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Introduction

Chapter 1

Introduction

uilding commissioning
has often been likened to
commissioning of a ship,
where the Owners thor-
oughly verify and prove the func-
tional performance of all parts —
engines, compasses, sonar, radar,
radio, generators, potable water
systems, and so on — under all pos-
sible conditions and as a condition
of acceptance before placing the
ship in service. And where the
Owner checks the presence of sys-
tem operating and procedures
manuals and the availability of up-
to-date navigation charts. And
where the crew has been properly

Building commissioning has
its roots in the Quality Control

programs of the 1970s and is
a direct product of the Total
Quality Management pro-
grams of the 1980s. Commis-
sioning is a direct response to
building Owners who com-
plain that their facilities do not
meet performance expecta-
tions, are extraordinarily ex-
pensive to operate and
maintain, lack valuable docu-
mentation, and are staffed by
personnel who are unfamiliar

with and have never been
trained on the building’s highly

“Building commissioning has
often been likened to the
commissioning of a ship.”

and thoroughly trained on the ship’s
systems’ operations and emergency
procedures. Commissioning is not
new — ships and aircraft have been
commissioned for years.

complex operations and control sys-
tems.

Until now, many of us thought of
building construction completion and
turnover as physically completing an

Goals of Commissioning:

¢ Provide a safe and healthy facility.

¢ Improve energy performance and minimize
energy consumption.

¢ Reduce operating costs.

¢ Ensure adequate O&M staff orientation and
training.

¢ Improve systems documentation.

installation, throwing
the switch, making a
few adjustments,
spending minimal time
with the operators by
pointing to the equip-
ment with one hand
and a manufacturer-
supplied operations
manual (that may or
may not match the
specific equipment)
with the other, then
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walking away. We would return only
when the operating personnel or
owner complained.

A successful project was not neces-
sarily the one with the most satisfied
client, optimal indoor environment,
most reliable and efficient operation,
or that would have had the lowest
possible operating and maintenance
costs. Typically, it was the one with
the fewest extras and change orders
and the one with the shortest punch
list.

Further, the construction budget and
operating budget came from differ-

Guidebook Objectives

Provide an introduction to commissioning approaches to a
variety of professionals involved with the management, op-
eration, and maintenance of Federal buildings.

lllustrate case histories, including cautionary lessons learned.
Provide guidance on commissioning best practices.

Demonstrate how commissioning can help Federal facility
managers meet energy efficiency goals and LEED certifica-
tion requirements.

Demonstrate how commissioning can be integrated in facil-
ity management and O&M programs to make those programs
more efficient and effective.

Demonstrate how different types of commissioning (such as
retrocommissioning and continuous commissioning) can be
incorporated into a variety of building types and applications,
above and beyond the most commonly understood commis-
sioning approaches.

ent sources and programs. So once
the construction was completed and
beneficially accepted, the building
was handed off as rapidly as pos-
sible, leaving building maintainers to
struggle with any residual construc-
tion or operational problems. In all
fairness to the constructors, by this
time the Owner was usually press-
ing to move into the building, either
oblivious to or willing to accept the
risks associated with a potentially
problematic facility.

Most existing buildings have never
undergone a formal commissioning
or quality assurance process. Many
buildings are limping along ineffi-
ciently in terms of performance.
Owners are unaware of deficiencies
as long as the building is reasonably
comfortable and occupant com-
plaints do not reach a crescendo.

In reality, the building systems may
be becoming increasingly unreliable
and inefficient through design, inef-
fective maintenance and operations
procedures, outdated technologies,
insufficient training, occupant habits,
mission changes, environmental
changes, workplace configurations,
and more.

All of that has now changed with
commissioning. As described by the
Canadian Department of Public
Works, buildings now “leave port”
only when they are fully operational,
function as the owner intended, are
fine-tuned for maximum perfor-
mance, staffed with “crews” who
are fully trained in the regular and
emergency operation of the facility,
and furnished with a complete set of
relevant operations, maintenance,
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facility intent and design, and emer-
gency procedures documentation.

So... WHaAT Is 177

Commissioning is a method of risk
reduction.

The National Conference on Build-
ing Commissioning has established
an official definition of total building
commissioning as follows:

“Systematic process of assuring
by verification and documenta-
tion, from the design phase to a
minimum of one year after
construction, that all facilities
perform interactively in accor-
dance with the design documen-
tation and intent, and in accor-
dance with the owner’s opera-
tional needs, including prepara-
tion of operational personnel.”

Total or whole building commis-
sioning differs from “building com-
missioning” inasmuch as the former
refers to the whole process from
the project planning to post-accep-
tance, as well as to all of the build-
ing systems that are integrated and
impact on one another, such as
HVAC, lighting, electrical, plumbing,
building envelope and their respec-
tive controls and technologies.

Building commissioning that is not
qualified as total or whole building
commissioning may be more selec-
tive in terms of the phases during
which the commissioning activities
actually take place (e.g., the Com-
missioning Agent may be hired to
commence work late in the design
or during the construction phase) or

in terms of the systems to be com-
missioned (e.g., HVAC and electri-
cal systems only). It is essentially a
subset, or a slice of the whole build-
ing commissioning pie, and for the
purposes of this document, the
terms will be used interchangeably.

WHaT ARE THE GOALS?

The goals of commissioning are to:

B Provide a safe and healthy
facility.

m Improve energy performance
and minimize energy consump-
tion.

B Reduce operating costs.

B Ensure adequate O&M staff
orientation and training.

m Improve systems documenta-
tion.

It’s purpose, however, is to provide
a framework for a quality-oriented
team effort that reduces project
costs while delivering system reli-
ability and quality. Thereby, it en-
hances long-term value to the
Owner.

Whny Do WE Do IT?

Following the David Letterman
model, the following are the top ten
reasons why people commission:
10. For the documentation

To ensure integration of building
systems

To prevent premature failure

For the transfer of knowledge
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to building operators and
engineers

6. For the performance testing of
complex systems

5. To ensure equipment accessibil-
ity

4. To improve energy performance

3. For improved system and
equipment reliability

2. For project cost control
1. To meet Owner expectations

Owners use commissioning’s sys-
tematic, documented, and collabora-
tive process to ensure that a building
and its components’ systems will:

m Have high quality, reliability,
functionality, and maintainability;

B Meet energy and operational
efficiency goals;

m Operate and function as the

owner intended and as designed;
and
m Be what the Owner paid for.

These objectives are achieved by
verifying that the equipment perfor-
mance meets or exceeds the
designer’s intent as documented in
the project drawings, specifications,
and design intent documentation.

From the aspect of energy savings,
commissioning has proven itself time
and again. In existing buildings,
whole-building energy savings aver-
age about 15 percent at a cost of
about $0.27 per square foot and with
a payback of about 8.5 months. In
new construction, commissioning
costs about $1.00 per square foot
and pays back within about 4.8
years.

In addition, consider the cost savings
associated with worker productivity,

detection of failed parts and impend-
ing failure, and other benefits not in-
cluded in these savings. These

A major university commissioned six major buildings totaling
260,000 square feet. More than 500 “completed” variable air
volume (VAV) boxes were tested with the following results:

¢ Nine were installed without the main supply air connected
¢ 52 had control programming problems

¢ 23 had control valve problems (including above-ceiling ac-
tuators not connected)

¢ 25 could not achieve the maximum air flow recorded by
the balancer (e.g., frozen dampers)

¢ Eight thermostats were in poor locations, such as near
diffusers and heat generating sources

(Source: S. Angle, Engineered Systems, January 2000.)
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numbers will be addressed again
later in greater detail.

Examples of common problems that
commissioning addresses that drive
energy costs up but may or may not
cause discomfort or other visible
problems include:

m Outside air dampers stuck in
the always open or always
closed position.

B Adjustable speed drives that no
longer adjust properly.

® Unconnected flexible ductwork.

m Malfunctioning control systems
components that do not properly
respond to their prescribed
control sequences.

®m Incorrect sequences of opera-
tion.

m Energy management systems
that have not been updated to
reflect system modifications.

m Changed facility uses that
affect personnel loading and
partition configuration changes
that affect air flow.

m Controls sensors that are out of
calibration.

m Controls that are permanently
overridden.

B Heating and cooling systems
that fight each other.

m Thermostats and other control
devices that are improperly
placed.

How Do WE Do IT?

Quality control has historically been
associated with static and individual
systems, such as piping, ductwork,
building aesthetics, air handlers, and
other standard punch list items. The
project inspector ensures material

and workmanship quality, technical
specifications adherence, and code
compliance. Quality control ensures
the installation will pass specified
tests (such as start-up, operating,
hydraulic, and leakage tests), and
ultimately, pass the final punch list.

Commissioning is usually associated
with dynamic and integrated me-
chanical, electrical, security, life-
safety, conveyance, and other
systems and their controls. Today’s
use of commissioning recognizes the
integrated nature of all building sys-
tems’ performance. Top concerns
are security, indoor air quality, and
integrated life-safety. It also takes a
proactive approach toward the op-
eration and maintenance of the in-
stalled system.

In addition to ensuring that a system
is delivering the required flow and
pressure, commissioning tests the
entire integrated system from con-
trols to delivery; tests the interoper-

Commissioning objectives are
met by verifying that the
equipment performance meets
or exceeds the designer’s in-
tent as documented in the
project drawings, specifica-
tions, and design intent docu-
mentation.
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ability between systems; tests the
condition and operation of key com-
ponents; ensures the completeness
and quality of O&M manuals and
skills training; is mindful of maintain-
ability, accessibility, supportability,
and reliability issues; and documents
the entire process. Typically, these
are not high priority issues in a stan-
dard quality control program. How-
ever, by design, commissioning
includes these so that there is a high
degree of confidence that the
building’s systems have been in-
stalled correctly and will operate as
required.

WHeN Do WE Do IT?

The widely held misconception is
that commissioning is checking off
the installation and start-up menu
provided by the equipment manufac-
turer. In reality, commissioning is re-
sults-oriented, comprehensive, and
emphasizes communication, inspec-
tion, testing, and documentation.
When properly executed, commis-
sioning begins with pre-design plan-
ning, continues into post-occupancy,

and is heavily involved in the plan-
ning, design, construction, and ac-
ceptance stages in between.

In existing buildings that have never
been commissioned before,
retrocommissioning can take place
at anytime, unless the facility and/or
major equipment are programmed
for replacement in the immediate fu-
ture. In that case, it is usually advan-
tageous to wait and commission the
facility as part of the construction
effort. Otherwise, commissioning an
existing building will likely uncover a
multitude of deficiencies that affect
the building’s efficiency and ability
to operate as required.

In existing buildings that have been
previously commissioned, recom-
missioning is usually recommended
at about the 3-5 year point since the
previous commissioning. However,
the most proactive programs com-
mission their buildings continuously,
using and trending data from their
building management systems, in-
stalled meters and sensors, and even
utility data. In these cases, commis-
sioning never really stops, as analy-
sis is conducted continually to detect
impending failures, abnormalities,
and efficiency opportunities.

WhHo DoEes IT?

The Federal Government is in the
forefront of commissioning. The
Government’s landlord, the General
Services Administration, now re-
quires all GSA capital improvement
projects to employ Total Commis-
sioning practices as addressed in its
Building Commissioning Guide.



Introduction

The requirement is in GSA’s design
criteria document, Facilities Stan-
dards for the Public Buildings
Service (P-100). All new construc-
tion for GSA must now employ
commissioning, beginning with the
project planning phase and conclud-
ing with the post occupancy evalua-
tion phase. The cost for
commissioning is included as a line
item in the construction project bud-
get. Other Federal Agency real
property owners will be establishing
similar requirements to at least
some extent, if they have not al-
ready.

Grants and special incentives are
available for Owners considering

commissioning their facilities. These
are typically available from Federal
and state entities, such as the New
York State Energy Research and
Development Authority
(NYSERDA). For example,
NYSERDA and the Department of
Energy provide a no cost, risk-free
scoping study to Federal building op-
erators to determine the cost effec-
tiveness of commissioning specific
existing buildings. Some utility com-
panies also provide rebates to Own-
ers conducting commissioning in
new and existing buildings, particu-
larly if LEED certification is
achieved.

STUDY QUESTIONS

1.  How does commissioning change the traditional definition of a “successful” construction project?

2. What are the top ten reasons why people employ commissioning, and how could your facility benefit from
these reasons?

3.  What is the difference between commissioning, and total or whole building commissioning?
4. How is the commissioning process different from a quality control process?

5. GSA is requiring commissioning to be implemented on its new construction projects. Is commissioning
required by your Agency or organization? How important is commissioning in your Agency or organization?
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Types of Commissioning

Chapter 2

Types of Commissioning

he first step in consider-

ing or planning a com-

missioning program for

your facility is to under-
stand the different types of commis-
sioning available, and which types
of commissioning are best suited to
your facility’s unique requirements.
In general, a commissioning pro-
gram is best applied during the fol-
lowing:

m During new construction or a
major renovation of an existing
building.

B When an existing building is
experiencing problems with
operational performance,
energy efficiency, and/or
occupant comfort and safety.

B As a maintenance approach to
ensure that equipment and
systems are operating at peak
performance, energy efficiency
is optimized, and occupant
comfort and safety are high.

The types of commissioning that fit
into these applications that will be
discussed in this and subsequent
chapters are:

m Commissioning for New
Construction/Renovation

B Retrocommissioning
B Recommissioning
m Continuous Commissioning

“A leader takes people
where they want to go. A
great leader takes people
where they don’t necessarily
want to go but ought to be.”

CoMMISSIONING FOR NEw
ConsTrucTION / MAJOR
RENOVATION

Rosalynn Carter

Commissioning is a systematic
process of ensuring that all building
systems perform interactively ac-
cording to the design intent and the
Owner’s operational needs. The
process evaluates building equip-
ment, subsystems, operation and
maintenance (O&M) procedures,
and performance of all building
components to ensure that they
function effi-
ciently, and as
designed, as a
system. This is
achieved by be-

ginning in the "\ . N
planning or ; A

. Neaese
early design N o
phase of a con- i - ._
struction project _ 7 B A

with the docu-
mentation of de-
sign intent, and
continuing
through con-
struction, ac-
ceptance, and

-
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In this Chapter

Retrocommissioning
Recommissioning
Continuous Commissioning
Best Practices

L X X X X 4

the warranty period with the actual
verification of each building
system’s performance.

The commissioning process encom-
passes and coordinates the tradition-
ally separate functions of system
documentation, equipment startup,
control system calibration, testing
and balancing, performance testing,
and training. It defines a mainte-
nance baseline against which future
condition assessments and trending
can be compared.

Commissioning may include the
building envelope, the building
HVAC systems, controls, electrical,
conveyance, plumbing fixtures, life
safety, security, or any combinations
of these systems and others.

The specific person or organization
that conducts and oversees the com-
missioning process is the Commis-
sioning Authority (or Agent),
commonly referred to as the “CxA.”

Often, the assistance of subject mat-
ter experts is required. Commission-
ing of laboratories requires special
attention and involvement of the
Owner’s environmental health and
safety (EH&S) staff as part of the
commissioning team. For example,
they will help the CxA understand

Commissioning for New Construction / Major Renovation

the containment goals for fume
hoods and bio-safety cabinets and of
primary and secondary barriers so
that their compliance with the re-
quirements can be verified during
the commissioning process.

Often too, local fire marshals alone
are responsible for the inspection,
testing, and approval of all fire pre-
vention and protection devices and
systems. In that case, commission-
ing is coordinated with the fire
marshal’s work, his efforts are ob-
served by the CxA, and a copy of
the official fire marshal report is in-
cluded as part of the Final Commis-
sioning Report.

The commissioning process does not
take away from or reduce the re-
sponsibility of the system designers
or installing contractors to provide a
finished and fully functioning build-
ing. Commissioning does not take
the place of or reduce in any way
the contractor’s responsibilities for
conducting an active project quality
control program.

The Commissioning
Process
Commissioning is systematic. It in-

cludes testing all items in all modes
of operation. Equipment is first in-
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spected while it is turned off to
make sure that it is installed fully
and correctly. Equipment is then en-
ergized, started, and tested under
controlled conditions. After this ini-
tial testing and inspection, integrated
systems are tested through all
cycles and scenarios, including
power failure and emergency alarm
modes, to ensure they operate as
required and intended.

In the course of commissioning, key
parameters and baseline information
of the systems are documented, or-
ganized, and preserved in the Com-
missioning Report and O&M
manual, as applicable.

Commissioning typically follows the
phases of the new construction or
renovation project. Although it is not
necessary to perform commission-
ing tasks during each phase of con-
struction, implementing the process

What Type of Commissioning Should | Choose?

My building is...

throughout the life of the project will
produce the best results. Each of
these will be discussed in greater
detail later:

Pre-design

m Determine project objectives
and develop Owner’s Criteria.

m Develop commissioning require-
ments.

B Hire orassign Commissioning
Authority (CxA).

Design

m Design team develops project
design; CxA reviews design
intent, basis of design docu-
ments, and drawings and
provides feedback to design
team.

B CxA develops commissioning
plan.

m Design team develops project
specifications; CxA develops

Consider...

... going to be undergoing a major renovation in the
next year.

... old and experiencing a lot of equipment failures.

... relatively new and was commissioned during its
construction, but our energy costs have been climb-
ing recently.

... large and complex. We have a metering system
and a preventive maintenance program, but will still
struggle with high energy costs and tenant com-
plaints.

Commissioning - Ideal for new construction or
major renovation, and best implemented through
all phases of the construction project.

Retrocommissioning - Ideal for older facilities that
have never been through a commissioning process.

Recommissioning - Ideal to tune up buildings that
have already been commissioned, bring them back
to their original design intent and operating/energy
efficiency

Continuous Commissioning - Ideal for facilities
with building automation systems (BAS), advanced
metering systems, and advanced O&M organiza-
tions.

1
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Commissioning is intended to achieve the follow-

Commissioning’s Objectives

ing specific objectives:

Verification...

*

*

2

... that applicable equipment and systems are
installed according to the manufacturer's rec-
ommendations and to industry accepted mini-

mum standards

... that applicable equipment and systems re-
ceive adequate operational checkout by install-

ing contractors

... and documentation of proper performance of equipment and systems

under various conditions

... of the proper interactions between systems and subsystems
... that systems and O&M documentation left on site is complete
... that the building’'s O&M staff has been adequately trained.

commissioning specifications.

Installation/Construction

CxA gathers and reviews design
and project documentation.

CxA holds periodic commission-
ing meetings to integrate the
process and schedule into the
overall construction project.
CxA develops verification
checklists and functional
performance test (FPT) forms.
CxA monitors construction
progress.

CxA works with the Owner to
ensure selected maintenance
staff members are given the
training opportunity of observing
the installation and testing of
specific systems for which they
will inherit maintenance respon-
sibilities.

m  CxAworks with installing

contractors to verify start-up
and perform verification to
ready systems and equipment
for FPT.

Acceptance
B CxA directs and oversees

installing contractors’ perfor-
mance of FPT, observed by
Owner’s selected maintenance
staff; deficiencies are reported.
CxAvalidates building Testing
and Balancing (TAB) report
data.

CxA directs and oversees
installing contractors’ perfor-
mance of equipment condition
acceptance testing, observed by
Owner’s selected maintenance
staff; deficiencies are corrected
and condition baseline data is
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included in the final Commis-
sioning Report and O&M
manual.

m  CxAworks with installing
contractors to reschedule FPT
as needed when deficiencies
are present; corrections to
deficiencies are verified by
CxA.

m CxA reviews and verifies
O&M manuals for complete-
ness and applicability.

m CxA oversees, Contractor
conducts, and Owner coordi-
nates prescribed training for the
O&M staff.

m CxA prepares the Final Com-
missioning Report.

B CxA conducts site visits to
interview O&M staff on system
performance.

m Deferred and/or seasonal
testing is performed.

Types of Testing Used

Verifications checks are equipment
inspections that ensure proper in-
stallation and configuration. This
testing employs checklists to verify
that the equipment or system is
ready for initial start-up (e.g., flex-
ible conduit is connected, belt ten-
sion is correct, oil levels are
adequate, labels are affixed, gauges
are in place, and sensors are cali-
brated). Some verification checklist
items entail the simple testing of the
function of a component, a piece of
equipment, or system (such as mea-
suring the voltage imbalance on a

three-phase pump motor of a chiller
system).

For most equipment, the installing
contractors execute the checklists
on their own. The CxA requires that
the procedures and results be docu-
mented in writing and usually wit-
nesses only the verification testing
of the larger or more critical pieces
of equipment. Other components
are validated randomly by the CxA.

Functional performance tests are a
series of tests of the function and
operation (and sometimes, condi-
tion) of equipment and systems us-
ing manual (direct observation) or
monitoring methods. Functional per-
formance testing is the dynamic
testing of systems (rather than just
components) under full operation
(e.g., the chiller pump is tested in-
teractively with the chiller functions
to see if the pump ramps up and
down to maintain the differential
pressure set point).

Systems are tested under various
modes, such as during low cooling
or heating loads, high loads, compo-
nent failures, unoccupied condition,
varying outside air temperatures,
fire alarm, and power failure. The
systems are run through all the con-
trol system’s sequences of opera-
tion, and components are verified to
respond as the prescribed se-
guences state. The CxA develops
the functional test procedures in a
sequential written form, coordinates,
oversees, and documents the actual
testing, which is usually performed
by the installing contractor or ven-
dor.

13
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Functional performance test-
ing determines the

operating parameters of
equipment and systems, while
condition acceptance testing
determines the physical hid-
den condition.

In addition, seasonal functional per-
formance tests may also be per-
formed, during which the installing
contractor and/or CxA performs the
functional performance test during
different seasonal weather condi-
tions.

Functional performance testing also
may include procedures for condi-
tion acceptance testing. Condition
acceptance testing uses condition
monitoring techniques, usually asso-
ciated with reliability centered main-
tenance, to identify latent
manufacturing, transportation, and
installation defects that affect the
condition of the equipment at the
time of acceptance.

The most common techniques will
use vibration analysis to inspect for
mechanical alignment and balance,
softfoot, and internal and bearing de-
fects; infrared thermography to de-
termine the presence of high
resistance and other problematic
electrical connections; ultrasound to
determine the presence of fluid
(e.g., compressed air, steam, gas)
leaks; lube oil analysis to determine
the quality, condition, and appropri-
ateness of lubricating oils and their
additives; and/or motor testing and
electrical testing, where the condi-
tion of the insulation is of major im-
portance.

Not all commissioning programs in-
clude condition acceptance testing.
However, there is no better time to
determine the physical hidden con-
dition of the equipment (while func-
tional performance testing looks at
operating parameters) than as a
condition for acceptance while the

warranties are still active and to es-
tablish the condition baseline for the
ensuing maintenance program.

System testing and balancing may or
may not be included as part of the
commissioning (that is, the TAB
technicians may or may not work
for the CxA). However, validation
of the TAB results by random spot
checking actual output against the
documented TAB data normally will
be included in the commissioning
process regardless of the TAB
contractor’s relationship within the
commissioning team.

Advantages

m Commissioning leads to im-
proved system performance by
ensuring that equipment and
systems are properly designed,
installed, maintained, and
optimized to work together.

m Commissioning can reduce
change orders and improve
contractor performance and
awareness. Testing and monitor-
ing make contractors more
aware of the quality of their
work.

m Commissioning can improve the
overall construction process and
project turnover. The process
provides for better project
communication and enhanced
conflict resolution. Commission-
ing also provides for follow-up
site visits to address any prob-
lems that may occur after
project turnover.
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Double Checking the TAB Report

In a newly constructed health sciences laboratory and classroom facility at a major university, the CxA per-
formed a random validation check of the testing and balancing contractor's TAB report. Starting with a random
check of 10% of the air registers, the CxA found an inordinate number of differences between the actual and
TAB-recorded readings. The CxA increased the sample to 25% and found an even greater difference. Further
investigation found that the TAB contractor failed to accurately test and balance the air and water system at all

and fraudulently recorded made up numbers on the official TAB report.

The contractor paid heavily as a result. The TAB was re-performed correctly by a reputable contractor. The
project acceptance was delayed for several weeks as a result of the required re-work. However, because of the
CxA's testing and verification, the Owner ended up with a fully and properly functioning and balanced HVAC
system that would probably not have been realized until well after the facility became occupied, occupant
complaints drove a costly investigation, and payment had already been made for the original, fraudulent TAB

work.

m Avreduction in TAB related to

construction/major renovation
costs can occur because
systems and equipment are
more likely to be properly
balanced during start-up and
verification checks.

Studies show that commis-
sioned buildings typically save
10 to 20 percent of utility costs
compared to similar non-
commissioned buildings by
working to ensure that system
components operate together
most efficiently.

Commissioning saves energy
and environmental emissions. It
is a required factor for points
toward Leadership in Energy
and Environmental Design
(LEED) certification.

Commissioning ensures that a
building is pressurized and has
correct fresh air changes for

indoor air quality (IAQ). This
decreases mold-related prob-
lems and “sick building” syn-
drome. Improved IAQ also
impacts the Owner’s liability
relative to occupant health and
comfort and increases worker
productivity.

Commissioning has been shown
by the insurance industry to
reduce liability and losses
related to fire and wind damage,
ice and water damage, power
failures, professional liability,
and health and safety. Reduced
risk and liability can also
increase the asset value of the
building.

It is much easier and less
expensive to maintain a building
that operates correctly than to
maintain one that does not.
Designs that have been re-
viewed for maintainability and
sustainability, and equipment

15
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that has been installed and
tested properly and optimized
for maximum efficiency, will
experience fewer problems and
require less unscheduled O&M
time.

Equipment condition-accepted
during commissioning verifies
the equipment condition prior to
expiration of its warranties and
provides a condition baseline for
the ensuing maintenance
program.

Commissioning can extend
equipment life and reduce
warranty claims, leading to
fewer warranty claims, service
calls, reduced energy use, and
reduced potential for cata-
strophic equipment failure.

Commissioning provides more
useful O&M condition baseline
and performance data that is
specific to the systems and

equipment installed. It details the

way the equipment should be
operated, outlines preventive
maintenance procedures and
schedules, and provides infor-
mation on warranties, vendor
points of contact, and spare
parts.

The maintenance staff is trained
on site by observing the work as
it progresses as well as by
formal instruction customized to
the specific equipment and
systems installed.

Commissioning addresses
common occupant concerns
such as thermal comfort, air

flow and air quality, and lighting
levels to ensure that occupants
are comfortable, safe, and
productive in their work spaces.

Disadvantages

m The first costs of commissioning
are construed by Owners as
being high only to ensure that
the contractor’s work is of a
quality that he’s already con-
tracted to perform. There is little
guantifiable data on the potential
cost savings (both energy and
operational) that the commis-
sioning process will generate for
the specific, as-yet operational
building. Nor is there any way to
benchmark in advance, energy
and operational performance in
the case of new construction (in
which the “existing” conditions
do not yet exist).

m There is no guarantee of
savings. The commissioning
process is designed to optimize
all building system and equip-
ment operations to meet the
design intent; most of the
savings occur through avoided
costs.

m If a quality assurance program
is already utilized by the A/E,
construction manager, and
installing contractors, commis-
sioning may be perceived to be
redundant and/or confronta-
tional.

RETROCOMMISSIONING

Retrocommissioning is a system-
atic process for improving and opti-
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mizing building performance. Retro-
commissioning applies to exiting
buildings that have never gone
through any type of commissioning
or quality assurance process. Its fo-
cus is usually on energy-using equip-
ment such as mechanical equipment,
lighting, and related controls.

Like commissioning, retrocommis-
sioning is concerned with how
equipment, systems, and subsystems
function together, but it does not
generally take a whole-building ap-
proach to efficiency. The process
can identify and solve problems that
occurred at construction, but also
addresses problems that have devel-
oped to this stage in the building’s
life. And while the goal of
retrocommissioning may be used to

Type of
Commissioning

Why?

bring the building, its systems, and
equipment back to its original design
intent, this is not a requirement. The
original design intent documentation
may be lost or no longer relevant.

The Retrocommissioning
Process

Retrocommissioning is not tied to a
specific new construction or reno-
vation project, and therefore does
not necessarily follow the same pro-
cess as commissioning.

Retrocommissioning typically fol-
lows a four-part process:

1. Planning
- ldentify project objectives.
- Decide which building

Who? When?

Commissioning

Retrocommissioning

Recommissioning

Continuous
Commissioning

Ensure that the building
and its systems and
equipment operate as
designed

Identify and correct
problems and optimize
performance

Ensure that the building
and its systems and
equipment continue to
operate as designed, or
meet current operating
needs

Identify and correct
problems and optimize
performance

Independent CxA
hired by the Owner or
the project Construc-
tion Manager

Facility O&M staff orin-
dependent CxA

Facility O&M staff or in-
dependent CxA

Facility O&M staff or in-
dependent CxA

Once, during new con-
struction or renovation

Once, in response to
specific problems or to
establishacommission-
ing program

Periodically as the
building ages, or ongo-
ing as part of the facility
O&M program

Ongoing as part of the
facility O&M program

How?

Verification and func-
tional performance
testing

Diagnostic monitoring
and functional perfor-
mance testing

Functional perfor-
mance testing

Data monitoring and
trending

17
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systems should be analyzed
for improvements.

- Define tasks and assign
responsibilities.

2. Investigation

- Determine how the selected
systems are supposed to
operate, or how they could
operate more efficiently.

- Perform tests to measure
and monitor how the
targeted systems currently
operate.

- Prepare a prioritized list of
the operating deficiencies
found and recommended
corrective actions.

3. Implementation
- Correct operating deficien-
cies (highest priority to
lowest).
- Perform tests to verify
proper and/or improved
operation.

4. Hand-off

- Prepare a report of im-
provements made.

- Provide training and docu-
mentation on how to sustain
proper and/or improved
operation.

Types of Testing Used

The investigation
phase of retro-
commissioning in-
volves review of
current O&M
practices and ser-
vice contracts,
spot testing of
equipment and

controls, and trending or electronic
data logging of pressure tempera-
tures, power, flows, and lighting lev-
els and use.

In addition, both diagnostic monitor-
ing and functional performance tests
are performed to determine tem-
peratures, critical flows, pressures,
speeds, and currents of the system
components under typical operating
conditions. Typical diagnostic moni-
toring methods employed include en-
ergy management control system
(EMCS) trend logging and stand-
alone portable data logging. The
retrocommissioning process involves
development of a diagnostic moni-
toring plan and functional perfor-
mance test plan, both including test
forms.

Advantages

The advantages of retrocom-
misioning are nearly the same as
those of commissioning:

m Improved system performance

m Energy savings and optimal
energy efficiency (commission-
ing is a required factor for points
toward LEED-EB certification).

m Improved indoor air quality and
reduced liability.
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m Increased occupant comfort,
safety, and productivity.

®m Reduced O&M costs and
fewer service calls.

m Extended equipment life and
reduced warranty claims.

m Increased system reliability.

m Increased O&M training and
improved documentation.

In addition, a retrocommissioning
program can result in increased in-
terest in facilities improvement and
asset management at all levels.
Commissioning can also comple-
ment an ongoing facilities manage-
ment process improvement
program.

Disadvantages

Retrocommissioning and commis-
sioning also share many of the same
disadvantages:

m  The first costs of retrocom-
missioning may be considered
by the Owner to be high and
unaffordable since it usually
must compete with other
priorities from the facility’s
operating budget. To counter
this perception, retrocommis-
sioning should be “sold” to
Management as a profit center
by demonstrating estimated
energy, maintenance, and
productivity savings that will
result.

H Savings may not be the primary
focus. The retrocommissioning

process is designed to optimize
building system and equipment
operations to meet the design
intent or current building
requirements. There is no
guarantee of savings, however
they are still a likely by-product
that occurs through avoided

Based on three years of data,
a demonstrable 10-percent
reduction in energy use quali-
fies for 1 LEED-EB point; a
20-percent reduction qualifies
for 2 points; and a 30-percent
reduction qualified for 3
points (maximum)

B There is asignificant up-front
workload when performing
retrocommissioning for the first
time. Documentation, including
diagnostic test forms and
functional performance test
forms, that does not exist on site
must be compiled and/or
developed.

RECOMMISSIONING

Recommissioning refers to com-
missioning of an existing building
that has already gone through the
commissioning process. Why the
need to commission again, particu-
larly if the building was commis-
sioned during its construction or a
recent major renovation? Recom-
missioning provides additional op-
portunities to improve facility
efficiency and addresses issues that
may have arisen since the original
commissioning, such as:

m Changes in the purpose or
occupancy of the facility that
have occurred since the building
was first commissioned.

m Changed building configurations
and occupancy patterns since
the building was first commis-
sioned (e.g., isan original
laboratory now being used for
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When was the last major
equipment change-out? Is
existing equipment relatively
new, or at the end of its use-
ful life? Is a major renova-
tion on the horizon? These
questions will help you de-
cide whether or not your fa-
cility can benefit from
existing building commis-
sioning.

storage or conference room
space?).

m New higher efficiency systems
and equipment that have
become available since the

building was first commissioned.

B Persistent high energy costs
despite efforts made to monitor
and control energy consumption
and demand.

B Equipment and systems that do
not operate optimally, or too
often fail, despite a strong
facility operations and mainte-
nance program.

B Technologies are now available
that improve energy and opera-
tional efficiency, but there is
little or no money programmed
in the capital improvement
budget.

m Federal statute, Executive
Order, or other requirement
mandates that efforts be taken
to achieve better energy and
water savings and healthier
indoor environments.

m National recognition for energy
and emissions reduction is being
sought through the LEED-EB
Green Buildings program.

Like commissioning, recommission-
ing involves functional performance
testing of most or all major building
systems including HVAC, building
automation, lighting, life safety, and
conveyance. Mechanical systems
operation and controls are most
closely scrutinized because they of-

ten are the source of the biggest op-
erational problems and are thus
likely to produce the biggest cost
savings. Results of testing are docu-
mented, and recommendations for
improving performance are imple-
mented.

The Recommissioning
Process

During recommissioning, the tests
that were performed during the
original commissioning are per-
formed again, with the goal of en-
suring that the building is operating
as designed or according to newer
operating requirements. The devel-
opment of new project documenta-
tion and testing procedures and
forms is not required. However,
these documents can be updated if
the building and its systems and
equipment have changed dramati-
cally since the original commission-

ing.

Recommissioning can be undertaken
as an independent process in re-
sponse to a specific requirement or
concern (such as those listed
above), or periodically scheduled as
part of the building’s operations and
maintenance program. In general,
the more substantial changes that a
facility goes through, the more often
it should be recommissioned if a
continuous commissioning program
is not in place. If there are no
known substantial changes to the fa-
cility and its operation, it is recom-
mended in general that the facility
be recommissioned every 3-5 years.

An independent CxA can be hired to
perform recommissioning, or the fa-
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cility O&M staff can use the exist-
ing test forms to perform recommis-
sioning in house.

Types of Testing Used

Recommissioning starts with:

m Site observation;

m Interviews with occupants;

m  Analyses of energy metering
data (if available);

m Review of current O&M
practices and service contracts;

m Spot testing of equipment and
controls; and

m Trending or electronic data
logging of pressure, tempera-
tures, power, flows, and lighting
levels and use to determine
current conditions (this replaces
verification checks).

Recommissioning then uses the
same functional performance test
forms that were developed during
the initial commissioning process to
test systems dynamically under full
operation. Systems are tested under
various modes, such as during low
cooling or heating loads, high loads,
component failures, unoccupied
conditions, varying outside air tem-
peratures, fire alarm, and power
failure. The systems are run
through all the control system’s se-
guences of operation. Components
are checked for their responsive-
ness to the prescribed sequences
and validated.

Unlike commissioning, the bulk of

the functional performance testing
performed during recommissioning
may be carried out by the building

O&M staff.

Advantages

In addition to the advantages listed
under commissioning and retro-
commissioning, recommissioning
also provides the following:

B Periodic recommissioning can
contribute to the persistence of
commissioning savings and
benefits, and will ensure that the
building and its equipment and
systems remain in compliance
with original design intent.

B Recommissioning affords
facility managers the opportu-
nity to update building, system,
and O&M documentation and
to modify the design intent, if
necessary, to reflect changes in
building requirements.

m Functional performance test
forms have already been
developed and are ready for
use.

B Recommissioning can increase
0O&M knowledge and skills in
diagnosing operating problems
and determining and implement-
ing corrective strategies.

B Recommissioning can identify
problems not readily apparent
due to long-term storage of
equipment, such as breakdown
of dielectrics, degraded fluids,
failed batteries, leaking seals,
and flattened bearings.

Disadvantages

B Recommissioning may be an
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occasional event and may take
place many years after the initial
commissioning, depending on the
level of Management support
and the availability of funds.

B Recommissioning is often
implemented only in response to
breakdowns in equipment or
systems, and not as a proactive
tool to ensure building perfor-
mance optimization.

B Recommissioning should not be
used as a substitute for major
equipment change-out or
systems redesign that may, in
fact, be required.

B There is arisk of facility
Management adhering to an
outdated design intent rather
than updating the design intent
for a building’s current require-
ments.

CONTINUOUS
COMMISSIONING

Continuous commissioning, like
retrocommissioning, is a systematic
approach to identifying and correct-
ing building system problems and op
timizing system performance in
existing buildings. Any similarities
between the programs end there,
however. Continuous commissioning
is distinct because its primary focus
is on ensuring the persistence of
building systems optimization. Itis
an ongoing process for existing
buildings employed to resolve oper-
ating problems, improve building
comfort and safety, optimize energy
use, and identify retrofits.

Continuous commissioning requires
benchmarking of energy use using
available installed building automa-
tion systems and metering equip-
ment. Data are continuously
gathered and compared against the
benchmark to measure building effi-
ciency and ensure that equipment
and systems operate at optimal lev-
els throughout their useful lives.

While continuous commissioning is
closely related to (and often inte-
grated into) a facility operation and
maintenance program, it goes be-
yond O&M to ensure that the build-
ing and systems operate optimally to
meet current requirements, evaluat-
ing both building functionality and
equipment and system functions.

Continuous commissioning can be
provided by a qualified third party
CxA, or by well-trained members of
the O&M staff.

The Continuous Commis-
sioning Process

Continuous commissioning is accom-
plished in two phases: project devel-
opment, and implementation and
performance verification. During
project development, the CxA or
O&M team screens potential project
targets, performs a project audit, and
develops the project scope.

During the second phase, the CxA
or O&M team:

m Develops the commissioning
plan and forms the project team

m Develops performance
baselines

m Conducts system measurements
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Retrocommissioning, Recommissioning, Continuous
Commissioning... I'm Confused!

All three terms apply to commissioning of existing facilities, and all three aim to improve operating
performance, energy efficiency, and occupant comfort and safety. Here's how they're different:

Retrocommissioning

¢ Aone-time event

Recommissioning

Continuous Commissioning

tance tests

¢ The building has not been previously commissioned
¢ May or may not adhere to building’s original design intent
¢ Utilizes diagnostic monitoring and functional performance tests

¢ A one-time, periodic, or occasional event

¢ The building has been previously commissioned

¢ Adheres to building’s original design intent

& Utilizes previously developed functional performance tests

¢ Continuous monitoring with assessments performed at least quarterly
¢ The building may or may not have been previously commissioned

¢ Does not adhere to building’s original design intent — is concerned instead with trending relative
to a baseline and optimizing performance to meet current requirements

& Utilizes building automation system and/or metered energy trend data and/or condition accep-

m Develops and implements
proposed commissioning
measures and

B Measures, verifies, and docu-
ments improvements and
operational and energy savings.

An important distinction in this form
of commissioning is that the process
is continuous: steps are taken to
maintain the improvements to occu-
pant comfort and safety, operational
efficiency, and energy efficiency
that have been achieved. The CxA
or O&M staff review the system

operation and operating and energy
trends periodically to identify any
problems and to develop improved
operation and control schedules.
Energy data is reviewed at least
quarterly to identify the need for an-
other commissioning tune-up. If
building energy consumption has in-
creased, or if the performance effi-
ciency of building equipment and
systems has decreased, the CxA or
O&M staff performs an evaluation,
develops measures to restore the
building energy and operational per-
formance, and implements the mea-
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sures. Ongoing follow-up (at least
quarterly) is essential to guarantee
the persistence of savings and high
levels of energy and operational effi-
ciency over time.

Types of Testing Used

Apart from site observation and in-
terviews with occupants, the bulk of
continuous commissioning testing is
a combination of analysis of metered
and recorded energy data and of
condition monitoring. Condition
monitoring is one aspect of reliability
centered maintenance (RCM) and is
common to advanced preventive
maintenance programs. It differs
from functional performance testing
(common to the other types of com-
missioning) in that it concentrates on
the current and predictive condition
of the equipment, rather than on the
output parameters and perfor-
mance relative to its design and in-
tent.

Advantages

B Persistence of benefits of the
commissioning process is the
most obvious advantage to
continuous commissioning. The
process focuses on finding
sustainable engineering solutions
based on engineering principles
to address problems with
building operation, energy
efficiency, and/or occupant
comfort and safety. An added
benefit is a usual decrease in
O&M workload and costs.

W Superior operational, energy,
and comfort performance is the
ultimate goal of continuous

commissioning. The process
stresses gathering and analyzing
considerable data on occupancy
patterns and building operation.
Instead of making sure the
systems work as designed,
continuous commissioning
ensures that systems run as
efficiently as possible and
produce optimal occupant
comfort for current conditions.
This results in significant savings
if the system, as designed, has
poor efficiency or a negative
impact on occupant comfort.

Continuous commissioning is
proactive and can identify
operational problems associated
with long-term storage of
equipment that are not readily
apparent, such as the break-
down of dielectrics, degraded
fluids, failed batteries, leaking
seals, and flattened bearings.

Whether the continuous com-
missioning program is led by a
third party CxA or implemented
by the facility O&M staff, staff
skills will inevitably increase as
a result. The O&M staff gains
knowledge and skills in diagnos-
ing operating problems and
determining and implementing
corrective strategies.

The energy and cost savings
resulting from continuous
commissioning measures can be
used for major systems and
equipment upgrades. Continuous
commissioning has first costs
associated with the training of
the O&M staff and the one-time
cost of installing a building
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automation/energy management
control system or system
metering capability. Once these
costs are covered, future
savings from operational
measures can be applied to the
installation of energy conserva-
tion measures and other
authorized capital improve-
ments. In addition, the continu-
Ous commissioning process
identifies efficiency measures,
reducing the need for additional
audits and engineering analysis
when programming for major
retrofits.

Disadvantages

m Continuous commissioning does

not consider design intent —
how were the installed equip-
ment and systems intended to
operate? Facility uses and
occupancy change over time,
and it is possible that the design
intent is obsolete. It might be
beneficial to revise the design
intent and use it as a guiding
document for O&M; in continu-
ous commissioning, there is no
such guide to building opera-
tions.

The installation of a building
automation system (BAS),
energy management control
system (EMCS), or other
metering system is required for
the monitoring and verification
that is essential for tracking the
persistence of engineering
measures. This can be cost
prohibitive to smaller facilities.
It can also be a good invest-
ment for larger, more energy-

intensive facilities, because a
sophisticated energy manage-
ment or metering system can
also be used for load control
and other energy management
applications.

Continuous commissioning is
most effective, and most cost-
effective, when implemented in
a facility that already has in
place a preventive maintenance
program and a highly skilled and
trained O&M staff. Lacking
this, costs will rise to bring in a
qualified CxA to perform the
continuous commissioning
activities and/or to train the
existing O&M staff on continu-
ous commissioning approaches
and tests. High O&M staff
turnover is also a barrier.
However, the cost of training
O&M personnel can also be a
wise investment, particularly in
larger, more complex, and more
energy-intensive buildings.
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BesT PRACTICES will help you decide whether or
not your facility can benefit
m Carefully consider the short- from existing building commis-
and long-term plans for your sioning.

facility. When was the last
major equipment Change-out? Is | Continuous Commissioning adds

existing equipment relatively to your O&M costs, but can be
new, or at the end of its useful agood investment in large,
life? Is a major renovation on complex, and energy-intensive
the horizon? These questions buildings.

STUDY QUESTIONS

What type(s) of commissioning would you consider suitable for your facility?

For new construction or major renovation projects, at what phase of the project should the commissioning
process ideally start?

Under what circumstances would you consider including subject matter experts on the commissioning
team?

Does commissioning replace or reduce the contractor's Quality Control responsibilities?
What are the primary objectives of commissioning?

Explain the differences between verification testing, functional performance testing, and condition accep-
tance testing.

Explain the major differences between new building commissioning, retrocommissioning, recommission-
ing, and continuous commissioning.

What is the relationship between any of the forms of commissioning and energy savings?

How would you describe the value of commissioning to the Owner? Building occupants and users? The
operations and maintenance staff?
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Chapter 3

Why Commission?

0 better understand the

benefits of commission-

ing, consider how much

buildings and their sys-
tems have changed over the last
couple of decades. Control systems
have become highly complex with
the migration from pneumatic to di-
rect digital control systems; with
more sophisticated building manage-
ment system (BMS) hardware and
software; and with automatic
valves, dampers, actuators, and sen-
sors. New technologies have been
introduced for life safety and secu-
rity systems. Buildings must operate
with optimal energy efficiency. In-
door air environments have taken
on a new importance with regards
to mitigation of mold, mildew, and
new product emissions as they af-
fect occupant health, comfort, and
productivity.

Commissioning also has long-term
repercussions on maintainability.
Systems may not be installed, ad-
justed, and integrated to operate op-
timally. They may be installed with
latent manufacturing, transportation,
and installation defects. Systems
designed and installed with struc-
tures that amplify destructive natu-
ral harmonics, that get damaged
during transport, and that were det-
rimentally modified on site to “make

it fit” are not uncommon. Equip-
ment literally may self-destruct.

The consequence of most un-
commissioned buildings is that the
O&M staff inherits systems ripe
with problems and inefficiencies.
An un-commissioned building

may not operate correctly, and
without essential O&M informa-
tion, training, and baseline data,

the O&M staff likely cannot re-
spond adequately to occupant
complaints. They respond to
problem symptoms rather than
correcting root causes. Automated
systems become bypassed and
overridden. Occupants very quickly
settle on low expectations and be-
come sensitized to (or very vocal
about) the poor building environ-
ment, which deteriorates steadily.
Energy efficiency suffers, and build-
ing performance falls short of the
Owner’s expectations. These costs
are high and well above those for
commissioning.

A team from the Lawrence Berke-
ley National Laboratory, Portland
Energy Conservation, Inc., and the
Energy Systems Laboratory of
Texas A&M University set out to
quantify the actual costs and im-
pacts associated with commission-
ing'. The Cost-Effectiveness of
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“If you always do what you’ve
always done, you’ll always get
what you’ve always got;
Change makes change.”

Anonymous
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In this Chapter

Cost Benefits of Commissioning
Barriers and Management Buy-in

Impact on Energy Consumption
LEED Certification
Best Practices

L 2K 2K X X X 2% 2

Commissioning Costs and Return on Investment

Impact on Facility Operations and Maintenance

Commercial-Buildings Commis-
sioning analyzed results from 224
buildings across 21 states and in-
volved 30.4 million square feet of
commissioned floor area (73 percent
in existing buildings and 27 percent
in new construction). Some results
were surprising:

B Among 85 existing buildings in
the study that were being retro-
commisioned for the first time,
3,500 deficiencies were found.
Approximately 85% of the
deficiencies found related to the

overall HVAC system. The
median cost per building was
about $34,000 for commissioning
(or $0.27/sf) and resulted in
savings of about $45,000
(median) per year or ($0.27/sf/
yr). Energy cost savings result-
ing from the retro-commission-
ing are estimated to be about
15-percent with a simple
payback time of 0.7 years.

Deficiencies are expected in
older facilities that may have
outdated, inefficient equipment

Excerpt from Mills, E., etal. Existing Buildings New Construction
Sample Sample
Size Size
No. of Deficiencies Identified 3,500 85 3,305 35
Commissioning Cost ($1,000) 34 4
Commissioning Cost ($/sf) 0.27 102 1.00 69
Total Savings ($1,000/yr) 45 3
Total Savings ($/sk/yr) 0.27 100 0.05 33
Whole Building Energy Cost Savings (Median %) 15 74 Not Available
Simple Payback Standardized to U.S. Energy Prices (Yr) 0.7 59 4.8 35
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and systems. But the study also
found significant room for
improvement in new construc-
tion projects. Among 35 new
construction projects analyzed,
the commissioning process
uncovered 3,305 deficiencies.
Deficiencies with the air
handling and distribution were
most common, followed by
lighting, and HVAC combined
heating and cooling plant. For a
median cost of $74,000 per new
building (or $1.00/sf), estimated
savings were calculated at
about $3,000/year (or $0.05/sf/
yr) with a simple payback time
of about 4.8 years because
most new construction projects
emphasized a small number of
corrective measures rather than
awhole-building effort that is
characteristic of existing
building retro-commissioning. In
addition to energy savings,
owners in the study reported
other benefits such as increased
productivity and safety, better
indoor air quality and thermal
comfort, longer equipment life,
and a reduction in change
orders and warranty claims.

As these results show, commission-
ing can be viewed as invaluable to
detecting and correcting deficien-
cies in both new construction/major
renovation projects, and in existing
buildings. Deficiencies such as de-
sign flaws, construction defects,

malfunctioning equipment, and de-
ferred maintenance have a host of
ramifications, ranging from equip-
ment failure to compromised indoor
air quality and comfort to unneces-
sarily elevated energy use or under-
performance of energy strategies.
The “newness” of a building does
not guarantee fewer deficiencies, as
the study demonstrates.

The most frequently cited barrier to
widespread use of commissioning is
decision-makers’ uncertainty about
its cost-effectiveness. But because
deficiencies are common in both
new construction and existing build-
ings, the bigger financial cost may
come from not commissioning your
building.

CommissioNING CosTs
AND RETURN ON INVEST-
MENT

Based on their study, the Lawrence
Berkeley National Laboratory team
was able to quantify the average
cost of commissioning as previously
presented:

Retrocommissioning of Existing

Buildings

m  Cost of commissioning: $0.27/
square foot

B Whole-building energy savings:
15 - 20 percent

m Payback time: 0.7 year

emills/pubs/cx-costs-benefits.html)

L Mills, E. et al. (2004) The Cost Effectiveness of Commercial Building Commissioning: A Meta-Analysis of
Energy and Non-Energy Impacts in Existing Buildings and New Construction in the United States. (http:eetd.lbl.gov/
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PECI 2000

m  Cost of commissioning: $1.00/
square foot (0.6 percent of total
construction costs)

m  Whole-building energy savings:
N/A

m Payback time: 4.8 year

Whole-building energy savings data
is not available for new construction
commissioning, as there is no bench-
mark upon which to measure energy
use before commissioning is applied
to the project.

The Portland Energy Conservation,
Inc. (PECI) studies indicate that on
average the cost of operating a
commissioned building range from 8
percent to 20-percent below that of
a non-commissioned building.

BOMA cost data for office buildings
suggest that commissioning can save
energy from 20-percent to 50-per-
cent and additional maintenance
savings from 15-percent to 35-per-
cent.

The study found that commissioning
is cost-effective for both existing
buildings and for new construction,
across a range of building types,
sizes, and energy use. The more
complex the building and its systems,
the more cost savings commission-
ing can achieve.

Commissioning costs vary more ac-
cording to the complexity of the sys-
tems, number of pieces of
equipment, and objectives or scope
of the project rather than by building
type. The following graph developed
by the Portland Energy Conserva-

Benchmark Commissionina Costs bv Facilitv Tvoe

Specialty — Very complex facilities; laboratory; prison; mission control center

Complex — Moderate plus most of floor area in complex systems; hospitals;
clean rooms; non-HVAC systems included, such as Security, communications;
involves high cost travel and cost of living areas

Moderate - More complex office, classrooms with some laboratories;
buildings with Building Automation Systems; more control strategies; fewer
packaged equipment; more systems such as fire, emergency power, envelope

Simple — Office buildings, classrooms, packaged equipment and
controls; common systems; fewer pieces of equipment

Specialty
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:....................................................1 Moderate
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tion, Inc. (PECI) in 2000 illustrates
the effects of building size and com-
plexity on the cost of commission-

ing.

For new construction and major
renovation projects, there is typi-
cally a three- to five-percent contin-
gency budget for problems that may
arise during construction; commit-
ting part of this contingency budget
to commissioning up front is a smart
move to decrease overall costs re-
lated to construction deficiencies
and to ensure a more efficient build-
ing as an end product.

The recognized rule-of-thumb used
in the construction industry to esti-
mate return on investment is a $3
savings for each $1 spent on com-
missioning. (More complex facilities
such as laboratories and hospitals,
may have greater return on invest-
ment ranging from $3 to $11 for
each dollar spent on commissioning.

Commissioning provides short- and
long-term benefits, so the process
should be viewed as an investment
rather than an expense. In terms of
total cost of ownership, it is impor-
tant to consider equipment life-cycle
costs and energy efficiency in addi-
tion to the acquisition or first cost of
building equipment and systems.

CosT BENEFITS OF
COMMISSIONING

The following benefits are common
for all types of commissioning:

m Improved system perfor-
mance — Building systems and

technologies are becoming
increasingly more complex and
energy efficient. But increased
system performance will not be
realized unless equipment and
systems are properly designed,
installed, maintained, and
optimized to work together in
an integrated fashion.

Energy savings — Studies
show that commissioned
buildings typically save 10 to 20
percent of utility costs com-
pared to similar non-commis-
sioned buildings by working to
ensure that system components
operate together most effi-
ciently. In particular, properly
optimized HVAC and control
systems often lead to the utility costs compared to simi-
greatest energy savings. In lar non-commissioned build-
contrast, the lack of a commis-  ings.

sioning program may lead to
under-performance of energy-
efficient equipment.

Commissioned buildings typi-
cally save 10 to 20 percent of

Improved thermal comfort -
Commissioning helps ensure
thermal comfort. It provides for
acceptable levels of tempera-
ture and humidity, air movement
and ventilation, and the ability
for occupants to modify condi-
tions. It provides a better work
environment with fewer occu-
pant complaints and enhanced
productivity.

Extended equipment life and
reduced warranty claims —
Commissioning optimizes
equipment and systems from
day one, meaning fewer
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warranty claims, service calls,
reduced energy use, and
reduced potential for cata-
strophic equipment failure.
Commissioning ensures that
equipment that is properly
calibrated, and provides training
and documentation to O&M
staff that will help achieve
extended equipment life.

B Increased training for build-
ing O&M staff — This is of
particular importance given the
increasingly complex controls,
building management systems,
and energy management
systems being installed in
today’s buildings. Inadequate
training can lead to sophisticated
controls and management
systems being shut off, by-
passed, and/or not properly
programmed and calibrated,
reducing the energy savings,
safety, and operational efficien-
cies they were designed to
provide.

m Improved O&M documenta-
tion — Commissioning provides
more useful O&M data that is

If a building is designed to use 20-percent outside air to meet
IAQ code requirements, less outside air could result in the
building being negatively pressurized. This can be condu-
cive to mold growth, cause occupants to become sick, affect
productivity, and subject the building to excess energy use. If
outside air is greater than the prescribed 20-percent, an ex-
cessive amount of energy will be used with consequential
higher energy costs. Commissioning can ensure that a build-
ing is both efficient and healthy by verifying the functionality of
the control system and the responsiveness of each of its as-
sociated devices.

specific to the systems and
equipment installed, details the
way the equipment should be
operated, outlines preventive
maintenance procedures and
schedules, and provides infor-
mation on warranties, spare
parts, and vendors. In addition,
commissioning and particularly
condition acceptance data
provide a baseline against which
the ensuing maintenance
program can be compared and
trended.

Renewed interest in more
closely monitoring facilities
maintenance and physical
assets — The commissioning
process requires a commitment
of internal resources even if the
program is outsourced to a
commissioning provider. The
required program and team
building can be a catalyst for an
increased interest in facilities
improvement and asset manage-
ment at all levels. Commission-
ing can also complement an
ongoing facilities management
process improvement program.

Increased occupant comfort,
safety, and productivity —
Commissioning addresses
common occupant concerns
such as thermal comfort, air
flow and air quality, and lighting
levels to ensure that occupants
are comfortable and safe in their
work spaces. This can lead to
enhanced worker productivity,
fewer sick days, and a higher
building resale value. Equipment
and systems that are installed
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Conventional MEP Design

MEP Design with Commissioning

¢ Component driven ¢ Integrated
¢ Focused on compliance ¢ Focused on systems and equipment
with codes and standards optimization in addition to codes and
standards compliance
¢ Based on first cost ¢ Based on life-cycle cost in addition to

first cost

and calibrated properly are also
less likely to break down and
potentially injure O&M staff.

Improved indoor air quality
— Commissioning ensures that a
building is pressurized and has
correct fresh air changes for
indoor air quality, which de-
creases mold-related problems
and “sick building” syndrome. It
can decrease energy costs as
well.

Reduced liability — Any
measure that decreases insur-
ance losses contributes to the
bottom lines of both the insurer
and the insured. Commissioning
has been shown by the insur-
ance industry to reduce losses
related to fire and wind dam-
age, ice and water damage,
power failures, and health and
safety. Reduced risk and
liability can also increase the
asset value of the building.

Reduced O&M costs — It is
much easier and less expensive
to maintain a building that
operates correctly than to
maintain one that does not.

Equipment that has been
installed and tested properly and
optimized for maximum effi-
ciency will experience fewer
problems and requires less
unscheduled O&M time. The
complete and accurate building
documentation that commission-
ing provides will expedite
maintenance troubleshooting.
The training provided to O&M
staff will increase skill levels
and staff effectiveness.

Incentives — Commissioning
has the potential to qualify
buildings for utility program
rebates and other Federal and
State incentives. The Federal
Energy Management Program
(FEMP) and organizations such
as NYSERDA often provide
seed money and financial
assistance to those Agencies
seeking to commission their
new or existing building.

Special laboratory pressur-
ization and features — Labora-
tories are comprised of many
systems and subsystems bound
together in complex ways to
provide required airflows and
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1
Commissioning provides
short- and long-term ben-
efits; the process should be
viewed as an investment
rather than an expense.

pressurization. Many air sys-
tems operate around-the-clock
resulting in high operating
energy costs. Consequently,
simple adjustments can yield
large savings. More importantly,
negative or positive pressuriza-
tion is used to control the airflow
to protect worker health and
safety and the environment.
Commissioning will check and
validate the actual pressure
gradients against the design
intent documentation as well as
the functional performance of
interlocking systems to ensure
the pressurization is maintained
if part of the system fails or is
turned off.

The following benefits can be
achieved in addition to those listed
above for new construction commis-
sioning:

m Reduced change orders and
improved contractor perfor-
mance and awareness —
Change orders are reduced
because many problems and
deficiencies are detected
through the commissioning
process prior to functional
performance testing. The
process provides a mechanism
to correct problems and defi-
ciencies before project turnover,
thereby saving Contractor
warranty callbacks. Testing and
monitoring make contractors
more aware of the quality of
their work.

m Improved construction
process and project turnover
— Commissioning done properly

provides increased project
communication and enhanced
conflict resolution. Project
turnover includes all functional
test forms, O&M and systems
documentation, warranty
information, and evidence of
training activities. Commission-
ing also provides for follow-up
site visits to address any prob-
lems that may occur after
project turnover.

m Decreased testing, adjusting,
and balancing (TAB) costs —
A reduction in TAB costs can
occur because systems and
equipment are more likely to be
working properly during start-up
and verification checks. This
allows the TAB contractor to
proceed uninterrupted.

It is much easier to quantify the
costs associated with commissioning
than to track and quantify the ben-
efits. Benefits such as improved en-
ergy performance, extended
equipment life, improved indoor air
quality, and reduced O&M costs, for
example, cannot be quantified easily.
However, these factors can lead to
significant cost if not adequately ad-
dressed (which is what commission-
ing is designed to do):

m Lost productivity during a
systems power failure.

m Construction delays due to
increased change orders.

m Litigation due to poor indoor air
quality, leading occupants to get
sick.

The potential cost of each of these
examples (and many others) cannot
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be quantified, but could be very 3. There is not a sense of “need”
large indeed. for commissioning services. On
new construction, quality
assurance support is already
being provided by the design
and construction teams, and in
existing facilities, established
O&M programs should be able
to detect and correct problems
without a commissioning
process. The Federal Govern-
ment’s new emphasis on LEED
certification for new and
existing buildings, which re-
quires commissioning, is begin-
ning to increase its sense of
importance.

BARRIERS AND MANAGE-
MENT Buy-IN

Commissioning is often viewed by
building decision makers as an
added cost. If commissioning was
free of charge, it would most likely
be easily adopted by facility owners
and operators across the board. But
cost is just one barrier to adoption
that the commissioning process
faces. Common barriers include:

1. The first costs associated with

commissioning are viewed by
Owners as being relatively high
($0.27/square foot for an
existing building; $1.00/square
foot for a new construction
project). However, there is little
guantifiable data in advance on
the potential cost savings (both
energy and operational) that the
commissioning process will
generate.

There is no guarantee of
savings — The commissioning
process does not necessarily
have cost savings as its primary
objective. It is designed to
optimize all building system and
equipment operation to meet the
design intent (commissioning) or
current building requirements
(retrocommis-sioning). The bulk
of the actual cost savings
achieved through commission-
ing is a by-product in the form
of avoided costs.

If a building already went
through the commissioning
process during new construction
or a recent major renovation,
there is a feeling of no addi-
tional benefit from repeating
that process. This attitude fails
to realize that buildings, occu-
pants, and missions change over
time, and any impact on the
design intent can impact the
equipment’s and system’s
efficiency.

The funding source is often a
barrier to commissioning new
construction. Capital funding, if
it does not have a line item for
commissioning, is concerned
with delivering a finished project

Best Practice: “Give me your worst facility — I will make it work.

Tells the Owner that if you can correct its’ deficiencies and im-

prove its’ efficiency, then you could do wonders with everything
else.
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on time and within budget. If
commissioning is included, it
often gets value-engineered out
with little regard for the impact
on maintenance after final
acceptance and turn over.
Meanwhile, the O&M and
facility staff inherit a building
that may be problematic for its
lifetime.

Approaches

In addition to outlining the benefits to
be achieved through the commis-
sioning process, some approaches
for overcoming barriers and obtain-
ing Management buy-in are sug-
gested:

1.

Start with a pilot project,
either a retrocommissioning
project with a set of desired
goals (i.e., to improve the
building indoor air quality), or a
commissioning process tied to a
planned renovation. Asingle
pilot project will allow changes
identified through the commis-
sioning process to be monitored,
verified, and its benefits realized
and communicated to Manage-
ment. Consistent commissioning
approaches and documentation
can then be developed for use
on subsequent projects.

Develop a methodology for
analyzing the costs and

So What are the Pitfalls? Some True Experiences:

€ A university in Washington state contracted for a commissioning consultant but needed to redi-
rect significant resources from an in-house staff to bring the building’s systems on line. Facilities
management staff found the CxA to be non-responsive and troublesome. They support commis-
sioning to this day, but “not consultants who don’t know what they’re doing and don’t deliver value

added to the process.”

4 The contractor for a new 180,000 SF facility in Idaho found a subcontractor adding $6,000 to his
bid because of the CxA oversight. The contractor was amazed that the subcontractor added
extra money to get the job done right! Does that mean that $6,000 can be deducted from his bids
if quality is not an issue? If the job is done right the first time, there is no added cost. Commission-

ing may even increase profits by reducing warranty callbacks.

4 On a major renovation project, true commissioning was never fully completed because the:

- Owner wanted to move in and start operations

- Contractor wanted to get done and off site at the least cost
- A/E wanted to close the job

- Specifications were weak and

- “Punch List" became a “To Do" list for the maintenance staff

The ultimate effect was that the O&M staff had to divert resources from its preventive mainte-
nance program to correct deficiencies that should have been corrected as part of commission-

ing acceptance.
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benefits of the commission-
ing process throughout the life
of the project. This methodol-
ogy should identify and record
deficiencies that are found
using the commissioning
process and estimate the cost
avoidance associated with
correcting each deficiency.

Keep a thorough record of
costs avoided by identifying
problems using the commission-
ing process. Avoided costs to
consider include repair, replace-
ment, installation, design,
energy, depreciation, mainte-
nance, revenue loss, and
productivity loss. Base cost
avoidance estimates on the best
data available, and be conserva-
tive in how the data is applied .
Wildly inflated cost savings
work against the goal of
establishing a consistent, long-
term commissioning program by
making savings seem unattain-
able.

Integrate the commissioning
program with the facility’s
overall energy management
program. Commissioning
benefits energy management by
ensuring and optimizing the
performance of energy effi-
ciency measures and by
correcting problems that cause
higher than necessary energy
use. The energy management
program provides benchmarking
of energy consumption and
demand that makes the impact
of commissioning activities easy
to quantify during measurement
and verification.

5. Forexisting buildings, integrate
the commissioning program
into the facility’s overall
operations and maintenance
program (continuous commis-
sioning).

6. Forexisting buildings, prepare
a comparison of facility
operating and energy costs
with similar buildings in the
area (close to or same age, use,
and square footage). A commis-
sioning program may be an
easier sell and support if similar
buildings have lower operating
and energy costs.

7. Stress the importance of
persistent benefits when
addressing the need for recom-
missioning. Subsequent changes
in facility use or tenancy may
require a revision in design
intent. The addition of increas-
ingly complex energy and
building management systems
may require additional O&M
documentation and training.
Setpoints and operating cycles
may have been modified by
facility O&M staff and/or
occupants since the time the
facility was last commissioned.

IMPACT OF FACILITY
OPERATIONS AND
MAINTENANCE

Systems and equipment that are

properly installed and calibrated, and
fully optimized to work together, will
be easier for a facility’s O&M staff
to maintain. This is one commission-

37



38

Why Commission?

Approaches for Quantifying the Benefits of a

It is difficult to project in advance what cost savings will result
from implementing commissioning in a new construction/reno-
vation project or in an existing facility. There are several meth-
ods to employ during the course of the project, however, that will
allow you to calculate operational and energy savings when the
project is complete. These methods include:

*

Develop an internal report that summarizes cost and benefit data, or have the CxA include the
data in the final Commissioning Report. Information gained through these methods will allow
you to model potential operational and energy savings on subsequence commissioning
efforts. Using this approach will facilitate powerful historical data and allow each project to be
evaluated in a value-based manner.

Commissioning Program

Collect building data and define Key Performance Indica-
tors (KPI) at the outset to pre-define measurement and per-
formance goals.

Establish a metering system in the building to measure en-
ergy use. (A metering system has the added benefit of pro-
viding an automated exception report if systems are out of
tune.) If this is not feasible, use utility bills (previous 12
months) to establish an energy use baseline.

Use an energy simulation program (such as DOE2, Trane TRACE, Carrier HAP, BLAST,
Energy Plus) to quickly organize and evaluate results gathered during measurement and
verification.

Establish an automated maintenance tracking system that will provide data pre- and
post-commissioning on service calls, failure reports, maintenance schedules, etc.

Develop a methodology that tracks the deficiencies that are found using the commis-
sioning process and estimates the cost avoidance associated with correcting each de-
ficiency. Include costs related to repair, replacement, installation, design, energy,
depreciation, maintenance, revenue loss, and productivity loss.

Compare maintenance hours, operations cost, and energy use data in the commis-
sioned building or affected area with the same data from a similar, but un-commis-
sioned, facility. In the case of an existing building, compare the same data in the same
building or affected area, but before and after the retro- or re-commissioning. (Be careful
not to compare costs alone, as cost increases, such as increased energy tariffs, may
skew the comparison results.)
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A 2004 study conducted by Cornell University correlated worker productivity with indoor environmental con-
ditions. It found that workers produced 74-percent more mistakes and 46-percent less output based on
temperature alone when the temperature fell from 77°F to 68 °F. The study estimated that the decreased
productivity resulted in a 10-percent increase in labor costs per worker, per hour. “Our ultimate goal is to have
much smarter buildings and better environmental control systems in the workplace that will maximize worker
comfort and thereby productivity,” the professor overseeing the study said. Commissioning by its nature
supports that goal and optimizes those very systems. (source: http://ergo.human.cornell.edu/

CUEHEECE_IEQDown.html)

ing benefit that can profoundly im-
pact the O&M staff. Commission-
ing does require input and effort
from the O&M staff. Most of the
benchmarking and maintainability
issues associated with commission-
ing are addressed throughout the
commissioning process during initial
planning, design reviews, verifica-
tion inspections, functional perfor-
mance, condition acceptance
testing, and training. The O&M
staff’s effort during commissioning
revolves around providing input and
feedback as the project progresses,
observing the work in progress and
system testing, and receiving proper
and appropriate training and educa-
tion on the new and modified in-
stalled systems.

Establishing a building performance
and O&M program baseline is one
of the most important tasks for an
O&M organization related to mea-
suring the costs and benefits of a
commissioning program. This allows
the O&M organization to quantify
operational, energy, and other ben-
efits from commissioning, as well as
identify unforeseen problems. Most
O&M organizations that have
adopted common O&M best prac-
tices will already have established

such baselines, which include the
following performance metrics:

B System Capacity (actual
operation compared to full
system utilization of plant or
equipment)

m  Work Orders Generated and

Work Orders Closed Out

Preventive Maintenance

Backlog

Safety Record

Energy Use

Inventory Control

Overtime Logs

Environmental Record (air and

water discharge levels, non-

compliance situations)

m Staffing: Absentee and Turn-
over Rates

Commissioning should produce
measurable improvements in each
of these performance categories.

A fine-tuned O&M program is one
of the keys to achieving persistent
commissioning benefits. Successful
O&M planning begins early in the
commissioning process, often at the
design phase, during which O&M
staff should participate by providing
design recommendation input based
on their past hands-on experience.
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Tracking Energy Efficiency Improvements from Commissioning

It is important to identify and define desirable metrics before collecting energy efficiency improvement data on
your commissioning project. The following are sample metrics:

Building Characteristics and Demographics

(1 Building type (using DOE/CBECS definitions), age, location

(d Year building commissioned: new construction/renovation or existing building commissioning
(1 Reasons for commissioning, deficiencies identified, corrections/improvements recommended
Energy Utilization

Electricity: kWh/building/year or kWh/sq.ft./year

Peak electrical power: kW/building or W/sq.ft.

Fuel: MMBTU/building or kBTU/sq.ft./year

Purchased thermal energy: MMBTU/building/year or kBTU/sq.ft./year

Total energy: MMBTU/building/year or kBTU/sq.ft./year

Energy cost: $/building/year or $/sq.ft./year based on local or standardized energy prices (provide nomi-
nal and corrected for inflation) post-commissioning

Percent energy use savings (total and by fuel) and total energy cost savings post-commissioning

U0 UJdod

U

Persistence index: post-commissioning energy use in a given year/pre-commissioning energy use (unitless
ratio)

Commissioning Cost

[ $/building or $/sq.ft. (based on nominal costs; can be gross value or net, adjusting for the quantified value
of non-energy impacts)

(1 Commissioning cost ratio for new construction: commissioning cost/total building or renovation con-
struction cost, expressed as a percentage

(1 Costs for CxA and other parties separately

(1 Allocation of costs by source of funds (agency capital funds, utility, grant, etc.)

(1  Total building construction cost (denominator for commissioning cost ratio)
Cost Effectiveness

1  Undiscounted payback time (commissioning cost/annualized energy bill savings)
1  Normalized to standard energy prices and inflation-corrected to a uniform year's currency levels
Deficiencies and Corrections and/or Improvements

(1 Number of deficiencies and improvements per building or #/sq.ft.

(1 Number of combined deficiencies/corrections (per building or per square foot)
Non-Energy Impacts

1 Type, quantified when possible: $/building/year or $/sq.ft./year

(1 One-time or recurring

Adapted from “The Cost-Effectiveness of Commercial-Buildings Commissioning,” Mills, Evan et. al., December 15, 2004.




Why Commission?

A maintenance program should be
in place (or be implemented) that
includes the following commission-
ing-related responsibilities:

Scheduled reviews of operating
parameters, schedules, and
sequences of operation.
Scheduled utility bill analysis, or
use of energy accounting
software, to review for unex-
pected changes in building
energy use.

Condition monitoring, including
vibration analysis, infrared
thermography, ultrasonic testing,
motor testing, and lube oil
analysis, as appropriate, that
tracks and trends condition
parameters such as equipment
alignment and balance, vibra-
tion, high-resistance electrical
connections, motor condition,
fluid leakage, and lubricant
condition.

Tracking of scheduled and
unscheduled maintenance for
each piece of equipment.
Periodic reviews of mainte-
nance performance indicators
and logs to determine if systems
and equipment require
tuning.

Building and O&M
documentation updates to
reflect changing building
requirements and equip-
ment replacement.
Operator training updated
annually.

IMPACT ON ENERGY CON-
SUMPTION

Building performance today is com-
promised by a diverse array of
physical deficiencies, as found by
the Lawrence Berkeley National
Laboratory team in their study The
Cost-Effectiveness of Commer-
cial-Buildings Commissioning.
HVAC systems present the most
problems, particularly air-distribution
systems. In addition, sophisticated
energy management control sys-
tems installed in today’s newer fa-
cilities often are not optimized and
calibrated properly to deliver the en-
ergy savings of which they are ca-
pable.

Building commissioning is one of the
most cost-effective and far reaching
means of improving energy effi-
ciency in buildings. In the Lawrence
Berkeley National Laboratory study,
a sample of 150 existing buildings
found an average whole-building en-
ergy savings of 18 percent, with an
average payback time of less than
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Many Federal agencies man-
date that new and remodeled
buildings meet a minimum
level of sustainable design
certification. LEED is now
recognized and accepted in-
ternationally to assess build-
ing performance and
adherence to sustainable de-
sign goals.

one year, when commissioning was
applied. A sample of 74 new-con-
struction projects found an average
payback time of 4.8 years, although
the addition of non-energy impacts
can drastically reduce these pay-
back times. There are cost-effective
results to be found in a wide range
of building types and sizes.

As it relates to energy efficiency
goals, commissioning can be seen as
a form of risk management. It helps
ensure that funds are spent wisely
and that the intended energy savings
targets are achieved in practice.
Commissioning provides a method
for defining measurable energy per-
formance targets in the design
phase, and for evaluating as-built
and as-operated system conditions.

As buildings and energy-efficient
technologies become more complex
and interconnected, the need for
commissioning to ensure optimized
energy performance will increase.
The Lawrence Berkeley National
Laboratory study asserts that the ef-
ficacy of energy efficiency pro-
grams is directly related to the
extent to which they are coupled
with commissioning and quality as-
surance in design and delivery.

LEED CERTIFICATION

More and more government agen-
cies are demanding “green” build-
ings that incorporate meaningful
strategies for sustainable facility de-
sign.

To reduce long-term facility costs
and to become more environmen-
tally conscious, many Federal agen-

cies mandate that new and remod-
eled buildings meet a minimum level
of sustainable design certification.
One of the most widely adopted pro-
grams used by the government to
assess building performance and ad-
herence to sustainable design goals
is the LEED™ (Leadership in En-
ergy and Environmental Design)
certification system. LEED was
created by the U.S. Green Building
Council (USGBC) and is now rec-
ognized and accepted internationally
to assess building performance and
adherence to sustainable design
goals.

The LEED Green Building Rating
System is a voluntary, consensus-
based national standard for develop-
ing high-performance, sustainable
buildings. Members of the USGBC,
representing all segments of the
building industry, developed LEED
and continue to contribute to its evo-
lution. LEED standards are available
or under development for:

m New construction and major
renovation projects (LEED-NC)
m Existing building operations

(LEED-EB)

m Commercial interiors projects
(LEED-CI)

m Core and shell property (LEED-
CS)

m Homes (LEED-H) and
m Neighborhood development
(LEED-ND)

To achieve a LEED rating, a whole-
building approach must be used.
Credits must be earned in several
categories, including site selection
and configuration, water efficiency,
energy, indoor air quality, and sus-
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tainable building materials. In addi-
tion, the USGBC recognizes the ef-
fectiveness and benefits to
whole-building efficiency that com-
missioning can achieve, making
commissioning a mandatory require-
ment for LEED certification.

Understanding the LEED certifica-
tion ratings and how to achieve fa-
cility certification with design,
construction, and operational credits
based on the system has become
imperative as government agencies
look for ways to become more envi-
ronmentally friendly, conserve en-
ergy, and decrease the operating
costs of their real estate.

Commissioning and the LEED ap-
proach share a focus on moving be-
yond a first cost/lowest-cost
perspective to consider and account
for long-term, life-cycle building ex-
penditures. The LEED approach
considers a building’s real cost,
which includes not only the amount
spent to construct the facility but
also the ongoing expenses required
for building operations and mainte-
nance, which can account for 60 to
85 percent of a building’s actual
capital expenditures.

BesT PRACTICES

m Consider life cycle costs in
addition to first costs when
considering commissioning —
much of the value achieved by
commissioning comes from
avoided costs rather than
guantifying cost savings.

m Integrate a continuous commis-
sioning program with energy

management and preventive
maintenance for a whole
building approach to operations,
energy efficiency, and sustain-
able design.

Green buildings that combine
energy efficiency, sustainability,
and commissioning are not only
good for the environment — their
impact on occupant comfort,
satisfaction, and safety can
result in serious savings for the
facility operator.

Resist value engineering
commissioning out of projects
because of cost. The cost of
commissioning is such a small
percentage of the overall
project cost that it’s removal is
unlikely to swing a project back
into budget. More importantly, it
is wrong to compromise quality
as a result of budget concerns.
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Why Commission?

STUDY QUESTIONS

What arguments would you offer to convince the owner that commissioning is the right thing for his facility?

What are the standard barriers against the commissioning process?

What are ten benefits derived from commissioning and explain how they are beneficial?

Explain how commissioning reduces the number of change orders in new construction?

How does commissioning contribute to new construction acceptance and project turnover?

How can commissioning reduce the cost of TAB?

How can the O&M program optimize the performance of your facility?

How does the LEED certification impact the quality of life of the building occupants?
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Chapter 4

Commissioning Management

n emphasis on team
building and teamwork
will lead to greater suc-
cess from the commis-
sioning process. It fosters a positive
approach to commissioning activi-
ties, rather than the attitude that the
commissioning process creates
more work or encourages “looking”
for problems that do not exist. Ef-
fective commissioning management
encourages team members to work
together to identify problems (exist-
ing and potential) and help correct
these problems before they grow.

There are two teams that will be
discussed in this chapter: the inter-
nal management team that must be
in place and prepared to support the
commissioning process, and the
commissioning team that is as-
sembled when a project is under-
way.

DevELOPING COMMISSION-
ING STRUCTURE AND
MANAGEMENT SUPPORT

A commissioning program has little
chance of achieving measurable
success unless its goals and objec-
tives are clear and the program has
the full support of your internal
management organization.

There are three steps to de-
veloping a strong internal
structure to support commis-
sioning: determining the need
for commissioning, obtaining
the support of various build-
ing stakeholders, and defin-
ing an internal
commissioning team.

Step 1 - Determine the

Need for Commission-
ing

Commissioning is becoming
more and more common, but
its value should still be care-
fully evaluated and management
support for commissioning obtained.
For new construction and renova-
tion projects, commissioning will
produce the biggest payoff if the fa-
cility and its systems/equipment are
very complex (laboratories, tele-
communications, medical), and if the
facility has a very large square foot-
age. Commissioning will not pro-
duce the same level of savings for
simpler, smaller facilities.

In the case of retrocommissioning,
there are several factors to con-
sider:

m Are equipment and systems
programmed to be replaced
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“What you always do before
you make a decision is con-
sult. The best public policy is
made when you are listening
to people who are going to
be impacted. Then, once
policy is determined, you
call on them to help you sell
it.”

Elizabeth Dole
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within a year or two? Hold off
on retrocommissioning until after
the change-outs are made.

H Are equipment and systems
continually failing, and major
system design problems seem to
be the culprit? Forgo retro-
commissioning and focus on
making commissioning a part of
a redesign effort.

H Are equipment and systems
outdated but not necessarily
broken (and not near the end of
their useful life)? Retrocommis-
sioning can tune up an old
system in a cost-effective
manner.

B Arethe equipment and building
systems relatively new but
subject to periodic failure and
not operating efficiently? Retro-
commissioning can identify and
prioritize needed equipment
repairs and improvements based
on their potential return on
investment.

Step 2 - Obtain Support

Federal facility and O&M managers
must obtain full support from their

management structure to implement
a successful commissioning pro-
gram. One way to gain the approval
and support of Management is to
develop a written statement of com-
missioning objectives, goals, costs,
and benefits. Approach commission-
ing by equating it with increased
productivity, energy efficiency,
safety, and occupant satisfaction.

Commissioning is easier to integrate
into a new construction or major
renovation project than in existing
buildings. New projects involve sub-
stantial capital expenditure, usually
from a separate capital investment
budget, and Management will be in-
terested in methods of guaranteeing
quality assurance and getting the
best building for their investment.
Also, the new construction or major
renovation commissioning process
does not involve intensive work on
the part of the Owner or facility
O&M staff beyond their involve-
ment in the project itself.

Retrocommissioning is more difficult
to sell to Management. Persistent
building equipment and system fail-
ures, or energy and operational effi-
ciency losses are perceived to fall
under the scope of the existing
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O&M program (“Why can’t main-
tenance just fix the problem?”). The
following benefits can be outlined to
counter this:

B Asset Management —
retrocommissioning increases
the ability of the O&M staff to
provide quality services to the
building’s occupants, and the
building’s net operating income
increases when it is operated as
efficiently as possible.

B Risk Reduction -
retrocommissioning identifies
equipment and system deficien-
cies that could lead to tenant
loss, decreased occupant
productivity, reduced equipment
life, reduced indoor air quality,
“sick building” syndrome,
unhealthy effects of mold and
mildew growth, and higher
utility bills.

m Internal Benchmarking —
retrocommissioning provides a
benchmarking tool for building
operational performance,
allowing an ongoing record to
be kept of quality control, and
for condition baselining to be
used to measure and ensure
maintenance performance.

®m Energy Management -
retrocommissioning provides a
low-cost method for obtaining
energy efficiency savings
without capital outlay (for
instance, a chiller may not need
to be replaced, but rather its
controls recalibrated to optimize
its performance). Retrocommis-
sioning can increase energy

efficiency in buildings by as
much as 15 percent.

m Low First Costs —
retrocommissioning is typically a
one-time event, and does not
necessarily involve all building
systems and equipment. The
retrocommissioning process
involves evaluating building
performance and choosing the
most high-priority (least effi-
cient) systems and equipment
upon which to focus attention.

Benefits of
Retrocommissioning:

Asset Management
Risk Reduction
Internal Benchmarking
Energy Management

Another stakeholder vital to imple-
menting a successful commissioning
program is the facility O&M staff.
Commissioning for new construction
and major renovation is again easier
to sell to the O&M staff, as they
will most likely appreciate thorough
training and O&M documentation
on newly installed equipment. For
retrocommissioning, it is important
to stress that the process is there to
make their jobs easier, not harder.

Low First Costs

If commissioning duties are handed
over to the O&M organization,
make sure to stress that these ac-
tivities can and should be incorpo-
rated into their regular preventive
maintenance program as part of
continuous commissioning. If a third
party commissioning provider is
hired to perform retrocommission-
ing, assure the O&M staff that the
process will identify equipment, sys-
tems, and approaches that are not
working as well as they should.

The end result will be a better build-
ing that is easier to maintain, with
less trouble calls and more time to
proactively implement preventive
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maintenance tasks. Make the O&M
staff a partner in the commissioning
process.

Finally, the needs and desires of the
building’s occupants must be consid-
ered. Conducting a survey of occu-
pant satisfaction is a good place to
start (and can provide information
for Management on areas of dissat-
isfaction that may justify performing
retrocommissioning). Building occu-
pants will support a retrocommis-
sioning program if it will lead to
better thermal comfort, air quality,
and lighting levels.

Step 3 - Define an Internal
Commissioning Team

When the need for commissioning
has been recognized and accepted
by Management, O&M, and occu-
pants, define a team that will man-

age the process for the Owner.

For a new construction or major
renovation project, this team will in-
clude the facility management staff
person who is acting as the Owner’s
project manager for the project. If
this individual does not want to take
on the responsibility of monitoring
the commissioning aspects of the
project, another person on the facil-
ity management staff should be ap-
pointed.

Itis vital that each party involved in
the project have access to a single
point of contact for commissioning
issues who is also the Owner’s rep-
resentative. In addition, a lead con-
tact should be appointed from the
facility O&M organization to coordi-
nate O&M activities related to com-
missioning.

For a retrocommissioning project,
representatives from facility man-

Tip: Build a Building Performance Team

Many Federal agencies have voluntary energy management teams
at their facilities: groups representing different stakeholders that meet
and share ideas on improving energy efficiency. Consider expanding
this idea to overall building performance.

Solicit volunteers from Management, O&M, and tenants to meet pe-
riodically to discuss problems (such as comfort and safety) and op-
portunities to address these problems while increasing the building’s
energy and operational efficiency. To motivate participants, consider
applying for LEED™-EB or Eneray StAR Label for Building certification:
both programs incorporate commissioning and provide public rec-
ognition for efficiency improvements.
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agement and O&M should develop
an organization and define duties
based on the size and scope of the
project. If a third party CxA is
hired, facility management and
O&M should each provide the CxA
with a single point of contact.

COMMISSIONING
AUTHORITY OPTIONS

Put most simply the Commissioning
Authority (CxA; also sometimes
called Commissioning Agent) is the
designated person or company that
plans, coordinates, and oversees the
commissioning process. This person
or company directs the day-to-day
commissioning activities of the
project. The CxA does not have a
direct oversight role, like the con-
struction manager, but rather in-
forms installing contractors, the
construction manager, and the
Owner of observed deficiencies.

There are several options for ob-
taining the services of a CxA for a
project:

Most appropriate for:

€ New construction or major
renovation projects,
retrocommissioning, and
recommissioning of all building
types and system complexities

An independent third party CxA is
the most common option for provid-
ing commissioning services today,
and the one most often utilized and
recommended by Federal agencies.
This person or firm is hired by the

Owner and offers the most objec-
tive perspective of any of the other
CxA options described in this sec-
tion.

For large or complex projects, and
in buildings with highly integrate