical circuit analysis
· Conductor requirements

· Equipment requirements

· Code requirements


	MODULE D – PV SYSTEM INSTALLATION, TROUBLESHOOTING, & MAINTENANCE

	MODULE DESCRIPTION –   This module covers the installation, troubleshooting, and maintenance of a PV system.  The appropriate tools and safety considerations are included.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Install a PV system.

(NABCEP Objective 6, 7, and 8)
	D1.1
Install and verify proper performance of a PV system.
Samples of Behavior:
· Inspect and quick test PV modules.

· Assemble modules, panels and support structures.

· Install module array interconnect wiring.

· Complete final assembly, structural attachments and weather sealing.

· Install and provide required labels.

· Terminate electrical wiring

· Verify proper connections, voltages, and phase/polarity relationships.

· Program, adjust, and/or configure inverters and controllers.

· Visually inspect installation for deficiencies in material and workmanship.

· Visually inspect mechanical installation for structural integrity and weather sealing. 

· Check electrical installation.

· Activate system and verify overall system functionality and performance.

· Connect and disconnect system and equipment from all sources.

· Provide labeling and documentation.
	3



	MODULE D – PV SYSTEM INSTALLATION, TROUBLESHOOTING, & MAINTENANCE (Continued)

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D2.0
Troubleshoot and maintain a PV system.

(NABCEP Objective 6, 7, and 8)
	D2.1
Troubleshoot, correct to baseline conditions, and maintain the system.
Samples of Behavior:
· Measure system performance and operating parameters, compare with specifications and expectations, and ensure safe operating condition of system and equipment.
· Perform diagnostic procedures and interpret results. 

· Compile and maintain records of system operation, performance and maintenance.
	3


	LEARNING OBJECTIVES 

	D1.1.1
Utilize drawings, schematics, instructions and recommended procedures in installing equipment.
D1.1.2
Select the appropriate personal safety and environmental protection measures.
	3
3

	D2.1.1
Identify tools and equipment required for maintaining and troubleshooting PV systems; demonstrate proficiency in their use.

D2.1.2
Identify maintenance needs and implement service procedures for modules, arrays, batteries, power conditioning equipment, safety systems, structural and weather sealing systems, and balance of systems equipment.
	3

3

	MODULE D UTLINE:

· Installation practices
· Drawings & schematics

· Personal safety & environmental practices

· Inspection

· Assembly

· Verification & system handoff

· Electrical installation checklist

· Mechanical installation checklist

· Labeling

· System activation

· Owner review

· Handoff

· Troubleshooting & maintenance

· Tools & equipment
· Service procedures

· System performance measurement

· Diagnostic procedures

· Data interpretation

· Compile & maintain records


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
	12%
	75%
	13%
	-

	Module B
	-
	9%
	64%
	27%

	Module C
	-
	11%
	89%
	-

	Module D
	-
	-
	100%
	-


	Learner’s Knowledge, Skills and Abilities

	Indicator
	Key Terms
	Description

	1
	Limited Knowledge and Proficiency
	· Identifies basic facts and terms about the subject or competency.

· Performs simple tasks associated with the competency.  Needs to be told or shown how to do most tasks.  

· Requires close supervision.

	2
	Moderate Knowledge and Proficiency
	· Identifies relationship of basic facts and states general principles and can determine step-by-step procedures for doing the competency.

· Performs most parts of the competency.  Needs help only on hardest parts.  

· Requires limited supervision.

	3
	Advanced Knowledge and Proficiency
	· Analyzes facts and principles and draws conclusions about the subject to include why and when the competency must be done and why each step is needed.  Can predict outcomes.

· Performs all parts of the competency.  Needs only a spot check of completed work.  

· Requires little or no direct supervision.

	4
	Superior Knowledge and Proficiency
	· Can evaluate conditions and make appropriate decisions as related to resolving problems. 

· Performs competency quickly and accurately with no direct supervision and is able to instruct and supervise others.  
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