BOC 1010 Instructor Notes and Metrics

Overview
One major program goal of the BOC is to increase a participant’s ability to identify areas for reductions in energy consumption and demand and to design projects to accomplish this. The competency component of the Building Operator Certification adds responsibilities to the instructors to ensure appropriate material coverage and effective delivery so that participants are successful on the test and any related project assignments (see below). To the degree possible, instructors should encourage and maintain an interactive classroom environment to enable participants to learn from each other’s experiences and apply the information to their facilities. Metrics are defined for Class Exercises, Project Debrief, and Proctorship of BOC Exams to ensure quality of program delivery. You should familiarize yourself with these metrics and seek assistance from the BOC program administrator or the BOC office, if questions arise. 

Preparation
Review the suggested activities and checklist below, reference the project workbook, and review the project rubric from the previous class. All provide criteria for effectively engaging participants, promoting discussion on key topics, and helping participants review and check for understanding. Since class activities are a required component of BOC training, determine if you will be implementing activities suggested or equivalent (objective, method and time) activities of your choice. In making your decision, remember that the ultimate goal is to facilitate the learning by adults who prefer experienced-centered and problem-centered instruction. 

Speak with your BOC program manager to determine who is sponsoring the BOC course. The BOC program helps connect participants to local resources including utility programs that can assist then with their energy efficiency projects. Check the www.dsireusa.org website. DSIRE is a comprehensive source of information on state, local, utility, and federal incentives and policies that promote renewable energy and energy efficiency. Research and become familiar with utility rebate and incentive programs, state energy office initiatives, and local energy efficiency trends and initiatives relevant to the class subject matter. Use the research to supplement discussion and tailor/adapt BOC curriculum to support sponsor interests. For example:
1. Describe how the BOC sponsor’s EE initiative and/or DSM program benefits building owners. 
2. Provide one or more examples of how their initiative/program relates to the topic you are teaching. What would a building operator need to know about this relationship? How would you tailor the instruction to share this information with the participants?
Presentation Materials
The BOC Program provides electronic MS PowerPoint slides that complement the participant handbook to help you prepare participants for the tests and exercises. We encourage you to enhance the slides with your own teaching aides provided these do not confuse coverage of the basic materials nor create any ambiguity in the minds of the participants. These aides might include additional slides, case studies, demonstration props and specialty equipment, videotapes, and in-class exercises. Instructors are also encouraged to note current changes and developments in the topic they are presenting. See the suggested props/specialty equipment in the checklist below.

Participant Materials
Participants receive a handbook that complements the presentation slides. The handbook may contain pages, illustrations, tables, charts, and other documents supporting activities. Instructors should reference the handbook during class and refer participants to specific pages when giving instructional cues.

Class Exercises 
Metric: Integrate a minimum of one hour of non-lecture, participant-centered activity into the training day.
Class exercises are activities led by the instructor in class to enable participants to practice skills and concepts taught. The average retention rate for lecture mode of instruction is 5% compared to 50% for discussion group and 75% for practice by doing. Additionally, activities break up a long day of presentations and offer participants an opportunity to network with and learn from each other’s experiences. Most classes in BOC Level I and II have several suggested in-class exercises for the instructor to administer. Review the suggested exercises below.

Project Assignment 
Metric: Allot a minimum of ten minutes of class time facilitating a debrief on the project assignment from the class taught before yours.

Successful completion of all project assignments is required for Level I certification. It is therefore important to ensure participants understand the assignment and are comfortable completing it. Participants return the completed projects to the following class where it is reviewed and graded by the training coordinator. 

Review the Project Workbook to familiarize yourself with the project assignments. Review the project specific to the class taught before yours (see BOC schedule at this URL – administrator provides URL). Develop three questions you would use to facilitate the discussion keeping in mind the goal of providing participants with the opportunity to share their experiences and create action steps for implementing energy efficiency improvements.

The instructor is responsible for reviewing the project assignments at the end of the class before administering the test. Refer participants to their Project Workbook and grading rubric when reviewing the assignment. 

BOC Test Proctor Procedure 
Metric: Follow the BOC test procedure. 

The BOC test is designed as an assessment of a participant’s grasp of the material and it is essential that the integrity of the test be maintained. The following test procedure maintains the integrity of the test by preparing participants to be successful in the absence of coaching to the test. 

TEST PROCEDURE: The instructor is responsible for administering the test and will be present throughout the test to answer questions. The instructor is permitted to clarify the questions, if needed, but may not provide the answers to any questions under any conditions. 

At the beginning of the class session, the instructor will review the day’s agenda, including the timing of the test and general points concerning its administration. The instructor will review the test procedures and restrictions with participants prior to taking the test. 

The exams are open-book and any notes or handout materials may be used as a reference. A period of one hour is available for the test, but it will not be strictly timed.

Coaching of participants about material that appears on the test is not permitted during instruction of BOC classes. Directing participants to highlight or put post-it notes at specific points in the Participant Handbook is also not permitted. The instructor is responsible for ensuring a quiet test environment, which includes no use of cell phones and no unnecessary conversation of any kind while the test is underway. When finished, the TEST BOOKLET and the COMPETED ANSWER SHEET should be turned in to the instructor or the site coordinator, as appropriate.

Evaluation
At the end of class, all participants will complete a Class Evaluation form after taking the test. The evaluation is designed to collect information about the class content, instruction, and interest in future topics. The information is used by NEEC to make improvements to the curriculum, to share with instructors, and to plan future classes offered in the BOC program.

Suggested Activities
BOC 1010 has five exercises. These exercises are extremely important to each participant in successfully passing the test and meeting learning objectives. Instructors should familiarize themselves with these exercises and are encouraged to improve upon them or add to them, as time will permit. These are described in more detail, below. In addition to class exercises, BOC 1010 has a self-test to activate prior knowledge, suggested discussion topics, and case studies. Small group break out discussion and other participant-centered techniques are encouraged. Instructors are encouraged to bring additional or more familiar case studies to the class that emphasizes the importance of O&M best practices. 

	Materials
	Suggested Activities
	Time

	General Prep:
Review project assignment from the previous class

Handbook: 
Agenda
Objectives

	1. Introductions – Instructor-led Discussion
A. To help warm-up the participants for class discussion the following questions are suggested after the basic introductions:
1. What do you think of when you hear the terms “displacement ventilation,” “underfloor air distribution,” or “mixed mode buildings”?
B. Class Agenda and Learning Objectives
1. Provide an overview of the day and a brief explanation of the topics the class will cover and why. 
2. Provide an explanation of the learning objectives.
3. Transition to the first topic on the agenda.
	5 min


	Handbook: P. 29

	1. DV Activity – Large or Small-Group Case Study and Discussion
A. Instructions
1. Refer participants to the activity instructions in their handbook.
2. Divide participants into two to four groups with approximately the same number of people in each group, then:
i. Give five minutes to discuss, as a group, the answers to the questions that follow the scenario description.
ii. Appoint one person to report the group’s findings to the class.
B.  Scenario
1. Building Type: Five-story 50,000 square foot college classroom building
2. Existing HVAC System: Displacement ventilation is used throughout, served by a Built Up Packaged Rooftop Unit 
3. You have been brought on the job to help the operations staff because you have taken an operator’s training course on displacement ventilation. The existing staff was recently hired, but they are unfamiliar with stratified displacement ventilation systems and have been unable to solve the problems that have developed since a change in the use pattern of the classrooms took place. A significant number of classrooms were converted into computer labs which resulted in much higher cooling loads (heat gains) in the classrooms. To handle the higher cooling loads, control changes were made, but many students are complaining of being too cold, particularly those close to diffusers. The previous operators said they had used their experience from overhead mixing systems to set the thermostat setpoints (72-74 °F), as well as the supply air temperature (55-57 °F) entering the room. Stratification has been measured to be 6-7 °F in the occupied zone.
C. Questions
1. List the control parameters and settings that you would recommend reviewing and what changes could be made to improve the thermal comfort in the classroom.
i. ANSWER: To address cold complaints, the supply air temperature must be raised above levels used for conventional overhead systems. Since DV systems deliver air directly into the occupied zone, recommended supply air temperatures should be in the range of 61-68 °F.
ii. ANSWER: Space thermostat setpoint temperatures should be reviewed to reflect an understanding that the occupied zone is a stratified environment, not a well-mixed environment produced by a conventional overhead system. Setpoint temperatures at the 4-ft height may need to be raised by 1-2 °F to maintain proper comfort conditions – the average temperature in the occupied zone should be maintained at a temperature similar to that used in overhead mixing systems.
iii. ANSWER: Stratification in the occupied zone must be reduced below the maximum acceptable limit of 5 °F specified by ASHRAE Std. 55. This can be addressed by increasing the air supply volume, which is likely to be needed due to the higher cooling loads in the space. This will also likely be needed due to the increased supply air temperature discussed in the first point above.
2. What actions could be taken in relation to the occupants to help reduce their cool discomfort?
i. ANSWER: In terms of occupants, special attention should be given to the proximity of supply diffusers to permanent work locations for occupants. If necessary, occupants could be relocated, or if feasible, barriers or baffles could be installed to shield occupants from cool supply air in the “adjacent zone” near diffusers.
3. Assuming you are in a climate that does not require dehumidification of the outside air, how would you expect your control changes to affect HVAC system energy performance?
i. ANSWER: By raising the supply air temperature, the opportunity to reduce cooling energy use by employing outside-air economizing will be increased. Fan energy may be increased due to the need to use higher air supply volumes. 
D. Transition from DV to UFAD systems with a summary of DV design features and maintenance considerations. Refer students to the supplemental reading resources on DV found on the BOC website http://www.theboc.info/about/resources.
	15 min

	Handbook: P. 64

	1. UFAD Activity 1 – Large or Small-Group Case Study and Discussion 
A. Instructions
1. Refer participants to the activity instructions in their handbook.
2. Divide participants into two to four groups with approximately the same number of people in each group, then:
i. Give five minutes to discuss, as a group, the answers to the questions that follow the scenario description.
ii. Appoint one person to report the group’s findings to the class.
B.  Scenario
1. Building Type: Nine-story, 418,000 ft² government office building with underground parking and ground-level retail space. The upper (4-9) floors are largely open plan office on a 30,000 ft² floor plate.
2. Existing HVAC System: Floors 1-3 are served by an overhead air distribution system. Floors 4-9 are conditioned by an underfloor air distribution (UFAD) system, served by a built-up chiller plant on the roof with two central air handlers providing conditioned air down shafts to the floors. The UFAD system uses swirl diffusers throughout the interior zones of the office and variable-speed fan coil boxes ducted to linear bar grilles in the perimeter.
3. The focus of this exercise is on floors 4-9 and the performance of the UFAD system. During the summer months, you have been receiving a significant number of complaints of “too cool” conditions from building occupants. You review the recorded space temperatures from the BMS system and determine that the majority of the thermostats are at or below 72 °F, a typical cooling setpoint from your experience with overhead mixing systems. You walk around on several floors and collect some additional spot measurements of air temperature and determine that the amount of stratification in the occupied zone is around 1 °F. The supply air temperature entering the underfloor supply plenum from the air handlers is measured to be 65 °F.
C. Questions
1. Based on your knowledge of UFAD systems, discuss what you think should be recommended average temperature and stratification levels in the occupied zone to improve comfort, while maintaining or achieving improved energy performance.
i. ANSWER: To address cold complaints, space thermostat setpoint temperatures should be reviewed to reflect an understanding that the occupied zone is a stratified environment, not a well-mixed environment produced by a conventional overhead system. Setpoint temperatures at the 4-ft height should be set so that the average temperature in the occupied zone (up to 6-ft height) is maintained at a temperature similar to that used in overhead mixing systems (74-75 °F). For improved energy performance, stratification in the occupied zone should be in the range of 3-4 °F.
2. What are the control changes or adjustments that could be made to provide the temperature conditions recommended above? 
i. ANSWER: When there are cold complaints and little stratification, it is clear that the supply air volume needs to be reduced. In an environment with 3-4 °F of stratification, to maintain an average occupied temperature in the range of 74-75 °F, setpoint temperatures at the 4-ft height may need to be raised by ~1-2 °F to maintain proper comfort conditions. Reducing airflow rates and raising room setpoints should help to increase stratification from the existing 1 °F, but it may also be necessary to decrease the supply air temperature.
3. Discuss what actions could be taken in relation to the occupants to improve their comfort perception using the UFAD system?
i. ANSWER: Efforts should be made to educate occupants on how to adjust the amount or direction of airflow from nearby floor diffusers. It is also important to check the location of diffusers in relation to nearby occupants. Cold discomfort could result if placed too close. If necessary, diffusers should be relocated to be at least 3-4 ft away.
4. Are there any other UFAD system performance issues that may contribute to the overly cool conditions experienced by the occupants?
i. ANSWER: Excessive air leakage from the underfloor plenum could also contribute to cold discomfort to nearby occupants. If necessary, inspections should be undertaken to find and seal leaks that are contributing to comfort problems. 
D. Transition from the activity and discussion on comfort implications of room air stratification and average temperatures in the occupied to the next topic which examines another potential comfort benefit of UFAD systems: occupant control of nearby floor diffusers. 
E. Refer students to the supplemental reading resources on UFAD found on the BOC website http://www.theboc.info/about/resources.
	15 min

	Handbook: P. 68
	1. NV Questions to Activate Prior Knowledge
A. This self-test is a mentally energizing activity to the topic of NV. It allows participants to activate knowledge they may already have on the topic.
B. Give participants an opportunity to access previous knowledge about natural ventilation by answering the following questions found in their handbook:
1. What are the benefits (energy and non-energy) related to using a natural ventilation system?
i. ANSWERS:
· Decreases construction and operating costs (no mechanical system).
· Reduces energy consumption.
· Can be utilized to cool building mass at night in warm climates.
· Greater occupant connection to the outdoors.
2. What are some of the limitations of natural ventilation systems?
i. ANSWERS:
· Cannot control humidity (mechanical cooling will still be required in hot/humid climates).
· Wind is not predictable and can be difficult to harness due to variations in speed and direction. 
· Relies on interactions with building envelopes/openings (may not be useful in retrofit applications).
· May create strong drafts that lead to discomfort.
· Air quality may become an issue in urban/industrial areas.
· May not be applicable in hot, humid climates.
3. What are some of the O&M issues that may be associated with a natural ventilation system?
i. ANSWERS:
· Openings such as windows and vents must be kept free of obstruction.
· Dirt found in doorways and windows may find its way to the inside of a building.
· Harder to control odors and noise.
· Security may become an issue with manual operated windows.
· Drafts may cause an increase in occupant complaints.
· If natural ventilation requires supplemental HVAC, open windows may prevent optimal HVAC system control.

C. Transition from NV overview to NV maintenance considerations and deeper discussion on functionality.
	5 min

	Handbook: P. 107

	1. NV and MM Activity – Individual Case Study Reflection and Class Discussion
A. Instructions
1. Refer participants to the activity instructions in their handbook.
2. Give participants three to five minutes to review the brief case study summary (narrative and images) – individually.
3. As a class, take five minutes to discuss the questions. Ask participants to volunteer answers. 
B.  Scenario
1. General building information: 
i. Location	Stanford, CA
ii. Climate	Temperate (CA Climate Zone 3)
iii. Size	             11,000 square feet
iv. Stories	             Two 
v. Building use	Research Laboratories, Offices
vi. Occupancy	45 full-time researchers and staff
2. The lobby is an unconditioned outdoor space much of the year, with a passive cooling tower providing increased comfort on hot days. Atomizing spray nozzles in the tower evaporatively cool the air, creating a thermally-driven downdraft in the absence of wind to carry cool air into the lobby areas.
3. The first floor is primarily labs of various kinds, and the windows are sealed. All air is mechanically supplied to the labs and is 100 percent outside air at the rate of six room air changes per hour. Most of the exhaust from this space is room exhaust (not fume hood exhaust), and is run through a heatpipe heat exchanger to preheat or precool the incoming outside air. 
4. The second floor has operable windows combined with radiant slab heating and cooling, allowing for the elimination of ducts and fan energy use on the second floor. The building is oriented to take advantage of the prevailing winds to catch breezes for effective cross-ventilation. Some stack effect is created through the clerestory windows on the second floor. Approximately half the clerestory windows are operable awning-type ganged to hand cranks. The operable windows at occupant level are casement-type with the operable direction oriented to catch the prevailing breezes.
5. Chilled water for cooling is provided without air-conditioning compressors by using a “Night Sky” roof spray system. It creates a thin film of water on the roof at night using small sprinklers. The water is cooled primarily through radiation to the deep space cold night sky. The water is collected via the roof drainage system into a 12,000 gallon storage tank. Chilled water is supplied at 55-60 °F using only 0.04 kW/ton and using half as much water as a conventional water-cooled chiller. An existing 20 ton air cooled chiller is used to provide additional cooling on the hottest days. Heating is supplied by a high efficiency condensing gas boiler at 110 °F (instead of 180 °F).
6. The building has a complete building automation system which takes information from building thermostats, night sky cooling system, and the peak electric demand to optimize the running of the building. There is no active or passive connection between the operable windows and the mechanical system. Occupants are free to open/close windows at their own discretion.
7. Due to the environmental knowledge of the scientists and staff that work in the building, the owner chose to use education and experimentation to determine the integration method for the HVAC and natural ventilation system. Through trial and error the occupant as a group has established a culture that understands the building, its reaction to weather conditions and acts accordingly to control their environment. 
C. Questions
1. Would you describe this as a concurrent, changeover, or zoned system (or some combination), and why?
i. ANSWER: The Carnegie Institute for Global Ecology is a combination of both a zoned and concurrent system. The center’s functions were zoned into separate categories requiring different levels of ventilation and cooling. The offices can be naturally ventilated, while the laboratory areas require higher levels of ventilation and cooling. The first floor is entirely mechanically conditioned, and the windows are sealed. The second floor is concurrent - the windows are all operable, combined with radiant slab heating and cooling, which operates simultaneously.
2. What are some of the key reasons this system is likely to work well?
i. ANSWER. The zoned system allows there to be more control over the ventilation requirements for the labs on the first floor. Since the first floor has 100 percent outside air, heat exchanger allows for pre-heating or pre-cooling to minimize energy loss from ventilation air. Access to lower operable windows on the second floor allows for personal control and a wider range of adaptive comfort. Upper clerestory windows allow for stack effect when there aren’t sufficient winds for cross-ventilation. Radiant system is often viewed as very comfortable compared to air distribution. The night sky roof spray system saves significant energy and is very effective in this climate where there is low humidity. There is a strong environmental ethic among the workers, which makes it easier to educate the occupants and engage them in how the building works.
3. From an operations perspective, what do you expect are some of the issues that are likely to arise?
i. ANSWER. The building automation system optimizes the operation by collecting information from thermostats, night sky cooling and peak electric demand. Any system that tries to do automation will need to be reviewed to make sure it is operating as designed. People who are sensitive to allergies may have problems with the operable windows during high pollen-count days. Occupant education has to be ongoing - new workers will have to be informed about the unique features of the building and their role in controlling their environment. 
D. Refer students to the supplemental reading resources on NV/MM found on the BOC website http://www.theboc.info/about/resources.
E. Transition from NV/MM to HP heating and cooling systems with a summary of NV/MM lessons learned and suggestions for further reading. Transition to the HP heating and cooling systems section with a brief check-in with the agenda on slide 211.
	10 min

	Handbook: P.159
	1. HP Heating and Cooling Activity - Small-Group Case Study and Discussion
A. Instructions
1. Divide participants into two to four groups with approximately the same number of people in each group.
2. Assign each group one of the following building scenarios. Give groups five minutes to discuss the answers to the questions that follow the case study, as a group.
3. Each group appoints one person to report the group’s findings to the class.
4. Answers appear below.
B. Building Case Study I
1. Building: Single story 50,000 ft² elementary school with large playground area.
2. Existing HVAC System: Built-up packaged rooftop units (30 years old) O&M costs have increased as the existing HVAC system ages. To decrease costs associated with operation (energy costs and maintenance costs), the school district wants to replace the existing HVAC system with one that is more energy efficient.
3. Questions/Answers: 
i. List the high performance HVAC replacement options for the building and select one that you think is most applicable or suitable. ANSWER:
· Ground Source Heat Pump
ii. What are some of the energy and non-energy benefits of your preferred new HVAC system over the existing system? ANSWERS: 
· Increased efficiency over air source heat pump
· Electric only system
· Very quiet – users do not know when the system is operating
· No outside equipment to hide, eliminating vandalism and roof top units.
iii. How will O&M activities and level of effort be affected by changing to your preferred new HVAC system? ANSWERS:
· No requirement to clean an outdoor, air cooled heat exchanger
· Open loop systems may be subject to clogging due to mineral deposits
· No compressors to maintain.
C. Building Case Study II
1. Building: Nine story office building (25,000 ft² per floor) in Portland, Oregon
2. Existing HVAC System: Two main variable air volume air handling units with reheat terminal units serving perimeter zones and non reheat terminal units serving interior zones. The main air handlers are tied into a central hot water boiler and water-cooled chilled water plant (40 years old).
3. Building owner has been notified that there has been an increase in the number of occupant complaints regarding discomfort (too hot/too cold) in work areas. Also, the equipment is nearing the end of its useful life. Replacement of the existing HVAC system has been included in the building’s capital improvement plan. In order to capitalize on incentives offered by the utilities serving the building, the owner wants to replace the existing HVAC system with one that is energy efficient.

4. Questions/Answers: 
i. List the high performance HVAC replacement options for the building and select one that you think is most applicable or suitable. ANSWERS:
· Condensing boiler
· Heat recovery chiller (not discussed in presentation, but students may be aware of this technology).
ii. What are some of the energy and non-energy benefits of your preferred new HVAC system over the existing system? ANSWERS:
· Decrease in natural gas use
· Increased safety resulting from lower operating temperatures
· Smaller footprint allows more usable space in mechanical rooms.
iii. What are some of the energy and non-energy benefits of your preferred new HVAC system over the existing system? ANSWERS:
· Decrease in natural gas use
· Increased safety resulting from lower operating temperatures
· Smaller footprint allows more usable space in mechanical rooms.
D. Transition from the activity discussion to a summary of the key points of the HP heating and cooling systems and additional resources available for more information. Then, transition to the test procedure.
	15 min
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BOC 1010 Instructor Checklist


·  Number of people expected: _____
·  Classroom set-up confirmed?
·  Instructor(s) bio(s)
·  Participant IDs
·  Pens and sign-up sheets
·  Evaluation forms
·  Participant handbooks
·  Test booklets
·  Test answer sheets
·  Duct tape 
·  Extension cord
·  Props: none


Be sure to review with participants all of the material covered on the test. 
Forward all test booklets and answer sheets to NEEC within two weeks of the class.


Collect the completed evaluations at the end of the class and return them to the training coordinator.

