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Agenda

• A Bit About Me
• 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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A Bit About 
Me
or
What it takes to 
become a 
commissioning 
provider



An Unanticipated Turn of Events

Image Courtesy www.kpluwonders.org/



A Bit of Inspiration Early On

1976
• Bill Coad inspires me to think a different 

way…
… 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. 

• ASHRAE Journal, vol. 42, no. 7, p. 16-21
• http://www.av8rdas.com/bill-coads-

writings.html#ethic

http://www.av8rdas.com/bill-coads-writings.html#ethic


A Bit of Inspiration Early On
that connects me with my roots



A Bit of Mentoring Along the Way (a Lot Actually)



Maybe your heart is telling 
you something and you 
should listen



Davey, no matter how 
much you love what you 
do, it should never be more 
than 49% of your life



Kiss on nose and vigorous 
tail wagging when you 
arrive home at 3 am after a 
week out of town



A bit of Mentoring By 
Buildings 
A bit of Mentoring By 
Buildings (a Lot Actually)



• Willing to work hard
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Buildings (a Lot Actually)



• Willing to work hard
• Belief in physical principles

A bit of Mentoring By 
Buildings (a Lot Actually)

Newton By after Godfrey Kneller - http://www.newton.cam.ac.uk/art/portrait.html, Public Domain, https://commons.wikimedia.org/w/index.php?curid=37337
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• Willing to work hard
• Belief in physical principles
• Curiosity
• Learning to say I could be wrong

But … 
• Learning to follow your nose

A bit of Mentoring By 
Buildings (a Lot Actually)
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• Willing to work hard
• Belief in physical principles
• Curiosity
• Learning to say I could be wrong

But … 
• Learning to follow your nose and your heart

A bit of Mentoring By 
Buildings (a Lot Actually)

Newton By after Godfrey Kneller - http://www.newton.cam.ac.uk/art/portrait.html, Public Domain, https://commons.wikimedia.org/w/index.php?curid=37337



Let’s Take a Poll

1. How many of you in your current position are doing what you went to college 
to learn to do? 

Yes I am doing what I set out to do or something very close to it.
No, I am doing something totally different.



Let’s Take a Poll

1. How many of you in your current position are doing what you went to college 
to learn to do? 

Yes I am doing what I set out to do or something very close to it.
No, I am doing something totally different.



http://www.rjballard.com/thefront.htm



The 10 Key 
Skills and 
the EBCx
Process



Key EBCx Skills

1. Be able to benchmark and perform 
utility analysis

2. Be able to scope a facility for 
obvious indicators of opportunity

3. Be familiar with fundamental 
principles and building systems

4. Understand and apply the system 
concept

5. Be able to perform data logging 
and trend analysis

6. Be familiar with functional testing 
techniques

7. Be familiar with data 
analysis techniques

8. Be familiar with basic HVAC and 
energy calculations

9. Be familiar with cost/benefit and 
return on investment calculations

10.Be familiar with implementation 
strategies and techniques

22



Key EBCx Skills – Skill 3 is a BIG ONE!
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5. Be able to perform data logging 
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return on investment calculations

10.Be familiar with implementation 
strategies and techniques
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3. Be familiar with fundamental 
principles and building systems

Key EBCx Skills – Skill 3 is a BIG ONE!

24

i. Saturated systems
ii. Loads, psychrometrics and 

envelopes
iii. Centrifugal machines
iv. Refrigeration and cooling equipment
v. Heating equipment
vi. Piping systems
vii. Variable flow water systems

i. Duct systems
ii. Air and water side economizers
iii. Make up air systems and exhaust 

systems
iv. Variable air volume systems
v. Control systems
vi. Electrical systems
vii. Life safety systems



RCx University is a Great Resource 

5

https://www.rcxuniversity.org/

https://www.rcxuniversity.org/






The EBCx Skills Guidebook is Built Around the 10 
Skills

http://www.av8rdas.com/ebcx-skills-guidebook.html

http://www.av8rdas.com/ebcx-skills-guidebook.html




A Checklist to Guide Your Self Study Process



The Resource List is Organized Around the 10 Skills

http://www.av8rdas.com/resource-list.html

http://www.av8rdas.com/resource-list.html


Just Because It’s Old Doesn’t Mean It’s Not Useful







Rules of Thumb at Your Fingertips



A Blog with a Field Perspective on Building Systems
https://av8rdas.wordpress.com/

https://av8rdas.wordpress.com/


A Commissioning Resources Web Site

http://www.av8rdas.com//

http://www.av8rdas.com/
https://av8rdas.wordpress.com/
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What Is Building 
Commissioning?

38



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
3. To put a ship into commission

39



Dictionary definition

3. To put a ship into commission

Image courtesy www.public-domain-image.com 

An analogy to a ship’s sea 
trials or “shake-down” 
cruise



Industry Definition

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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Industry Definition
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Commissioning comes 
in a Number of “Flavors” Ongoing 

operation & 
commissioning

Retro-
commissioning

New 
construction 

commissioning

Technical 
steps and 
techniques

Field Experience

Design Intent



What is Retrocommissioning?

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



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)



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.



Time for Another Poll

2. Do you think  operating issues like instability in a single air handling system 
can ripple out and impact other systems in the facility? 

Yes I think they can.
No, I think it would be unusual if it happened at all.



Time for Another Poll

2. Do you think  operating issues like instability in a single air handling system 
can ripple out and impact other systems in the facility?  

Yes I think they can.
No, I think it would be unusual if it happened at all.

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Why Do We 
Need to 
Commission?



You May Not Fully 
Comprehend the Situation

“… 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



Things may seem fine at the office …

The zone temperature 
is stable and floating 
around the 70°F set 
point



… but HVAC is dynamic and complex

Behind the scenes;  
not quite as stable



… but HVAC is dynamic and complex



… and HVAC can be insidious



… and HVAC can be insidious

The discharge 
temperature is varying 
15-20°F about 10 
times an hour



… and HVAC can be insidious

The mixed air control process 
(a.k.a. the economizer) tries 
to compensate for the 
warmer than desired 
discharge temperature



… and HVAC can be insidious

The larger spikes in mixed air temperature 
trigger 20°F spikes in outdoor air temperature



… and HVAC can be insidious

When the outdoor air temperature exceeds 
60°F, it triggers a chiller plant start ….



… and HVAC can be insidious

… 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)



… and HVAC can be insidious

Manually locking down the 
preheat coil control valve reveals 
the root cause of the problem and 
how to solve it …



… and HVAC can be insidious

… and reveals another 
opportunity to improve things



And let’s not miss the obvious

(it’s a 9:00 am to 5:00 PM office 
air handling system)



Bottom Line
Buildings frequently 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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It’s Poll Time

3. Which of the following items are the goals behind the energy consuming 
systems in our facilities (select all that apply) 

a. Keep the building comfortable
b. Keep the people using the facility productive
c. Keep the building safe
d. Keep the building clean



It’s Poll Time

3. Which of the following items are the goals behind the energy consuming 
systems in our facilities (select all that apply) 

a. Keep the building comfortable
b. Keep the people using the facility productive
c. Keep the building safe
d. Keep the building clean





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Commissioning’s 
Benefits

72



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



Typical existing building Cx issues
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• Control sensor calibration
• Control sensor location
• Control system logic
• Control system design
• Schedules missing
• Equipment missing



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

• Most existing building 
commissioning issues are 
unresolved new construction 
commissioning issues or design 
issues

• Existing building commissioning 
issues are excellent design review 
targets



Yet Another Poll

4. Once I have made an improvement to a building system that makes it more 
efficient, I will not really need to worry about it anymore and can focus on 
something else. 

True
False



Yet Another Poll

4. Once I have made an improvement to a building system that makes it more 
efficient, I will not really need to worry about it anymore and can focus on 
something else. 

True
False



Control system upgrade 
drives consumption 

back down

Persi
stenc
e at 
the 

PEC
78



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



Achieving Persistence is 
Rewarding

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

80



Achieving Persistence is 
Rewarding
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Achieving Persistence is 
Rewarding
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Existing Building CxNew Construction Cx

Achieving Persistence is 
Rewarding
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Existing Building CxNew Construction Cx

Achieving Persistence is 
Rewarding
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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

88
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Functional 
Testing and the 
Commissioning 
Time Line

89



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?

90



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
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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

Manually locking down the 
preheat coil control valve was a 
forced response test Larry and I 
did as a diagnostic technique



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

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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Testing 
Quantifies 

the 
Problem

Testing 
Answers 

Questions 
Raised       
During 

Investigation

Testing Verifies 
Improvements



Key differences

• Trying to prove design intent
• Demonstrate all elements of the 

system meet requirements
• Verification and quality assurance 

process

• Trying to understand design intent
• Focused on certain elements of the 

system
• Diagnostic and troubleshooting 

process

New construction Existing building

100
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The System 
Concept

101

Critical to success for 
design, commissioning 
and operation



It’s not just an air handling unit … 



… it’s an air handling system



… it’s an air handling system

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

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


Almost Done Polling

5. I am tired of polling.
True
False



Almost Done Polling

5. The conditions my systems see on a day to day basis can be quite different 
from the conditions they were designed to handle.

True
False



Almost Done Polling

5. The conditions my systems see on a day to day basis can be quite different 
from the conditions they were designed to handle.

True
False

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The load 
profile

108

The design day vs. 
reality
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The cooling design 
conditions
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The design HVAC 
process
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Reality
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Reality

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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The mixed air condition is the cooling coil 
entering condition

Which means the cooling coil entering condition is highly variable
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The Cooling Design Conditions
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The Cooling Design Conditions

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. 
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The Cooling Design Conditions

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. 



122ADVANCED ENGINEERING PROGRAM

The 
Control 
System

122

Crucial to optimal 
performance and 
energy saving



The Control System’s Crucial Role

• 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



Data loggers

• Data loggers supplement the 
control systems trending 
capabilities

• Potential for faster sampling rates
• Pick up data where points are 

missing in the control system



DataController + DataLogger = Trend Analysis



Trend analysis + Testing = A Building Dialog

126



I’m Currently Dialoging with the Atlanta Airport Marriott

I’ve already started the discussion 
and am learning some pretty 
interesting things







$50,000 – $70,000 per year



Bottom line

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

are mentoring us about design

Load Dynamics. 131
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The 10 Key 
Skills and 
the EBCx
Process



How the Skills Map to the Process

133



How the Skills Map to the Process

1. Scoping
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How the Skills Map to the Process

1. Scoping
2. Investigation
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How the Skills Map to the Process

1. Scoping
2. Investigation
3. Implementation
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How the Skills Map to the Process

1. Scoping
2. Investigation
3. Implementation
4. Verification

137



Scoping

• Looking at the big picture
• Finding opportunities
• “Following your nose”
• Framing up the project

138



Scoping Associated Skills

• Looking at the big picture
• Finding opportunities
• “Following your nose”
• Framing up the project
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









Scoping Associated Skills

• Looking at the big picture
• Finding opportunities
• “Following your nose”
• Framing up the project

140

Bonus!











Investigation

• Narrowing the focus
• Firming up what your “nose” told you
• Putting numbers to the opportunities
• Firming up the project

141



Investigation Associated Skills

• Narrowing the focus
• Firming up what your “nose” told you
• Putting numbers to the opportunities
• Firming up the project

142

















Implementation

• Moving from concept to reality
• Frequently low cost – no cost 

measures
• Sometimes capital projects with very 

good ROIs (Return on Investment or 
Payback)

143



Implementation Associated Skills

• Moving from concept to reality
• Frequently low cost – no cost 

measures
• Sometimes capital projects with very 

good ROIs (Return on Investment or 
Payback)

144
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Verification

• Making sure your idea delivers
• Essentially, a mini new construction 

commissioning process

145



Verification Associated Skills

• Making sure your idea delivers
• Essentially, a mini new construction 

commissioning process

146
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
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Operator 
Training
The key to 
persistence of the 
benefits of 
commissioning



Empower Your Team
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The Bigger 
Picture



Why This Matters

We went to explore the Moon, and in fact 
discovered the Earth

Gene Cernan
Apollo 17 Commander

Image courtesy NASA Image Archives; 
https://www.nasa.gov/multimedia/imagegallery/index.html 



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

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



Why This Matters

Interviewer:
What is your strongest memory of Apollo 11? 

Michael Collins; Command Module Pilot, Apollo 11
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. 

The earth must become as it appears: blue and white, not 
capitalist or Communist; blue and white, not rich or poor; 
blue and white, not envious or envied.

Small, shiny, serene, blue and white, FRAGILE. 

Image courtesy NASA Image Archives; 
https://www.hq.nasa.gov/office/pao/History/ap11ann/kippsphotos/6550.jpg



Why This Matters

Interviewer:
That was 40 years ago. Would it look the same 
today?

Michael Collins; Command Module Pilot, 
Apollo 11
… It's certainly not serene, but definitely fragile, 
and growing more so. When we flew to the moon, 
our population was 3 billion; today it has more 
than doubled and is headed for 8 billion…

… The loss of habitat, the trashing of oceans, the 
accumulation of waste products - this is no way to 
treat a planet.

Image courtesy NASA/OSIRIS-REx team and the University of Arizona



We don’t inherit the world from our ancestors, 
we borrow it from our children

Unknown



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



Switch Gear

MCC

TransformerkWh VFD

Pump Efficiency Losses
VFD Efficiency Losses

Distribution System Losses

Transformer 
Losses

More Distribution System Losses

Motor Efficiency Losses



Transmission Losses are Significant

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

plant and your meter

A coal fired Midwest power plant



Conversion losses are significant

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



Physical Principles Will Prevail

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



Bottom Line

Generating power consumes finite 
resources and impacts the 
environment



Reducing Atmospheric Impacts

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



Reducing Atmospheric Impacts

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



Reducing Atmospheric Impacts

Applying 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



Start to Have Your Own Impact

Survey your facility for big energy 
users and poorly performing systems

• 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 a significant portion 
of the annual energy cost

http://cx.lbl.gov/cost-benefit.html


Bottom Lines

You can have a positive impact that is even bigger than you might have 
imagined
• Existing buildings are full of opportunities to save energy and other recourses 

and improve performance
• The 10 Key RCx Skills can help you:

• Identify the opportunities
• Identify the savings potential they represent
• Identify the steps required to capture the savings
• Verify that the savings have been achieved
• Ensure that the savings persist
• Open the door to additional opportunity
• Make the world a better place and have a good time doing it

Introduction



Bottom Lines

You can have a positive impact that is even bigger than you might have 
imagined
• Existing buildings are full of opportunities to save energy and other recourses 

and improve performance
• The 10 Key RCx Skills can help you: 

Make the world a better place and  
have a good time doing it



One Last Poll

6. I can hardly wait to get started.
True
False



One Last Poll

6. I can hardly wait to get started.
True
False



	RCx 101
	Agenda
	A Bit About Me�or�What it takes to become a commissioning provider�
	An Unanticipated Turn of Events
	A Bit of Inspiration Early On
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Let’s Take a Poll
	Let’s Take a Poll
	Slide Number 20
	The 10 Key Skills and the EBCx Process
	Key EBCx Skills
	Key EBCx Skills – Skill 3 is a BIG ONE!
	Key EBCx Skills – Skill 3 is a BIG ONE!
	RCx University is a Great Resource  
	Slide Number 26
	Slide Number 27
	The EBCx Skills Guidebook is Built Around the 10 Skills
	Slide Number 29
	A Checklist to Guide Your Self Study Process
	The Resource List is Organized Around the 10 Skills
	Just Because It’s Old Doesn’t Mean It’s Not Useful
	Slide Number 33
	Slide Number 34
	Rules of Thumb at Your Fingertips
	A Blog with a Field Perspective on Building Systems
	A Commissioning Resources Web Site
	What Is Building Commissioning?
	Dictionary definition
	Dictionary definition
	Industry Definition
	Industry Definition
	Industry Definition
	Industry Definition
	Industry Definition
	Industry Definition
	Industry Definition
	Commissioning comes in a Number of “Flavors”
	What is Retrocommissioning?
	What is Ongoing Commissioning?
	Commissioning is a Team Effort
	Time for Another Poll
	Time for Another Poll
	Why Do We Need to Commission?
	You May Not Fully Comprehend the Situation
	Things may seem fine at the office …
	… but HVAC is dynamic and complex
	… but HVAC is dynamic and complex
	… and HVAC can be insidious
	… and HVAC can be insidious
	… and HVAC can be insidious
	… and HVAC can be insidious
	… and HVAC can be insidious
	… and HVAC can be insidious
	… and HVAC can be insidious
	… and HVAC can be insidious
	And let’s not miss the obvious
	Bottom Line�Buildings frequently don’t perform as intended
	Bottom Line�Buildings frequently don’t perform as intended
	It’s Poll Time
	It’s Poll Time
	Commissioning’s Benefits
	Typical new construction Cx issues
	Typical existing building Cx issues
	Typical existing building Cx issues
	Yet Another Poll
	Yet Another Poll
	Slide Number 78
	Achieving Persistence is the Challenge
	Achieving Persistence is Rewarding
	Achieving Persistence is Rewarding
	Achieving Persistence is Rewarding
	Achieving Persistence is Rewarding
	Achieving Persistence is Rewarding
	There’s More to Save Than Energy
	There’s More to Save Than Energy
	There’s More to Save Than Energy
	Functional Testing and the Commissioning Time Line
	Functional Testing and the Commissioning Time Line
	Functional testing	
	Forced vs. Natural Response Testing
	Forced vs. Natural Response Testing
	Forced vs. Natural Response Testing
	Forced vs. Natural Response Testing
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Key differences
	The System Concept
	It’s not just an air handling unit … 
	… it’s an air handling system
	… it’s an air handling system
	Almost Done Polling
	Almost Done Polling
	Almost Done Polling
	The load profile
	Slide Number 109
	Load profile drivers
	Slide Number 111
	Slide Number 112
	The cooling design conditions
	The design HVAC process
	Reality
	Reality
	Slide Number 117
	The mixed air condition is the cooling coil entering condition
	The Cooling Design Conditions
	The Cooling Design Conditions
	The Cooling Design Conditions
	The Control System
	The Control System’s Crucial Role
	Data loggers
	DataController + DataLogger = Trend Analysis
	Trend analysis + Testing = A Building Dialog
	I’m Currently Dialoging with the Atlanta Airport Marriott
	We’ll Be Dialoging with the Atlanta Airport Marriott
	We’ll Be Dialoging with the Atlanta Airport Marriott
	We’ll Be Dialoging with the Atlanta Airport Marriott
	Bottom line
	The 10 Key Skills and the EBCx Process
	How the Skills Map to the Process
	How the Skills Map to the Process
	How the Skills Map to the Process
	How the Skills Map to the Process
	How the Skills Map to the Process
	Scoping
	Scoping	Associated Skills
	Scoping	Associated Skills
	Investigation
	Investigation	Associated Skills
	Implementation
	Implementation	Associated Skills
	Verification
	Verification 	Associated Skills
	Operator Training
	Empower Your Team
	The Bigger Picture
	Why This Matters
	Why This Matters
	Why This Matters
	Why This Matters
	We don’t inherit the world from our ancestors, we borrow it from our children�											Unknown
	Applying the Commissioning Tool Set can Have Ripple Effects
	Slide Number 156
	Transmission Losses are Significant
	Conversion losses are significant
	Physical Principles Will Prevail
	Bottom Line
	Reducing Atmospheric Impacts
	Reducing Atmospheric Impacts
	Reducing Atmospheric Impacts
	Start to Have Your Own Impact
	Bottom Lines
	Bottom Lines
	One Last Poll
	One Last Poll

