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6.2
ENERGY MANAGEMENT SYSTEM

Commissioning Process Summary
The commissioning process for the Energy Management System (EMS) EEM includes pre-startup inspections of the EMS monitoring interface with installed equipment, subsystems and systems and the execution of verification and functional performance testing of the EMS system controls.  Each sequence and system should be 100% point-to-point tested to ensure system operation through EMS control.  The EMS components important to the commissioning effort include central processing/monitoring hardware and software, communications/alarm function, user interface with EMS, monitoring functions required for facility operation, local control panels and individual monitoring points.  The EMS operational and performance parameters can vary widely depending upon the size and complexity of the facility/system being monitored and the level of control delegated to the EMS.  Some basic monitoring parameters include time of day, start/stop control, temperature, proof of flow, voltage, amperage, heat/smoke, lighting levels and occupancy.

The commissioning fieldwork 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, 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 verification and functional performance test checklists.  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 for the EMS/facility 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 Member’s 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-efficiency measure.

The pre-startup inspection of subsystems verifies, through visual examination, simple measurements and reference to contractors’ reports, that the components are installed in accordance with manufacturer’s specifications, meet design criteria and are ready for system start-up.  The pre-startup checklist addresses verification of the physical installation, electrical system, system controls, test and balance of monitored system, collection of equipment nameplate data and documentation.  In addition, related pre-startup checklists, non-compliance, and corrections of components that 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 the EMS’s control over specific system functions, which are specified to improve the energy-efficient operation of the system.

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 energy management system as defined in the final design-intent document.

Prior to the verification and functional performance testing, the Prime Contractor may need to coordinate with the building operator to modify the system control 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 comply with the acceptance criteria must be repaired or corrected and then retested until satisfactory results are obtained.

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.

Pre-Start up Inspections,
Team Members’ Responsibilities

Verification Checks and Tests
and Functional Performance Testing
Commissioning Team Members
for Energy Management System EEM
	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 Equipment & Wiring
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Luminaires, Sensors, Controls, Connected Equipment & Wiring
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Electrical Panels, Motors, Power Packs, etc.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Power Available to Components
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	System Controls
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Equipment Nameplate Data
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Documentation & Submittals
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Obtain Vendor Cut sheets 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-Startup Checklists
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Approve Pre-Startup 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
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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: 


Describe systems/equipment being controlled: 


Describe system control strategies: 


EQUIPMENT DESCRIPTION

Energy Management System:


Manufacturer: 


Model Number: 


Describe system architecture: 


Number of control panels: 


Number of points monitored: 



Locations of control panels: 


Location: 


Symbol/Designation from Drawings: 


Type of wiring:
Hard: 

Soft: 


Describe: 


EMS installer:
Manufacturer: 

Subcontractor: 

Other: 



Describe EMS interface with/use of existing pneumatic controls: 


Additional Information: 

Controls Description and Sequence of Operation:

Controls Operating Setpoints:

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)


(
Anemometer


(
Calibrated thermometer


(
Calibrated humidity meter


(
Ultrasonic flow meter


(
Miscellaneous hand tools

Description of Calibration Procedures:

For all instruments that 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 that invalidate the approved testing procedure.


(
Identify the specific steps or tests in the approved procedures that 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 Components and Tubing


1.1
Central front-end hardware installed and functional






1.2
Layout of control panels matches drawings





1.3
Framed instructions mounted in or near control panel





1.4
Components properly labeled (on inside and outside of panel)






1.5
Control components piped and/or wired to labeled terminal strip(s)






1.6
EMCS connection made to labeled terminal strip(s) as shown
on drawings





1.7
Control wiring and tubing labeled at all terminations, splices,
and junctions





1.8
Pneumatic tubing identified, pressure tight, and properly supported





1.9
Comments and Observations 






2.0
Electrical


2.1
Panels installed and labeled






2.2
Wiring complete





2.3
Fuse ratings correct for connected equipment





2.4
Low voltage connections to input/output points identified





2.5
Power supplies properly connected and sized





2.6
Conduit, plenum-rated cable and flex connections installed correctly





2.7
Field wiring in accordance with submitted drawings/specifications





2.8
Shielded wiring used on electronic sensors





2.9
Comments and observations: 








3.0
Controls


3.1
Factory start-up and check-out complete





3.2
Field devices properly installed, i.e., current transducers, temperature
and pressure sensors, temperature and velocity sensors, EP switches,
EP transducers, damper and valve actuators, light switches,
occupancy sensors, etc.





3.3
Communications established between panels and network






3.4
Control circuit logic for motor starting verified





3.5
Input sensors calibrated.  (This calibration is essential to the correct
functioning of the EMS.)





3.6
Comments and observations: 






4.0
Test and Balance


4.1
Test and balance of monitored system 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
Energy Management System


Mfr. & Model: 

Serial Number: 

Electrical Data: 

Other: 



5.2
Central Computer:


Mfr. & Model: 

Serial Number: 

Electrical Data: 

Other: 


5.3

:


Mfr. & Model: 

Serial Number: 

Electrical Data: 

Other: 

6.0
Documentation
YES
NO


6.1
Vendor cut sheets






6.2
Manufacturer’s product design data






6.3
Software licensing rights





6.4
Control loop diagrams





6.5
As-build drawings





6.6
Shop drawings





6.7
EMS panel information (I/O cards, motherboards, power supplies, etc.)





6.8
I/O point lists





6.9
Spare parts list





6.10
Graphic layout of each system





6.11
PC operating and maintenance date (if applicable)






6.12
Sequence of operations of each system






CHECKLIST ITEM
YES
NO


6.13
Operation and maintenance manuals





6.14
Manufacturer’s installation specifications





6.15
Final As-built drawings and specifications






6.16
Comments and Observations: 






7.0
Non-Compliance and Corrections


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


7.1




7.2




7.3




7.4




7.5



8.0
Certification


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


Date: 



8.1
Name: 

Company name: 

Role in inspection: 

Signature: 



8.2
Name: 

Company name: 

Role in inspection: 

Signature: 


8.3
Name: 

Company name: 

Role in inspection: 

Signature: 


8.4
Name: 

Company name: 

Role in inspection: 

Signature: 

The Prime Contractor shall demonstrate operation of the energy management system 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
Control Strategies:


1.1
The control strategy employed will be based upon the type of system, the level of control, hours of operation, and occupant comfort and productivity.  Some common control strategies that may be encountered are as follows:


a.
Start/stop control


b.
Economizer


c.
Enthalpy


d.
Optimized start/stop


e.
Demand limiting


f.
Set forward


g.
Lighting control


h.
Hot water reset


i.
Chilled water reset


j.
Chiller optimization


k.
Load shedding


l.
Dispatched utility signal


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
Generic Acceptance Testing Procedures


2.1
Raise/lower space temperatures in software to verify if the system responds appropriately.


2.2
Raise/lower the mixed-air temperature and verify damper positions.


2.3
Raise/lower static pressure setpoints and verify the variable seed drive or vortex control.

2.4
Verify space temperatures and humidity adjacent to an EMS sensor with a digital meter and verify if the EMS system is recording this within tolerance.


2.5
Verify that time-of-day start-up and shut-down function initiates system response.


2.6
Manually command dampers and valves through the PC and verify actuation.


2.7
Disconnect communication cable to the EMS panel and verify if the EMS system can control the respective system (standalone control).


2.8
Disconnect an EMS space-temperature sensor and verify control sequence default.


2.9
Print out all required reports.


2.10
View all graphics (if applicable)


2.11
Start/stop units through EMS.


2.12
Verify the amount of battery backup.


2.13
Verify if the EMS system panel has its own dedicated power supply.


2.14
Verify wiring method conformance with specifications.


2.15
Trend all required points at minute time intervals to verify trending capabilities.


2.16
Verify if all alarm conditions are monitored.


2.17
Verify spare point capacity.

3.0
Record results:


3.1
Prime Contractor shall record and submit results of the verification testing to CES Project Manager.


3.2
If specified equipment operation is not verified, Prime Contractor shall report remedial action required, propose changes, and reschedule verification tests.
4.0
Non-Compliance and Corrections


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


4.1



4.2



4.3



4.4




4.5



Functional Performance Tests:  The Prime Contractor shall demonstrate performance of the energy management system in accordance with the final design-intent document and manufacturer’s and contract specifications.  The building operator’s assistance will be required during the discharge test and during peak load testing of the system to change setpoints for the duration of the testing and restore them to their original settings after the tests have been competed.

The testing sequences that involve the EMS must be conducted in conjunction with the functional performance testing of the equipment, sub-systems, and systems being controlled by the EMS.  Refer to the related verification and functional performance test plans provided herein for detailed checklists.

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
Control Strategies:


1.1
The control strategy employed will be based upon the type of system, the level of control, hours of operation, and occupant comfort and productivity.  Some common control strategies that may be encountered are as follows:


a.
Start/stop control


b.
Economizer


c.
Enthalpy


d.
Optimized start/stop


e.
Demand limiting


f.
Set forward


g.
Lighting control


h.
Hot water reset


i.
Chilled water reset


j.
Chiller optimization


k.
Load shedding


l.
Dispatched utility signal

2.0
Example Test Procedures

Due to the vast differences that exist among EMSs, the systems that can be effectively controlled, the types of controls and sensors available and the interface potentials with new and existing installations, the project-specific functional performance test checklist must guide the testing.  What follows are examples of test procedures, written in a specific input protocol, for several major systems typically controlled by an EMS in new or remodeled facilities.

Note: All sequencing is software driven and is fairly complex.  Many local variables (i.e., variables used entirely within a single program to calculate such things as setpoints) and global variables (variables that can be accessed between different programs located in one or more panels for use in calculations) are used in the algorithms.  The following functional performance test procedures are designed to ensure that the DDC system provides the expected outputs based on one given set of input conditions.  A functional performance test procedure that analyzed response to an infinite number of possible inputs could never be conducted in any reasonable length of time or effort.

CHILLER PLANT CONTROL

Chiller Start

Start – Occupied conditions, i.e., WORKDAY_6_18

With Chillers R1 or R2 both off, force a chiller start by commanding the following input and output points to test GCL control strategies.  If the test is to be performed during normal occupied hours, follow the test procedures for Start-Occupied conditions.  If the test is to be performed during the after-hours period, follow procedures for Start-Unoccupied conditions.

Test for AND logic

The non-heat recovery chiller R1 will not start unless all of the below-stated conditions are met.  As a first test, check for preservation of AND logic control by not satisfying one of the inputs, i.e., set OAT ≤ 55°F.


1.
Insure that Workday_6_18 ON


2.
Set OAT to 65°F


3.
Set cold duct temp (S1_CDT or S2_CDT) to 10°F greater than the respective setpoints (S1_CDTSP or S2_CDTSP)


4.
Set Previous high temperature (PHT) > 75°F


5.
Set Maximum average space temperature (MAXAVEST) to 75°F

The chilled water pump R3SS should then start.  Flow proof will be satisfied via the chiller R1's internal safeties; the condenser valve R1CDV will open; then chiller #1 (R1SS) will start in sequence.

Start--Unoccupied conditions, i.e., WORKDAY_6_18 OFF


1.
Insure that WORKDAY_6_18 OFF


2.
Set cool day mode off (CDM OFF)


3.
Set OAT to 72°F


4.
Set MAXAVEST to 76.5°F

The chilled water pump R3SS should then start.  Flow proof will be satisfied via the chiller R1's internal safeties; the condenser valve R1CDV until open; then chiller #1 (R1SS) will start in sequence.

Lead/Lag Control

Chiller RI fails

With R1 on for 15 minutes and by forcing its current draw to a low value (R1CC ≤ 20) and either fan system's cold duct temperature (SICDT or S2CDT) greater than the respective duct temperature setpoints (S1_CDTSP or S2_CDTSP) by 20°F, condenser valve R2CDV will open, and R2 should start.

When Chiller R2 stops

Set RICC back to auto.  Insure the HR_MODE=OFF.  After a short delay, R2 should stop, R2CDV should close, and R1 will carry the load.

CHILLER DEMAND CONTROL

Chiller demand (R1DMD) modulates between 45% and 100% as a complex function of chiller supply water temperature, supply fan speeds, outside air temperature, cold deck setpoints and cold deck temperatures.  Because of the complexity, we propose to trend chiller demand vs. the above variables.

Trend R1DMD and R1CC vs. R1SWT, SIFEQ, OAT1, S1CDV, SICDTSP and SICDT

The greatest change in chiller demand response should be more closely related to cold deck valve positions (S1CDV) and chiller supply water temperatures (R1SWT) than to outside air (OATI), fan speed (S1FEQ), and actual cold deck temperatures (S ICDT) in excess of setpoint (S1_CDTSP).

Comment on the rate of change in chiller demand (R1DMD) for SICDV ≥ 95% when R1SWT ≥ 44°F.  If either of these variables is forced, return to automatic status before continuing.

Mixed Air Control with Mechanical Cooling

With CLGPLANT = ON, set S1_OCC at 25% and OAT1 to 80°F and S1RAT to 76°F.  Mixed air dampers should close and minimum outside air dampers should open.  Record S1MAD and S1MOA.

With CLG_PLANT = ON set OAT1 = 70°F and S1RAT = 76°F.  Mixed air and minimum air dampers should open to 100%.  Record S1MAD and S1MOA.

Return S1_OCC, OAT1, and S1RAT back to automatic status before continuing.

With the cooling plant (CLG_PLANT ON), Heat Recovery Mode

Force the Heat Recovery Mode on (HR_MODE = ON) by forcing the sum of PHT and OAT < 115°F while MINAVEST < STOBJ.  Observe and record results.  Trend HR_MODE vs. PHT, OAT, MINAVEST, and STOBJ.

When HR_MODE = ON, R2SS and R6SS will start, R2CDV will open, CTBPV will change position and chiller 1 (R1SS) will stop as will condenser pump (R5SS).  Trend HR_MODE vs. R2SS, R6SS, R2CDV, and CTBPV.  Observe, record, and comment on the results.

Return the variables PHT, OAT, MINAVEST, and STOBJ back to automatic status before continuing.

Chiller Stop Occupied Conditions


1)
Set either chilled water supply temperatures (R1SWT/R2SWT) to less than 40°F.  R1 should stop.

Mixed Air Control without Mechanical Cooling

With CLG_PLANT = OFF, set OAT < S1RAT.  Mixed air dampers will modulate to maintain cold duct temperature setpoint.  Trend cold duct temperature setpoint SI_CDTSP against mixed air temperature S1MAT.

Return OAT and S1RAT back to automatic status before continuing.

IMPORTANT

Before continuing with any functional testing, all inputs, outputs and global variables that have been forced for purposes of performing the above sequences should be returned to their automatic status to ensure continued control via GCL programs.

AIR HANDLER CONTROL

Supply Fan Speed Control

When the building is in the occupied mode, the fan speed for each fan system is adjusted once each minute according to a number of factors including average damper position in zones served by the particular supply fan, static discharge pressure, average space temperature in comparison to the space temperature objective, the number of boxes with dampers wide open, the number of zones requiring cooling, or the number of zones requiring heating.  Each factor will have the effect of raising or lowering the fan speed.

Because of the complexity of the algorithm and the interaction of the variables involved, we propose to trend supply fan speed vs. the above variables.  In order to observe the individual effect of each parameter used in the algorithm on the ultimate outcome, we will force all but one of the inputs/outputs and global variables of interest to a fixed value; then observe, record, and comment on how the parameter that is allowed to vary affects the fan speed.

Trend logs of S1FEQ vs. S1_AVEDPR, S1DAP, S1_AVEST, STOBJ, SI_MAXDPR, S1_CLGREQ, and S1_HTGREQ will be set up in order to accomplish this task.  Seven (7) iterations will be required with a different variable fixed in each to carry this out.

Fire Safety Venting

The functionality of the emergency venting procedures will be tested during a Fire Department-supervised test.  This test will be conducted from the local alarm panel and an observation will be made as to whether the DDC system takes the supply and return fans to 100% speed (S1FEQ, S2FEQ, R1FEQ, R2FEQ = 100%), opens all the floor-mixing box dampers to the open position (*.IC.S4=1), and preserves all other safeties.  The results of the test will be documented.

Return Fan Speed Control

The return fans are operated to maintain a slightly negative mixed-air plenum pressure at all times.  In addition, plenum pressure setpoints will be reset to maintain representative building return static pressures at some slightly positive value.

Trend logs of Plenum Static Pressure (S1MAP), Plenum Pressure Setpoints, and Building Return Air Pressures (BRAP) vs. fan speeds S1FEQ and R1FEQ will be recorded.  The relationships will be presented graphically and evaluated for appropriate responses.

Fan Scheduling

Fans are run continuously during unoccupied hours, and the speed will initially be set at 35% maximum.

With WORKDAY_6_18 Off, S1FEQ = S2FEQ = 35%

Cold Deck Control

The cold deck setpoints for each air handler are a complex function of many variables, including space temperature objective (STOBJ), # zones requiring cooling (S1_CLGREQ), average and minimum average space temperatures (S1_AVEST and SI_MINAVEST), projected high temperature (PHT), whether or not the cold day is on or off (CDM = ON or OFF) time of day, discharge air pressure (S1DAP), and heating plant or heat recovery mode status (HTG_PLANT and HR_MODE).  Based on response to these inputs, the S I_CDTSP varies from 50° to 80°F.  The cold deck valve (S1CDV) modulates to maintain S1_CDTSP.

Because of the complexity of the algorithm and interaction of the variables involved, we propose to trend cold deck setpoint vs. the above variables.  In order to observe the individual effect of each parameter used in the algorithm on the ultimate outcome, we will force all but one of the inputs/outputs and global variables of interest to a fixed value; then observe, record, and comment on how the parameter that is allowed to vary affects the cold deck setpoint.

Trend logs of S1_CDTSP vs. STOBJ, S1_CLGREQ, S1_AVEST, S1_MINAVEST, PHT, CDM, S1DAP, HTG_PLANT, and HR_MODE will be set up in order to accomplish this task.  Nine (9) iterations will be required with a different variable fixed in each to carry this out.  Provide one additional trend log in which all variables are allowed to run wild.

Hot Deck Control

The hot deck temperature setpoints for each air handler are a complex function of the number of zones requiring heating (S1_HTGREQ), the number of zones in the heating mode (S1_HM), the space temperature objective (STOBJ), the previous high temperature (PHT), and the minimum average space temperatures (S1_MINAVEST).  Based on response to these inputs, S1_HDTSP varies between 70° and 140°F with the heat recovery mode off, and between 88° and 110°F with the heat recovery mode on.  The hot deck valve (S1HDV) modulates to maintain S1_HDTSP.

Because of the complexity of the algorithm and interaction of the variables involved, we propose to trend hot deck setpoint vs. the above variables.  In order to observe the individual effect of each parameter used in the algorithm on the ultimate outcome, we will force all but one of the inputs/outputs and global variables of interest to a fixed value; then observe, record, and comment on how the parameter that is allowed to vary affects the hot deck setpoint.

Trend logs of S1_HDTSP vs. S1_HTGREQ, S1_ HM, STOBJ, PHT, and S1_MINAVEST will be set up in order to accomplish this task.  Five (5) iterations will be required with a different variable fixed in each to carry this out.  Provide one additional trend log in which all variables are allowed to run wild.

IMPORTANT

Before continuing with any functional testing, all inputs, outputs and global variables that have been forced for purposes of performing the above sequences should be returned to their automatic status to ensure continued control via GCL programs.

BOILER CONTROL

Boiler Start

Set S1_HOTDECK or S2_HOTDECK ON, HTG_PLANT will go ON.

Heating circulation pumps H4 and K5 will start, and once flow is proven, Boilers H1 and H2 will start.

Boiler Demand Control

Boiler demand (H1DMD) modulates between 0% and 100% as a complex function of boiler supply water temperature (HWSWT), outside air temperature (OAT), boiler supply water temperature setpoint (HWSWTSP) and boiler current draw (H1CC).

Because of the complexity of the algorithm and interaction of the variables involved, we propose to trend boiler demand vs. the above variables.  In order to observe the individual effect of each parameter used in the algorithm on the ultimate outcome, we will force all but one of the inputs/outputs and global variables of interest to a fixed value; then observe, record, and comment on how the parameter that is allowed to vary affects the boiler demand.

Trend logs of H1DMD vs. HWSWT, OAT, HWSWTSP, and H1CC will be set up in order to accomplish this task.  Four (4) iterations will be required with a different variable fixed in each to carry this out.  Provide one additional trend log in which all variables are allowed to run wild.

Hot Water Temperature Reset 

Hot water temperature setpoint (HWSWTSP) is reset as a function of the two fan systems Hot Deck Temperature setpoints, (S1_HDTSP and S2_HDTSP) actual hot deck temperatures (SIHDT and S2HDT), position of the hot deck control valves (S1HDV and S2HDV), and a local variable called HWT_ADJ, which is calculated in the program.  HWT_ADJ is a function of the difference between hot deck temperature setpoints and actual hot deck temperatures, and outside air temperature.

For any given offset in hot deck temperatures from setpoint, (S1_ HDTSP – S1HDT) boiler demand response per algorithm will have a tendency to increase at a greater rate for hot deck valve positions (S1HDV) in excess of 95%.  The analyses of these trend logs will comment on whether or not the above logic holds true.

Trend HWSWTSP vs. SI_HDTSP, S1HDT, S1HDV, and OAT.

Boiler Stop

Set SI_HOTDECK and S2HOTDECK Off, HR MODE = Off.  After a short period of time boiler circulation pumps H4 and H5 will shut down and through flow proofs shutdown boilers.

IMPOR TANT

Before continuing with any functional testing, all inputs, outputs and global variables that have been forced for purposes of performing the above sequences should be returned to their automatic status to ensure continued control via GCL programs.

COOLING TOWER CONTROL

Cooling Tower Fan Start/Stop and Speed Modulation

Increment values of Cooling Tower Supply Water Temperature (CTSWT) upwards from a set Cooling Tower Supply Water Temperature Setpoint (CTSWTSP), in half-degree increments to see how fan speed modulation R8FEQ is modulated to 100% speed.  By incrementing CTSWT downwards in similar increments, one can test for speed modulation downwards.

Trend CTSWT vs. CTSWTSP and R8FEQ.

For general condenser-tower loop operation, we will trend status of R5SS, R6SS, and CTBPV along with CTSWTSP.

IMPORTANT

Before continuing with any functional testing all inputs, outputs and global variables that have been forced for purposes of performing the above sequences should be returned to their automatic status to ensure continued control via GCL programs.

MIXING BOX AND I-ZONE CHECK OUT PROCEDURES

1.
Controls contractor builds up box database (Addresses cards) and “zeroes” airflow sensors.

2.
With portable computer connected to floor standalone panel and appropriate box I-zone setup screen in view, contractor performs the following calibration and checkout procedures (Fans on):


a.
Adjust fan speed to achieve desired operating range of flow velocities (1000-1500 fpm) from hot/cold duct at 100% volume damper position.


b.
Take space temperature readings and supply air-temperature reading with handheld calibrated thermometer and compare to sensor readings as shown on IC screen.


c.
Calculate and input temperature offsets.


d.
Take airflow readings from box diffusers with calibrated flow hood.


e.
Compare actual airflow readings with displayed readings, and calculate the corrected area factor as a calibration value.


f.
View IC screen to verify that calibrated airflow display.


g.
Switch modes and repeat airflow readings and adjustments.  Observe damper movement and position during this step.


h.
Close volume damper to 0% position.  Record airflow values read from IC screen and use flow hood to measure actual flows.


i.
Return box I-zone to automatic operation.

3.
During working hours, review IC screens to verify, check for logical performance, i.e., proper mode is used, flows correspond with damper positions, supply-air temperatures appear reasonable for mode, temperature offsets are within reason, etc.

VAV BOX CONTROL UNDER TRAV

Note: For the following tests, a sampling rate of three (3) boxes per floor will be used.  Of these three (3), two (2) will be perimeter boxes and one an interior box.

Hot Duct/Cold Duct Switching Damper Response

For a chosen zone, set a Space Temperature to a value less than the switch temperature, i.e., for a box on floor 10, set Fl0_b1.11 < S1_SWITCH.  If S1_SWITCH = 72°F and Fl0_b1.11 = 70°F, and if the box was previously open to the cold duct, the switching damper will close off the cold duct and open to the hot duct.

The position of the damper will be reversed if the space temperature is set to be greater than the switch temperature.

Modulating Damper Response

Set up trend logs to see how the modulating damper position (F#_B#.S6) from a selected sample of I-zone IC screens responds to the following variables and setpoints:


Floor Cooling Setpoint (F#_CLGSP)


Space Temp   (F# B#.11)


Maximum airflow (F#_MAXAF)


Minimum airflow (F#_MINAF)


Space temp objective  (STOBJ)


Airflow setpoint   (F#_B#.S5)

Because of the complexity of the algorithm and interaction of the variables involved, we propose to trend modulating damper position vs. the above variables.  In order to observe the individual effect of each parameter used in the algorithm on the ultimate outcome, we will force all but one of the inputs/outputs and global variables of interest to a fixed value; then observe, record, and comment on how the parameter that is allowed to vary affects the modulating damper position.

Trend logs of F#_B#.S6 vs. F#_CLGSP, F#_B#.11, F#_MAXAF, F#_MINAF, STOBJ, and F#_B#.S5 will be set up in order to accomplish this task.  Six (6) iterations will be required with a different variable fixed in each to carry this out.  Provide one additional trend log in which all variables are allowed to run wild.

Test for Switchover to Box Default Mode

Changing Setpoint #4 on the I-zone IC screen from auto damper control (2.0) to Test/default mode (-1.0) should switch the box from supervisory control via the GCL programs resident in each floor's Icon panel to local backup control from the resident program in the I-zone panels.  Observing the TC screen and noticing the change in control mode should confirm a successful switchover.

DEFAULT MODE (LOCAL BACKUP) BOX CONTROL

Hot Duct/Cold Duct Switching Damper Response

For a chosen zone, observe space temperatures (Input #1 IC Screen) vs. space temperature setpoints (Setpoint #3 IC Screen).  For a deadband (Setpoint #20 IS Screen) of 0.2°F, cooling mode and higher flows in the cold duct should be indicated on the IC screen for space temperatures in excess of 0.2°F of the space temperature setpoint, while the opposite will be true for space temperatures less than this deadband.

Modulating Damper Response

Airflow setpoints are calculated via a proportional algorithm that varies flow between maximum and minimum values in order to approach desired space temperature setpoint, according to a preset throttling range.  The throttling range is adjustable but has initially been set at 1.5°F.  To test functionality, set up trend logs to see how the modulating damper position (F#_B#_S.6) responds to the following variables and setpoints:


Space Temperature  F#_B#_1.7


Space Temperature Setpoint  F#_B#_S.3


Hot Duct Velocity  F#_B#_1.7


Cold Duct Velocity  F#_B#_1.8


Heat or Cool Mode  F#_B#_O.3

Comment on whether the box is in the proper mode and modulating damper position appears to be correct given the offset from space-temperature setpoint.

LIGHT SWITCHING

We will test the functionality of the lighting sweep by verifying correct operation of light switches during both daytime and unoccupied modes.  This will be done for a sample of two (2) to three (3) circuits on each floor.

The circuits will be tested for sweep according to a schedule, and for after-hour overrides (usually two hours in length).  A trend log will be set up to display whether or not the lighting control sequence functions correctly.

3.0
Compare observed response of systems, subsystems and components to EMS control instructions under simulated conditions to the design intent and specified response under the same actual conditions.

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 and reschedule functional performance tests.

5.0
Non-Compliance and Corrections


The following items did not comply with the final design-intent document or manufacturer’s or contract specifications 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
Vendor cut sheets


6.4
Manufacturer’s product design data


6.5
Software licensing rights


6.6
Control loop diagrams


6.7
As-built drawings


6.8
Shop drawings


6.9
EMS panel information (I/O cards, motherboards, power supplies, etc.)


6.10
I/O points list


6.11
Spare parts list


6.12
Graphic layout of each system


6.13
PC operating and maintenance date (if applicable)


6.14
Sequence of operations of each system


6.15
Hard copy of system software


6.16
Operation and maintenance manuals


6.17
Manufacturer’s installation specifications


6.18
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 Energy Management System 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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