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Executive Summary

The national BOC® Program is available nationally and has over 25,000 graduates. The Level I training program has 7 classes consisting
of 74 hours of classroom training, tests, and in-facility project assignments. Level II requires 6 classes consisting of 61 hours of classroom
training, tests, and in-facility project assignments. Each training program has an associated Training Certificate of Completion. BOC
Certification is for building operators who have completed the BOC Level I course or an approved equivalent training program and wish
to sit for the certification exam.

In 2011, at the request of the Department of Energy, NEEC conducted a Job Task Analysis (JTA) and identified knowledge, skills, and
abilities (KSA) for building operators. NEEC’s team of subject matter experts identified 12 functional activities and 108 KSAs relevant
to efficient building operations. The National BOC® Advisory Committee, which represents a broad spectrum of industry leaders,
reviewed the KSAs. Additionally, ninety-two BOC® participants reviewed the KSAs. Advisory Committee members and participants
rated the importance of each task as it relates to energy efficiency; commented on the years of experience required for each KSA; and
provided performance indicators.

A detailed gap analysis was conducted, reviewing the BOC® program against the KSAs. NEEC used the KSAs to develop curriculum
skill standards that were then “crosswalked” against the existing BOC® courses. Analysis indicates that BOC material is aligned with
KSAs for building operators in content and approach. A more granular analysis indicates that the BOC® can be strengthened by additional
development of learning modules that integrate KSAs identified as being in-demand by the Advisory Committee, market trends, and
participant/graduate feedback.

In 2020 NEEC conducted a JTA survey to reassess the KSAs for building operators. The survey was distributed nationally to BOC
stakeholders and graduates and the data gathered was analyzed to identify any changes that needed to be made to the BOC skills standard,
curriculum content, and BOC certification exam blueprint. After reviewing data from the 2020 JTA and an exam health check, the BOC
Certification Advisory Commission Scheme Committee recommended changes to the number of exam items under some of the exam
domains and subdomains, as well as revising or replacing some of the exam items, to ensure the exam continues to evaluate building
operators’ proficiency in the correct critical work functions. The changes to the certification exam were completed in Q2 2025 and a follow-
up JTA is planned for the coming year.
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1. Building Operator Certification Task Analysis Overview and Terminology

Credentialed BOC® operators can be found across all sectors including schools, universities, hospitals, commercial real estate, hospitality,
government, laboratories, retail, and many more. Buildings account for a fifth of the world’s total delivered energy consumption. According to the US
Department of Energy, buildings consume 75% of the electricity and 40% of the total energy used in the United States
(https://www.energy.gov/eere/buildings/data-and-analysis-buildings-sector-innovation). When it comes to maximizing energy efficiency and occupant
comfort, an operator's composite skills encompass the complete built environment and the human-building systems interaction that connects the
building to its occupants.

1.1. Critical Work Functions and Key Activities

1.1.1. Critical Work Functions
Critical work functions represent the general areas of responsibility for building operators specific to improving building energy use and performance
and maintaining high performance over time. The functions tell us what must be done to achieve the key purpose.

1.1.2. Key Activities
Key activities are the tasks implemented by building operators and related to the functional area of the job. They are made up of building energy
performance work activities which are measurable and observable, and which result in a decision, product or service.

1.2. Knowledge, Skills, Abilities and Job Performance

1.2.1. Knowledge, Skills, Abilities (KSA)

Knowledge, Technical skills, and abilities are those areas of expertise which building operators must have in order to perform a given occupational
task with excellence. A collection of knowledge, skills, abilities, and tools make up competencies.

Skills refer to proficiency in an applied activity. This activity could be physical, mental, or interpersonal in nature.

Knowledge is a particular set of information.

Abilities are broad human characteristics that result from natural talent, training, or experience.

Tools are materials, equipment, and implements a worker must be able to use competently to meet the requirements of the job.

1.2.2. Job Performance Indicator (JPI)

Performance indicators are specific behavioral evidence of a worker’s achievement of knowledge, skills, and task completion. The question answered
is: "How do we know when this key activity is performed well?” Performance indicators provide the standard of performance required to produce the
necessary outcomes of key activities.
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2. BOC Task Analysis

2.1. Scope of Critical Work Functions

Critical Work Functions Key Activities

A. At A2 A3

Maintain Energy Using Building Perform preventive and Troubleshoot system and Document equipment
Systems, Equipment, and Envelope predictive maintenance equipment problems and maintenance

to Minimize Energy Use perform diagnostic testing

B. B1 B2 B3

Operate Energy Using Systems for Operate equipment settings Measure and monitor energy Sustain energy performance
High Performance and system control points performance

C. c1 c2 C3

Perform Technical and Administrative
Duties

Maintain records and reports
and communicate with
management, co-workers, and
occupants

Assist in occupant education
and training

Maintain and obtain
certification and proficiency in
current and new technologies

D.

Maintain Indoor Environmental
Quality to Standards

D1
Measure and monitor IEQ
parameters

D2
Troubleshoot IEQ issues

D3

Assist in developing and
implementing an IEQ plan

2.2. Building Systems Equipment and Tools

Building Operators work with a wide variety of building equipment and operate various types of test equipment in their work. Below is a summary of
the major categories of that equipment.

2.2.1. Building Systems: Building envelope/shell, heating, ventilation, cooling, refrigeration, moisture control, electrical, energy management systems,
lighting, plumbing systems, and plug-loads (office equipment, computers/monitors, appliances).

2.2.2. Systems Equipment: Boilers and auxiliaries, chillers and cooling towers, direct digital controls (DDC), data loggers, thermostats, sensors,
electrical distribution equipment, fan terminals, valves, dampers, actuators, variable air volume (VAV) box, air handlers, systems, lighting
controls, pumps, motors, duct work, heat recovery, steam traps, and water treatment systems.

2.2.3. Test Equipment: Temperature/Relative Humidity Meter, CO2 Meter, Infrared Thermometer, Infrared Camera, Air Flow and Pressure Meters
(Magnahelic Gauge), Ultrasonic Leak Detector, Flue Gas Analyzer, Balometer, Differential Fluid Pressure Meter, Volt Meter, Vane and Thermal
Anemometers, Pitot Tube Anemometer, Differential Manometer, Surface Temperature Meter, llluminance Meter, Lighting Ballast Discriminator,
Ammeter, Temperature/Relative Humidity logger, Light and Motor On/Off Logger, Multi-input Logger, Sling Psychrometer, Thermal Imager, and Smoke
Tracer.
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2.3.

Scope of (A) Activities

(A) Maintain Energy Using Building Systems, Equipment, and Envelope to Minimize Energy Use

KEY ACTIVITY Performance Indicators Technical Knowledge, Skills, Abilities and Tools
23.1 A1 e The maintenance program is followed and maintenance jobs e Knowledge of building systems and equipment (see list on page 4 of
Perf are performed and documented according to maintenance this document) and how components interact with each other, with the
€ orm. policies and procedures. building, its occupants, and the environment.
preventive and . . - . .
redictive e  When they exist, preventive and predictive maintenance ¢  Knowledge of AC/DC electrical theory.
prex standards and guides are completely followed and equipment |, knowledge of how maintenance procedures optimize the energy
maintenance drifting out of calibration is prevented.

Equipment is tested to ensure it works properly upon
completion of maintenance.

Maintenance is completed with no adverse impact on building
systems, occupants and equipment.

Energy losses from steam, water and air leaks, maladjusted or
inoperable controls, and poorly maintained equipment are
prevented.

Instances of reactive maintenance are reduced.
Unanticipated equipment failures are reduced.

performance of the building and ensure good indoor environmental
quality (IEQ).

Knowledge of predictive maintenance approaches for monitoring (incl.
physical senses) and using diagnostic data to detect equipment
degradation and address issues as they arise.

Knowledge of how maintenance history is used in energy monitoring
and reporting.

Basic knowledge of commissioning processes, benefits and
documentation of new and existing buildings.

Knowledge of best practices for calibrating pneumatic equipment.
Knowledge of bidirectional EV charging including potential risks and
benefits to facilities.

Knowledge of root cause analysis and its value in problem solving
for energy efficiency operational improvements.

Knowledge of integrated controls in heat pumps.

Knowledge of building systems and controls security access and
vulnerabilities.

Ability to read schematic drawings of circuits and wiring diagrams
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to identify power sources, controls, paths, and calculate loads.

Ability to read and interpret manufacturer and as-built building system
specifications and recommendations for preventative maintenance
requirements.

Ability to perform regularly scheduled maintenance activities according
to defined maintenance methodology (preventative, predictive,
corrective) defined in the maintenance plan.

Skilled in operating test equipment (see list on page 4 of this
document) upon completion of maintenance to determine if a
building system is operating properly.

Skilled in comparing periodic historic operational data from a
particular plant system to current operation, determine short- and
long-term system performance, and perform unscheduled
maintenance as needed.

Ability to perform maintenance with no adverse impact on building
systems, occupants and equipment.

Skilled in performing basic maintenance for on-site EV charging
stations.

Ability to utilize root cause analysis for evaluating controls
systems and energy management systems to identify sources of
additional energy usage in building systems.

Skilled in troubleshooting issues with integrated controls in heat
pumps.

Ability to coordinate building systems and controls security
access and vulnerabilities with IT department.

232

A2 .

Troubleshoot
system and
equipment
problems and
perform
diagnostic testing

Safety procedures are discussed and followed and proper
personal protective equipment is worn or used.

Schematics, wiring diagrams and equipment experts are
consulted as necessary or required.

Information about the nature and possible causes of abnormal
performance is systematically gathered through walkthrough
inspection, operational experience, observation of equipment

Knowledge of system devices and controls that commonly fail,
inspection procedures, cause of failure and impact on other systems,
and how to maintain devices for operation and efficiency.

Knowledge of the use of Artificial Intelligence (Al) and machine
learning technologies to automatically detect, diagnose, and predict
faults or inefficiencies in building systems.

Knowledge of AC/DC electrical theory.
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during normal operations, and feedback from building
operations personnel and occupants.

The diagnostic tests are performed systematically as
necessary to determine the correct nature of the problem.

Manufacturer's instruction manuals and equipment histories
are used when evaluating equipment performance.

Procedures for isolating problems are initiated correctly and
followed through completely.

System conditions are known and understood prior to initiating
troubleshooting.

Measurements are taken and procedures are documented
during troubleshooting.

Measurement data is analyzed and compared against
manufacturer's specifications, maintenance history and
previous measurements

Troubleshooting is completed with no adverse impact on
building systems and equipment.

Knowledge of multiple trades and crafts and their functional boundaries
and nomenclature.

Knowledge of basic troubleshooting processes and procedures
including root cause analysis.

Knowledge of common mechanical problems of damper and
valve actuators and their effect on control system response.

Knowledge of types of data loggers and their uses.

Knowledge of bidirectional EV charging including potential risks
and benefits to facilities.

Knowledge of root cause analysis and its value in problem solving
for energy efficiency operational improvements.

Knowledge of integrated controls in heat pumps.

Knowledge of building systems and controls security access and
vulnerabilities.

Ability to conduct a brief walk-through inspection to identify abnormal
building performance and assess its physical condition using the
physiological senses and test equipment (see list on page 4 of this
document) to take diagnostic measurements.

Ability to read schematic drawings of circuits and wiring diagrams
to identify power sources, controls, paths, and calculate loads.

Skilled in troubleshooting circuit loads and power using equipment.

Ability to read prints and identify building systems components,
distribution pathways, supply and returns, terminal points, and sub-
components.

Ability to read and correct as-built prints.

Ability to read in-house documentation and manuals including
manufacturer’s specifications, instrument calibration sheets, service
and maintenance schedules, sequence of operation, and equipment
measurements and trends logs.

Skilled in installing and configure data loggers.

Skilled in using an energy management system and/or data loggers to
monitor system performance, analyze system operation, distinguish
trends in performance, diagnose performance deviations, and
determine corrective action.

Ability to test and troubleshoot building systems and equipment
including HVAC, electrical and electronic systems.

Ability to perform troubleshooting with no adverse impact on building
systems, occupants and equipment.

Ability to utilize root cause analysis for evaluating controls
systems and energy management systems to identify sources of
additional energy usage in building systems.

Skilled in troubleshooting issues with integrated controls in heat
pumps.

Ability to coordinate building systems and controls security
access and vulnerabilities with IT department.
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233

A3
Document
equipment
maintenance

A written or computerized maintenance system is used for
recording measurements, inventories, test results, scheduling
jobs, tracking and analyzing maintenance history, and
generating reports.

Change management procedures are followed, ensuring
revisions to documents (schedules, checklists, instructions)
resulting from maintenance activities are properly tracked.

Documentation is maintained according to organizational
policies and procedures.

Documentation is accurate, legible and thorough and is
completed in a timely manner.

Knowledge of how documentation is used to monitor and report energy
use and building performance.

Knowledge of how to document diagnostic test results.
Knowledge of documentation change policies and procedures.

Ability to gather, analyze, and present information based on
organizational requirements.

Ability to input and maintain accurate measurements, test results,
inventories, equipment logs, and other relevant data in a written or
computer-based maintenance management system.

Ability to update wiring diagrams, prints, schedules, checklists, and
instructions.
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2.4. Scope of (B) Activities

(B) Operate Energy Using Systems for High Performance

KEY ACTIVITY Performance Indicators Technical Knowledge, Skills, Abilities and Tools
241 B1 e [f available, each building system is operated accordingtothe | ¢  Knowledge of the building systems and equipment (see list on page 4
- 0 ¢ building operating plan including time-of-day schedules, mode of this document) and how components interact with each other, with
Epe_ra e ¢ of operation, and the desired indoor conditions for each the building, its occupants, and the environment.
qumen schedule. e Knowledge of the building operating plan for each building system,
Settings and e Written maintenance plans that include energy budgets and desired conditions, seasonal variations in operations, and monitored

System Control
Points

procedures for monitoring building performance and energy
reporting are followed.

Detailed, readily accessible sequence of operation
documentation for each building system that defines
operational states by given conditions in the building is
utilized to periodically test system performance.

Maintenance procedures are periodically reviewed and
operating sequences, schedules, and set points are monitored
to ensure that the facility operates as efficiently as possible.

Building systems operate reliably and at peak efficiency as
evidenced by occupant comfort, equipment uptime, reduced
emergency trouble calls, and controlled costs.

Occupants’ comfort is evidenced by reduced request for
temperature adjustment.

Operation of lights and building HVAC systems match
occupancy and building conditions, maximizing energy
savings and maintaining comfort.

In water distribution systems with pump speed and
flowrate (GPM) water circulation settings, optimal
water circulation is maintained by adjusting pump
speed and GPM settings in response to varying
demand, ensuring energy efficiency and system
performance.

Boiler thermal efficiency is maintained to ensure energy-
efficient operation and minimization of waste.

space conditions used to control the base systems.
Knowledge of building energy sources.
Knowledge of Thermal Comfort Theory and standards.

Knowledge of how to operate HVAC system components for
energy savings including reducing ventilation air, hot/cold water
reset, economizer control, start time optimization, and peak
demand load shedding.

Basic knowledge of the commissioning processes for building
systems and controls.

Knowledge of building energy management goals and policies
and how efficient operations can enhance equipment
performance and reduce energy use.

Knowledge of steam and water distribution system components,
steam cycle and traps.

Knowledge of boilers and auxiliaries including combustion, heat
exchange and efficiency; capacity control (lead/lag and
modulation); and startup/shutdown.

Knowledge of electrical systems including electrical theory,
single and three phase electrical systems, motor control centers,
drives, and lighting.

Knowledge of Control Theory and Terminology including
sequences of operation; response time (loop tuning); capacity
control; reset/start- up/shutdown/setback/set-up; speed control
(pump and fan curve); balance and zoning.

Knowledge of direct digital controls for HYAC systems and air
handling, chilled water, and hot water systems control for
constant volume and VAV applications.

Knowledge of best practices for calibrating DDC control
components including transmitters, transducers, and flow
instruments.

Knowledge of lighting strategies and controls including
occupancy schedules, day lighting, swoops, sensors, and
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dimming.

Knowledge of bidirectional EV charging including potential risks
and benefits to facilities.

Knowledge of root cause analysis and its value in problem solving
for energy efficiency operational improvements.

Knowledge of integrated controls in heat pumps.

Knowledge of building systems and controls security access and
vulnerabilities.

Ability to assist in developing and updating a maintenance
strategy.

Ability to read sequence of operation documentation and operate
building equipment accordingly.

Skilled in calculating and adjusting flow in systems with pump
speed and flowrate (GPM) water circulation settings.

Skilled in calculating the energy units and cost of operating
electrical and mechanical equipment.

Ability to set and adjust operating settings of control systems and
equipment according to best practices and procedures for efficient
operation.

Ability to read and maintain a controls diagram including pneumatic and
DDC controls.

Ability to utilize root cause analysis for evaluating controls
systems and energy management systems to identify sources of
additional energy usage in building systems

Ability to troubleshoot issues with integrated controls in heat
pumps.

Ability to coordinate building systems and controls security access and
vulnerabilities with IT department.
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24.2

B2

Measure and
monitor energy
performance

An energy management plan that targets energy sources with
established energy savings goals for each source and includes
procedures for collecting, measuring progress, and monitoring
the energy consumption and costs over time is followed.

There is a baseline analysis of building performance and
energy consumption that is used to compare ongoing
performance.

Building systems and equipment performance data is analyzed
against benchmark and trend data to identify ways to improve
energy use, correct problems, and measure and verify
improvements.

Building performance data is compared against similar
facilities using tools such as Energy Star Buildings Portfolio
Manager.

Records are organized and track key performance indicators
including utility costs, benchmark performance, historical
weather patterns, physical characteristics of facilities (floor
plans, construction types and conditioned areas) operating
characteristics (occupancy hours and schedules), and progress
toward conservation goals.

Records monitoring energy management programs are
updated regularly and are made readily available to building
operators, management, and other stakeholders.

Knowledge of building energy sources, fuel characteristics, common
units of measure.

Knowledge of power generation and transmission systems.

Knowledge of building operational strategies including energy
management goals and policies.

Knowledge of energy accounting principles.
Knowledge of systems equipment see list on page 4 of this document).
Knowledge of ways quantitative data is presented.

Knowledge of root cause analysis and its value in problem solving
for energy efficiency operational improvements.

Skilled in using databases and spreadsheets to record/import,
analyze, and report on energy use and building performance data.

Skilled in calculation of the energy units and cost of operating electrical
and mechanical equipment.

Ability to collect data manually and with monitoring tools (utility bills,
specific tariffs, rate structures, energy use indices, meters, and digital
controls)

Ability to operate test equipment (to measure and monitor building
performance.

Skilled in installing and troubleshooting data loggers (occupancy
sensors, light loggers, dimmers, etc.) and to monitor and calibrate as
needed.

Ability to assist in developing and implementing an energy management
program.

Ability to conduct a brief on-site survey of the building.

Skilled in using energy-use analysis and on-site survey data to identify
potential savings and develop a cost analysis of low-cost/no-cost
improvements (equipment scheduling, sensor error, simultaneous
heating and cooling, outside air usage, etc.).

Ability to perform, measure, and verify low-cost/no-cost adjustments.

Skilled in analyzing system operation, distinguishing trends in
performance and identifying performance deviations.

Skilled in benchmarking building performance and comparing the
performance to other buildings and national benchmarks.

Skilled in presenting data of energy usage and system performance
using spreadsheets, graphs, and charts.
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243

B3

Sustain Energy
Performance

An energy management plan that targets energy sources with
established energy savings goals for each source and
processes for collecting, measuring progress, and monitoring
the energy consumption and the costs over time is followed.

Equipment specifications are referenced in outsourced service
contracts.

There is an established baseline for outsourced service
contracts requiring services to be negotiated with energy-
related goals and milestones, leading to reduced costs and
improved efficiencies.

Records are maintained that track utility costs, benchmark
performance, historical weather patterns, physical
characteristics of facilities (floor plans, construction types and
conditioned areas) operating characteristics (occupancy hours
and schedules), and track progress toward conservation
goals.

Building systems and equipment are calibrated to operate at
peak efficiency and according to loads, minimizing energy
use.

Building systems and equipment performance data are
analyzed against benchmark and trend data to identify ways
to improve energy use, correct problems, and measure and
verify improvements.

Service and product providers are selected based on their
ability to deliver the greatest energy efficiency while
considering cost implications to overall budget and the
use of environmentally sound and energy efficient
products.

The amount of water consumed in the building is controlled
through HVAC systems optimization and water conservation
methods.

Actively implements and supports measures to reduce
greenhouse gas emissions and align building operations with
organizational sustainability goals, such as Net Zero targets.

Knowledge of frameworks and current methods for assessing building
key performance indicators (KPI) including LEED-EBOM™.

Knowledge of common building KPI measurements for energy,
operational practices, environmental quality, materials and resources,
and awareness/cultural issues.

Knowledge of LED lighting systems.

Knowledge of variant refrigerator flow (VRF) technology.
Knowledge of alternative energy sources (e.g, solar, wind).
Knowledge of RCx (Retro-commissioning) processes.

Knowledge of water conservations strategies that include a range of
technologies and measures to save water and associated energy
consumption.

Knowledge of local and state energy efficiency requirements and
utility incentives and tax credits available to implement energy saving
measures.

Knowledge of root cause analysis and its value in problem solving
for energy efficiency operational improvements.

Knowledge of integrated controls in heat pumps.

Knowledge of building systems and controls security access and
vulnerabilities.

Ability to access and reference operations and maintenance manuals,
as-built drawings, sequence of operation and other relevant
documentation as needed or required.

Ability to access and systematically review established KPI
measurements from a DDC, computerized maintenance management
system (CCMS), logs, meter data, etc.

Ability to help implement a policy for outsourced service contracts that
promotes value through environmentally sound products, reduced costs
and improved efficiencies.

Ability to evaluate service and product proposal parameters based on
delivery of greater energy efficiency and total cost of ownership in
contrast to the lowest bid, for example.

Skilled in analyzing both the initial and long-term costs of potential
contractors in accordance with purchasing guidelines.

Ability to help implement specifications for product and equipment
vendors that offer energy-efficient products and require proposals to
include total cost of ownership analysis.

Skilled in utilizing root cause analysis for evaluating controls

systems and energy management systems to identify sources of
additional energy usage in building systems

Skilled in troubleshooting issues with integrated controls in heat
pumps.

Ability to coordinate building systems and controls security access and
vulnerabilities with IT department.
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2.5.

Scope of (C) Activities

C. Perform Technical and Administrative Duties

KEY ACTIVITY Performance Indicators Technical Knowledge, Skills, Abilities and Tools
251 C1 e There is continuous and positive communication and prompt e  Knowledge of O&M manuals including as-built drawings, device
Maintai and effective response to occupant concerns, or issues such specifications and sequence of operation, vendor service manuals,
ain 5"; . as water leaks, HVAC problems, spills, and other events. instrumentation calibration sheets, in-house service and maintenance
recorasireports | | Tpere is a full spectrum of manufacturer's documentation schedules.
and . easily accessible that includes operations and maintenance ¢ Knowledge of record keeping policies and procedures for tracking
communicate manuals, written procedures, specifications, and technical energy usage and system performance and how documentation is used
with representatives contact information and other relevant by building operations departments and employees.
management, information. e Ability to maintain documentation and O&M manuals including as-
co-workers, and | * A system for tracking utility costs, benchmark performance, built drawings, device specifications and sequence of operation,
occupants historical weather patterns, physical characteristics of facilities vendor service manuals, instrumentation calibration sheets, in-house
(floor plans, construction types and conditioned areas) service and maintenance schedules.
operating characteristics (occupancy hours and schedules), e Ability to follow change management procedures when updating
and progress toward conservation goals is utilized. records after changes are made to the building and/or maintenance is
e Records of maintenance tasks and estimates of time on task performed (operational sequences, schedules, and set points).
and other key data are entered into a written or computerized | apjlity to input and maintain accurate data (test measurements,
maintenance management system. maintenance activities, trend data, etc.) in written or computer-based
. Changes to settings of operational sequences, schedules, and systems.
set points are documented according to change management |, apjjity to communicate effectively in writing and in person and to
policies and procedures. recommend energy efficiency improvements and projects to
. Operations and Maintenance Manuals are updated to reflect management.
changes made to the building.

252 Cc2 e There is a proactive, ongoing occupant engagement program Knowledge of building energy management goals and policies.
Assist in related to energy efficiency and sustainability practices for Knowledge of applicable industry awards and certifications, such as
occupant their space. LEED for Commercial Interiors (LEED ClI) certification, ENERGY STAR

d pt' d e Building personnel disseminate information to occupants Partner of the Year, NAREIT Leader in the Light, and BOMA awards.
tera?;)iﬁglon an through on-going energy efficiency education programs. Knowledge of training methods.
¢ Occupant improvements and plug loads (lighting, kitchen Ability to recognize and effectively communicate inefficient occupant

appliances, or HVAC systems not integrated with the DDC) energy practices.

are monitored and do not negatively impact building energy . o o ) . )

efficiency. Skilled in identifying low-cost adjustments, estimating potential
savings, measuring actual energy savings and communicating
benefits to occupants and management
Ability to help occupants facilitate certifications of occupant space and
assist occupants in implementing building efficiency standards and
policies, increasing energy efficiency, and reducing office waste.
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253 C3 e Operators have strong understanding of their job ¢ Knowledge of industry certifications.
, responsibilities and safe work practices and have the Knowledge of industry trends
Obltam ,and knowledge and practical abilities necessary to operate the * 9 v ) ) N
maintain plant safely, efficiently, and reliably. o Ign$c;/yledge ofthow external factors (housing availability, etc.) affect
ifinati uilding operations.
Cert’_ﬂc_"at’on _and e Operators periodically access training resources related to N 9op i ) )
proficiency in energy efficiency trends, equipment, and technology including * Ability to verify personal knowledge, skills, and experience to be
current and new training resources through DOE, the Labs (PNNL), and productive and effective on the job.
technologies ENERGY STAR that are public domain and accessible to all o Ability to demonstrate efficient operation and maintenance of a building
operators. by implementing sustainable, energy-conserving practices and
e Operators earn and maintain an industry recognized controlling operational costs.
credential as a means of demonstrating ability to manage e Ability to demonstrate commitment to professional development.
grljergy use and pr(t)wde for a comfortable and productive « Ability to use web-based resources to research trends in facility
indoor environment. management.
e Ability to perform job tasks safely and promote safe work environment.
2.6. Scope of (D) Activities
(D) Maintain and Sustain Indoor Environmental Quality (IEQ) to Standards
KEY ACTIVITY Performance Indicators Technical Knowledge, Skills, Abilities and Tools
26.1 D1 e  There is minimal exposure to potentially hazardous chemical, ¢ Knowledge of quantitative and qualitative methods to measure for IEQ
o biological and particulate contaminants, which adversely affect including air, lighting, electromagnetic frequency levels, potable water
Measure and ; . g g ; ; ;
- air quality, human health, building finishes, building systems, surveillance, and occupant satisfaction.
monitor IEQ and the environment. e Knowledge of systems equipment (see list on page 4 of this document)
parameters e Thermal comfort is provided with a maximum degree of and how they impact indoor environmental quality.

personal control over temperature and airflow.
e  Acoustic privacy and comfort targets are met.

e Ahigh- performance luminous environment is created
through careful integration of natural and artificial light
sources and reduction of glare.

e  Quality water is provided through potable water surveillance
and complies with the EPA Safe Drinking Water Act (SDWA)
for levels of various metals and bacteria in potable water
systems.

e  Ventilation rates are maintained according ASHRAE 62
standards and CO2 Levels are monitored and controlled
according to standards especially in areas with varying
occupancy loads and larger spaces (conference rooms,
auditoriums, etc.).

Knowledge of contaminants produced by outgassing of building
materials, volatile organic compounds (VOC), molds, improper exhaust
ventilation of ozone, light industrial chemicals used within and lack of
adequate fresh-air intake/air filtration

Knowledge of Minimum Efficiency Reporting Value (MERV) rating
system.

Knowledge of air sampling best practices and how to measure
pressure, flow, velocity, temperature, CO2, humidity, carbon
monoxide, radon, lead, asbestos, and spore count of indoor air.

Knowledge of national environmental product standards including EPA,
OSHA, and ASHRAE.

Knowledge of air barrier systems in buildings and techniques for con-
trolling infiltration and exfiltration of air.

Knowledge of mold and moisture dynamics concepts and effective
techniques to control indoor moisture, thermal conditions, and prevent
water infiltration into a building.

Knowledge of daylight concepts and techniques for optimizing the com-
bination of natural and artificial sources to provide adequate light levels
for a given task.
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Knowledge of trade-offs and/or cross-effects between IEQ and energy
use.

Skilled in installing electronic detection sensors to monitor conditions
and building systems for IEQ issues.

Ability to survey occupants periodically to determine thermal, acoustic,
and lighting comfort and take corrective action.

Skilled in determining occupancy usage patterns, identifying
discrepancies between current occupancy and original space design,
and identifying and prioritize improvements.

Ability to read a Safety Data Sheet (SDS).

262 D2 IEQ is facilitated through good operating and maintenance Knowledge of common HVAC problems that lead to poor indoor air

standards and practices that ensure air intakes and supply air quality including compressor condensation, intake, oil, and moisture

TroupleShOOt are clear of contaminant sources and the building envelope filters, and air dryer condenser.

IEQ issues prevents the introduction of unintended moisture from Knowledge of common IEQ retrofits and remediation solutions.
pressure differentials, humidity, and leaks. . )

) . . Knowledge of national and industry IEQ (ASHRAE 52.2) standards and
IEQ issues are |nv§stlgated .p.romptly and documenteq equipment IEQ ratings.
according to established policies and procedures that include ] o
symptoms, operating parameters, inspection results, Knowledge of contaminant sources, pathways, and driving forces.
solutions, and dates and times. Knowledge of IEQ troubleshooting and documentation procedures
Contaminant sources are isolated or diverted to exhaust including forms, pollutant and source inventory, maintenance calendar,
systems; hazardous chemical, biological and particulate and inspection checklists.
contaminants are removed according to current legislative Skilled in performing diagnostic tests and using test equipment (see
standards; and experts are consulted as needed or required. list on page 4 of this document) to measure IEQ conditions,
The building operates in a manner that maximizes occupant troubleshoot IEQ issues, and take corrective action.
comfort and health while maintaining energy efficiency.
2.63 D3 There is an IEQ program that considers the design and Knowledge of industry standards for IEQ planning and typical provisions
. commissioning of HVAC systems, lighting, how to maximize and control measures that include air filtration, use of low emitting

Assist ”7, ventilation in workspaces, exposure control, materials materials and products, procedures for handling IEQ complaints,

developing and selection, and regularly scheduled maintenance practices for electronic detection.

implementing cleaning interior surfaces including carpets. Knowledge of indoor air quality measures.

an IEQ plan IEQ plan addresses effective communication, outreach and

occupant training,

Energy use and IEQ are balanced through management of
resources.

Service and product providers are selected based on their
ability to deliver the greatest energy efficiency and use
environmentally sound and energy efficient products.

Retro-commissioning is performed periodically and after
renovations, reconfiguration of spaces and significant
modifications to HVAC and control systems, ensuring building
IEQ and performance continues to meet expectations.

Knowledge of indoor lighting strategies.

Knowledge of IEQ planning, including communication, prevention,
diagnostics, and mitigation.

Knowledge of how pollutants enter and are distributed throughout a
building and mitigation systems and solutions.

Knowledge of HVAC system design and HVAC systems commissioning
including required ventilation levels, amount of outside air, and air
distribution.

Ability to help implement IEQ specifications for product and service
vendors and evaluate product and service proposals based on IEQ
parameters. Selection of cleaning and building products that do not
produce noxious or irritating odors, for example.

Ability to identify contaminant sources, pathways, and driving
forces.
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Ability to conduct indoor air quality assessment.
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GLOSSARY OF TERMS

Artificial Intelligence. The ability of a computer to perform tasks that are commonly associated with human intelligence.

Baseline. The “before” data that is used in a “before & after” comparison. Baseline data may refer to energy consumption values, efficiency
parameters, or other indications of building (or system) performance. (PECI)

Building Operational Plan. General documentation summarizing the intended operation of each base building system. The operating plan includes
the time-of-day schedules for each system for each of the eight day types (Monday to Sunday plus holidays), the mode of operation for each system
when it is running (occupied vs. unoccupied; day vs. night, etc.), and the desired indoor conditions or setpoints for each schedule or mode. The plan
accounts for any differences in needs or desired conditions for different portions of the project building, as well as any seasonal variations in
operations patterns. The plan accounts for all the monitored space conditions used to control the base systems, i.e., air temperature, relative humidity,
occupancy, light level, CO2 levels, room pressurization, duct static pressure, etc., as applicable. (LEED-EB)

Commissioning. A quality-oriented process for achieving, verifying, and documenting that the performance of facilities, systems, and assemblies
meets defined objectives and criteria. (ASHRAE)

Datalogger. A stand-alone electronic data gathering device that utilizes sensors to collect equipment information over time. Data collected could
include temperature, pressure, current, humidity, or other operational information. (PECI)

Direct Digital Control (DDC). See Energy Management System

Energy Accounting. The process of tracking and analyzing energy use for the purpose of detecting problems, trends, or savings opportunities.
Typically, energy accounting is performed for an entire building. In the analysis process, adjustments may be made for variations in weather, space
use, or other variables from year to year. (PECI)

Energy Management System (EMS). The automatic system used for controlling equipment in a building. Most likely, this will be a computer-based
system, including either pneumatic or digital components, or both. (PECI)

Equipment Efficiency. A measure of the output of some piece of equipment as it relates to the energy input. Higher efficiency indicates that a
machine can produce more heating, cooling, etc. for each unit of fuel (electricity, gas, etc.) consumed. For some equipment, the efficiency varies with
the load on the equipment. In those cases the efficiency is plotted against load. This efficiency curve illustrates the performance of the equipment over
its range of operational conditions. (PECI)

High-Performance. A building and its systems are operated in a manner that increases environmental performance and economic value over time,
seeks to establish an indoor environment that supports the health of occupants, and enhances satisfaction and productivity of occupants through
integration of environmentally preferable building materials and water-efficient and energy-efficient systems (ASHRAE).

Internet of Things (I0OT) Ecosystem. A comprehensive network of interconnected components—including devices, communication networks, cloud
platforms, analytics tools, and users—that work together to collect, transmit, manage, and act on data from physical environments. The loT
ecosystem is the foundational enabler of smart buildings by providing the infrastructure, connectivity, intelligence, and automation needed.

Key Performance Indicator (KPI). Quantifiable measurements identified as being essential to a building’s goals and have a significant impact on
performance or how it’s likely to perform. KPIs can vary significantly on a buildings location, climate, usage, legislation, etc. Continuous monitoring of
KPIs can help measure the progress made toward a predefined goal set, framework (i.e. LEED-EB), or good practices.
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Indoor Environmental Quality (IEQ). A term that refers to the total environment of a building and includes thermal comfort, proper illumination,
adequate outside air ventilation, and control of indoor air pollutants. (PECI).

Maintenance Program. Comprehensive plan that includes the size and type of equipment to be maintained; regulations and standards (internal and
external); defined maintenance methodology (preventative, predictive, corrective); and regularly scheduled maintenance activities. Maintenance
program should include procedures for energy monitoring and reporting.

Maintenance. A functional area of responsibility concerned with the repair, cleaning, calibration and lubing of the equipment to ensure equipment
capacity to perform or produce.

Operations. A functional area of responsibility concerned about occupancy schedules, energy efficient control strategies, and sequences of operation
that determine the manner in which and the efficiency with which building systems operate to fulfill their intended purpose.

Performance Tracking. The ongoing procedure of obtaining data that gives an indication of a system’s performance. This data could include
information on energy efficiency, energy consumption, or run-time. As part of the process, performance data is often compared to the system’s
baseline. (PECI)

Preventive Maintenance Program. A program that is implemented to address equipment maintenance issues proactively. The goal of such a
program is to perform maintenance tasks on a regular schedule so as to maximize the operational efficiency and lifetime of the equipment. (PECI)

Retro-Commissioning. A systematic process used to improve the performance of existing buildings by identifying and correcting operational issues
in their systems (HVAC, lighting, controls, etc.).

Sequence of Operation. Detailed system-level documentation for each base building system that defines what operational states are desired under
which conditions in the building. This can include which systems are running vs. idle; whether operation is full-load or part-load; staging or cycling of
compressors, fans, or pumps; proper valve positions; desired system water temperatures or duct static air pressures depending on other variables
(e.g., outside air temperatures, room air temperatures, and/or relative humidity); and any reset schedules or occupancy schedules in place. (LEED-EB)

Smart Building. A structure that uses automated processes to monitor and control the building’s operations, including heating, ventilation, air
conditioning (HVAC), lighting, security, and other systems.

Trend Log. A log of data that is collected through an energy management system. This data may consist of time-series or change-of-value (COV) data
that can be collected for digital points such as temperature, pressure, or status. (PECI)

Walk-through Assessment (audit). An analysis of energy bills and a brief visual survey of the facility. This is a quick process that results in a list of
no-cost and low-cost opportunities. (ASHRAE)
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LIST OF ACRONYMS

ASHRAE
BAS
DDC
DOE
EMS
EPA
GPM
HVAC
IEQ
10T
LEED
PNNL
O&M
OSHA
RCx
VAV
VRF

American Society of Heating, Refrigerating and Air-Conditioning Engineers

Building Automation System

Direct Digital Controls

Department of Energy

Energy Management System

Environmental Protection Agency

Gallons per Minute

Heating, Ventilating, and Air Conditioning
Indoor Environmental Quality

Internet of Things

Leadership in Energy and Environmental Design
Pacific Northwest National Laboratory
Operation & Maintenance

Occupational Safety and Health Administration
Retro-commissioning

Variable Air Volume

Variant Refrigerant Flow
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