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Learning objectives

• Understand what building commissioning is and why 
it’s important

• Identify the differences between a new construction 
and an existing building commissioning process

• Become familiar with the commissioning tool set
• Describe some of the holistic benefits of the 

commissioning process
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Agenda
• What is building commissioning?
• Why do we need to commission?
• Commissioning’s benefits
• Functional testing and the 

commissioning time line
• The system concept
• The load profile
• The control system
• Commissioning and the broader 

perspective
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What is building 
commissioning?
The definition of commissioning 
and the flavors it comes in
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Dictionary definition

Com·mis·sion
kəˈmiSHən
Verb;  Gerund or present participle: Commissioning
1.  Give an order for or authorize the production of (something 

such as a building, equipment, or work of art).
The portrait was commissioned by his widow in 1792

synonyms: order, authorize, bespeak
2. Bring (something newly produced, such as a factory or 

machine) into working condition.
We had a few hiccups getting the heating 

equipment commissioned
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Dictionary definition
Main Entry: commission \kə-ˈmi-shən\
Function: transitive verb
Inflected Form(s): -mis·sioned; com·mis·sion·ing /-'mi-
sh(&-)ni[ng]/

1 : to furnish with a commission: as a : to confer a formal 
commission on <was commissioned lieutenant> b : to 
appoint or assign to a task or function <was commissioned 
to do the biography>
2 : to order to be made <commissioned a portrait>
3 : to put (a ship) in commission Image courtesy www.public-domain-image.com 

An analogy to a 
ship’s sea trials or 
“shake-down” cruise
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It’s about performance and integration

Commissioning is a systematic process of ensuring that all 
building systems perform interactively according to the contract 
documents, the design intent and the Owner’s operational needs

• Begins in predesign
• Documents the design intent
• Continues through construction, acceptance, the warranty 

period, and through the building’s life cycle
• Includes functional testing
• Includes training
• Documents performance
Commissioning is about performance and integration
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Commissioning 
comes in a 
number of 
flavors
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Ongoing 
operation & 

commissioning

Retro-
commissioning

New 
construction 

commissioning

Technical 
steps and 
techniques

Field Experience

Design Intent
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What is retrocommissioning?

In general terms, it’s the same thing as:
• RCx
• Existing Building Commissioning
• EBCx
• Recommissioning
• Building tune-up
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What is ongoing commissioning?

Continuous Commissioning™
A Trademarked Process Developed by Texas A&M

Operating the building properly
What folks called it when I started doing this stuff (1976)
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Commissioning 
is a team effort

No matter what   
the flavor

The building systems 
aren’t the only thing 
that will be interactive 
and require integration 
from the Cx provider.
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Farside Early Experiments in 
Transportation Cartoon Here
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Why do we need to 
commission?
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You may not fully 
comprehend the 
situation

20

“… If you are piloting an 
untested vehicle on it’s first test 
flight and that vehicle contains 
more propellant than was ever 
placed on a launch pad before 
and the vehicle was assembled 
by the low bidder and you aren’t 
a little nervous, then you don’t 
fully comprehend the situation”

Paraphrased; John Young to Barbara Walters 
when asked if he would be nervous as the test 

pilot on the first manned shuttle flight
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Things may seem fine at the office …
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The zone temperature 
is stable and floating 
around the 70°F set 
point
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… but HVAC is dynamic and complex
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Behind the scenes;  
not quite as stable
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… but HVAC is dynamic and complex
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… and HVAC can be insidious
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… and HVAC can be insidious
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The discharge 
temperature is varying 
15-20°F about 10 
times an hour



Portland General Electric

… and HVAC can be insidious
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The mixed air control process 
(a.k.a. the economizer) tries 
to compensate for the 
warmer than desired 
discharge temperature
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… and HVAC can be insidious
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The larger spikes in mixed air temperature 
trigger 20°F spikes in outdoor air temperature
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… and HVAC can be insidious
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When the outdoor air temperature exceeds 
60°F, it triggers a chiller plant start ….
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… and HVAC can be insidious
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… but when it drops down below 55°F five to 
ten minutes later, it shuts the plant back 
down (until the plant locks out on its anti-
short cycle safety)
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… and HVAC can be insidious
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Manually locking down the 
preheat coil control valve reveals 
the root cause of the problem and 
how to solve it …
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… and HVAC can be insidious
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… and reveals another 
opportunity to improve things
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And let’s not miss the obvious
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(it’s a 9:00 am to 5:00 PM office 
air handling system)
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Buildings don’t perform as intended

The future is not in plastics, my boy, the future 
is in construction.  Actually, the future is in 
fixing construction.

Dr. Joseph Lstiburek
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Commissioning’s benefits
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Typical new construction Cx issues

• Poor turn-down capabilities
• Unanticipated interactions
• Pump head is excessive
• Fan static is insufficient
• Rouge zones
• Control sensor calibration
• Control sensor location
• Control system logic
• Control system design
• Schedules missing
• Equipment missing
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Typical existing building Cx issues

• Poor turn-down capabilities
• Unanticipated interactions
• Pump head is excessive
• Fan static is insufficient
• Rouge zones
• Control sensor calibration
• Control sensor location
• Control system logic
• Control system design
• Schedules missing
• Equipment missing
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• Most existing building 
commissioning issues are 
unresolved new construction 
commissioning issues or 
design issues

• Existing building 
commissioning issues are 
excellent design review targets



Savings vs. persistent savings
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RCx Implementations Drop 
Baseline Consumption

Per
sist
enc
e at 
the 
PE
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Baseline holds with seasonal 
variations for about 2 years

Per
sist
enc
e at 
the 
PE
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Baseline spikes and 
starts to drift up 

triggering the idea of 
teaching hands on 

EBCx in the facility as a 
means to do on-going 

commissioning

Per
sist
enc
e at 
the 
PE
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EBCx class efforts return 
consumption to the post RCx

baseline and keep it there

Per
sist
enc
e at 
the 
PE
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Class focus shifts to 
independent buildings 

instead of PEC 
operations

Per
sist
enc
e at 
the 
PE
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Control system upgrade 
drives consumption 

back down

Per
sist
enc
e at 
the 
PE
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Achieving persistence is the challenge

In a system, a process that occurs will tend to increase the 
total entropy of the universe.

2nd Law of Thermodynamics

• Things wear
• Heat transfer 

characteristics change
• Things break
• People forget
• People make mistakes

Image courtesy Jay Cmiel, San Jose Marriott
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Achieving persistence is rewarding
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Lawrence Berkeley National 
Labs published a meta-study 
on the benefits of 
commissioning in 2004
• Updated on 2009
• Currently being updated 

again
http://cx.lbl.gov/cost-
benefit.html
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Achieving persistence is rewarding
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Achieving persistence is rewarding
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How the budget is spent
New Construction Cx Existing Building Cx
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Where the savings are achieved
New Construction Cx Existing Building Cx
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There’s more to save than energy

From the 2004 LBNL Report:
• Median NCx energy savings

$0.05 per square foot
• Median NCx NEB savings

$1.24 per square foot
• Median EBCx energy savings

$0.26 per square foot
• Median EBCx NEB savings

$0.18 per square foot

NEB = NEI = Non Energy Benefit or Impact
NCx – New Construction Cx
EBCx = Existing Building Cx

Cx = Commissioning 
(from Rx as in a prescription) 
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Functional testing and the 
commissioning time line
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Functional testing

• Core element of any commissioning process
• Validates machinery and systems

• Do they deliver?
• Why don’t they deliver?
• Do the work well together?
• Why aren’t they working well together
• Was it big enough?
• How big should it be?

56

Functional Testing
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Forced vs. Natural Response Testing

Forced Response Testing
I force a change and watch 
how the system responds

Natural Response Testing
Mother Nature makes a 
change and I discover how the 
system responds

Functional Testing57
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Forced vs. Natural Response Testing

Forced Response Testing
I force a change and watch 
how the system responds

Natural Response Testing
I observe how a system 
responds to the normal course 
of events

Functional Testing58

Manually locking down the 
preheat coil control valve was a 
forced response test Larry and I 
did as a diagnostic technique
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Forced vs. Natural Response Testing

Forced Response Testing
I force a change and watch 
how the system responds

Natural Response Testing
I observe how a system 
responds to the normal course 
of events

Functional Testing59

The instability we disovered via the trends 
was outcome of a natural response test 
Mother Nature did to demonstrate that the 
loop tuning parameters that worked in the 
fall were not the right ones for the winter
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“Mother Nature”

Testing by Cx Authority
and Contractor
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Testing by Cx Authority, the Building Operating Team, and Mother Nature

69



Testing 
Quantifies 

the 
Problem

Testing 
Answers 

Questions 
Raised       
During 

Investigation

Testing Verifies 
Improvements

Testing by Cx Authority, the Building Operating Team, and Mother Nature
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Key differences
New construction
• Trying to prove design intent
• Demonstrate all elements of the 

system meet requirements
• Verification and quality 

assurance process

Existing building
• Trying to understand design intent
• Focused on certain elements of 

the system
• Diagnostic and troubleshooting 

process

71



Portland General ElectricPortland General Electric

The system concept

Critical to success for design, 
commissioning and operation

72
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It’s not just an air handling unit … 
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It’s an air handling system
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It’s not just an air handling unit … 

Visit http://www.av8rdas.com/case-studies.html#MAUOptimize for details

75

http://www.av8rdas.com/case-studies.html#MAUOptimize
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The load profile

The design day vs. reality

76
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Load profile drivers

1. The state of the air

2. The nature of the process occurring at the load

3. The process design target

78
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This dot represents a 
space that is at 72°F …

… and 50% 
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The outdoor air 
condition dot 

could be an any 
of the colored 

squares

The cooling coil leaving 
condition dot will be 

moved around by HVAC 
optimization strategies 

like discharge 
temperature reset

The space temperature will 
not move but the humidity will 

drop if it is dry outside

The return temperature will move a little bit 
depending on the space sensible load and the 

humidity will drop if it is dry outside

The mixed air temperature 
will be moved around by the 
economizer control process 
and ventilation requirements 
and will always be between 
the outdoor temperature and 

return temperature
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Portland General Electric

The mixed air condition is the 
cooling coil entering condition

Which means the cooling coil entering condition is highly variable

86
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The cooling design 
conditions
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The desired Δt trend 
as load varies
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The desired flow  trend 
as load varies
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The desired gpm/ton 
trend as load varies



Reality

91



Operating conditions in this area represent
low delta T syndrome (plant over-flow)



Portland General Electric

Load profiles and performance vary 
with climate
The seasonal and daily load profile seen by our building 
systems will vary a lot due to the nature of the climate and 
the performance characteristics of the equipment dealing 
with the climate. 

93
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Load profiles and performance vary 
with climate
But the built environment served by our building systems 
needs to remain clean, safe, comfortable and productive, 
no matter what. 
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Portland General Electric

Equipment performance must follow 
load profile
Selecting, controlling and tuning the systems to follow the 
seasonal and daily load profile is a very important part of 
the over-all design, commissioning and operation process

95



Portland General ElectricPortland General Electric

The control system

Crucial to optimal performance and 
energy saving

96



Portland General Electric

The control system’s crucial role

97

• Ensures systems perform as 
intended

• Manages system dynamics 
associated with load profile 
variations

• Supports functional testing
• Supports data logging and 

trending
• Supports persistence
• Informs future decisions



Portland General Electric

Data loggers

98

Data loggers 
supplement the control 
systems trending 
capabilities
• Potential for faster 

sampling rates
• Pick up data where 

points are missing in 
the control system



Portland General Electric

DataController + DataLogger = Trend Analysis

99



Portland General Electric

Trend analysis + Testing = A building dialog

100



Portland General Electric

Example of a load profile dialog
FADE IN:
EXT. EARLY – MORNING
• Cx provider with tool kit enters building 

and is greeted by the operating staff and 
a project manager

PROJECT ENGINEER (To Operating Team)
• Our Cx provider has an idea about how to 

size the chillers for our new plant and 
would like to see what we have currently

CHIEF ENGINEER
• Sure, let’s head up and take a look 

around
FADE TO CHILLER PLANT:

101



102



Portland General Electric

CX PROVIDER
Then I bet the building knows how 
big the chillers need to be.
We just need to ask it the right 
questions.

CHIEF ENGINEER
How will we do that?

CX PROVIDER
With functional testing, trending, 
and data logging.

103

Pump Identification 
Service Area
Physical Location of Unit

Pump Information: Design Submitted/TAB Actual Design Submitted/TAB Actual
Manufacturer: Paco Paco
Model #: 29-60151859001 29-60151859001
Serial #:
Part / Catalog #: KP 6015, 6x8x12 KP 6015, 6x8x12
Nameplate GPM: 1,460.0 1,460.0
Actual Flow (GPM) 1,650.0 1,520.0
Nameplate Head (Ft): 50.0 50.0
Differential Pressure (Feet Hd) 50.6 54.5
Nameplate HP: 25.0 25.0
BHP: 24.5 23.8
Nameplate RPM: 1,150 1,150
Actual RPM: 1,181 1,181
Listed Impeller Diameter: 11.9 11.9
Actual Diameter (Tested): 12.1 12.1

Manual Control Information:
Control Type:
Manufacturer:
Model:
Device Adjustment Position: 100% 100%
Differential Pressure (Feet Hd)

Control Information
Controlled Medium:
Control Type:
Setpoint (BAS / Local Controller / FDE Measured):
Final Controlled Device Position (Hz/%Open, etc.):

Motor Data: Nameplate / Operational
Manufacturer:
HP / Efficiency / kW: 25.0 93.6% Not Listed 25.0 93.6% Not Listed
BHP Calc'd Meas'd Values / BHP VFD kW / VFD kW 23.6 Not Applicable Not Applicable 23.5 Not Applicable Not Applicable
Nameplate RPM / Measured 1,180 1,181 1,180 1,181
Nameplate Volts:
Voltage (VFD Display) 481 483 476 480 482 477
Nameplate Amperage:
Amperage (VFD Display) 29.8 28.2 30.3 29.9 28.0 29.9
SFA:
SF:
Frame:

Notes:

324T 324T

30.4 30.4

Not Listed Not Listed
1.15 1.15

GE GE

460 460

Not Applicable Not Applicable

Manual Isolation Valve Manual Isolation Valve

P14-3 Stand-Alone (Discharge Full Open) P14-3 Full Open (Pumping through CH-3)
Primary CHW through Chiller 2 Primary CHW through Chiller 2
14th Floor Mechanical Room 14th Floor Mechanical Room
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CX PROVIDER (to building)
Tell me about the flow rates and temperatures in your chilled water 
system.
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BUILDING
I was hoping someone would ask;  I have a lot of temperature data.
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BUILDING:
But I am afraid I only have a couple of months of flow and tonnage 
data.  My flow meter was broken for a while.
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CX PROVIDER:
That’s O.K., you’ve given me enough to start with ...
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CX PROVIDER:
… and a regression will let me make a projection from that to get 
the design team started.
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BUILDING:
Great, As you can see, I’m suggesting a chiller in the 300 ton range 
for the base load machine.
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BUILDING:
A high turn down ratio would be nice too.  
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CX PROVIDER:
That sound’s good to me. I’ll let the team know. Meanwhile, let me 
know if you see anything that would impact our current projection.
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The design evolves and is reviewd

FADE OUT:
FADE IN TIME PASSING MUSIC
FADE IN CX PROVIDER DOING 
DESIGN REVIEW ON THE NEW 
CENTRAL PLANT DESIGN
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BUILDING:
I’m happy to see the design team paid attention to my suggestion 
about equipment sizes and turn down requirements.
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BUILDING:
I think I will need to run some pumps and cooling towers when I run 
those new chillers. Will that impact how you would sequence them?
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Bottom line

Com·mis·sion
kəˈmiSHən/Submit
Verb;  Gerund or present participle: 
Commissioning
1.  A process during which buildings 

are mentoring us about design
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Operator training

The key to persistence of the 
benefits of commissioning
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Empower your team
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The bigger impacts of 
building commissioning
“We went to explore the Moon, and 
in fact discovered the Earth.”

Gene Cernan
Apollo 17 Commander
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Why this 
matters
In a highway service station
Over the month of June
Was a photograph of the earth
Taken coming back from the 
moon
And you couldn't see a city
On that marbled bowling ball
Or a forest or a highway
Or me here least of all

Joni Mitchell
Refuge of the Roads

124

Image courtesy NASA image archives  
https://www.nasa.gov/multimedia/imagegallery/image_feature_1249.html



“Looking back at Earth 
from a great distance. 
I really believe that if 
the political leaders of 
the world could see 
their planet from a 
distance of 100,000 
miles their outlook 
could be fundamentally 
changed.”

- Michael Collins; CM 
Pilot, Apollo 11
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“The earth must 
become as it appears;  
blue and white, not 
envious or envied … 
… Small, shiny, serene, 
blue and white, 
FRAGILE. .”

- Michael Collins; CM 
Pilot, Apollo 11
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“We don’t inherit the 
world from our 
ancestors, we borrow it 
from our children.”

Unknown
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Bill Coad’s thoughts on the topic

“… that is to practice our profession with 
an emphasis upon our responsibility to 
protect the long-range interests of the 
society we serve and, specifically, to 
incorporate the ethics of energy 
conservation and environmental 
preservation in everything we do.” 

Energy Conservation is an Ethic
ASHRAE Journal, vol. 42, no. 7, p. 16-21
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PDF available at http://www.av8rdas.com/bill-coads-writings.html
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Applying the commissioning tool set 
can have ripple effects

Piping 
Network

Load

Pump

Expansion tank and 
make up water

Make-up, Blow-
down, and Water 
Treatment

Ev
ap

or
at

or

C
on

de
ns

er

Expansion 
Device

Compressor

Water Chiller

Pump

Piping 
Network

Piping 
Network

Cooling 
Tower End 

Use
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Switch Gear

MCC

TransformerkWh VFD

Pump Efficiency Losses
VFD Efficiency Losses

Distribution System Losses

Transformer 
Losses

More Distribution System Losses

Motor Efficiency Losses
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Transmission losses are significant

132

There are currently 6-8% losses 
in these lines between the 

power plant and your meter

A coal fired Midwest power plant
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Conversion losses are significant

133

The current average 
heat rate for fossil fuel 
fired plants is 10,000 

Btus in for every 
3,413 Btus out (1 kW)

A coal fired Midwest power plant
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Physical principles will prevail

134

Conservation of mass and energy 
says that all of the mass in this 

pile of coal other than the fly ash 
will end up in the atmosphere

A coal fired Midwest power plant
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Bottom line

Generating power consumes 
finite resources and impacts 
the environment
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Reducing atmospheric impacts

136

We expect our energy mix to be 70% carbon free by 2040 based on 
current commitments and mandates, and we're working to deliver 
the right resources and technologies to make that happen.

Energy Strategy; www.portlandgeneral.com
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Reducing atmospheric impacts

137

Moving away from carbon 
fuels is a common, long term 
goal for many utilities
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Reducing atmospheric impacts

138

The commissioning tool set 
can have an immediate 
impact by reducing the need 
for energy in the first place

It’s a win-win situation
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Start to have your own impact

Survey your building inventory 
for big energy users.

• Read LBNLs report on the costs 
and benefits of commissioning at  
http://cx.lbl.gov/cost-benefit.html

• LBNL metrics indicate that the 
median savings from an EBCx
process will be in the range of 
16% of the annual energy cost

139

http://cx.lbl.gov/cost-benefit.html
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Try it out on your facility

Apply the commissioning tool set:
• Save resources
• Save dollars
• Treat the planet better
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Learn more in the fall

• Attend Portland General Electric’s Building Operation & 
Maintenance class on September 12, 2018 to learn more about 
how to do this and the benefits

141



Portland General Electric

Key takeaways

• Commissioning is a technical process and the people 
executing it need strong technical skills

• Commissioning is not a one time event;  rather, it’s a holistic, 
integrated way of operating a facility through its entire life 
cycle

• There is a lot going on behind the scenes in a modern building
• The commissioning toolset helps us understand what is going 

on, eliminate waste, and optimize performance
• Facility operators play a crucial role in the process and should 

be treated that way
• Commissioning’s benefits reach beyond the site boundary
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Commissioning is fun!
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Questions?
Thank you for participating!
www.FacilityDynamics.com
Blog - https://av8rdas.wordpress.com/
Commissioning Resource Website - http://www.av8rdas.com/

http://www.facilitydynamics.com/
https://av8rdas.wordpress.com/
http://www.av8rdas.com/
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Please complete the session 
evaluation.

If you would like a copy of the 
slides, give us your business 
card as you leave.

Give us your feedback
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