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Learning Objectives

1. General understanding of Ongoing Commissioning (O Cx)
2. Elements of a complete OCx plan
3. How BAS alarms, BAS trending, data logging and BA S automated 

testing fit into a cost effective OCx plan
4. Key concepts and lessons learned for setting up a nd utilizing BAS 

alarms, BAS trending, data logging and BAS automate d testing in an 
OCx Plan

AIA Quality Assurance



Bryan Welsh – President, WCxG

BS Mechanical Engineering, Licensed PE
LEED Accredited Professional
BCA Certified Commissioning Professional
ACG Certified Commissioning Authority
25 years engineering and facility engineering 

experience in commercial, industrial and 
educational facility environment

10 years as facilities manager receiving new and 
remodeled facilities

Full-time commissioning provider since 1999, part 
time provider since 1989

 



Presentation Overview

Commissioning overview
The case for Ongoing Commissioning
Ongoing Commissioning Defined
Ongoing Commissioning - BAS/Loggers
Real World Examples
Key Concepts and Lessons Learned
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Commissioning Overview
The Building Delivery Process at Its Worst



Commissioning Overview
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The Case for Ongoing 
Commissioning
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Ongoing Commissioning
Savings Potential Over Life of Building
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Typical State of Maintenance
As Noted During Existing Building Commissioning



Maintenance Axiom

• Most people will gravitate toward pleasure and move 
away from pain

• Maintenance � Fun
• Add it up:

Complex Systems    
Under Funding
Poor Equipment Access
Poor Training

+ Poor Documentation
= Really Poor Maintenance

Poor Maintenance � Sustainability
• Anything we can do to make maintaining equipment 

easier will make maintenance and sustainability 
better



Sustainability Through Maintainability

Reactive
Preventive

Proactive
Predictive

Increased Sophistication &Cost

More OCx Needed

If the Maintenance Department is 
here, it is generally considered 

“Very Good”



Resistive Forces - Selling OCx

Maintenance people get satisfaction out of being 
the “hero” on reactive calls

“If everything worked all the time, how would 
people know we were on the job?”

“I can’t stop to sharpen the saw, I’m too busy 
cutting wood”

OCx must be understood by all stakeholders

Resource shifts must be identified
• $$ Reactive >> $$ Proactive



Ongoing Commissioning Defined



ASHRAE Guideline 0 - 2005

Ongoing Commissioning Process: A 
continuation of the Commissioning Process well 
into the Occupancy and Operations Phase to 
verify that a project continues to meet current 
and evolving Owner’s Project Requirements. 
Ongoing Commissioning Process activities occur 
throughout the life of the facility; some of these 
will be close to continuous in implementation, 
and others will be either scheduled or 
unscheduled (as needed). Also see Continuous 
Commissioning Process.



USGBC LEED EBOM
Energy and Atmosphere Credits

PR 1: Energy Efficiency Best Management Practices –
Planning, Documentation and Opportunity Assessment

PR 2: Minimum Energy Efficiency Performance
PR 3: Refrigerant Management – Ozone Protection
Credit 1: Optimize Energy Efficiency Performance
Credit 2: Existing Building Commissioning
Credit 3: Performance Measurement
Credit 4: Renewable Energy
Credit 5: Refrigerant Management
Credit 6: Emissions Reduction Reporting



LEED EBOM Commissioning

EA Credit 2.1: Existing Building 
Commissioning: Investigation and 
Analysis

EA Credit 2.2: Existing Building 
Commissioning: Implementation

EA Credit 2.3: Existing Building 
Commissioning: Ongoing 
Commissioning



LEED EBOM Performance Verification

EA Credit 3.1: Performance 
Measurement: Building Automation 
System

EA Credits 3.2 and 3.3: Performance 
Measurement: System-Level Metering



LEED EBOM Ongoing Commissioning



EA Credit 3.1 Performance Verification



EA Credit 3.2&3 Performance Verification



USGBC LEED EBOM
Sample Work Scope – Ongoing Commissioning

EA Credit 2.3: Existing Building Commissioning: 
Ongoing Commissioning
• Conduct an Ongoing Commissioning planning meeting to review 

goals, available monitoring equipment and level of support 
available by maintenance staff.

• Develop an Ongoing Commissioning Plan (OCP) including 
system testing, performance verification, ongoing measurement, 
documentation requirements, scheduling, building equipment list,
and a plan for corrective action response.

• Provide training of operations and maintenance staff on OCP 
execution.

• Spot check the execution of the OCP by others.  
• Update the Building Operation Plan.
• Provide summary report.



Elements of an Integrated OCx Plan

• Overview, goals, roles & responsibilities, etc.
• List of systems/equipment/parameters to be included & performance 

criteria
• Detailed procedures for all elements
• Action plan for all elements – reporting requirements
• A schedule for all elements, tie into CMMS if possible, use Outlook 

tasks, etc.
• DDC alarm plan, with reporting and response
• Trend Logging Plan, with analysis procedures
• Data Logging plan, with analysis procedures
• Manual (paper) test forms and procedures
• Automated test forms and procedures
• Utility bill acquisition and analysis procedure
• Utility meter download acquisition, with analysis procedures



OCx Using BAS/Loggers



OCx Using BAS & Loggers

Most under-utilized and/or abused:
Alarms

• Powerful, inexpensive, easy and proactive
• Poorly configured, nuisance and ignored

Trending/Data Logging
• Powerful, predictive, a picture = 1000 words
• Requires skills, more expensive, time consuming

Automation
• Powerful, easy and proactive
• Untried, intimidating, requires some skills, expensive



Alarms
Belt Degradation – Alarm Could Have Predicted



Alarms
Why Aren’t They Effective?

• Not specified in the first place – left to control 
contractor to put in what they want

• Poorly specified without limiters
• Nuisance alarms
• Cry Wolf, no response by operators

• Overly aggressive – too many alarms
• Zone temperature – why?  Occupant will let you know

• No one is monitoring alarms
• Did not consult with operators – Get it in the 

OPR, have a plan



Trending & Data Loggers
BAS Trend Logs

Three are various trending systems and capabilities 
depending on BAS
• Memory capacity at devices
• Archiving capability – requires server
• Graphing capability – Auto-scale, multi-scale, grouping
• Exporting capability

Some systems are easy to define new trends, others more 
complicated

Put specific requirements for trending in the specifications.
• Watch out for “Shall have capability of” – it gets nothing
• Define in detail, point by point, pre-grouping, intervals
• Do not use change of value or event driven trends
• Easier if system is known up front



Trending & Data Loggers
Data Loggers

Use when BAS is not available
Synchronize with trends
Layout in OCx plan
Wireless and networked loggers are 

available



Trending & Data Loggers

Trending and Data Logging Parameters
• Points trended
• Interval – always make the same
• Sample size
• Units
• Archiving

Analysis of Trends and Logs
• Can be time consuming to combine in Excel
• The Pacific Energy Center – Universal Translator
• Screen captures are a good alternative for BAS
• OCx plan must include detailed instructions on how to acquire 

and analyze
• OCx plan should include annotated graphs of a pass and fail 

condition



Trending/Logger Applications in OCx

Any meters available
Boiler/Chiller parameters
AHU parameters for warm-up and optimum start
Zone temperatures
Any loop controlled parameter – pressure, temperature, 

etc.
• Zone temp
• Hydronic loop temperatures
• Hydronic pressure
• Etc.

Parameters downstream of coils or dampers
Outside air



Automated Testing



AHU-1 AHU-2 AHU-3 AHU-4 AHU-5

Coil Design Differential Temperature 40 40 40 45 45

Heating Valve Position 0% 0% 0% 0% 0%

Outside Air Damper 0% 0% 0% 0% 0%

Mixed Air Temperature 70 72 69 70 68

Discharge Air Temperature 71 72 71 70 71

Coil Differential Temperature 0 0 0 0 0

Test Status N/A N/A N/A N/A N/A
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AHU-1 AHU-2 AHU-3 AHU-4 AHU-5

Coil Design Differential Temperature 40 40 40 40 45

Heating Valve Position 0% 0% 0% 0% 0%

Outside Air Damper 100% 100% 100% 100% 100%

Mixed Air Temperature 51 50 50 51 51

Discharge Air Temperature 52 52 52 71 52

Coil Differential Temperature 1 2 2 20 1

Test Status Pass Pass Pass FAIL Pass
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AHU-1 AHU-2 AHU-3 AHU-4 AHU-5

Coil Design Differential Temperature 40 40 45 40 45

Heating Valve Position 100% 100% 100% 100% 100%

Outside Air Damper 100% 100% 100% 100% 100%

Mixed Air Temperature 51 51 51 51 51

Discharge Air Temperature 95 97 53 95 101

Coil Differential Temperature 44 46 2 44 50

Test Status Pass Pass FAIL Pass Pass
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Choosing Systems for Automated Testing

Systems most likely to fail
• Heating/cooling valve

• Dampers
• Anything with actuator

Most energy consuming
Hidden or difficult to access
Criticality



Real World Examples
Alarms



Alarm - Heating Loop

Original Sequence - Alarm If:
• High Hot Water Supply Temp: If greater than 

200°F (adj.).
• Low Hot Water Return Temp: If less than 

120°F (adj.).

Review Comment:



Alarm - Chilled Loop

Original Sequence - Alarm If:
• High Chilled Glycol Supply Temp: If the 

chilled water supply temperature is greater 
than 65°F (adj.).

• Low Chilled Glycol Supply Temp: If the chilled 
water supply temperature is less than 
38°F (adj.).

Review Comment:



Alarm - Kitchen Exhaust/MAU

Original Sequence - Alarm If:
• MAU-1 Failure to Run

• EF-3 Failure to Run
• MUA-1 Dirty Filter

• Low Discharge Air Temp Review Comment:



Effective Alarms

Any binary failure
Boiler/Chiller/VFD
Loop temperature (valve controlled)
Duct static pressure
Any freeze point or safety
Water flow at night



Real World Examples
Trending/Logging



Morning Warm-Up and Optimum Start



Supply Air Control



Building Static Pressure Control

Building Static Pressure - Before and After Dead Ba nd Adjustement
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BSP Before (9/30/02) BSP After (11/20/02)

Prior to dead band 
change, system short-
cycled

At night, no problem controlling 
with one relief fan running, before 
or after changes

SP=0.05"

After change, 
good control



Stand Alone System – Xantrex GT-View



Data Loggers - Chiller Parameters



Data Loggers - Chiller Parameters



Use of Utility Data – Downloaded Remotely



Use of Utility Data – Downloaded Remotely



Real World Examples
Automated Testing



Automated Testing
Large Office Building – 2003/2004

1 AHU serving 230 FP VAV w/ HW reheat
Legacy Johnson Metasys Controls (N2)
Retro-Commissioning Project
75% of VAVs had problem of some kind
Owner wanted means of staying on top of it
Automated testing for VAVs was specified 

and integrated



Automated Testing
Seven VAV Tests Defined

1. Air Flow Sensor Zero
2. Heating Valve Leakage
3. Heating Capacity
4. Air Valve Leakage
5. Full Cooling Air Flow
6. Air Mass Balance (fan on?)
7. Full Heating Air Flow



Interface



Mixed Results

Legacy JCI system was over-taxed
Resulted in skipped processes – solution 

was to repeat commands three times
Automated testing worked well in finding 

issues
BAS operators later removed it because too 

much traffic on campus wide system
Last checked, they were considering 

reactivating after a system upgrade



High School Gym/Classroom Addition
2007/2008

CO2 automated calibration check
Automated HP heat/cool test
Extensive alarming



CO2 Sensor Automatic Calibration Check
2007/2008



The Inteface



Results



Automated HP Testing



The Inteface



Testing the Test



Testing the Test



Barracks and Administration Building
2009

Barracks
• 4-Pipe Blower coils w/o economizer

Admin
• 4-Pipe Air Handlers w/ economizer
• VAV with HW reheat

Systems selection new to base staff
Base staff interested in automated testing to lower 

manpower requirements
T.A.C. Controls – iNet Server 



Blower Coil Tests Specified

4-Pipe Blower Coils without economizer
• Heating valve leak

• Heating coil capacity
• Cooling valve leak

• Cooling coil capacity



The Interface



Testing



Results

• All valve leakage problems identified
• All coil capacity problems identified



4-Pipe Air Handler Tests Specified

Air Handling Units, 4-Pipe
• Heating valve leak

• Heating coil capacity
• Cooling valve leak

• Cooling coil capacity
• Outside air damper leakage

• Return air damper leakage



The Interface



Testing



Results

All valve leakage problems identified
All coil capacity problems identified
Damper leakage identified but may be 

hindered by limitations of mixing box and 
mixed air sensor – work in progress



VAV Tests Specified

VAV Terminal Units with hot water reheat
• Test 1 - Flow sensor zero

• Test 2 - Air valve leakage
• Test 3 - Cooling air flow control & Test 4 -

Heating valve leakage
• Test 5 - Heating air flow control & Test 6 -

Heating coil capacity



The interface – so far



Results

Problems executing specified tests – can’t override 
zone temperature or set point in code

Will get automated testing of Test 1 – Flow Zero, 
Test 2 – Air Valve Leak, Test 3 – Heating Valve 
Leak

Will use VAV summary screen for remainder of 
tests

Summary screen to include calculated difference 
of VAV supply air and AHU supply air

Expect that these will function well but not as 
automated as would like



Key Concepts and Lessons 
Learned



Integrated Approach for OCx

Auto Test

Calibration Check

Alarm

Trend



Key Concepts - Alarms

Confirm alarm requirements in OPR – talk to the 
Operators

Limit to major, actionable parameters – don’t be 
too aggressive

Specify delays, limits and enable parameters to 
prevent nuisance alarms

Be specific, do not leave open for interpretation or 
at the discretion of the control contractor

Commission the alarms
List alarms and response in OCx Plan



Key Concepts – Trending

Specify minimum trending requirements, capacity, 
archiving, etc. in the project documents

Use the same, standard interval for all trend logs

Don’t use event or change of value logging for 
standard logs

Commission the trend logs

Write detailed instructions on acquisition, analysis 
and actionable items - include in OCx Plan



Key Concepts – Data Logging

Use the same, standard interval for all 
loggers

Synchronize loggers with trend logging if 
applicable

Write detailed instructions on acquisition, 
analysis and actionable items - include in 
OCx Plan



Key Concepts – Automated Testing

Get  buy-in from all stake holders to manage expectations 
and shift cost of implementation from 
maintenance/utilities

Don’t be too aggressive at first - KISS
Confirm all requirements in OPR
Consult controls contractor on capabilities if possible
Mixed air sensor location is critical to use in damper tests
Must specify all sensors needed – VAV supply air
Commission the Automated Testing thoroughly
Include companion trending
Write detailed instructions and include in OCx Plan



Key Concepts – OCx Plan

Why, What, Who, When & How

Overview, goals, roles & responsibilities, etc.
Systems to be included
Provide detailed instructions, testing 

procedures, trending, etc – document it
Include a schedule – integrate into CMMS
Provide an action plan for all elements



AIA Quality Assurance

Portland Energy Conservation, Inc is a registered provider with The 
American Institute of Architects Continuing Education Systems.  Credit 
earned on completion of this program will be reported to CES Records 
for AIA members.  Certificates of Completion for non-AIA members are 
available on request.

This program is registered with the AIA/CES for continuing 
professional education.  As such, it does not include content that may 
be deemed or construed to be an approval or endorsement by the AIA 
of any material of construction or any method or manner of handling, 
using, distributing, or dealing in any material or product.  Questions 
related to specific materials, methods, and services will be addressed 
at the conclusion of this presentation.



Thank you for your time

Bryan Welsh (253)856-3322
bryan@wcxg.com

��������		
��
��
���
����������


