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Energy Services & Technology 
Model Curriculum 

 
 
The high priority of solving global environmental problems such as 
climate change, air pollution, and habitat depletion as well as the 
labor market demand for new employees in the arena of energy 
necessitates that many colleges add Energy Services & Technology 
degrees and certificates to their list of college offerings.  To save time 
and money, community and technical colleges could adapt the model 
curriculum that is described below.  The model curriculum provides a 
set of recommended courses for the one- and two-year programs, 
including energy services core courses, general education courses, 
support courses, and suggestions for degree options.  Most colleges 
already offer the recommended general education courses and support 
courses; however, your college might not offer the core courses.  
Therefore, a course development model (i.e., syllabus) is provided for 
each core course.  Each course development model includes a course 
description and general goals, prerequisite courses, suggested 
instructional resources, course competencies/student outcomes, 
methods of instruction, and a topical outline.  To tailor the degree to 
the needs of the college’s local energy services and renewable energy industries, additional 
courses may be added to customize the degree options to the needs of the local market.  We 
have, therefore, included suggestions of possible degree options. 
 
As part of the curriculum model, the Advanced Technology Environmental Education Center 
(ATEEC) also produced a guidebook titled Best Practices for Planning an Energy Services & 
Technology Program to help community and technical colleges start or improve a program. 
 
Associate Degree Program (65-69 credit hours) 
 
The associate degree is designed for students who are interested in an entry-level position in 
energy services, but have little, if any, prior education and experience in the field.  The associate 
degree consists of core courses addressing energy management, energy services, renewable 
energies, and HVAC (heating, ventilation, and air conditioning); general education courses; 
recommended support courses; and specialized degree option courses. 
 
Note:  The heating and cooling courses in this model curriculum are not designed to produce 
technicians who would install and repair HVAC equipment.  Instead, these courses teach the 
student how to analyze the efficiency of existing equipment and recognize the options for energy 
efficiency upgrades and replacements.  If a college does not want to create new HVAC courses, 
they can use existing courses. 
 
Core Curricula (27 credit hours) 
 
• Introduction to Energy Management Principles (3 credit hours) 
• Alternative and Renewable Energy Sources (3 credit hours)  
• Heating Systems (3 credit hours) 
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• Cooling Systems (3 credit hours) 
• Electrical Lighting and Motors (3 credit hours) 
• Energy Control Strategies/Technologies (3 credit hours) 
• Energy Costs, Economic and Environmental Analysis (3 credit hours)  
• Energy Efficiency Methods (3 credit hours) 
• Energy Analysis Capstone (3 credit hours) 

 
General Education Courses for Associate Degree (24-27 credit hours) 
 
Discipline  Credit Hours  Recommended Courses 
English  6   English Composition (101) or equivalent and 
      Technical Writing 
Speech/Comm  3   Interpersonal Communications or 
      Customer Relations 
Social Sciences 6   Human Development 
Science  6-8   Applied Physics (e.g., Principles of Technology) 

Introduction to Environmental Science 
Math   3-4   Intermediate Algebra or 
      Technical/Applied Math 
Note:  Prerequisites to the general education courses are to be determined by each college. 
 
Recommended Support Courses (6 credit hours) 
 
• Blueprint Reading or Construction Materials (3 credit hours) 
• Basic Electricity (3 credit hours) 
 
Specialized Degree Options (8-9 credit hours in each option) 
 
Note:  Colleges should offer degree options that meet the needs of their local labor market. 
 
• Generation/Transmission and Distribution/Buying and Selling of Energy 

Production and Distribution 
Contracting and Marketing Green Energy 

• Project Engineering and Implementation/Operations and Maintenance (e.g., control 
technician) 
o Building Automation Installation and Repair 
o Programming of Computerized Energy Management 

• Sales and Marketing 
o Sales Techniques 
o Marketing   

• Resource Management (with emphasis on renewable energies) 
Energy Efficient Construction & Solar Design 
Solar Components Design and Installation 
Heat Pumps and Fuel Cells 
Wind power 
Biomass 
Fundamentals of Solar 
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Photovoltaic Installation 
Green Power Regulation and Opportunities 

• Energy Assessment 
Building Energy Analysis 
Building Energy Simulation 

• Special Interest Option - Customize a degree for people who already have 
background/experience in the field.  This degree option consists of core requirements with 
selection of courses from a large list of possibilities 

 
Note:  Colleges who already have energy programs have found that many students come to 
school with some background in the above curricula.  While some of the students are beginners, 
others are already builders, architects, engineers, or have been working in the energy industry.   
A special interest option is important so students who already have some experience in the field 
can create a customized curriculum that meets their educational needs. 
 
One-Year Certificate Program (33 credit hours) 
 
The certificate program would be appropriate for individuals who have already completed most, 
if not all, of the recommended general education courses and have some experience in the energy 
services field or a related area.  The certificate is not intended for students who have no prior 
education beyond high school nor any experience in the energy services field. 
 
• Core Curricula (27 credit hours) 
• Select two courses from the specialized degree options (6 credit hours) 
 
Integrating Energy Topics into Related Vocational/Technical Programs 
 
Another crucial component of integrating energy technology and energy efficiency topics into 
the curricula is to add modules and/or courses into existing degree and certificate programs that 
are inextricably involved with energy usage.  Energy curricula should be an inherent part of 
vocational/technical programs in HVAC, facilities maintenance, construction, architecture, 
environmental studies/science/technology, and landscaping.  Too often these programs are using 
outdated content that does not include information on energy efficient methods and materials.  
The serious and negative environmental impacts of energy usage will not be addressed 
adequately until graduates from these energy-related programs have the training to reduce 
consumption of fossil fuels and convert to more energy efficient and renewable energy methods 
in their daily work decisions.  This is especially true in the United States, where less than 5% of 
the world’s population consumes 30% of the world’s fossil fuel each year. 
 
The model curriculum core courses could be integrated into these related degree programs, either 
as separate courses or within existing course(s) as additional course outcomes/competencies.  For 
example, in an HVAC program, the selection and use of energy efficient heating equipment and 
the reduction of heating requirements through a variety of energy efficiency methods and 
strategies could be modules within the required heating curricula.  
 
In addition to integrating energy topics/competencies into existing courses within the core 
requirements of degrees, colleges could offer an Energy Specialist degree option within existing 
degrees of architecture, HVAC, facilities maintenance, construction, landscaping and 
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environmental programs. 
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COURSE DEVELOPMENT MODEL 
 
 
COURSE TITLE:  Introduction to Energy Management Principles 
 
Credit Hours:  3 
Lecture Hours Per Week:  3 
Lab Hours Per Week:  0  
 
COURSE DESCRIPTION: 
This course introduces the principles of energy management and 
provides an overview of the energy industry.  Students will learn 
about the history of energy production and costs, the dynamics of 
worldwide energy consumption and growth, the principle methods 
by which energy is used, and its environmental and financial 
impacts and consequences.  Objectives and components of an 
effective energy management program are discussed. The concepts 
presented in this course will serve as the foundation for the core 
courses in the Energy Services & Technology model curriculum.  
The course is designed for students already working in or training 
for a variety of occupations such as facility managers, technicians, engineers, contractors, 
suppliers, and consultants, as well as students who are not vocationally oriented but are 
interested in energy usage. 
 
TEXTBOOK:  Energy Applications workbook 
Instructor’s packet from Dick Anderson and Debra Rowe 
 
GENERAL COURSE GOALS:  
Students will be able to explain the principles of energy management, describe the history and 
environmental impacts of energy usage, and explore job opportunities in the field.   

 
COURSE COMPETENCIES/STUDENT OUTCOMES:   
1. Describe the global production, consumption, and uses of energy historically and 

today. 
2. Explain the environmental, economic, and political impacts of energy consumption. 
3. List the different types of fossil, nuclear and renewable fuels and describe their 

environmental impacts. 
4. Provide an overview of the energy industry. 
5. Explain the need for energy management programs. 
6. List and describe the components of an effective energy management program. 
7. Explain the principles of low-cost retrofit projects, energy optimization programs, and 

long-term technical improvements and provide examples. 
8. Describe the basic principles for saving energy resources, reducing costs, and energy 

planning for the future.  
9. Explore jobs available in the energy management and energy service industry. 
10. Explain the role of Energy Service Companies (ESCOs) in the energy industry. 
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11. Describe how energy management is integral to the architecture, building, and 
HVAC/R industries. 

12. Explain how to obtain a client’s ongoing commitment to an energy management 
program. 

13. Develop an organizational structure and realistic goals and policies for an energy 
management program. 

14. Explain the concepts of cost avoidance, processes for controlling consumption, and 
appropriate documentation. 

15. Explain the roles of building occupants, purchasing, and maintenance staff as it relates 
to energy usage and energy management. 

16. Explain the roles of corrective, preventive, and performance maintenance for facilities 
as they relate to energy usage and energy management. 

17. Describe how to effectively procure quality information on energy efficiency and 
renewable energy products.  

18. Demonstrate effective behavior modification strategies to optimize energy usage. 
19. Describe long-term energy management objectives and trends for the future. 
20. Explain how basic environmental health and safety principles relate to energy 

management programs. 
 
METHODS OF INSTRUCTION MAY INCLUDE:  Discussion, lecture, individual and 
small group work 
 
TOPICAL OUTLINE: 
 
Unit 1  Course Introduction and the Basic Program Principles 

Production, Consumption and Uses of Energy Historically and Today 
The Environmental Impacts of Energy Consumption 
The Economic Impacts of Energy Consumption 
The Political Impacts of Energy Consumption 

 
Unit 2 The Components of An Effective Energy Management Program: 

Gaining commitments from necessary parties in the organization 
The need to obtain an ongoing program commitment to energy management 
and to develop realistic goals  
The role of the building occupants, purchasing and the maintenance staff 
Energy Awareness Campaign and Incentives – Motivating the participation of 
the building users 
The Role and Membership of the Energy Committee 
Establishing Energy Policies 
Documenting Present Costs 
Analyzing energy savings opportunities 
Strategies for control of consumption 
Low-cost and no-cost strategies for energy management 
Occupancy schedule compared to operating schedule-conservation 
opportunities 
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Unit 3 The Components of an Effective Energy Management Program (continued):   
Prioritizing Energy Conservation Recommendations (ECRs) 
Implementation of ECRs 
Documentation of savings from ECRs 
Understanding the concept of cost avoidance and appropriate documentation 
Ongoing analysis 
Case studies of effective energy management programs reviewed 

 
Unit 4 Heating and Cooling Systems: 

Examples of Operation Improvements  
Examples of Energy Optimization Strategies 

 
Unit 5 Control Systems Overview: 

Pneumatic vs. Electrical vs. Electronic Systems 
Building Automation Systems 
Interfacing Systems 
Examples of Energy Management Control Strategies 

 
Unit 6 Distribution and Process Equipment and Examples of ECRs 

Ventilation Systems and Examples of ECRs 
Overview of Indoor Air Quality Issues 

 
Unit 7 Lighting and Electrical Distribution Systems 

Overview of day lighting 
Overview of lighting requirements 
Overview of lighting ECRs 
Incentive lighting programs 
Examples of savings from lighting ECRs 

 
Unit 8 Overview of Building Envelope and ECRs 

Weatherization 
Overview of Green Building 
Calculations for energy efficiency and green building envelope improvements 
Examples 

 
Unit 9 Future Trends 

De-regulation and Energy Resources 
Green Building 
Sustainable Design 
Green Power 
“Negawatts” 
Careers in Energy Field 

 
Unit 10 Implementation Strategies: 

Using consultants effectively 
Procurement of product information 
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Introduction to financing options 
The Roles of Energy Service Companies (ESCOs) 
Prioritization of ECRs 
Overview of Return on Investment 
Role of corrective, preventive, and performance maintenance 
Preparing building reports for management 
Politically placing the credit – keeping the momentum 

 
Unit 11 Environmental, Health and Safety Issues Related to Energy Management 
 
Unit 12 Case Studies of Quality Energy Management Programs 
 
CDM Prepared By: Debra Rowe, Ph.D. based on materials from Richard Anderson and 
Debra Rowe, Ph.D. 
Date Written: 7-01 
Date Revised:  1-02 
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COURSE DEVELOPMENT MODEL 
 
 
COURSE TITLE: Renewable Energy Sources   
  
Credit Hours: 3 
Lecture Hours Per Week: 2 
Lab Hours Per Week: 2 
Other:  Field trips by arrangement 
 
COURSE DESCRIPTION:  
This course provides a comprehensive overview of renewable energies, 
including solar energy, wind power, hydropower, fuel cells, biomass, 
and alternative transportation options.  Students will be taught the 
principles of solar home design, solar hot water, pool and space 
heating, and solar cooling for both new and existing construction.  
Students will learn how to assess the viability of a wind power, 
hydropower or biomass system for a given site.  Students will also 
learn about the impact of government regulations on the use of 
renewable energies. Students will analyze these renewable energy 
systems and will calculate savings fractions, backup energy needs, 
financing options, and economic analyses.  The student will investigate the potentials of 
renewable energy technologies to help solve environmental and economic problems within 
society. 
 
RESOURCES USED FOR CDM DEVELOPMENT: 
The Solar Home Book by Bruce Anderson (out of print) 
Web site information from:  

• Union of Concerned Scientists 
 Florida Solar Energy Center 
 Wind Energy Association and the American Solar Energy Society 
 Federal Department of Energy’s Energy Efficiency and Renewable Energy Center hotline 

and web site for publications (1-800-doe-erec) 
 State Energy Offices 
 National Renewable Energy Lab 
 See Resource List 

 
Dr. Debra Rowe’s course packet  
 
GENERAL COURSE GOALS: 
Students will be able to: 
1) Explain the basic design principles of renewable energy systems. 
2) Investigate the potentials of renewable energy technologies to help solve environmental 

and economic problems. 
3) Calculate a variety of cost and savings analyses, and comparative pollutant output and 

other environmental analyses of renewable energy systems.  
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COURSE COMPETENCIES/STUDENT OUTCOMES 
Upon completion of this course, students will be able to: 
1. Classify and describe the different types of renewable energy systems, including solar 

 energy, wind power, hydropower, renewable energy fuel cells, and biomass. 
2. Assess renewable energy systems for their economic and environmental impacts. 
3. Explain the economics of combining energy conservation and renewable energy projects. 
4. Explain the marketing, sales and new product research skills needed in the renewable 

 energy industries. 
5. Judge the present state of technology and its implementation as well as the future 

 potential for each of the renewable energy systems. 
6. Explain the effect of government regulations, politics, and corporate development on the 

 renewable energies industry. 
7. Explain the effects on the environment of the existing status versus the unrealized 

 potentials for renewable energy implementation. 
8. Recommend future governmental policy regarding energy conservation and renewable 

 energies. 
9. Evaluate a solar energy system for its cost effectiveness and its quality of design. 
10. Design a solar energy system. 
11. Estimate the amount of energy available from wind, water, solar, and other renewable 

 energy systems at a site, given the appropriate data. 
12. Compare and contrast financing options for renewable energy systems. 
13. Create a long-term plan to phase in renewable energies. 
14. Articulate the processes/steps for consumer selection of “green power.”  
15. Explore the types of job opportunities available in the renewable energies industry and 

 investigate the skills required for these jobs. 
 
TOPICAL OUTLINE: 
 
Note: Some of the units will take more than one week to complete. 
 
Unit 1 Introduction 

Overview of the energy situation 
Environmental, political, and economic issues 
The potential for solar energy, other renewable energy, and conservation 
Review low-cost and no-cost ways to save energy 

Note:  Students complete paper on lifestyle needs and career goals 
 
Unit 2 The First Priority: Determining Energy Requirements and Conservation Opportunities 

Review of high priority Energy Conservation Recommendations (ECRs) required 
before implementation of renewable energy 
Historical overview of renewable energies  
Economic and environmental analyses for renewable energy systems 

Note:  Students conduct walk-through audit of their homes and list conservation opportunities in 
their home, committing to complete four energy conservation recommendations. 
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Unit 3 The Effect of Politics and Government Regulation on The Renewable Energies 

Industry 
 Distributed generation 
 Green power 
 
Unit 4 Solar Basics and Solar Thermal Power 

Solar basics:  solar insolation and heat transfer 
Classifications of systems 
Basic design principles 
Passive (integrated) solar 
Design for daylighting 
Energy efficient and green construction 
Collector types:  solar pool heaters, solar hot water heaters, 
solar air panels, and transpired air collectors 
Solar active space heating 
Solar cooling 
Homemade systems and manufactured designs 
Sizing and storage of energy 
System efficiency 
Designing a solar energy system  
Environmental impacts of fossil fuels vs. solar energy 

 
Unit 5 Wind Power 

Basic system principles 
Assessment of wind available 
Design principles 
Manufactured designs 
Sizing and storage of energy 
System efficiency 
Overview of wind industry  
Environmental impacts of fossil fuels vs. wind power 

 
Unit 6 Hydropower 

Basic system principles 
Assessment of hydropower available 
Design principles 
Homemade systems and manufactured designs 
Sizing and storage of energy 
System efficiency 
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Overview of hydropower industry 
Environmental impacts of fossil fuels vs. hydropower 
 

Unit 7 Biomass (e.g., methane generators, ethanol and methanol, wood processes) 
Environmental impacts of fossil fuels vs. biomass energy 
Alternative transportation vehicles (e.g., hybrid, solar electric, natural gas, alternative 
fuels, hydrogen, smart highway systems) 
Environmental impacts of traditional vs. alternative vehicles 

 
Unit 8 Photovoltaics and Fuel Cells 

Systems types 
Manufactured designs 
Sizing and storage of energy 
System efficiency 
Environmental impacts of fossil fuels vs. photovoltaics and fuel cells 
Industry trends 

 
Unit 9 Marketing and Sales Skills for Renewable Energies 

Financing options 
Researching products 

 
Unit 10 Case Studies: Economic and Environmental Analyses for Sample Renewable Energy 

Systems 
 
Unit 11 State of the Industry 
 Barriers to implementation of renewable energies and how to overcome them 

Jobs and skills requirements 
Life in the energy business 

  
 
CDM Prepared By: Debra Rowe, Ph.D. with information from Debra Rowe, Ph.D., Roger 
Ebbage and Richard Anderson 
Date Written: 9/99 
Date Revised:  1/02 
 



 

 

 
COURSE DEVELOPMENT MODEL 

 
 
COURSE TITLE: Heating Systems 
 
Credit Hours:  3 
Lecture Hours Per Week: 2 
Lab Hours Per Week:  2   

   
  
COURSE DESCRIPTION: 
This course covers gas, fuel oil, and electric furnaces, as well as heat 
pumps.  Temperature, humidity, air filtering, air movement, and energy 
efficiency for a complete home conditioning system is also covered.  
Steam and hot water heating systems for residential and commercial 
applications will also be described, including energy conservation and 
efficiency options, potential savings for new and existing systems, and 
environmental impacts. 
 
PREREQUISITE COURSES: 
Introduction to Energy Management Principles  
 
CO-REQUISITE COURSES: 
Basic Electricity 
Electrical Lighting and Motors 
 
GENERAL COURSE GOALS: 
Upon completion of the course, students will be able to:  
1. Identify and safely manipulate heating equipment and tools to optimize energy efficiency. 
2. Identify gas, fuel oil, and electric furnaces. 
3. Explain comfort, humidification, temperature, air filtering, and air movement as it relates 

to a complete heating system. 
4. Explain basic heating, humidification, filtration systems, and air-to-air heat exchangers. 
5. Identify types of commercial heating systems. 
6. Relate all of the above to energy efficiency methods, new products, maintenance and 

operations procedures, comparing cost effectiveness and environmental impact. 
 
COURSE COMPETENCIES/OUTCOMES: 
 
Gas Heat 
 
1. Describe each of the major components of a gas furnace and gas boiler. 
2. List two fuels burned in gas furnaces and describe characteristics of each. 
3. Describe gas pressure in inches of water column and describe how a manometer is used to 

make this measurement. 



 

 

4. Discuss gas combustion. 
5. Describe a solenoid, diaphragm, and heat-motor gas valve. 
6. List the functions of an automatic combination gas valve. 
7. Describe the standing-pilot, electric spark to pilot, and direct-spark ignition systems. 
8. List three flame-proving devices and describe the operation of each. 
9. Discuss the types of dampers. 
10. Describe flue-gas venting systems. 
11. Describe flame rectification when used with electric spark ignition systems. 
12. Compare the design of a high-efficiency gas furnace/boiler and a conventional 

furnace/boiler regarding cost effectiveness and environmental impact 
13. Describe procedures for taking flue gas - and temperature readings. 
14.   Use an air balancing report to evaluate the performance of systems. 
15. Relate all of the above to energy efficiency methods and environmental impact. 
 
Electric Heat 
 
1. Discuss the efficiency, relative purchase and installation costs, operating cost and 

environmental impacts of electric heat. 
2. List types of electric heaters and state their uses. 
3. Describe how sequencers operate in electric forced-air furnaces. 
4. Trace the circuitry in a diagram of an electric forced-air furnace. 
5. Perform basic tests in troubleshooting efficiency problems in an electric forced-air furnace. 
6. Describe types of heat pumps, including geothermal heat pumps as they relate to heating. 
7. Relate all of the above to energy efficiency methods and environmental impact. 
 
Oil Heat 
 
1. Describe how the fuel oil and air are prepared and mixed in the oil-burner unit for 

combustion. 
2. List products produced as a result of combustion of the fuel oil. 
3. List the components of gun-type oil burners. 
4. Describe basic service procedures for oil-burner components. 
5. Sketch wiring diagrams of the oil-burner primary control system and the fan circuit. 
6. State tests used to determine oil-burner efficiency. 
7. Explain corrective actions that may be taken to improve burner and system efficiency.. 
8. Relate all of the above to energy efficiency methods and environmental impact. 
 
Humidification, Filtration and Ventilation 
 
1. Explain relative humidity and the potential savings when humidification allows for lower 

set point temperatures. 
2. List reasons for providing humidification in winter. 
3. Discuss the differences between evaporative and atomizing humidifiers. 
4. Describe bypass and under-duct-mount humidifiers. 
5. Describe disc, plate, pad, and drum humidifier. 
6. Explain why a humidifier used with a heat pump or electric furnace may have its own 



 

 

independent heat source. 
7. Describe the spray-nozzle and centrifugal atomizing humidifiers. 
8. State the reasons for installing self-contained humidifiers. 
9. List general factors used when sizing humidifiers. 
10. Describe general procedures for installing humidifiers. 
11. Explain why clean air in buildings is necessary. 
12. List five types of air-filtering or purification material or devices, including air-to-air heat 

exchangers. 
13. Explain ventilation requirements and impacts on energy consumption, including impact of 

outside air, maintaining ASHRAE standards, strategies and technologies for reducing or 
modulating outside air and/or recovering heat; impact of fan discharge temperature on 
outside air volumes; and use of "solar wall" technology to preheat ventilation air 

14. Discuss different efficiency of each type of filtration device. 
15. Relate all of the above to energy efficiency methods and environmental impact. 
 
Domestic Hot Water 
 
1. Describe types of water heaters and how they work. 
2. Describe the relative efficiency of water heaters, the importance of fuel type, and 

strategies for reducing water and fuel consumption. 
3. Relate all of the above to energy efficiency methods and environmental impact. 
 
Steam and Hot Water Heating Systems 
 
1. Identify types of commercial steam and hot water heating systems. 
2. Explain hot water temperature reset for hot water circulating systems 
3.   Relate the above to energy efficiency methods and environmental impact, including but 
 not limited to analyses of indoor temperature set points, unoccupied setbacks, use of 
 preventive maintenance, and run time of heating equipment 
 
METHODS OF INSTRUCTION MAY INCLUDE: 
Instruction will be delivered by lecture, demonstration, lab activities, handouts, audiovisual 
materials, and field trips. 
 
TOPICAL OUTLINE:  
 
Note:  Some units will take more than one week to complete. 
 
Unit 1  Overview of Heating Systems, Energy Efficiency and Environmental Impact  
Unit 2  Gas Heat 
Unit 3  Basic Heat Loss Calculations and Heating System Sizing     
Unit 4  Humidification, Ventilation, Air Quality and Energy Efficiency  
Unit 5  Oil Heat     
Unit 6  Electric Heat and Heat Pumps     
Unit 7  Steam, Hot Water, and Commercial Heating Systems 
 



 

 

 
Prepared By: John Blair for HVAC 112 Domestic Heating and Air Conditioning at Scott 
Community College in Bettendorf, Iowa.  Adapted by Debra Rowe, Ph.D. 
Date Written: 9/99 
Date Revised:  1/02 
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COURSE DEVELOPMENT MODEL 
        

 
COURSE TITLE: Cooling Systems 
 
Credit Hours:  3 
Lecture Hours Per Week:  2 
Lab Hours Per Week:  2  

 
COURSE DESCRIPTION: 
This course covers residential and commercial cooling systems, including 
temperature, humidity, air filtering, and air movement.  Descriptions of new 
products, and maintenance and operations for residential and commercial 
cooling systems are also covered, emphasizing energy conservation and 
efficiency options for new and existing equipment.  
 
PREREQUISITE COURSES:  Introduction to Energy Management 
Principles  
 
CO-REQUISITE COURSES:  Basic Electricity, Electrical Lighting and 
Motors 
 
GENERAL COURSE GOALS:  
Students will be able to: Demonstrate a theoretical and practical understanding of residential and 
commercial cooling systems, including energy management opportunities for cooling systems, 
comparing cost effectiveness and environmental impact. 
 
COURSE COMPETENCIES/OUTCOMES: 
Upon completion of the course, students will be able to: 
1. List the functions of air conditioning and refrigeration systems. 
2. Draw a schematic diagram. 
3. Identify and describe each of the major components of residential and commercial 

cooling systems. 
4. Solve problems involving unit conversions and physics applicable to heat transfer 

systems. 
5. Calculate heat transfer rates resulting from moving air and moving water.  
6. Calculate building heat gains and heat losses at various outdoor temperatures and times. 
7. Use a psychrometric chart to estimate relative humidity in buildings.  Analyze the effect 

of dehumidification on energy costs and present alternatives. 
8. Calculate cooling and refrigeration loads for system sizing.  Select air conditioning units, 

furnaces, and heat pumps for residential and light commercial buildings. 
9. Calculate air pressure drops in duct systems at varying flows. 
10. Select fans to satisfy given flow and pressure requirements. 
11. Use an air balancing report to evaluate the performance of air conditioning systems. 
12. Determine how to reduce cooling loads via reductions in lighting, energy efficient 

computers and other office equipment, economizer cycles, etc. 
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13. Determine and explain how to optimize existing cooling systems for energy efficiency. 
14. Discuss the efficiency, relative purchase and installation costs, and operating cost of air 

conditioning and refrigeration systems for residential and commercial settings. 
15. Compare the design of a high-efficiency cooling system to other cooling systems 

regarding cost effectiveness and environmental impact. 
16. Describe operations and maintenance choices that optimize energy utilization, including 

indoor temperature settings, run time of cooling equipment, eliminating or minimizing 
reheat operation, ventilation air volume, load shedding and the reduction of cooling loads.  

17. Relate all of the above competencies to energy efficiency methods and environmental 
impacts. 

 
METHODS OF INSTRUCTION MAY INCLUDE: 
Instruction will be delivered by lecture, demonstration, lab activities, handouts, audiovisual materials, 
and field trips. 
 
TOPICAL OUTLINE: 
 
Note:  Some topics may take more than one week to complete.  
 
Unit 1 Course Overview of Cooling and Energy Efficiency 
 
Unit 2 Impact of Air Conditioning On Energy Consumption 
 Functions of Air Conditioning 
 Introduction to Single-Zone Air Conditioning System 
 Unit Conversions, Density, Specific Heat, Btu's 
 Heat Transfer Processes in Air Conditioning 
 Heat Transfer Media 

 Units of Flow 
 Btu vs. Btuh 
 Heat Transfer Equations for Water And Air 
 Introduction to Air Conditioning Load Calculations 
 Conduction, Convection, Radiation, R-Values, U-Values 
 

Unit 3 The Thermal Envelope 
Area Take-Offs 
Infiltration 
Building Code Insulation Requirements 
Solar Load Components 
Shading Devices 
Heat Storage Of Materials 
Sensible vs. Latent Cooling Loads 

 
Unit 4 Assessing and Reducing Internal Cooling Loads 
 Lighting, computers, office equipment impacts on cooling loads 
 Ventilation Loads and Economizer Cycles 
 Indoor Air Quality 
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 Space vs. Coil Loads 
 Pickup Factor 
 Humidity 
 Introduction to Psychrometrics 
 
Unit 5 Psychrometric Chart Applications 
 Introduction to Air Conditioning and Refrigeration Unit Selection 
 Single-Zone Package Air Conditioning Units 
 Heat Pumps 
 Furnaces  
 Refrigeration Units 
 Use of Equipment Catalogs 
 Nominal vs. Sensible Capacity 
 Efficiency Ratings 
 
Unit 6 Refrigeration Cycle 
 Heat Pump Operation 
 Fuel Choices 
 Split Systems vs. Single Package Units 
 Air Handling Units 
 Introduction to Airflow in Duct Systems 
 
Unit 7 Velocity Pressure vs. Static Pressure 
 Calculating Air Pressure Drops in Duct Systems 
 Introduction to Fans 
 Fan Curves 
 Fan Laws 
 Fan Selection 
 
Unit 8 Airflow Measurement 
 Air Balancing 
 Air Balance Reports 
 Introduction to Heat Exchangers 
 Heat Recovery Opportunities 
 
Unit 9 Overview of Commercial and Institutional Air Conditioning Systems 
 Chillers 
 Boilers 
 Natural gas cooling -- gas engine-driven chillers, absorption chillers, desiccant cooling 
 Cooling Towers 
 System Design 
 Procurement Processes 
 Hydronics 
 
Unit 10 Operations and Maintenance choices that optimize energy utilization, including indoor 
 temperature settings, run time of cooling equipment, eliminating or minimizing reheat 
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 operation, ventilation air volume, load shedding and the reduction of cooling loads.  
 
Unit 11  More Efficiency Opportunities and Savings and Environmental Impact, including 

Calculations for New and Existing Cooling Equipment 
 
CDM Prepared By: Roger Ebbage, adapted by Debra Rowe, Ph.D. 
Date Written: 9/99 
Date Revised  12/01 



 

 

COURSE DEVELOPMENT MODEL 
 
 
COURSE TITLE: Electrical Lighting and Motors  
 
Credit Hours: 3 
Lecture Hours  Lab Hours   
Per Week: 2  Per Week: 2   

 
COURSE DESCRIPTION: The course covers the components 
of lighting systems and motors.  Energy efficiency opportunities 
and environmental impacts in these areas are identified and 
analyzed. 
 
PREREQUISITE: Applied Physics 
      Basic Electricity 
Recommended:  Introduction to Energy Management 
Principles 
       
RESOURCES USED FOR CDM DEVELOPMENT: 
Basic Electricity textbook 
University of Wisconsin Energy Center materials 
Instructor Course Packs, including information from the Illuminating Engineers’ Society 
 
GENERAL COURSE GOALS:  
Students will be able to:  1) analyze energy usage as it relates to lighting and motors; and 
2) demonstrate understanding of electrical usage needed to analyze energy usage and 
environmental impact of lighting systems and motors. 
 
COURSE COMPETENCIES/STUDENT OUTCOMES:  
Upon completion of this course, students will be able to: 
1. Perform basic calculations of power, energy, and ohm's law. 
2. Demonstrate a basic working knowledge of lighting and motor systems. 
3. Describe and use an ammeter, a voltmeter, an ohmmeter and a light meter 
4. Explain power factor and corrective actions for power factor problems. 
5. List and describe common voltage characteristics. 
6. Recognize, describe, and test the components of various types of electric motors. 
7. Define, recognize, and test various types of capacitors. 
8. Define hermetic compressors.  
9. Explain variable speed and variable frequency drives, their application, and their 

impact on energy consumption. 
10. Explain how electrical energy is used by the customer for lighting and motors 
11. Estimate energy use in lighting systems and motors. 
12. Explain the basic functions and energy consumption of lighting systems. 
13. List and explain energy efficiency opportunities for lighting and motors. 



 

 

14. Analyze the cost effectiveness and environmental impacts of energy efficiency 
 opportunities for lighting and motors. 

15. Conduct an assessment of a customer’s energy service needs for electricity usage, 
 for lighting, and motors. 

 
METHODS OF INSTRUCTION MAY INCLUDE: Lecture/lab, discussion 
 
 
TOPICAL OUTLINE: 
 
Unit 1 Meters and Safety Review: ammeter, voltmeter, ohmmeter, lightmeter 
 
Unit 2 Motor and Lighting Electrical Circuit Configurations: schematic, pictorial, and 
 installation diagrams 
 
Unit 3 Power Distribution and Voltage Systems 
 Power Factor and its interactions with lighting systems and motors 
 
Unit 4 Electric Circuits and Circuit Components for lighting systems and motors Types 
 of Electric Panels, Electrical Switches and Controls for lighting systems and 
 motors    

 
Unit 5  Sizing Motors, including Energy Efficient Motors 
 Types of Electric Motors and Testing 
 Types of Capacitors and Testing  
 Hermetic Compressors  
 
Unit 6 Components for Electric Motors 
 Starting Relays 
 Bearings 
 Magnetic Starters 
 Overload Protectors 
 
Unit 7 Variable Speed Drives advantages of VSDs; types of drives; applications on 
 constant and variable air volume HVAC distribution systems, demand control 
 ventilation, water pumping, and industrial process; retrofit analysis; and power 
 quality issues. 
 
Unit 8 Operational Costs and Potential Savings and Environmental Impacts of Energy 
 Efficient Motors 
 
Unit 9,10, Lighting Systems and Energy Efficiency Methods and Products,  
11 & 12 Operational Costs and Potential Savings of Energy Efficient   
   Lighting Systems, including nature of light, light sources (lamp   
   and ballast types), relative efficiency or efficacy (lumens per watt),  
   lighting quality, CRI, color temperature, lamp life, lumen depreciation,  



 

 

   ballast factors, indirect lighting, task lighting, lighting standards, lighting  
   applications (e.g. office, classroom, factory, commercial/merchandising,  
   street and parking lot, safety), light loss factors, lighting controls, lighting  
   products, daylighting, lighting efficiency and conservation strategies,  
   analysis of retrofit options, disposal of lamps and ballasts. Cost   
   Estimating/ Initial Investment Costs for Lighting Systems,  
   Savings and Environmental Impact Calculations for Energy Efficient 
   Lighting Systems 
   Note:  These units will take multiple weeks to cover 
 
Unit 13 The Green Power Market - Opportunities for Producers, Sellers, and Users  

Transmission and Distribution 
 
 
CDM Prepared By: Debra Rowe, Ph.D. with material from Richard Anderson and  
      editing from Roger Ebbage 
Date Written:  8-01 
Date Revised: 1-02 
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COURSE DEVELOPMENT MODEL 
 
 
COURSE TITLE:  Energy Control Strategies 
 
Credit Hours: 3 
Lecture Hours Per Week: 2 Lab Hours Per Week: 2   

 
COURSE DESCRIPTION: The course pertains to all devices that 
are used to regulate energy use in buildings: from pneumatic and 
electric to electronic; from manual to automatic; from simple switches 
to microprocessors.  An emphasis is placed on identifying and solving 
control/calibration problems, and improving energy efficiency through 
redesign and energy control strategies. 
 
PREREQUISITES: 
Applied Physics  
Cooling Systems  
Heating Systems 
Basic Electricity  
Electrical Lighting and Motors 
 
RESOURCES USED FOR CDM DEVELOPMENT:  
HVAC Controls and Systems, John I. Levenhagen & Donald H. Spethmann 
Air Conditioning Principles and Systems, An Energy Approach, Edward G. Pita, 2nd ed. 
Course packet from instructor 
 
GENERAL COURSE GOALS:  
Students will be able to: 
1) Demonstrate entry-level technician skills to install, calibrate, troubleshoot, repair, and 

maintain energy control systems typically found in the commercial sector. 
2) Recommend control strategies to optimize energy conservation and efficiency. 
 
COURSE COMPETENCIES/STUDENT OUTCOMES:  
1. List, recognize, and describe the controls systems typically found in the commercial sector. 
2. Describe energy control strategies used in the commercial sector. 
3. Explain the basic principles of control system design. 
4. Describe wiring techniques for line voltage and low voltage systems. 
5. Describe issues to be addressed in the commissioning of an energy control system in a new 

building. 
6. Demonstrate entry-level technician skills to install, calibrate, troubleshoot, repair, and 

maintain energy control systems. 
7. Apply energy control strategies to a case study. 
8. Evaluate an energy control system for effectiveness based on its design functions. 
9. Discuss and examine future trends of energy control. 
10. Explain the role of corrective, preventative and performance maintenance for buildings, and 

their relation to control systems. 
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11. Explore/discuss labor market trends and job opportunities in the energy controls industry. 
12. Synthesize the relationship between energy controls and indoor air quality. 
13. Educate users about proper system operation and when to call a technician to fix problems. 
14. Evaluate an operator training program for completeness. 
15. Explain research techniques and use of consultants to understand energy control options and 

updates. 
16. Help create sequence of operation for building and process systems. 
17. Conduct basic energy control systems programming. 
18. Execute sequence of mechanical systems operation via energy control system. 
19. Respond to alarms and occupant requests through the use of an energy management system. 
20. Develop project measurement and verification plan. 
21. Verify field data 
22. Install and troubleshoot data acquisition equipment. 
23. Collect data for evaluation and verification. 
24. Select and operate testing equipment. 
25. Interpret and comply with applicable codes and guidelines, including the International 

Performance Measurement and Verification Protocol (IPMVP), the American Society of 
Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE), and the Environmental 
Protection Agency (EPA). 

 
TOPICAL OUTLINE: 
  
Note:  Some units will take more than one week to complete. 
 
Unit 1  Introduction 

Control Loops 
Process Diagrams 

 
Unit 2  Basic Electrical Control Diagrams: 

Logic Diagrams 
Control Logic 
Relays 
Staging 

 
Unit 3  Pneumatic Control Systems: 

Components 
System Design and Troubleshooting 
Calibration 

 
Unit 4  Electronic Control Systems: 

Components 
Simple System Design and Troubleshooting 
Calibration 

 
Unit 5  Flow:  

Measuring Dampers/Valves 
Direct Acting and Reverse Acting/ Sequence 
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Indoor Air Quality 
Outdoor air requirements and optimizing energy efficiency 

 
Unit 6  Proportional and Programmable Controllers: 

Ladder Diagrams 
Programmable Stats 
Modulation 
P, PI and PID (P= proportional, I=integral, D=derivative) Controllers 

 
Unit 7  Building Automation Systems: 

Design, Operation and Assessment 
Operator training  

 
Unit 8  Energy Control Strategies: 

Load Shedding 
Optimum Start/Stop 
HVAC Controls, including boiler and chiller optimization 
Hot and cold deck temperature reset 
Hot water temperature reset (for space and water heating) 
Economizer 
Alarms 
Rate Based Energy Usage 
Achieving Indoor Air Quality with minimum or no energy penalty 
Indoor temperature control 
Night setback 
Minimizing equipment run time schedules 
Ventilation air reduction strategies and ASHRAE code  
Demand control ventilation 

 
Unit 9  Complete Control Systems: 

Direct Digital Control 
Multi-zone (Poker) 
Dual Duct 
Variable Air Volume 
VVVT 
Retrofits 
 

Unit 10 Commissioning, Maintenance and Review: 
Building Start–up 
System Commissioning 
Verification 
Preventive Maintenance 
Tuning 

 
Unit 11 Future Trends: 

Research Approaches 
Use of Consultants 
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Job Trends 
 
Unit 12  Case Studies 
 
CDM Prepared By: Debra Rowe, Ph.D. and Roger Ebbage 
Date Written:   9/99 
Date Revised:  1/02 
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COURSE DEVELOPMENT MODEL  
 
 

COURSE TITLE: Energy Costs, Economic and Environmental 
Analysis   
 
Credit Hours:  3 
Lecture Hours Per Week:  3 
Lab Hours Per Week:    

 
COURSE DESCRIPTION: Energy efficiency measures are 
sometimes implemented based upon their return on investment.  This 
course will give students the tools to prioritize potential energy 
efficiency measures based on both cost effectiveness and impact on 
the environment. Topics include: utility rate analysis, simple 
payback analysis, compound interest, time value of money, return on 
investment, life cycle cost analysis, cost estimating, validity and 
reliability of energy efficiency measures’ costs and savings, 
environmental and pollutant analysis, financing options and effects, 
and simulation tools and associated software.  
 
PREREQUISITES:  Intermediate Algebra, Spreadsheet 
Recommended: Technical Report Writing 
 
RESOURCES USED FOR CDM DEVELOPMENT:  Federal Energy Management Building 
Life Cycle Costs software.  Instructor’s course packet 
 
GENERAL COURSE GOALS: Students will be able to prioritize energy efficiency measures 
based on calculations from a variety of cost and savings analyses, as well as environmental and 
pollutant output analyses. 
 
COURSE COMPETENCIES/STUDENT OUTCOMES: 
Upon completion of this course, students will be able to: 
1. Calculate the costs and the savings for most energy efficiency measures. 
2. Explain utility rates, including power factor, on and off peak power, demand charges and 

green power rate options. 
3. Determine optimum utility rates for a given situation. 
4. Define and apply terms used in life cycle cost analysis. 
5. Calculate the time value of money. 
6. Determine when it is feasible to conduct a life cycle cost analysis. 
7. Analyze and compare energy investments using simple payback, return on investment, 

and life cycle costing techniques and software. 
8. Formulate financing plans for energy efficiency measures based on simplified cash flow 

analyses.  
9. Analyze energy efficiency measures through the use of software and simulations. 
10. Determine the pollutant output and reductions for a variety of energy efficiency 

measures. 
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11. Determine environmental impacts of a variety of energy efficiency measures. 
12. Determine/estimate capital costs, operating costs, and maintenance costs for 

implementing energy efficiency measures. 
 
TOPICAL OUTLINE: 
 
Unit 1  Course Overview, Introduction to Energy Investments 
  Utility Cost of Operations 
 
Unit 2  Utility Rate Schedules   
                        Power Factor, On/off peak, Demand Charge, Green Power 
  Rate Schedule Exercises 
  Energy Conservation Measures (ECMs) 
  Energy Investments 
 
Unit 3  Introduction to Environmental Impact Analyses 

e.g., Ecological Footprint, Atmospheric Emissions (including CO2), habitat 
impact 

 
Unit 4  Environmental Impact Analyses Exercises 

 
Unit 5  Components of Economic Analysis   

Simple Payback and Return on Investment 
  Compound Interest and the Time Value of Money  
  Minimum Acceptable Rate of Return (MARR) 
  Discounting and Inflation 
  Single Present Value (SPV) 
  Current and Constant Dollars  
  Uniform Present Value (UPV) 
  Modified Uniform Present Value (UPV*) 
  SPV, UPV, UPV* Factor Tables  

 
Unit 6  Life Cycle Cost Analysis (LCCA) 
  Preliminary Considerations 
 Project Definition 
 Feasible Alternatives 
 The LCCA Study Period 
   Time Lines 
 
Unit 7  Costs  

   Cost Estimating, EPA Procurement Guide 
   Initial Investment Costs 
   Capital Costs 
   Residual Costs 
   Operational Costs 
   Energy, Water, Maintenance, and Repair Costs 
   Cash flows 
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Unit 8   Financing Options, including shared savings, performance guarantees and  
   performance contracting , Pros and cons of working with Energy Service 
   Companies (ESCOs), Working effectively with ESCOs 
 
Unit 9   Simple Simulation Tools 
   Energy 10, ASEAM 
   Environmental software and simulation 
   LCCA Project Demonstration 
 
Unit 10 LCCA and Environmental Impact Project Work  
 
Unit 11 LCCA and Environmental Impact Project Work 
   LCCA Project Work 
 
Unit 12 Project Presentations 
      
 
CDM Prepared By: Roger Ebbage, Debra Rowe, Ph.D. and Richard Anderson  
Date Written:  8-01 
Date Revised:  1-02 
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COURSE DEVELOPMENT MODEL 
 
 
COURSE TITLE: Energy Efficiency and Conservation 
Methods  
 
Credit Hours: 3 
Lecture Hours Per Week: 2 
Lab Hours Per Week: 2  

 
COURSE DESCRIPTION:  
The student will identify and explain all of the energy 
efficiency/conservation methods available for energy use 
reduction.  Energy-consuming facilities, both domestic and 
commercial, will be analyzed by the students for energy 
efficiency opportunities.  The student will calculate energy 
savings and environmental impacts for most energy efficiency 
methods in order to identify and assess energy conservation 
opportunities.  In addition, the student will demonstrate the 
appropriate usage of energy monitoring and measuring 
equipment commonly used by energy specialists and energy 
auditors.  
 
PREREQUISITES: 
Introduction to Energy Management Principles 
Renewable Energy Sources 
Energy Control Strategies 
Heating Systems 
Cooling Systems 
Basic Electricity  
Electrical Lighting and Motors 
Energy Costs, Economic and Environmental Analysis 
 
Recommended: Basic Algebra 
 
RESOURCES USED FOR CDM DEVELOPMENT: 
Material and concepts from: 
• Alliance to Save Energy 
• Association of Energy Engineers’ certification program 
• Energy Efficiency and Renewable Energies Center (1-800-doe-erec) 
 
Dr. Rowe’s and Roger Ebbage’s course packets, plus auditors’ energy conservation 
measures checklists from a variety of sources. 
 
GENERAL COURSE GOAL: Students will be able to identify, explain, and calculate 
the energy savings and economic savings, apply energy efficiency measures to a given 
building site, and calculate environmental impacts. 
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COURSE COMPETENCIES/STUDENT OUTCOMES: 
At the conclusion of this course, students will be able to: 
1. Create a list of all energy consuming equipment within a building and in the building 

envelope, and research all possible energy conservation measures (ECMs) in the areas 
of HVAC (heating, ventilation, and air conditioning), lighting, motors, building 
envelope, and other building equipment. 

2. Identify and operate various data acquisition, monitoring, auditing, and system 
balancing equipment for energy analysis (see Topical Outline-Unit 2 below for a 
detailed list of equipment). 

3. Identify and analyze possible energy conservation measures for performance, 
including interactive effects of multiple ECMs.  

4. Compare occupancy schedules to operating schedules and recommend appropriate 
adjustments to optimize building and energy usage and calculate energy savings. 

5. Analyze the energy bill history, including a rate analysis, and an analysis of the 
viability of switching to alternative/renewable fuels and suppliers. 

6. Investigate energy usage scenarios to determine the optimal rate from energy 
suppliers or to determine if the customer qualifies for an alternative rate. 

7. Compile and utilize an energy bill history of the audited building to calculate a 
Btu/degree day/square foot calculation and use this calculation to compare and 
contrast the energy efficiency of this building to other buildings and energy efficiency 
standards. 

8. Identify and analyze opportunities for improving the operation, maintenance, and 
energy efficiency of each energy system and piece of equipment at a building site. 

9. Prioritize the results of the ECM analyses by energy savings, economic savings and 
environmental impacts. 

10. Prepare a building and systems load profile. 
 
METHODS OF INSTRUCTION MAY INCLUDE: Lecture, discussion, group exercises, case 
studies, and laboratory exercises. 
 
TOPICAL OUTLINE: 
 
Notes:  Some units will take more than one week to complete.  Calculations of costs, potential 
savings, and environmental impacts should be covered for each of the energy conservation 
measures listed below. 
 
Unit 1  Overview of Course  
  Basic Areas for Energy Efficiency and Conservation Measures 

Low Cost/ No Cost Energy Conservation Measures (ECMs) 
Weatherization ECMs 
Replacement vs. Retrofits of Equipment 

 
Unit 2  Data Acquisition, Monitoring, Auditing, and System Balancing Equipment for 

Energy Analysis, including:  data loggers, universal data recorder, flue gas analyzer, 
thermometer, utility meters, combustion analyzers, infrared thermography, airflow 
velocity meters, relative humidity measures, electrical meters, refrigeration measures, 
light meter, and sling psychrometer 
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Unit 3  Energy bill analysis, including power factor correction, peak demand limiting, rate 
structure and comparison to alternative rate opportunities, including green power 

 
Unit 4  HVAC Energy Conservation Measures (ECMs) 

HVAC tuning and operation ECMs, including equipment sizing, selection and 
maintenance, heating combustion efficiency, system efficiency, steam traps, chiller 
optimization, Coefficient of Performance and Energy Efficient Rating, stratified air 
consideration, psychrometric charts, economizer cycles, waste heat recovery, 
operating and maintenance considerations, cogeneration and micro-turbines, and 
thermal storage   

 
Unit 5   Other Building Equipment ECMs (kitchen, laundry, office equipment) 

Energy Star and other Energy Efficiency Ratings 
Domestic Water Heating ECMs 
Compressed Air ECMs 

 
Unit 6  Building Envelope ECMs 

Conduction and infiltration heat loss/gain, including vapor barriers, insulation levels, 
radiant heat gain/loss, solar shading, infiltration, building ventilation, and thermal 
mass of building 

 
Unit 7  Review renewable energy assessment and analysis (green power), green building, 

sustainable design 
 
Unit 8  Electrical ECMs – Lighting Systems Review, Pumps, fans, motors review, including 

efficiencies, belt drives, variable speed/frequency drives, load factors, fan laws, pump 
curves 

 
Unit 9   Energy Suppliers and Fuel Acquisition 
 
Unit 10 Prioritization of ECMs based on Cost Effectiveness and Environmental Impacts 
  
Unit 11 Case Study:  Analyses and prioritizations of ECMs for a given facility 
 
 
CDM Prepared By: Debra Rowe, Ph.D., based on materials from the Association of Energy 
Engineers Certification Training Schedule, Debra Rowe, Ph.D. and the Oakland Community 
College’s Environmental System Technology Program, Richard Anderson, and Roger Ebbage 
 
Date Written:   8/01 
Date Revised:   1/02 
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COURSE DEVELOPMENT MODEL 
 
 
COURSE TITLE: Energy Analysis Capstone 
 
Credit Hours: 3 
Lecture Hours Per Week: 2  Lab Hours Per Week: 2 
 
COURSE DESCRIPTION:  
The student will perform critical examinations of energy 
consuming facilities, both domestic and commercial, for the 
purpose of identifying energy conservation opportunities.  In 
addition, the student will identify various energy conservation 
measures, including equipment that can be installed to further 
conserve energy.  Energy audits will be performed at various 
commercial facilities, selected by the student and approved by 
the instructor.  The student will create a final energy audit report 
and energy management plan, and will present the plan to both 
the class and to the energy management team at the facility.  
 
PREREQUISITES: 
Introduction to Energy Management Principles 
Renewable Energy Sources 
Energy Control Strategies 
Heating Systems 
Cooling Systems 
Electrical Lighting and Motors 
Energy Costs, Economic and Environmental Analysis 
Energy Efficiency and Conservation Methods 
 
Recommended: Technical Report Writing 
 
RESOURCES USED FOR CDM DEVELOPMENT: 
 
Dr. Rowe’s course packet, Mr. Ebbage’s and Mr. Anderson’s course packets, 
auditors energy conservation measures (ECM) checklists from a variety of sources. 
 
Material and concepts from: 
 Alliance to Save Energy 
 Association of Energy Engineers’ certification program 
 Energy Efficiency and Renewable Energies Center (1-800-doe-erec) 
 Northwest Energy Education Institute’s Energy Management Certification 
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Program (www.nweei.org) 
GENERAL COURSE GOALS:  Students will be able to conduct an energy audit, 
prioritize energy efficiency measures, and produce an energy audit report and preliminary 
energy management plan.  
 
COURSE COMPETENCIES/STUDENT OUTCOMES:  At the conclusion of this 
course, students will be able to: 
1. Conduct an energy audit on a commercial building.  (To conduct the audit, 

 students will complete competencies #2 through # 14) 
2. Convene an energy management team for the building. 
3. Apply basic energy efficiency principles regarding energy production and use, 

 building construction, maintenance, operation and systems, and process systems. 
4. Create a list of all energy consuming equipment in the building and research all 

 possible energy conservation measures (ECMs) in the areas of HVAC, lighting, 
 motors, building envelope, and other building equipment. 

5. Utilize various energy analysis measuring and monitoring devices such as data 
 logger, universal data recorder, light meter, sling psychrometer, flu gas analyzer, 
 amp-probe, wattmeter, voltmeter, and utility meter. 

6. Identify and analyze possible energy conservation measures for performance, cost 
 effectiveness, and environmental impact. 

7. Compare occupancy schedules to operating schedules and recommend 
  appropriate adjustments to optimize building and energy usage. 
8. Prepare a total energy profile for a facility. 
9. Explain and recommend the use of corrective, preventive, and performance 

 maintenance. 
10. Create a preliminary energy management plan for the analyzed building. 
11. Analyze the energy bill history, including a rate analysis, and an analysis of the 

 viability of switching to alternative/renewable fuels and suppliers. 
12. Compile and utilize an energy bill history of the audited building to calculate a 

 Btu/degree day/square foot calculation and use this calculation to compare and 
 contrast the energy efficiency of this building in comparison to other buildings 
 and energy efficiency standards. 

13. Identify and analyze opportunities for reducing the energy consumption at a 
 facility. 

14. Prioritize the results of the energy conservation measures analyses. 
15. Present the results of the energy audit and the energy management plan to both the 

class and to the energy management team at the building site. 
16. Educate and persuade consumers, building owners, contractors, and architects to 

 utilize energy management and renewable energies. 
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TOPICAL OUTLINE: 
 
Unit 1  Overview of Course 
  Organizational and Educational Components of an Energy Management Program 
  Steps of an effective Energy Management Program 
  Review of quality energy policies 
   Steps of an Energy Audit 
 
Unit 2  Review of Low Cost/No Cost Energy Conservation Measures (ECMs) 
   Water Heating Conservation 
   Weatherization and Tuning 
   Operation and Maintenance as it Relates to Energy Reduction 
 
Unit 3  Review Utility Bills Analysis 

Review Building Envelope ECMs 
Conduction and Infiltration Heat Loss/Gain 
Review Economic and Environmental Analysis 
Review Use of Energy Analysis Measuring and Monitoring Devices 
Explanation of Audit-Part 1 
Prioritizing analysis of ECMs 
Creating an Energy Management Team 
Gaining Commitment to an Audit 
Energy Politics 
Selecting a Commercial Building 
Review Example Audits 

 
Unit 4  Review of Renewable Energy Design and Analysis (green power) 

Explanation of Audit-Part 2:  Occupancy & Operation Schedule, Equipment List 
ECM Checklist 
Keeping Score/Record Keeping 
Building Energy Profile 

Note:  Students get a commitment to conduct a building audit 
 
Unit 5  Students present and class discusses energy bill totals of audited building(s) 

Review electrical and HVAC costs and ECMs 
Presentation Style 
Lighting 
Lighting Problems 
Lighting Retrofit Examples 

Note:  Students prepare for practice audit presentations 
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Unit 6  Presentation and discussion of audits to date 
Unit 7  Careers in Energy Management 

The Essential Role of Education and Marketing in Selling an Energy Management 
Plan 
Dealing with Architects, Engineers, Contractors and Consultants—Getting Energy 
Management included from beginning as an ongoing commitment 
The Role of the Activist 

 
Unit 8  Review Financing Options and Cash Flow Analysis 

Researching Products 
The Important But Limited Role of Computerized Energy Management Systems 

 
Unit 9  Review Customer Objections and Appropriate Responses 
 Special ECMs:  Cogeneration, District Heating, Emerging Technologies, etc. 
 
Unit 10 Customer Role Play – Understanding customer objections to energy management 

After the Audit 
Getting the Energy Management Plan Implemented 
Employee Involvement in Energy Reduction and Environmental Stewardship 
Politics within the Organization 
Corrective, Planned, and Performance Maintenance 
Ongoing Training 
Selecting and Monitoring Contractors 

 
Unit 11 Convincing the Stakeholders to Incorporate Energy Management and Renewable 

Energies-- Role Plays with Building Owners, Purchasing Managers, HVAC 
Contractors, Architects, and Builders 

 The Future of Energy Management 
 
Unit 12 Energy Audit and Energy Management Plan Presentations 
  

 
CDM Prepared By: Debra Rowe, Ph.D., with material from Richard Anderson and Debra  
         Rowe, Ph.D.  
Date Written: 7-01 
Date Revised:  1-02 
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