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[bookmark: _GoBack]SECTION 260923 – INTERIOR LIGHTING CONTROL SYSTEMS
GENERAL
SUMMARY
This section applies for LEED-NC, LEED-CS, and LEED-CI Prerequisites EA 2, which require compliance with ASHRAE/IESNA 90.1-2004.  ASHRAE/IESNA 90.1-2004, Section 9, “Lighting,” sets minimum interior and exterior lighting power densities and minimum requirements for lighting controls.
All the spaces in a building shall be connected to the networked lighting controls. Certain exceptions might be applicable to smaller individual spaces with variable occupancy like the storage room, electrical room, and janitorial closets. 
Related Documents:
Drawings and general provisions of the Subcontract apply to this Section.
Review these documents for coordination with additional requirements and information that apply to work under this Section.
Section Includes:  Local switches, occupancy sensors, and daylight-harvesting controls can be used to meet the requirements of LEED-NC and LEED-CI Credits EQ 6.1.  However, the use of task lighting may also be required, depending on the type of lighting system used on the project.  Occupancy sensors and daylight-harvesting controls can be combined with other energy-conserving measures to meet the requirements of LEED-NC, LEED-CS, and LEED-CI Credits EA 1.
Occupancy sensors.
Power supply:
Relays.
Supply wiring.
Control wiring.
Control panels.
Network Controllers.
Software.
Integration with EMCS.
Related Sections:
Division 01, Section 010000, General Requirements.
Division 01, Section 013500, Special Procedures.
Division 13 Sections.
Division 26, Section 260500, Common Work Results for Electrical.
Division 26, Section 260501, Inspections and Testing for Electrical Work.
Division 26, Section 260519.11, 600 Volt Conductors and Cable.
Division 26, Section 260533, Electrical Conduit.
Division 26, Section 260533.13, Boxes for Electrical Systems.
Division 26, Section 262726, Wiring Devices.
Division 26, Section 260800, Cx of Electrical Systems.
REFERENCES
General:
The following documents form part of the Specifications to the extent stated.  Where differences exist between codes and standards, the one affording the greatest protection shall apply.
Unless otherwise noted, the edition of the referenced code or standard that is current at the time of the “date of record” for the Work shall be considered the effective code or standard for the duration of the project.
Refer to Division 01, Section General Requirements, for the list of applicable regulatory requirements.
Refer to specific Division 26 Sections for additional referenced codes and standards.
ANSI/NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum).
ANSI/NFPA 70 - National Electrical Code.
ASHRAE 85 - Automatic Control Terminology for Heating, Ventilating, Air Conditioning.
ASME MC85.1 - Terminology for Automatic Control.
LBNL Construction Details and Design Guidelines (CDDG), Vol. 3 – Construction Details, Part VI – Electrical Details.
LBNL Electrical Authority having Jurisdiction: Standard Procedure for Safe Electrical Installations (IAHJ Program).
LBNL Electrical Safety Manual.
LBNL Pub-3000 Chapter 8 - Electrical Safety Program.
LBNL Pub-3000 Chapter 14 – Electrical Equipment Safety Program.
LBNL Pub-3000 Chapter 18 - Lockout/Tagout Program.
MIL-S-29175 - Switch, Thermostatic, Low Voltage, Non- (Setback/Setup) and Setback/Setup), Limiting:  Heating, Cooling and Heating-Cooling.
NEMA – National Electrical Manufacturers Association:
NEMA EMC1 	Energy Management Systems Definitions.
NEMA ICS 1 	Industrial Control and Systems: General Requirements.
NEMA ICS 2 	Industrial Control and Systems: Controllers, Contactors, and Overload Relays Rated 600 Volts.
NEMA ICS 6 	Industrial Control and Systems: Enclosures.
NEMA ST 1 	Specialty Transformers (Except General Purpose Type).
NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems.
UL – Underwriters' Laboratories:
UL 485 	Motor Control Centers.
UL 489 	Molded Case Circuit Breakers and Enclosures.
UL 508 	Industrial Control Equipment.
DEFINITIONS
BAS – Building Automation System
DDC – Direct Digital Controller/Direct Digital Control
DT – Dual Technology
EMCS – Energy Monitoring Control System
LCS – Lighting Control System
PIR – Passive Infrared
US – Ultrasonic
IOM – Installation Operation and Maintenance
Cx – Commissioning
PDR – Project Deficiency and Resolution
SYSTEM DESCRIPTION
The purpose of this system is to control lighting in the building through a network that in turn connects to the occupancy sensors, daylighting sensors, individual luminaires, wall dimmers, and switches.  In addition to providing conventional lighting control options, the networked control system for lighting shall schedule, task tune, and curtail lighting load during demand response event.
The networked lighting control system shall also provide centralized point of access to adjust lighting controls.  The central point of access improves facility operator response time for addressing complaints.
SUBMITTALS
Submit under provisions of Division 01, Section 010000, General Requirements, “Submittals”; Division 01, Section 013500, Special Procedures, “Drawings and Specifications”; Division 26, Section 260500, Common Work Results for Electrical, “Submittal" ;and as required by other sections of the Specifications.
Shop Drawings:  The Subcontractor shall submit for approval Shop Drawings prepared in accordance with Division 01, Section 010000, General Requirements, “Submittals”, and as required by other sections of the Specifications.
All submittals and shop drawings shall be reviewed and approved by the LBNL Utility Group Electrical Engineer before procurement or fabrication of material and equipment.
Shop Drawings and Product Data:
Submit Shop Drawings to NEMA ICS 1 indicating location of occupancy sensor system components, wiring connections and diagrams, dimensions.
Manufacturer's Installation Instructions:  Include for manufactured components.
Submittal of automatic control systems components which are not the product of the control system manufacturer shall bear evidence of its approval.
Manufacturer’s blank startup forms and startup plan.
Submit field reports indicating operating conditions after detailed check out of systems at Date of Substantial Completion.
Project Record Documents:
Accurately record actual locations of control components, including relays, power supplies, and sensors.
Revise Shop Drawings to reflect actual installation and operating sequences.
Include data specified in "Submittals" in final "Record Documents" form, according to Division 01, Sections 010000, General Requirements; and Section 013500, Special Procedures.
Provide as-built equipment location and wire routing diagrams, as-built termination and interconnection drawings as well as as-built elementary diagrams.
Provide detailed set-up information for furnished equipment, indicating required initial configuration switch settings, jumper positions, to facilitate equipment replacement.
Operation and Maintenance Data:
Include interconnection wiring diagrams complete field installed system with identified and numbered, system components and devices.
Include operation and maintenance manuals for equipment and devices, including sensors, power supplies, and other equipment furnished.
Include recommended preventive maintenance procedures and materials.
Include systems descriptions, set points, and controls settings and adjustment.
Include inspection period, cleaning methods, cleaning materials recommended, and calibration tolerances.
QUALITY ASSURANCE
[bookmark: OLE_LINK1]Products shall be tested, approved and labeled/listed by Underwriters Laboratories, Inc., or by a nationally recognized testing laboratory (NRTL) as listed in Division 26, Section 260500, Common Work Results for Electrical.
Electrical equipment and materials shall be new and within one year of manufacture, complying with the latest codes and standards.  No used, re-built, refurbished and/or re-manufactured electrical equipment and materials shall be furnished on this project.
Manufacturer's Qualifications:  Company experienced in manufacturing the products specified in this Section with minimum five (5) [ten (10)] years documented experience.
Installer Qualifications:  Company experienced in applying the work of this Section with minimum five (5) [ten (10)] years documented experience approved by manufacturer.
The installer shall furnish labor and materials, install the necessary hardware, accomplish the necessary wiring, interfacing and panelwork, and place into operation the system as specifically stated in the specifications and drawings.
The installer shall have a complete [engineering,] installation and service operation within the area.
The electrical standards shall comply with NEMA standards pertaining to components and devices for electric-electronic Energy Management Control Systems (EMCS).
Substitutions:  Where Subcontractor proposes substitutions to specified equipment, Subcontractor shall provide necessary technical documentation, and if required, samples and/or demonstrations, to enable the University to evaluate the proposed equipment.
DELIVERY, STORAGE AND HANDLING
Care shall be taken to prevent damage to materials and equipment during transporting, loading, and unloading.  Packaged units shall be delivered in their original unopened crates, cartons, or boxes.  Equipment and materials shall be stored indoors in a clean, dry space.
COORDINATION
Refer to Division 01, Section 010000, General Requirements, “Coordination of Work”; and Division 26, Section 260500, Common Work Results for Electrical, and Section 260800, Cx of Electrical Systems.
Refer to Division 01, Section 013500, Special Procedures, “Coordination”; and Section 013500A, Supplement for Equipment Energization Plan: Energization Validation & Authorization Package (EVAP).
Refer to the LBNL Electrical Authority Having Jurisdiction: Standard Procedure for Safe Electrical Installations (IAHJ Program) in regards to the Facilities Energization Validation and Authorization Package (EVAP) process necessary before equipment energization.
Ensure installation of components is complementary to installation of similar components in other systems.
Coordinate installation of system components with mechanical systems equipment such as air handling units and air terminal units.
Ensure system is completed and commissioned by Final Acceptance.
Disruptions in system operation shall be specifically scheduled in advance with the University, and shall occur at exactly the scheduled time and for not greater than the scheduled duration.  Permission for unscheduled interruptions shall be specifically requested on an individual basis.
Under no circumstances shall operation of a system be interrupted without prior notification and approval by the University.
WARRANTY
Warranty period of one (1) year minimum shall start at the date the equipment is energized after acceptance by the University.
MAINTENANCE SERVICE
Free maintenance services shall be provided by the control system supplier for one (1) year after final system acceptance in accordance with Division 26, Section 260500, Common Work Results for Electrical.  These services shall consist of manufacturer's factory-trained representatives providing emergency repair service with on-site response within 24 hours of call, all test equipment and hardware necessary for maintenance and repair work and installation of hardware modifications designed to improve system performance or eliminate known problems or deficiencies.
Submit written reports on each inspection or maintenance service to LBNL within one (1) week of visit.
EXTRA MATERIALS and Services
Provide as spare parts two (2) of each type and model of sensor, power pack, zone controller, switches (dimming and on/off), networked ballasts, and slave relay.
Provide spare parts under provisions of Division 01, Sections 010000, General Requirements; and Section 013500, Special Provisions.
Unless specifically requested in this document, the control system shall not include any extra material or services.
PRODUCTS
General
Digital Control System
Digital Network Lighting Control System
Subcontractor shall use the lighting control layouts for sensor placement as shown in the subcontract documents.  Deviation from the indicated lighting control layout shall be approved in writing by the University Representative.
During start-up, the Subcontractor shall coordinate any necessary sensor relocation or reorientation with the University Representative in accordance with the latest manufacturer documentation for each device.
The Subcontractor shall ensure that any integration requirements between the LCS and the EMCS are properly coordinated.
Operating Environment
The sensors and wall mounted switches shall be able to operate at least within a temperature range of 32 °F to 104 °F.
Communication Protocol
Communication protocol shall be compatible with the fixture driver or ballast.  Where protocol differs, a gateway shall be provided to translate commands from the LCS to the fixture.
Unless otherwise noted, acceptable protocols are:
0-10V reverse analog voltage signal.
DALI broadcast communication per IES 60929.
Occupancy sensors
Sensor Design Applications
Wired Sensors
Ceiling mount sensors shall be easily accessible by a ladder.
Wireless Sensors
Wireless sensors installed on the ceiling or wall shall have a minimum battery life of 10 years.
Occupancy Sensor Detection Technologies
US Occupancy Sensors
Sensitivity settings
The occupancy sensor shall have an adjustable sensitivity setting.
Installation height
Ceiling mount sensors shall be capable of detecting occupancy when installed at a height of 8 to 12 feet.
Area of coverage
The area coverage for each occupancy sensor shall be appropriate for the installation location and the installation application.
Refer to individual occupancy sensor type requirements below.
Each sensor shall have an indicator LED that blinks when occupancy is detected.
PIR Occupancy Sensor
Sensitivity settings
The occupancy sensor shall have an adjustable sensitivity setting.
Installation height
For normal low bay ceilings, the occupancy sensors shall be capable of detecting occupancy when installed at a height of 8 to 12 feet.
For high bay ceilings, the occupancy sensors shall be capable of detecting occupancy when installed at a height of 12 to 35 feet.
Area of Coverage
The area coverage for each occupancy sensor shall be appropriate for the installation location and the installation application.
Obstruction
PIR occupancy sensors are not acceptable in locations where its line of sight will be obstructed.
Each sensor shall have an indicator LED that blinks when occupancy is detected.
DT Occupancy Sensors
DT sensors shall combine US and PIR detection technologies to detect motion.  No other occupant detection technologies are acceptable.  Occupancy sensors integrating hold-off photocell or other daylighting controls are not acceptable DT sensors.
Sensitivity Settings
The occupancy sensor shall have an adjustable sensitivity setting.
Each sensing technology (US and PIR) shall be adjustable independently of the other.
Technology bypass
The sensors shall be capable of bypassing either US or PIR motion detection.
Area coverage
The area coverage for each occupancy sensor shall be appropriate for the installation location and the installation application.
Refer to individual occupancy sensor type requirements below.
Each sensor shall have an indicator LEDs that blinks when occupancy is detected.
Each occupancy sensor shall be interchangeably configured for occupancy-detection or vacancy detection.  Sensors installed on the LCS network shall be configurable in this manner via the network software interface.
The sensor shall be capable of being programed of a minimum dwell time of 5 mins and a maximum dwell time of 30 mins.
The lighting control sequence of operations requires specific occupancy sensors based on the application and control intent.  Each occupancy sensor shall have the characteristics listed below:
OS-01: Restroom Ceiling Mount Occupancy Sensor
Technology – Ultrasonic
LCS Communication – Networked, Wired Connection
Coverage Range: Major Motion 30 feet
Mounting
Height: 9 feet
Location: Ceiling
Color: White
Approved Manufacturers, in order of preference
Lutron Quantum – Model No.: LOS-CUS
Legrand/Wattstopper DLM -- Model No.: LMUC-100
Photocell sensors
Open Loop
The sensor shall be capable of operating in the daylight range of at least 1 to 6,000 footcandles (fc).
The sensor shall automatically establish application-specific setpoint following manual calibration.
For switching operation, an adequate deadband between the ON and OFF setpoints for each zone shall prevent the lights from cycling; for dimming operation, a proportional control algorithm shall maintain the design lighting level in each zone.
Closed Loop
An internal photodiode that measures light in a 100-degree angle, cutting off the unwanted light from bright sources outside of this cone.
Automatically establishes application-specific setpoints following self-calibration.  For switching operation, an adequate deadband between the ON and OFF setpoints shall prevent the lights from cycling; for dimming operation a sliding setpoint control algorithm with separate Day and Night setpoints shall prevent abrupt ramping of loads.
Hybrid Sensors
The sensor shall be capable of operating in the daylight range of 1 to 10,000 footcandles (fc).
The sensor shall automatically establish application-specific setpoint following manual calibration.
For switching operation, an adequate deadband between the ON and OFF setpoints for each zone shall prevent the lights from cycling; for dimming operation, a proportional control algorithm shall maintain the design lighting level in each zone.
Zone Controllers
Zone controllers shall control individual or groups of luminaires or sensors incapable of direct integration with the control system.
Switches and scene controls
Switch MS-1
Switch shall use low-voltage connection.
Switch shall have four programmable buttons:
“On Button”
“Off Button”
“Dim-up”
“Dim-down”
All buttons shall be permanently labeled.
All buttons shall either be engraved or printed in a manner that resists mild detergent and wear.
All buttons shall be field replaceable.
If switch includes integral occupancy sensor, the sensor coverage shall include the entire occupied area.  Sensor shall be capable of detecting minor motion (typing, writing, etc.) over coverage area and comply with the appropriate occupancy sensor requirements discussed above.
Switch MS-2
Switch may be either low-voltage or line voltage.
Switch shall have two functions:
On/Off switch
Dimming slider or rocker
If switch includes integral occupancy sensor, the sensor coverage shall include the entire occupied area.  Sensor shall be capable of detecting minor motion (typing, writing, etc.) over coverage area and comply with the appropriate occupancy sensor requirements discussed above.
POWER SUPPLY
External power supply shall be 120 [277] VAC, 60 HZ, with the following characteristics:
Secondary output 24Vc, 100mA minimum.
Transformer and contact closure relay in single unit.
RELAYS
Contacts:  NEMA ICS 2; Form [A.] [C.].
Contact Ratings:  NEMA ICS 2; Class [A150.].
Auxiliary Relays:  Provide sufficient SPDT auxiliary relay contacts [for each detection zone] to provide accessory functions specified.
EXECUTION
EXAMINATION
Verify that systems are ready to receive work.
Beginning of installation means installer accepts existing conditions.
INSTALLATION
Occupancy Sensors:
Occupancy sensors will be furnished for each of the rooms specified in the reflected ceiling plan, or as proposed and approved by the University.
Occupancy sensors shall be ceiling-mounted or wall-mounted and shall incorporate selective aperture attenuation and adjustments as required to prevent spurious lighting initiations, including the following:
Due to passing personnel in adjacent area, such as corridors.
Equipment operation in the space, including HVAC system operation.
Connect the occupancy detector output control relay(s) to [the building automation system (BAS)] [field processing unit (FPU)], [the space conditioning system], [as well as to] the local area lighting circuits, so that the occupancy detectors will turn off area lighting [and [reset the ]space conditioning system][ set points] during unoccupied periods.[  Where multiple rooms comprise a single HVAC zone (see Input/Output Points List), connect occupancy sensors in parallel, so that sensor may indicate the zone is occupied.
Emergency and egress lighting using general lighting hardware shall be controlled by the lighting control system with the use if a UL-924 shunt relay that will override the control signal when the normal power is disrupted or upon receiving a signal from the fire-life-safety system.
Photocell Sensors
Daylighting sensors will be furnished for each room specified in the reflected ceiling plan, or as proposed and approved by the University.
Field Wiring:
Subcontractor shall furnish and install necessary wire, conduit, tubing, pull boxes, connection boxes, fittings, and other materials as required to provide an automatic lighting control system in accordance with [the Specifications and Drawings and] the equipment suppliers' specific and general installation instructions and recommendations.
For purposes of fire safety and wiring integrity.  The wire/cable specification calls for the installation of "plenum" rated cable.
Refer to Division 25, Section 255000, Facilities Monitoring and Control System.
Digital Control System
Lighting Control Manufacturer to provide up to two additional post-startup on-site service visits within one calendar year from Date of Substantial Completion to fine-tune sensor calibration per the agreed upon sequence of operations.
Locating Lighting Control DEvices And Sensors
All lighting control devices shall be located in a manner consistent with the lighting control manufacturer’s IOM.
Subcontractor shall identify locations of relays or other devices above ceilings by a standardized method of conspicuous visual indication on the ceiling at the time of installation of such devices by Subcontractor, the method of indication to be directed by the University.
Occupancy Sensors
Occupancy sensor locations are indicated in the electrical drawings.
The Subcontractor shall verify that the control device locations agree with the manufacturer IOM and that the sensor coverage is adequate for the both the space size and the typical activity to occur in the space.
In large areas requiring multiple sensors, occupancy sensors shall be installed in sufficient numbers and in such locations as to provide overlap between zones of coverage of individual sensors, thereby insuring positive indication of occupancy in portions of each lighting area.
The Subcontractor shall install the occupancy sensors in compliance with the manufacturer recommendations.
The occupancy sensor shall be installed in a location where the sensor’s ability to detect occupants in its control zone is unaffected by whether the door is open or closed.
The occupancy sensor shall be located or appropriately masked to prevent detection of occupants passing, but not entering, the controlled zone.
Locate passive infrared or dual technology occupancy sensors at least six (6) feet away from HVAC supply diffusers.
Occupancy sensors shall not be located directly overhead of a ceiling fan’s blades.

Daylighting Sensors
Daylighting sensor locations and the primary, secondary, and skylit daylighting zones are indicated in the electrical drawings.
The Subcontractor shall verify that the control device locations agree with the manufacturer IOM and that the sensor covers is adequate for the control intent.
Open Loop Sensors
Open loop sensors shall be facing in the direction of the window unless otherwise stated by the manufacturer.
The sensor shall be placed 6 to 8 feet or 1 to 2 window head height away from the window (as directed by the manufacturer installation guide).
Closed Loop Sensors
Do not mount directly above direct/ indirect pendant fixtures.  Mount at least 4 feet (1.2m) from pendant fixtures.
Closed-Loop/Open-Loop Hybrid Sensors
Do not mount sensors facing columns or other hard-shadow areas.
Do not mount sensors above direct/indirect pendants.  Mount at least 4 feet (1.2m) away from pendant fixtures.
Daylighting sensors shall response to manual shade position such that is a user must draw the shade for any reason, the daylighting system maintains design target illuminance setpoint.
SEQUENCE OF OPERATIONS
The sequences of operations setpoints are fully described in the electrical drawings.
Manual Switching
Manual switches shall be capable of:
Turning fixtures on/off
Dimming fixtures
Larger rooms with more than one entry point shall accommodate three-way switching with a switch for general navigation lighting accessible at each entry.
Occupancy and Vacancy Sensors
Dwell shall be programmed according to the sequence of operations in the electrical drawings.
Daylighting 
Program open loop, closed loop, and hybrid open/closed loop sensors as per the sequences on the plans.
Luminaires in the primary, secondary, and skylit daylighting zones shall be programmed to respond separately to the daylighting signal provided by the daylighting sensor.
Time-of-Say Schedules
The time-of-day schedules shall be programmed according to the sequences of operations in the electrical drawings.
Differential Scheduling
During the after-hours period, the control system shall modify the operating setpoints of the occupancy sensors as described in the sequences of operations in the electrical drawings.
Task-Tuning/Institutional Dimming
All the dimming lighting zones shall be task tuned as indicated in the sequence of operations in the electrical drawings.
The high-end-trim shall be set to maintain the illuminance value in the sequence of operations.
The low-end-trim shall be set to maintain consistent lighting operation (free of flicker, strobing, or other erratic behavior) at the lowest operating setpoint.
Demand Response
The lighting zones indicated in the sequence of operation shall respond to an OpenADR signal according to the demand response event tier.
FIELD SERVICES AND TEST
Tests shall be made in the presence of an LBNL Inspector or the Electrical AHJ’s designated representative.  The application or interruption of power shall be programmed and directed in accordance with the approved EVAP, inclusive of the Equipment Energization Plan and necessary permits, work tasks, and safety compliance steps.
Start-up and systems configuration.  The Subcontractor shall allow sufficient time for start-up and commissioning prior to placing control systems in permanent operations.
The Subcontractor shall assist in a comprehensive acceptance inspection and test of installation details and system operational validity, including but not limited to; inspection and verification of input/out sensor locations, control device location and connection, input/output point terminations, point-by-point proof of function for each occupancy sensor and input/output device.
An unsatisfactory condition revealed by these Cx Provider’s test results, or unsatisfactory methods of tests and/or testing apparatus and instruments, shall be bought to the attention of the University Representative.  Corrections by the Subcontractor shall be validated by re-tests to the satisfaction of the University Representative.
It shall be the Subcontractor's responsibility to ensure the proper operation of the lighting control system.
Prefunctional Testing
Prior to beginning prefunctional testing, the Subcontractor shall submit their prefunctional test form to the University Representative for review.  The University Representative reserves the right to reject the submitted form pending revisions.  The prefunctional test form shall include the following:
Installation checks of fixtures and sensors
Proper location of light fixtures and sensors
Proper functioning of fixtures without flicker or strobing
Sensor timeouts and sensitivity for occupancy sensors
Dimming/photocell operation
Time to dim
Lights coming on when the photocell is covered
Lights dim or shut-off when a flashlight is pointed towards the photocell sensor
Switches configured and labeled properly
Labels shall clearly define the area of lighting they control
Labels shall clearly distinguish between an On/Off switch and a dimmer switch
Demand response
The lighting control system shall be capable of receiving a demand response signal
Once a demand response signal is received the, networked lighting control system shall be capable of sending a dimming signal to pre-determined list of luminaires
Task tuning
Target light levels shall be set based on 10th Edition IESNA Handbook, occupant feedback or facility manager feedback
Only artificial light shall be used to measure light levels
After the University Representative approves of the prefunctional from, prefunctional testing may begin.
Upon completion of the prefunctional tests, the Subcontractor shall submit the completed prefunctional check list to the University Representative for review.  If the prefunctional checklist is found to be incomplete, the University Representative shall reject the prefunctional checklist pending final completion of the prefunctional tests.
Functional Performance Testing
Prior to the start of prefunctional testing, the University Representative shall provide the Subcontractor the functional performance test procedure to be witnessed by the Cx Provider.
Upon the completion and approval of the prefunctional testing, the University Representative shall schedule the functional testing with the Subcontractor and the Cx Provider.
The Subcontractor shall provide a technician to execute the functional performance test at the direction of the University Representative.  The Functional Performance Test will include:
Equipment installation verification
Lighting controls
Lighting fixtures
Verification of correct lighting and lighting control operation
Flicker/strobe free light fixture operation
Occupancy sensor configuration
Photocell sensor configuration
Manual switch configuration
Scene controller configuration
Task tuning setpoints and zone illuminance readings
Demand response load shedding
Software configuration
Project Deficiency Correction
Upon completion of the functional performance tests, the University Representative will develop a PDR log with outstanding lighting fixture and lighting control deficiencies to be correction.
The University Representative will coordinate PDR log meetings with the Subcontractor to discuss and identify corrective actions.
The Subcontractor shall be responsible for proving proper operation of the deficient equipment prior to the University Representative scheduling additional retesting.
Upon approving and closing out all deficiencies, the University Representative shall certify the proper installation of the lighting system.
Training 
The lighting contractor shall instruct owners personnel in proper maintenance, adjustment, and operations of the:
Lighting control system
Adjusting occupancy sensor setpoints remotely
Adjusting photocell sensor setpoints remotely
Adjusting scheduling settings
Adjusting DR settings
Adjusting Task Tuning settings
Occupancy sensor operation/configuration
Photocell sensor operation/configuration
Switch and scene controller operation/configuration
Zone controllers operations/configuration
The lighting contractor shall record the training videos and it shall be made available to the owners personnel for future reference
Documents
The Subcontractor shall coordinate with the University Representative to provide all the information on the equipment installed.  The subcontractor shall provide the following documents to the University Representative:
Preventive Maintenance Schedules
Manufacturers IOM manuals
Safety Manuals
Rough-in
Provisions shall be made for a rough-in to be done before the first visit from a building inspector.
The electrician shall run electrical wires form service panels to various end points.
The rough-in work shall be neat and done to specifications, implying no changes will be made.
In the event that the inspector should order modification, the work shall be accessible to make those changes.
Include mud rings if necessary.
Lighting Control System Server
The lighting control system shall use the existing lighting control server in LBNL Building 50.
Commissioning
The Commissioning Process is the Owner’s quality-oriented process for achieving, evaluating, and documenting that the performance of buildings, systems, and assemblies meets defined objectives and criteria.  The Commissioning Process assumes that owners, programmers, designers, contractors, and operations and maintenance entities are fully accountable for the quality of their work.  The Commissioning Team uses methods and tools to evaluate that the project is achieving the Owner’s Project Requirements throughout the delivery of the project.
Pre-functional Checklist
Complete development of project specific Construction Checklists.  The checklists should be prepared utilizing the approved construction submittals and installation manuals to make the checklists specific to the installed equipment.  Construction Checklists should be given to the contractor for review and comment prior to beginning installation.

Functional Performance Test
The commissioning team is responsible for executing all functional tests.  The CxP-designated Cx Team member coordinates, witnesses and documents the functional tests as defined in the commissioning plan and specifications.
Systems and assemblies that fail to meet the passing criteria shall be retested until accepted by the commissioning team.
When critical data is not available through a BAS, monitoring and recording of performance data is accomplished by using stand-alone data loggers.
DEMONSTRATION and acceptance
Demonstrate a complete and operating system to the University Representative.
Final acceptance shall depend upon the satisfactory test results and performance of the system as performed in accordance with the manufacturer’s instructions.  After tests have been reviewed and approved by the University, the system may be put in to service in accordance with the approved Equipment Energization Plan and the Energization Validation and Authorization Package (EVAP).
END OF SECTION 260923
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