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Our Agenda for Today

1. Commissioning processes and skills
2. Budgeting and Staffing

• Existing Building Commissioning
• New Construction Commissioning

3. A mechanical engineering perspective on electrical
systems

4. Introduction to working with SketchUp
5. Lunch
6. Fred Hutchinson mechanical rooms guided tour
7. Using SketchUp to learn about building systems and 

how to scope them for indicators of opportunity



Our Agenda for Tomorrow

1. Investigating and developing Existing Building 
Commissioning (EBCx) findings

2. Field exercises
• Working with pumps
• Variable speed drive application considerations

3. Implementing improvements
4. Testing and verifying improvements
5. Why this all matters in the bigger picture



What’s your name?
Where are you from?
Who do you work for?

Let’s Get to Know Each Other
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A Bit About Me
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A Bit About Me

I intended to be an aircraft 
maintenance engineer

How many of you are doing what 
you went to school to learn to do?
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I’m Doing Something Totally Different
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I’m Doing Something Totally Different
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I’m Doing Something Totally Different

(Go to 
https://tinyurl.com/PVequalsmRT
for more pictures and videos from 
the balloon flight)
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You Can Too
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I’ve Had Great Mentors Along the Way
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Commissioning

18



Where the Term Comes Rrom

Main Entry: commission \kә-ˈmi-shәn\
Function: transitive verb
Inflected Form(s): -misꞏsioned; comꞏmisꞏsionꞏing /-'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
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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
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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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Why Do 
We Install 
Building 
Systems
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Building Systems Help Us Control the Built 
Environment

• Keep it clean
• Keep it comfortable
• Keep it safe
• Keep it productive

© Brother Placid Sellers; Saint Vincent Archabbey, Latrobe, Pennsylvania;  Used with permission
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Why Do We 
Need to 
Commission 
Building 
Systems
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We 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
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Things May Seem Fine at the Office …

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

The zone temperature 
is stable and floating 
around the 70°F set 
point
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… but HVAC is Dynamic and Complex

Behind the scenes;  
not quite as stable
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

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

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

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

The larger spikes in mixed air temperature 
trigger 20°F spikes in outdoor air temperature
The larger spikes in mixed air temperature 
trigger 20°F spikes in outdoor air temperature
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… and HVAC can be Insidious

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

… 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

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

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

… and reveals another 
opportunity to improve things
… and reveals another 
opportunity to improve things
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And Let’s Not Miss the Obvious

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

The commissioning process can:
1. Ensure that the facility is clean, safe, comfortable and 

productive
2. Optimize and improve performance
3. Optimize and reduce resource consumption
4. Minimize wear, tear, and maintenance requirements
5. Be a lot of fun
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The 
Commissioning 
Skill Set
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Key EBCx skills

1. Be able to benchmark and 
perform utility analysis

2. Be able to scope a facility

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
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1. Saturated systems
2. Loads, psychrometrics 

and envelopes
3. Centrifugal machines
4. Refrigeration and 

cooling equipment
5. Heating equipment
6. Piping systems
7. Variable flow water 

systems

8. Duct systems
9. Air and water side 

economizers
10.Make up air systems 

and exhaust systems
11.Variable air volume 

systems
12.Control systems
13.Electrical systems
14.Life safety systems

Key EBCx skills

1. Be able to benchmark and 
perform utility analysis

2. Be able to scope a facility

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
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Steps in the New 
Construction 
Commissioning 
Process
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Testing by
“Mother Nature”

Testing by Cx Authority
and Contractor
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Generally speaking, 
successful completion 
of  everything inside the 
red dotted line is 
required for system 
acceptance

Testing Hierarchy;
More than Balancing Man Power

Commission 
Supporting 

Utility Systems

Verify Prestart 
Checks & 
Startups

Verify Control 
Wiring and 
Calibration

Verify Control 
Programming

Complete 
Equipment 

Safety Testing

Component 
Factory 
Startups

Component 
Startups

Sub-assembly 
Factory 
Startups

Sub-assembly 
Startups

Verify Safeties 
with Prime 

Mover Off-line

Start-up Prime 
Mover (Pump, 

Fan, etc.)

Test 
Component 

Controls

Test System 
Level Control 
Functionality

Test Building 
Level Control 
Functionality

Begin Normal 
Operations

Run Trend 
Analysis;  Fine 
Tune Systems

Seasonal and 
Warranty 
Testing

Begin Ongoing 
Cx

Component 
Level Testing

System Level 
Testing

Each utility 
system can 
have a testing 
hierarchy that 
is similar to 
this, much of 
which must be 
complete 
before the 
supporting 
system can be 
tested
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Steps in the 
Existing Building 
Commissioning 
Process
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Testing by Cx Authority
and Building Operating Team
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Testing 
Quantifies 

the 
Problem

Testing 
Answers 

Questions 
Raised       
During 

Investigation

Testing Verifies 
Improvements

Testing by Cx Authority
and Building Operating Team
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A Typical EBCx Process

Identify a target 
facility

Review building 
data & 

documents

Make an initial 
site visit

Develop a 
preliminary 
findings list

Develop 
cost/benefit 

targets

Develop project 
goals and 
timeline

Meet with owner 
to finalize project 

goals

Scoping
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A Typical EBCx Process

Identify a target 
facility

Review building 
data & 

documents

Make an initial 
site visit

Develop a 
preliminary 
findings list

Develop 
cost/benefit 

targets

Develop project 
goals and 
timeline

Meet with owner 
to finalize project 

goals

Perform detailed 
investigation

Expand and 
develop findings 

list

Firm up 
cost/benefit 

assessments

Develop an 
implementation 

plan

InvestigationScoping

Meet with owner 
to target 

implementation
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Implementation

A Typical EBCx Process

Identify a target 
facility

Review building 
data & 

documents

Make an initial 
site visit

Develop a 
preliminary 
findings list

Develop 
cost/benefit 

targets

Develop project 
goals and 
timeline

Meet with owner 
to finalize project 

goals

Perform detailed 
investigation

Expand and 
develop findings 

list

Firm up 
cost/benefit 

assessments

Develop an 
implementation 

plan

Meet with owner 
to target 

implementation

Develop scopes 
of work

Implement 
scopes of work

Monitor 
construction

Commission 
implemented 

measures

Scoping Investigation
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Implementation

A Typical EBCx Process

Identify a target 
facility

Review building 
data & 

documents

Make an initial 
site visit

Develop a 
preliminary 
findings list

Develop 
cost/benefit 

targets

Develop project 
goals and 
timeline

Meet with owner 
to finalize project 

goals

Perform detailed 
investigation

Expand and 
develop findings 

list

Firm up 
cost/benefit 

assessments

Develop an 
implementation 

plan

Meet with owner 
to target 

implementation

Develop scopes 
of work

Implement 
scopes of work

Monitor 
construction

Commission 
implemented 

measures

Scoping Investigation

Verify targeted 
performance is 

achieved

Finalize 
documentation 
and train staff

Begin ongoing 
commissioning

Achieve great 
fame & glory

Verification
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Utility 
Analysis, 
Benchmarking 
and  EBCx 
Budgets
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Compare buildings with Energy Star
A common approach

66

March 31, 2017 March 31, 2018



Take a Look across a Broad Spectrum
DOE building performance database

67

www.bpd.lbl.gov/



Some Owners have Internal Metrics
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Energy Utilization Index (EUI)

CX PROCESS AND SKILLS OVERVIEW, EBCX ROM BUDGETS 69

(( 3,413) )
(1,000 )

Where:

Energy Use Intensity (some say Energy Use Index), typically in kBtu/sq.ft./year
Annual building electrical consumption in kWh

3,

Annual Annual

Building

Annual

kWh Fuel
EUI

Area

EUI
kWh

 







413 Unit conversion constant;  there are 3,413 Btus per kWh
Annual building fuel consumption in Btus;  Note that you may have to convert the units 
of measure from what is used on the bill.  

AnnualFuel



For instance, gas is often billed as therms and 
there are 100,000 Btu per therm.

1,000 Unit conversion constant;  there are 1,000 Btu per kilo-Btu
Building gross square footageBuildingArea






Let’s give it a try
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Example

71

Site Energy 
Utilization Index
• 121 kBtu/sq.ft./year

Source Energy 
Utilization Index
• 232 kBtu/sq.ft./year



Why So Different

72

Site Energy 
Utilization Index
• 121 kBtu/sq.ft./year

Source Energy 
Utilization Index
• 232 kBtu/sq.ft./year



Site Energy

Energy that passes 
through your meter

Source Energy

Energy that passed 
through the power plant



Transmission Losses are Significant

74

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

power plant and your meter

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

75

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

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

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

76

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

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



Takeaways

77

• Generating power 
consumes finite 
resources and impacts 
the environment

• Looking at source 
energy provides a more 
holistic perspective on 
energy consumption and 
efficiency improvements



Utility Consumption Analysis

Provides clues to focus scoping
• More info than on monthly bill:
• Averaged over the number of days in the billing period
• Normalized for the calendar month
• Compare results to potential drivers

‒ Heating or cooling degree days 
‒ Production
‒ Occupancy
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UCAT Makes it Easy
Let’s give it a try
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Clues to focus scoping based on electrical
consumption patterns
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Clues to focus scoping based on 
gas consumption patterns
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If you thought that was exciting, try
looking for shapes in the clouds

82



Portland General Electric
A heart does a balancing act and a cloud pup looks on over St. Johns, Oregon, US. 
© David and Kathy Sellers
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A Cloud Revealing Something About Buildings. 
© JR Hott 84

Clouds can reveal important information 
about buildings



Utilities are moving to 
Smart Meters

Smart meters read data:
• Daily
• Hourly
• Every 15 minutes

Clouds can reveal important information 
about buildings

85

^
Utility Data



Utilities are moving to 
Smart Meters

This is called “interval data” and 
it provides a lot more insight into 
daily and seasonal load profile 
than your utility bill

Clouds can reveal important information 
about buildings

86

^
Utility Data



Regressions:
• Make you sound very smart
• Reveal patterns that can 

indicate opportunities
• Verify the results of 

improvements you make

Clouds can reveal important information 
about buildings
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^
Utility Data



Our house, 15 second samples

Clouds can reveal important information 
about buildings
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^
Utility Data



Our house; art studio and water heater filtered out

Clouds can reveal important information 
about buildings

89

^
Utility Data
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Regressions and Savings Assessments



Resource for 
Determining 
Savings
LBNL Report includes
citable industry metrics:
• Different Cx processes
• Energy savings
• Dollar savings
• Non-energy benefit savings

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



LBNL Metrics Relate Consumption to 
Savings

 





Where:

Potential annual savings from a commissioning
process in consistent units
Annual resource consumption in con

EBCxPotential Annual LBNL

EBCxPotential

Annual

Savings Consumption Metric

Savings

Consumption


sistent units
Annual savings metric from the LBNL report;  in 
consistent units;  this could be median savings,  
minimum savings, maximum savings, etc. The selection 
should be tempered by eng

LBNLMetric

ineering judgement and 
the results of a scoping effort



Owner Financial Metrics Relate Savings to 
Budget

 







Where:

Nominal project budget in dollars
Potential annual savings from a commissioning process
The owner's f

EBCx EBCxPotential Owner

EBCx

EBCxPotential

Owner

Budget Savings Preference

Budget
Savings
Preference inancial preference expressed as

a simple payback in years



Leveraging EUI and LBNL Metrics can Yield 
Perspective Early On 
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RCx Project Preliminary Savings and Budget Metrics
Annual utility costs Energy Dollars

Electricity, kWh 6,477,564 $555,906
Gas, therms 365,139 $213,452
Total, kBtu 58,621,809 $769,358

Building square footage 485,000 sq.ft.
EUI, Site Energy Basis 121 kBtu/sq.ft./year
Energy Cost $1.59 per square foot
LBNL Median Savings 16%
Anticipated Savings Range After Scoping 10% 16%

$76,936 $123,097
Owner's acceptable simple payback range, years 2 5
Projected project budget $153,872 $615,487



Scoping can Firm Up the Initial Estimate of 
Savings Potential
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1.  Many systems are operating 24/7 and could likely be scheduled.

2.  Auxilliary equipment supporting the chillers runs even if the 
chiller it serves is off-line

3.  Based on operator feedback, the econmizers are set to a fixed 
minimum outdoor air position

4.  All of the meeting rooms in a random sample demonstrated part 
of the room heating while the other part cooled to achieve set 

5.  The corridor make up air system appears to be moving very little 
air causing the stairwells to be the make-up air path (see 6).

6.  The building is plauged by severe negative pressure problems in 
the winter, making the lobby particularly uncomfortable (see 5).

7.  There are issues with the distribution of domestic hot water to 
the showers at  the end of the facility relative to the plant.

8.  Meeting room temperature control is a significant issue.

9.  There appears to be  a water quality issue with the middle 
chiller;  water is sort of milky looking.

10.  Meeting room lights appear to be on a lot when they could be 
scheduled

11.  The second chiller seems to be short cycling and may be 
starting when the lead chiller could manage the load with out it.

12.  N and S boilers "fight" each other;  the S boiler short cycles;  
most of its time is spent in pre and post purge; 

13.  There is a lot of lint and debris in the exhaust fan discharge 
area;  possible fire hazard.

14.  There may be opportunities to optimize cooling for the elevator 
machine rooms.

15.  The AHU serving the maintenance floor has issues with the 
economzier dampers;  RA and OA both basically closed.

16.  The AHU serving the maintenance floor is doing a lot of reheat 
that it probalby would not need to do.

17.  The IT/phone switch room cooling could be improved to save 
energy.

18.  The maintenance shop AHU CHW valve actuator has come loose 
from the valve body

19.  The shop AHU may not need to run a return fan.

20.  The valves in my guest room fan coil unit might have been 
leaking by;  test inconclusive.

21.  Corridor MAU run-around system may benefit from optimization

22.  CHW and HHW distribution systems have heavily throttled 
valves in the return mains

23.  All chillers have heavily throttled valves on the evaporator lines

24.  Generally, the gauges intended to read pump disharge pressure 
are improperly located;  they are on the volute vent, not the 

25.  The ice machine cooling loop may have throttled valves on the 
pump discharge.

26.  The Delta control system is not well understood and may 
benefit from upgrade or improvement and training on its use.

27.  The kitchen exhaust fan is constant speed and there may be an 
opportunity there to look at variable flow hoods

28.  There appear to be a number of abandone/failed VFDs 
associated with the central plant pumps

29.  The piping of the CHW distribution pump discharge header sets 
up some loads to get warm water

30.  The HW distribution loop to the guest rooms looks like it could 
do a reset but that may not be working.

31.  Being able to reset the HW temperature to the meeting rooms 
indepenently of the guest rooms could be an advantage

32.  Pneumatic terminal unit controllers for meeting rooms and ball 
rooms may not be served often enough to compentsate for drift

33.  Resolving item 32 along with zone level scheduiling may justify a 
DDC upgrade to meeting and ball room terminal units.

34.  Existing domestic water booster pumps are conventional pumps 
with no VFDs;  a VFD upgrade may make sense.

Number Brief Description

1.  Many systems are operating 24/7 and could likely be scheduled.

2.  Auxilliary equipment supporting the chillers runs even if the 
chiller it serves is off-line

3.  Based on operator feedback, the econmizers are set to a fixed 
minimum outdoor air position

4.  All of the meeting rooms in a random sample demonstrated part 
of the room heating while the other part cooled to achieve set 

5.  The corridor make up air system appears to be moving very little 
air causing the stairwells to be the make-up air path (see 6).

6.  The building is plauged by severe negative pressure problems in 
the winter, making the lobby particularly uncomfortable (see 5).

7.  There are issues with the distribution of domestic hot water to 
the showers at  the end of the facility relative to the plant.

8.  Meeting room temperature control is a significant issue.

9.  There appears to be  a water quality issue with the middle 
chiller;  water is sort of milky looking.

10.  Meeting room lights appear to be on a lot when they could be 
scheduled

11.  The second chiller seems to be short cycling and may be 
starting when the lead chiller could manage the load with out it.

12.  N and S boilers "fight" each other;  the S boiler short cycles;  
most of its time is spent in pre and post purge; 

13.  There is a lot of lint and debris in the exhaust fan discharge 
area;  possible fire hazard.

14.  There may be opportunities to optimize cooling for the elevator 
machine rooms.

15.  The AHU serving the maintenance floor has issues with the 
economzier dampers;  RA and OA both basically closed.

16.  The AHU serving the maintenance floor is doing a lot of reheat 
that it probalby would not need to do.

17.  The IT/phone switch room cooling could be improved to save 
energy.

18.  The maintenance shop AHU CHW valve actuator has come loose 
from the valve body

19.  The shop AHU may not need to run a return fan.

20.  The valves in my guest room fan coil unit might have been 
leaking by;  test inconclusive.

21.  Corridor MAU run-around system may benefit from optimization

22.  CHW and HHW distribution systems have heavily throttled 
valves in the return mains

23.  All chillers have heavily throttled valves on the evaporator lines

24.  Generally, the gauges intended to read pump disharge pressure 
are improperly located;  they are on the volute vent, not the 

25.  The ice machine cooling loop may have throttled valves on the 
pump discharge.

26.  The Delta control system is not well understood and may 
benefit from upgrade or improvement and training on its use.

27.  The kitchen exhaust fan is constant speed and there may be an 
opportunity there to look at variable flow hoods

28.  There appear to be a number of abandone/failed VFDs 
associated with the central plant pumps

29.  The piping of the CHW distribution pump discharge header sets 
up some loads to get warm water

30.  The HW distribution loop to the guest rooms looks like it could 
do a reset but that may not be working.

31.  Being able to reset the HW temperature to the meeting rooms 
indepenently of the guest rooms could be an advantage

32.  Pneumatic terminal unit controllers for meeting rooms and ball 
rooms may not be served often enough to compentsate for drift

33.  Resolving item 32 along with zone level scheduiling may justify a 
DDC upgrade to meeting and ball room terminal units.

34.  Existing domestic water booster pumps are conventional pumps 
with no VFDs;  a VFD upgrade may make sense.

Number Brief Description

34 findings identified in the initial scoping 
visit
• Broken economizers
• Simultaneous heating and cooling
• Scheduling



Bottom Line
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• EUI Analysis is 
Becoming a Legal 
Requirement

• Average Daily 
Consumption Analysis 
“falls out” of the data 
you collect to 
generate an EUI

• The EUI data 
combined LNBL 
metrics and Owner 
preferences informs 
EBCx project 
decisions


