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COURSE DESCRIPTION:  This course provides a comprehensive overview of solar thermal design, installation and troubleshooting.  Topics include solar space heating, solar hot water, solar pool heating and solar cooling for both new and existing construction.  Students will learn to assess the viability of solar thermal energy for given factors.  Students will also learn about local, state and national codes and regulations.  This course will cover all topics required by the National Board of Certified Energy Practitioners (NABCEP). 
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 North American Board of Certified Energy Practitioners (NABCEP) Technical Committee Document, “Solar Water and Pool Heating Installer Task Analysis – 4/11/05” 

POI CHANGES:  

12/21/12 - Updated the definitions for the KSA indicators and reformated the overall structure.
PROFESSIONAL COMPETENCIES

· Work safely with solar hot water and pool heating systems.

· Identify solar thermal systems and their components
· Adapt a solar thermal system design.
· Install various components of a solar thermal system and verify proper operation.
· Troubleshoot and repair a solar thermal system.
· Maintain a solar thermal system.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to solar thermal design, installation and troubleshooting.
· Psychomotor – Design, install and troubleshoot solar thermal systems and components.
· Affective – Value the importance of adhering to policy and procedures related to solar thermal design, installation and troubleshooting.
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 – INTRODUCTION TO SOLAR THERMAL TECHNOLOGY

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Work safely with solar hot water and pool heating systems.

(NABCEP Primary Objective 1)
Note:  Evaluation for this competency is ongoing.
	A1.1
Identify plumbing, electrical and other hazards associated with solar thermal installations and implement preventive and remedial measures to ensure personnel safety.
Samples of Behavior:
· Perform tasks safely.

· Use tools properly and safely.

· Use personal protective equipment.
	3


	A2.0
Identify solar thermal systems and their components.

(NABCEP Primary Objective 2)
	A2.1
This competency is measured cognitively.
	2

	A3.0
Adapt a solar thermal system design.

(NABCEP Primary Objective 3)
	A3.1
Given a solar system design package including collectors and subsystem components and building on the site assessment, install a solar thermal system.
Samples of Behavior:
· Apply for building permits.

· Estimate required time, materials, and tools.

· Develop an installation plan to optimize use of time and materials.

· Inspect system components for damage.
	3


	LEARNING OBJECTIVES 


	A1.1.1
Discuss the importance of maintaining safe work habits and clean, orderly work area.
A1.1.2
Explain the importance of safe and proper use of required tools and equipment to include personal protection equipment.
A1.1.3
Discuss safe and accepted practices for personnel protection.
A1.1.4
Discuss the importance of maintaining awareness of safety hazards and how to avoid them.
A1.1.5
Discuss personnel safety hazards associated with solar thermal installations.
A1.1.6
Identify environmental hazards associated with solar thermal installations through demonstrated awareness of pertinent Material Safety Data Sheets and other appropriate documents.
	3
3

3

3

3

3


	MODULE A – INTRODUCTION TO SOLAR THERMAL TECHNOLOGY (Continued)

	Learning Objectives

	A2.1.1
Identify components specific to an active direct and indirect solar system.
A2.1.3
Identify components specific to a passive direct and passive indirect solar system.
A2.1.5
Identify components specific to a swimming pool heating solar system.
	2
2

2

	A3.1.1
Determine active direct system components’ location and system layout and configuration.
A3.1.2
Determine active indirect system components’ location and system layout and configuration.
A3.1.3
Determine passive direct system components’ location and system layout 4and configuration.
A3.1.4
Determine passive indirect system components’ location and system layout and configuration.
A3.1.5
Determine solar pool system components’ location and system layout and configuration.
A3.1.6
Discuss requirements for obtaining building permits.
A3.1.7
Explain how to develop and estimate of time, materials, tools and labor required for installation.
A3.1.8
Explain how to determine installation sequence to optimize use of time and materials.
A3.1.9
Explain critical items to look for when inspecting system components for damage prior to installation.
	2

2

2

2

2

3

3

3

3

	MODULE A OUTLINE:

· Safety 

· Safety & environment

· Safe work habits
· Tool and equipment safety

· Personal protection equipment

· Safety hazard awareness

· Safety codes and standards

· Solar thermal related safety hazards

· Solar thermal related environmental hazards

· System & components

· Active direct solar system components

· Active indirect solar system components

· Passive direct solar system components

· Passive indirect solar system components

· Swimming pool heating components

· System design

· Location & layout (active direct systems)

· Location & layout (active indirect systems)
· Solar system installation

· Building permits

· Estimating

· Installation plan

· Inspection


	MODULE B – SOLAR THERMAL SYSTEM INSTALLATION

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Install various components of a solar thermal system and verify proper operation.

(NABCEP Primary Objectives 4, 5, 6, 7, 8, 9, 10, and 11)
	B1.1
Select a site and perform the basic installation of a solar thermal system.
Samples of Behavior:


Install the following systems:

· Solar collector

· Storage tank

· Solar water heating system

· Mechanical/plumbing equipment

· Electrical systems

· Operation and identification tags and labels

B1.2
Assess an installed solar thermal system for proper operation.
Samples of Behavior:
· Visually inspect for materials, workmanship, function and appearance.

· Inspect for structural integrity and water seal.

· Inspect plumbing components.

· Inspect electrical components.

· Verify start-up and shut-down functionality.

· Verify overall system operation and functionality.

· Demonstrate to owner proper operation and diagnostic/maintenance procedures.
	3
3

	LEARNING OBJECTIVES 

	B1.1.1
Discuss requirements for determining location for optimum installation of solar thermal systems. 

B1.1.2
Discuss local and state code requirements for installation of solar thermal systems. 
B1.1.3
Explain how to determine specific manufacturer’s mounting design and materials.
B1.1.4
Describe different mounting methods suitable for roof types or other installation areas.
B1.1.5
Evaluate the suitability of selected mounting structural attachments and compliance with applicable local Codes.
B1.1.6
Determine multi-collector piping strategy.
	3
3

3

3

3

3


	MODULE B LEARNING OBJECTIVES (Continued)

	B1.2.1
Discuss common items and areas to inspect for proper installation and operation of a solar thermal system.
B1.2.2
Discuss items of importance to demonstrate to the owner operation related to safety, function, operation, and maintenance of the system.
B1.1.3
Discuss required documentation to be provided to the system owner/operators to include system/component warranties and requirements.
	3
3

3

	MODULE B OUTLINE:

· Solar collector installation
· Installation requirements

· Related safety

· Code requirements
· System assessment

· Visual inspection

· Structural integrity

· Water seal

· Plumbing

· Electrical

· Start-up/Shut-down

· Overall operation

· Owner/operator interaction


	MODULE C – SOLAR THERMAL SYSTEM TROUBLESHOOTING & MAINTENANCE

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Troubleshoot and repair a solar thermal system.

(NABCEP Primary Objective 12)
	C1.1
Perform troubleshooting procedures and repair a solar thermal system back to its baseline operation level.
Samples of Behavior
Apply the following activities:
· Troubleshooting tools and materials.
· Interpreting documentation

· Troubleshooting techniques

· Minor repairs and modifications 
	3

	C2.0
Maintain a solar thermal system.

(NABCEP Primary Objective 12)
	C2.1
Perform routine and preventive predictive maintenance on a solar thermal system and components.
Samples of Behavior
Apply the following activities:
· Tools and materials.

· Interpreting documentation

· Maintenance functions
	3

	LEARNING OBJECTIVES 

	C2.1.1
Describe the types and uses of tools, materials, and related instruments for troubleshooting a solar thermal system.
C2.1.2
Explain how to interpret installation manual, wiring diagrams, drawings, and other specifications for troubleshooting and repair work.
C2.1.3
Identify evaluation points for system monitoring and troubleshooting (i.e., sensor calibration, heat exchanger fluid integrity, pump operation).
C2.1.4
Identify common causes of problems associated with solar thermal systems.
	3
3

3

3

	C1.1.1
Describe the types and uses of tools and materials required for maintaining a solar thermal system.

C1.1.3
Identify evaluation points for system monitoring and maintenance (i.e., sensor calibration, heat exchanger fluid integrity, pump operation).
	3

3

	MODULE B OUTLINE:

· Troubleshooting
· Tools and materials

· Documentation

· Techniques

· Minor repairs and modifications

· Maintenance

· Tools and materials

· Documentation

· Common maintenance functions


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
	-
	44%
	56%
	-

	Module B
	-
	-
	100%
	-

	Module C
	-
	-
	100%
	-


	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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