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6.6

HVAC Air-Side

Commissioning Process Summary

The commissioning process for the HVAC Air-Side EEM includes pre-startup inspections of installed components, subsystems and systems and the execution of the verification and functional performance testing of the air-side economizer and related system controls. The fundamental performance parameters to be verified through the testing include the ability of 1) the air-side economizer to respond to instructions from the system controls to regulate airflow according to preset enthalpy/temperature requirements, 2) the system controls to send the correct instructions and, 3) the sensors to accurately detect the conditions of the air streams.

In addition, the overall quality of the air supply, return and exhaust ductwork systems will be inspected and verified to be installed in accordance with the drawings.

The commissioning field work for this dynamic EEM is conducted in accordance with the project-specific verification and functional performance test plan.  This test plan must include a clear description of the design specifications and information which pertains to the VSD operation and controls sequence, manufacturer cut sheets and equipment performance specifications, installation instructions and O&M manuals in addition to the pre-startup inspection checklists and the functional performance test checklist.  This information will form the basis of the commissioning acceptance criteria and is necessary to evaluating the results of the inspections and tests.  The commissioning test plan must incorporate all the details required to describe the particular application and the operation of the HVAC units being commissioned.

In addition, a successful commissioning process will require coordination with all commissioning team members. The responsibilities of the team members are identified by the shaded boxes in the columns under each member's title in the attached Team Members' Responsibilities chart as a means of facilitating this coordination.  The attached EEM-specific Commissioning Process Flow Chart provides an overview of the commissioning process for this energy-efficient measure.

The pre-startup inspections of subsystems verify, through visual examination, simple measurements and reference to contractor's reports, that the components are installed in accordance with manufacturer's specifications and contract documents, meet design criteria and are ready for system start-up.  The pre-startup checklist addresses verification of the physical installation, electrical system, system controls, system test and balance, collection of equipment nameplate data and documentation.  In addition, related pre-startup inspection checklists, non-compliance and corrections of components which do not meet the acceptance criteria and inspection certification are addressed.  The checklists provided are intended to serve as a guideline in the preparation of the project-specific pre-startup inspection checklists.  The project-specific pre-startup inspection checklists must be finalized and approved by the CES Project Manager prior to performing any inspections.

Following the completion of the pre-startup inspection, the verification  checks and tests can commence. They should follow the order presented in the verification test checklist provided in this section, although the project-specific character of the testing must be considered. The checklist provided is not intended to replace the contractor’s normal and accepted procedures for installing and pre-testing equipment or relieve the contractor of the standard check-out and start-up responsibilities. These verification test checklists should be refined, as required, with the information gathered during the pre-startup inspections.  This testing is intended to verify that all components, equipment, systems, and interfaces between systems operate in accordance with contract documents. 

Prior to the functional performance testing, the Prime Contractor may need to coordinate with the building operator to modify the system controls setpoints to facilitate the operation of connected equipment for the duration of the testing.  Once stable system operation has been established, the Prime Contractor can proceed to gather the required data.  Any equipment found not to be in compliance with the acceptance criteria must be repaired or corrected and then retested until satisfactory results are obtained.

Following the completion of the verification tests, the functional performance testing  can commence. This testing should follow the order presented in the functional performance test checklist provided in this section, although the project-specific character of the testing must be considered. The functional performance test checklist should be refined, as required, with the information gathered during the pre-startup inspections and verification tests. This testing is intended to measure the energy-efficient performance of the HVAC air-side systems as defined in the final design-intent document.

Following the on-site testing, the test results must be prepared, documentation compiled and the verification and functional performance test checklists certified in accordance with these Guidelines.  The testing procedures and results of all tests must be clearly documented in the final commissioning report.




	

	PROJECT SPECIFIC INFORMATION

	Project Name: 









   Project Number: 







	Building Occupancy Type:  






  Gross Floor Area:  







	Prime Contractor:  





















	Required Operating Permits Obtained Prior to Commissioning:


Yes  (     No (

	INSTALLATION ACCEPTANCE CRITERIA
EEM Description:  




















Required Specification:  



















Construction Installation Drawing (Sheet #, Detail #):  











Manufacturer’s Installation Requirement: 














Special Installation Considerations:  

















(per Contract Documents)

PERFORMANCE ACCEPTANCE CRITERIA
Statement of Design Intent for EEM:  
















(Definition of Performance Acceptance Criteria)

System Description:  




















Design Parameters (applicable to acceptance of performance):  









Global priorities established by design intent which affect performance acceptance criteria 
(Refer to Guideline Section 2.2.2.3):  















Describe the expected results of each test procedure:  












	HVAC System Description:

	




















































	

	Building Cooling System Description:

	
Cooling coils capacity (Tons):  

















	
Total design air flow (cfm):  


















	
Additional information:
 


















	




















































	


	Description of System Controls and Sequence of Operation:

	


























	Controls Operating Setpoints:

	


























	

	Is Energy Management System (EMS) used?








Yes  (     No (

	

	Are control dampers connected to EMS? 








Yes  (     No (

	
If yes, identify dampers:

	


























	EQUIPMENT DESCRIPTION

	Air Side Economizer

	
Manufacturer: 






















	
Model Number: 





















	
Options Code:






















	
Type: 

Integrated:  







Non-integrated:  







	
Number of Economizers: 



















	
Symbol/Designation from Drawings:   















	
Location: 























	
Additional Information: 



















	


























	


























	


























	

	Outside Air Damper:

	
Manufacturer: 






















	
Model Number: 





















	
Type: 
























	
Design Parameters:  




















	
Motor Voltage/Phase/Hz: 


















	
Number of Dampers: 




















	
Symbol/Designation from Drawing:  
















	
Additional Information: 



















	


























	


























	


























	


	Return Air Damper:

	
Manufacturer: 






















	
Model Number: 





















	
Type: 
























	
Design Parameters:  




















	
Motor Voltage/Phase/Hz: 


















	
Number of Dampers: 




















	
Symbol/Designation from Drawing:  
















	
Additional Information: 



















	


























	


























	


























	Exhaust Air Damper:

	
Manufacturer: 






















	
Model Number: 





















	
Type: 
























	
Design Parameters:  




















	
Motor Voltage/Phase/Hz: 


















	
Number of Dampers: 




















	
Symbol/Designation from Drawing:  
















	
Additional Information: 



















	


























	


























	


























	

	Schedule Requirements:

	· Start-up testing

	· Pre-startup inspections

· Verification testing

	· Functional performance testing

	


	Required Tools and Instruments:

	· Multimeter for electrical measurements

	· Ammeter

· Power measurement transducer (PMT)

	· Calibrated thermometer

	· Calibrated enthalpy meter

	· Air velocity meter for in-duct measurements

	· Miscellaneous hand tools

	Description Of Calibration Procedures:
For all instruments which require calibration, provide the following information:

· Instrument description/identification

· Manufacturer’s calibration requirements

· Copy of most recent calibration certificates

· Date of most recent calibration

· Description of calibration procedure

Field-Initiated Modifications to Approved Testing Procedure:
· Describe the conditions which invalidate the approved testing procedure.

· Identify the specific steps or tests in the approved procedures which are invalidated.

· Describe the modified steps to the procedures.

· Explain how these new steps address the unanticipated on-site conditions without altering the intent or the outcome of the testing.

· For responsible subcontractors, obtain the written agreement of the Prime Contractor.

· Obtain the written agreement of the Quality Assurance Engineer.

· Proceed with the modified testing procedure.




	




CHECKLIST ITEM









   YES

  NO 

	1.0  Physical Installation of Economizer, Sensors and Ductwork

	1.1 Economizer installed in accordance with manufacturer's specifications 
and drawings






















	1.2 Thermostat correct for economizer (i.e., two-stage cooling control
required for integrated economizer)
















	1.3 Dampers installed in accordance with drawings













	1.4 Dampers and operating linkage installed correctly in accordance with
 drawings, move freely without binding and are fully operational









	1.5 Dampers installed match specification















	1.6 Dampers close tightly




















	1.7 Dampers lubricated (as required)

















	1.8 Outside air and return air dampers mounted to promote thorough
mixing of the two airstreams prior to entering coils












	1.9 Ductwork installed in accordance with design drawings











	1.10 All duct connections to economizer complete













	1.11 Fittings in ductwork properly specified and appropriate for
the application





















	1.12 Ductwork complete and leak tested
















	1.13 Outside air enthalpy/temperature sensor installed in correct location
and out of direct sunlight


















	1.14 Outside air sensor installed matches specification
and out of direct sunlight


















	1.15 Return air enthalpy/temperature sensor installed in correct location








	1.16 Return air sensor installed matches specification













	1.17 Mixed airstream enthalpy/temperature sensor located correctly to
ensure proper mixing of airstream ahead of sensor












	1.18 Mixed airstream sensor installed matches specification











	1.19 Air filters installed and clean

















	1.20 For high-rise installations:  All economizers and associated
air-handling units are located on the first floor or within the neutral zone
of the building.  (Note:  Experience has shown that incorrect use of air-side
economizers in high-rise buildings has resulted in serious
performance problems.)



















	1.21 Comments and Observations:  

















	


























	



























	




CHECKLIST ITEM








   
YES

    NO 

	2.0
Electrical

2.1 Disconnect panels installed, labeled and functional












	2.2 Fuse rating correct for connected equipment














	2.3 Power available to panels



















	2.4 Motor protection devices installed and functional













	2.5 Control system contactors functional
















	2.6 Control system interlocks functional















2.7 Shielded wiring used on electronic controls














	2.8 Comments and Observations:   

















	


























	


























	


























	3.0  Controls

	3.1 Factory start-up and check-out complete















	3.2 Solid-state sensors used



















	3.3 Outside air sensor calibrated in accordance with manufacturer’s
instructions






















	3.4 Return air sensor calibrated


















	3.5 Mixed air sensor calibrated


















	3.6 Relative humidity sensor calibrated















3.7 Comments and Observations:   

















	


























	


























	


























	4.0  Test and Balance

	4.1 Air balance complete with design maximum flow verified











	4.2 Test and balance report submitted

















	4.3 Comments and Observations:   

















	

























	

























	

























	5.0  Equipment Nameplate Data

	5.1 Economizer:

	Manufacturer: 





















	Model Number: 





















	Serial No.:  
 





















	Option Codes:  





















	Type:  























	Other: 
























	5.2 Outside Air Damper:

	Manufacturer: 





















	Model Number: 





















	Serial No.:   






















	Type:  























	Electrical Data:  





















	Other: 























	5.3 Return Air Damper:

	Manufacturer: 





















	Model Number: 





















	Serial No.: 
 





















	Type:  























	Electrical Data:  





















	Other: 























	5.4 Exhaust Air Damper:

	Manufacturer: 





















	Model Number: 





















	Serial No.: 
 





















	Type:  























	Electrical Data:  





















	Other: 























	6.0  Documentation















  YES

  NO

	6.1 Vendor cut sheets





















	6.2 Manufacturer's product design data
















	6.3 Operation and maintenance manuals
















	6.4 Manufacturer’s installation specifications:  














	6.5 Comments and Observations:   

















	


























	


























	7.0  Related Pre-startup Checklists

	7.1 Variable Air Volume System


















	7.2 Energy Management System


















	8.0  Non-Compliance and Corrections

	The following items did not comply with manufacturer’s or contract specifications and require correction:

	8.1 
























	8.2 
























	8.3 
























	8.4 
























	8.5 
























	


	9.0
Certification

	We the undersigned participated in this pre-startup inspection, acknowledge that the pre-startup process for the  HVAC air-side EEM has been completed and that all corrections have been made.

	
Date: 










	9.1 Name: 























	Company name: 





















	Role in inspection: 




















	Signature: 






















	9.2 Name: 























	Company name: 





















	Role in inspection: 




















	Signature: 






















	9.3 Name: 























	Company name: 





















	Role in inspection: 




















	Signature: 






















	9.4 Name: 























	Company name: 





















	Role in inspection: 




















	Signature: 






















	


verification TEST Checklist —

HVAC AIR-SIDE SystemS
Verification Tests:  The Prime Contractor shall demonstrate operation of the HVAC air-side systems in accordance with manufacturer’s and contract specifications.

The following checklist shall serve as a general guideline for verification testing, although the project-specific character of the tests required must be considered. This checklist should be refined by the Prime Contractor to address project-specific details and the information gathered during the pre-startup inspections.

	1.0 Activate System Controls

	1.1 Modify system controls setpoints, as required, to activate system responses for testing purposes.

	1.2 Verify outside and return dampers for proper setting.

	Result:  





















	1.3 Verify that system safeties allow operation of dampers if safety conditions are met.

	Result:  





















	2.0  Initiate system operation according to contractor’s normal start-up procedures or the verification test checklist for variable air volume system.

	2.1 Verify that outside air damper is completely closed during fan off, night cycle and warm-up modes of system operation.
Result:  





















	2.2 Verify that system controls for the fire- and life-safety system requirements override economizer.
Result:  





















	2.3 Outside air and return air dampers operate in correct response to controls.
Result: 





















	2.4 Test operation of dampers in all fan modes and for all enthalpy/temperature conditions, such as system calling for cooling with outside air enthalpy less than and greater than return air enthalpy, no call for cooling with outside air less than 55F, no call for cooling with outside air greater than 55F, etc.  Revise combinations of these parameters as required for integrated and non-integrated economizer.
Result: 





















	2.5 Verify that control-sequence operation of economizer does not adversely affect the energy-efficient performance of other HVAC system equipment.  (For example, perimeter heating with a water-loop heat-pump system uses the mechanical cooling of interior zones as a heat source.) 
Result: 





















	2.6 Reset system controls setpoints for proper operation of system after test is completed and verify that system responds correctly to existing conditions.
Result: 





















	2.7 Record the following information:

	

Ambient Outside DB Air Temperature (F):  











	

Outside Air Relative Humidity (%):  













Outside Air Wet Bulb Temperature: 

Calculated
 (     Measured  ( 

	3.0  Check and report unusual vibration, noise, etc.  












	


















































	4.0
Compare equipment’s observed response to manufacturer’s and contract specifications:

	
























	


























	5.0  Record Results:

	5.1 Prime Contractor shall record and submit results of the verification testing to CES Project Manager.

	5.2 If specified equipment operation is not confirmed, Contractor shall report remedial action required, propose changes and reschedule verification tests. 

	6.0  Non-Compliance and Corrections

	The following items did not comply with manufacturer’s and contract specifications and require correction:

	6.1 






















	6.2 






















	6.3 






















	6.4 






















	6.5 























FUNCTIONAL PERFORMANCE TEST CHECKLIST  

HVAC AIR-SIDE
Functional Performance Tests:  The Prime Contractor shall demonstrate performance of the HVAC air-side systems in accordance with the final design-intent document and manufacturer’s and contract specifications. The building operator's assistance will be required to change setpoints for the duration of the testing and restore them to their original settings after the tests have been completed.

The following checklist shall serve as a general guideline for the functional performance testing, although the project-specific character of the tests required must be considered.  This checklist should be refined by the Prime Contractor to address project-specific details and information gathered during the pre-startup inspections and verification testing.

	1.0 Activate System Controls

	1.1 Modify system controls setpoints, as required, to activate system responses for testing purposes.

	1.2 Verify outside and return dampers for proper setting.

	Result:  





















	1.3 Verify that system safeties allow operation of dampers if safety conditions are met.

	Result:  





















	2.0
Establish stable operation of HVAC air-side system and verify performance of components, subsystem and system through all design conditions in accordance with final design-intent document.

3.0
Compare equipment’s observed response to the final design-intent document:

	
























	
























	4.0  Record Results:

	4.1 Prime Contractor shall record and submit results of the functional performance testing to CES Project Manager.

	4.2 If specified equipment performance is not verified, Prime Contractor shall report remedial action required, propose changes and reschedule functional performance tests. 

	5.0  Non-Compliance and Corrections

	The following items did not comply with manufacturer’s and contract specifications or final design-intent document and require correction:

	5.1 






















	5.2 






















	5.3 






















	5.4 






















	5.5 






















	6.0  Documentation required in complete Final Commissioning Report:

	6.1 Certified pre-startup checklists

	6.2 Certified verification and functional performance test checklists

	6.3 Test and Balance Report

	6.4 Vendor cut sheets

	6.5 Manufacturer's product design data

	6.6 Operation and maintenance manuals

	6.7 Manufacturer’s installation specifications

	6.8 Final as-built drawings and specifications


	7.0  Certification

	We the undersigned witnessed the verification and functional performance tests and certify that the testing procedures for the HVAC air-side EEM identified above have been completed, that the equipment tested has met the established operational and performance requirements and that all corrections required due to non-compliance with the contract documents, manufacturer’s specifications and final design-intent document have been made.

	Date: 










	7.1 Name: 




















	Company name: 

















	Role in inspection: 

















	Signature: 



















	7.2 Name: 




















	Company name: 

















	Role in inspection: 

















	Signature: 




















	7.3 Name: 




















	Company name: 

















	Role in inspection: 

















	Signature: 



















	7.4 Name: 




















	Company name: 

















	Role in inspection: 

















	Signature: 
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Commissioning Team Members

Action Item

CES Project Manager

Quality Assurance Engineer

Prime Contractor

Mechanical Subcontractor

Electrical Subcontractor

Balancing Subcontractor

Controls Subcontractor

Owner's O&M Staff

Verification Activities

Prepare Inspection Checklists

Approve Inspection Checklists

Coordinate with Team Members

Pre-Start up Inspection

Conduct Pre-Start up Inspections

On-site for Inspection

Louvers, Controllers, Sensors, Connected Eqpt & Wiring

Luminaires, Sensors, Controls, Connected Eqpt & Wiring

Electrical Panels, Motors, Power Packs, etc.

Power Available to Components

System Controls

Equipment Nameplate Data

Documentation & Submittals

Obtain Vendor Cutsheets and Performance Specs

Obtain Manufacturer's Installation Instructions

Obtain Manufacturer's O&M Manuals

Prepare Related Checklists

Non-Compliance & Corrections

Determine Non-compliance components

Corrections and Repairs

Pre-Start up Inspection Follow-up

Record Inspection Results

Certify Pre-Start up Checklists

Approve Pre-Start up Checklists

Verification Testing

Prepare Verification Test Checklists

Initiate Start-up of System Components

Verify Test and Balance Report

Certify Readiness for Conducting Verification Testing

Authorization to Proceed with Verification Testing

Conduct Verification Testing

Functional Performance Testing

Prepare Functional Performance Checklists

Authorization to Proceed with FPT

Conduct Functional Performance Testing

On-Site for Verification & Functional Performance Testing

Documentation and Non-Compliance

Record Results of Testing

Determine Non-Compliance Components

Corrections and Repairs

Verify Results of Testing

Approve Results

Prepare Final Commissioning Report

Prepare System Manual


