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This foreword is not a mandatory part of this standard. It is merely informative and does not contain requirements necessary for
conformance to the standard. It has not been processed according to the ANSI requirements for a standard and may contain
material that has not been subject to public review or a consensus process. Unresolved objectors on informative material are not
offered the right to appeal at SMACNA or ANSI.

FOREWORD

Commissioning includes the final act of verifying compliance with project specifications and the owner’s project
requirements. The term commissioning has evolved to represent a total quality management process in the construc-
tion trades. It includes demonstrating and verifying system and subsystem operational performance and is a detailed
testing and documentation of building systems and components. Finally, it is the foundation of and includes training
provided to facility managers to be used by building management throughout the operational life of the building. While
commissioning can be applied to all components of a structure, this manual only focuses on the HVAC systems and
the parties responsible for the proper design, installation, verification, operation, and maintenance of these systems.

HVAC systems are typically the most energy intensive systems in a building. HVAC systems can be the source of
indoor air quality (IAQ) problems or the vehicle to the solution of those problems. Poorly designed, improperly
installed, or inadequately maintained HVAC systems can cause high operating costs, occupant discomfort, affecting
the long term financial viability of a building. The purpose of this manual is to introduce the commissioning process
and to provide all stakeholders an understanding of the skills and expertise required to apply the concepts to the most
critical element in most buildings—the HVAC system. Contractors who understand the process will be in position to
offer this service to building owners and designers. Owners who understand the value commissioning adds to their
building will demand it be an integral part of the construction process.

The original group tasked with developing the first edition of this standard, the SMACNA Building Services Committee,
decided to introduce the commissioning process as a multi-level concept applicable to projects large and small, simple
and complex. The current task force agreed with multi-level concept which is continued in this edition. The manual
treats the subject in sufficient detail to provide a professionally run organization, with a commitment to the total qual-
ity management process, the tools to direct the activities of a commissioning team. The concept of commissioning an
existing building which is sometimes called re-commissioning or retro-commissioning is covered in this standard.
The commissioning process can be utilized in renovation and retrofit projects as well as part of an ongoing building
maintenance program for any building.

New to this edition is a chapter on LEED® projects. As the United States Green Building Council is evolving
and changing its system for rating buildings it is important that all parties involved in these types of projects be
familiar with the changing requirements. LEEDv3 (2009) is the basis for the chapter on LEED® commissioning
requirements.

The manual includes sample specifications and sample commissioning reports. Also included are samples of commis-
sioning checklists for a wide variety of HVAC systems and components. Although these checklists are comprehensive,
they are intended as guidelines to develop forms specific for the building or components being commissioned. Since
each building and its systems are unique, forms used in the commissioning process are customized for the equipment
and systems involved and to reflect the requirements of the commissioning authority.

This manual will be updated in the future as industry needs change and evolve. Continuing efforts will be made to
provide the industry with the latest methods and engineering data from recognized sources, supplemented by SMACNA
research, the services of local SMACNA chapters, and the growing experience base of SMACNA contractors.

SHEET METAL AND AIR CONDITIONING CONTRACTORS'
NATIONAL ASSOCIATION, INC.
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NOTICE TO USERS
OF THIS PUBLICATION

1. DISCLAIMER OF WARRANTIES
a) The Sheet Metal and Air Conditioning Contractors’ National Association (“SMACNA”) provides its product for informational
purposes.

b) The product contains “Data” which is believed by SMACNA to be accurate and correct but the data, including all information,
ideas and expressions therein, is provided strictly “AS IS”, with all faults. SMACNA makes no warranty either express or implied
regarding the Data and SMACNA EXPRESSLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR
FITNESS FOR PARTICULAR PURPOSE.

¢) By using the data contained in the product user accepts the Data “AS IS” and assumes all risk of loss, harm or injury that may
result from its use. User acknowledges that the Data is complex, subject to faults and requires verification by competent profession-
als, and that modification of parts of the Data by user may impact the results or other parts of the Data.

d) INNO EVENT SHALL SMACNA BE LIABLE TO USER, OR ANY OTHER PERSON, FOR ANY INDIRECT, SPECIAL OR
CONSEQUENTIAL DAMAGES ARISING, DIRECTLY OR INDIRECTLY, OUT OF OR RELATED TO USER’S USE OF
SMACNA’S PRODUCT OR MODIFICATION OF DATA THEREIN. This limitation of liability applies even if SMACNA has
been advised of the possibility of such damages. IN NO EVENT SHALL SMACNA’S LIABILITY EXCEED THE AMOUNT
PAID BY USER FOR ACCESS TO SMACNA’S PRODUCT OR $1,000.00, WHICHEVER IS GREATER, REGARDLESS OF
LEGAL THEORY.

e) User by its use of SMACNA'’s product acknowledges and accepts the foregoing limitation of liability and disclaimer of warranty
and agrees to indemnify and hold harmless SMACNA from and against all injuries, claims, loss or damage arising, directly or
indirectly, out of user’s access to or use of SMACNA’s product or the Data contained therein.

2. ACCEPTANCE

This document or publication is prepared for voluntary acceptance and use within the limitations of application defined herein, and
otherwise as those adopting it or applying it deem appropriate. It is not a safety standard. Its application for a specific project is
contingent on a designer or other authority defining a specific use. SMACNA has no power or authority to police or enforce compli-
ance with the contents of this document or publication and it has no role in any representations by other parties that specific com-
ponents are, in fact, in compliance with it.

3. AMENDMENTS

The Association may, from time to time, issue formal interpretations or interim amendments, which can be of significance between
successive editions.

4. PROPRIETARY PRODUCTS

SMACNA encourages technological development in the interest of improving the industry for the public benefit. SMACNA does
not, however, endorse individual manufacturers or products.

5. FORMAL INTERPRETATION

a) A formal interpretation of the literal text herein or the intent of the technical committee or task force associated with the docu-
ment or publication is obtainable only on the basis of written petition, addressed to the Technical Resources Department and sent
to the Association’s national office in Chantilly, Virginia. In the event that the petitioner has a substantive disagreement with the
interpretation, an appeal may be filed with the Technical Resources Committee, which has technical oversight responsibility.
The request must pertain to a specifically identified portion of the document that does not involve published text which provides the
requested information. In considering such requests, the Association will not review or judge products or components as being in
compliance with the document or publication. Oral and written interpretations otherwise obtained from anyone affiliated with the
Association are unofficial. This procedure does not prevent any committee or task force chairman, member of the committee or task
force, or staff liaison from expressing an opinion on a provision within the document, provided that such person clearly states that
the opinion is personal and does not represent an official act of the Association in any way, and it should not be relied on as such.
The Board of Directors of SMACNA shall have final authority for interpretation of this standard with such rules or procedures as
they may adopt for processing same.

b) SMACNA disclaims any liability for any personal injury, property damage, or other damage of any nature whatsoever, whether
special, indirect, consequential or compensatory, direct or indirectly resulting from the publication, use of, or reliance upon this
document. SMACNA makes no guaranty or warranty as to the accuracy or completeness of any information published herein.
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6. APPLICATION

a) Any standards contained in this publication were developed using reliable engineering principles and research plus consultation
with, and information obtained from, manufacturers, users, testing laboratories, and others having specialized experience. They are
subject to revision as further experience and investigation may show is necessary or desirable. Construction and products which
comply with these Standards will not necessarily be acceptable if, when examined and tested, they are found to have other features
which impair the result contemplated by these requirements. The Sheet Metal and Air Conditioning Contractors’ National
Association and other contributors assume no responsibility and accept no liability for the application of the principles or tech-
niques contained in this publication. Authorities considering adoption of any standards contained herein should review all federal,
state, local, and contract regulations applicable to specific installations.

b) In issuing and making this document available, SMACNA is not undertaking to render professional or other services for or on
behalf of any person or entity. SMACNA is not undertaking to perform any duty owed to any person or entity to someone else. Any
person or organization using this document should rely on his, her or its own judgement or, as appropriate, seek the advice of a
competent professional in determining the exercise of reasonable care in any given circumstance.

7. REPRINT PERMISSION

Non—exclusive, royalty—free permission is granted to government and private sector specifying authorities to reproduce only any
construction details found herein in their specifications and contract drawings prepared for receipt of bids on new construction and
renovation work within the United States and its territories, provided that the material copied is unaltered in substance and that the
reproducer assumes all liability for the specific application, including errors in reproduction.

8. THE SMACNA LOGO

The SMACNA logo is registered as a membership identification mark. The Association prescribes acceptable use of the logo and
expressly forbids the use of it to represent anything other than possession of membership. Possession of membership and use of the
logo in no way constitutes or reflects SMACNA approval of any product, method, or component. Furthermore, compliance of any
such item with standards published or recognized by SMACNA is not indicated by presence of the logo.
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CHAPTER 1

PURPOSE AND SCOPE

1.1 DEFINITION

Commissioning may be defined as: “the process of
advancing systems from a state of static physical com-
pletion to a state of full, demonstrated, and docu-
mented working order, according to the owner’s proj-
ect requirements and the design requirements, during
which time the owner’s operating staff are instructed
in correct systems operation and maintenance.”

In order to carry out the full commissioning process, it
is necessary to plan and document it. Planning should
begin as early as possible to ensure the owner’s project
requirements are understood and suitable quality
assurance strategies are utilized. The results of the
quality assurance process should be documented to
provide an auditable record of the process.

1.2 PURPOSE

Since the publication of the first edition of this
manual, the use of the commissioning process in the
building construction industry has grown dramati-
cally. Many organizations have made building com-
missioning “business as usual” on each construction
project. Building commissioning has been recognized
as a critical process in the design, construction, and
operation of a sustainable or “green” building. While
the commissioning process has been expanded to
apply to other systems, e.g., fire alarm, security, elec-
trical, building envelope, the primary focus of build-
ing commissioning remains on heating, ventilating,
and air conditioning (HVAC) systems. First, HVAC
systems are among the most complex and intercon-
nected of building service systems. Second, consider-
able energy is consumed in HVAC systems. Inefficient
operation increases operating cost. Third, HVAC sys-
tems must be designed properly, then installed, oper-
ated, maintained, and serviced correctly, if both com-
fort and indoor air quality are to be attained and
maintained.

The primary purpose of this manual is to provide guid-
ance to contractors on how an effective HVAC sys-
tems commissioning process should be planned and
carried out. A second purpose is to provide a clear
explanation of the reasons for commissioning to make
it understandable for a broad cross section of the
industry. Contractors who understand commissioning
are in a position to sell its use to owners, designers,
and others.

Another purpose of the manual is to provide guidance
on commissioning HVAC systems in existing build-
ings. Any existing building with poor temperature

control, dissatisfied occupants, excessive energy or
maintenance costs, or other evidence of improper
design or operation is a candidate for commissioning.
Because there are many existing buildings with these
characteristics, and owners often contact contractors
directly for remedial work on them, provision of com-
missioning services for these buildings is a potentially
important field for knowledgeable contractors.

This manual covers commissioning during the con-
struction phase of a project in considerable detail. It
puts particular emphasis on the commissioning agent,
the commissioning authority, the commissioning plan,
communication and coordination during construction,
and commissioning documentation. This is to give the
clearest possible guidance to contractors and others
whose involvement is primarily during the construc-
tion phase of a project. In some cases, the contractor
has the opportunity to join the process prior to the
completion of design. When this occurs the contractor
is able to contribute ideas and suggestions regarding
quality and constructability during the design or pre-
design phases. Understanding the commissioning pro-
cess enables the contractor to engage more effectively
ecarly on.

This manual does not provide material specific to any
particular building. The material within is intended to
cover the entire commissioning process, providing not
only organizational and procedural steps, but also the
rationale behind them. This assists users of the manual
to adapt the information to the successful commission-
ing of any type of building project.

1.3 SCOPE

The HVAC Systems Commissioning Manual is
intended to cover the full range of HVAC equipment
and systems typically found in commercial and insti-
tutional buildings.

The level of commissioning varies to suit the specific
requirements of each project as determined by the
owner.

The manual describes in detail the commissioning
process for three different levels of commissioning.
The manual provides guidance on the use and applica-
tion of the commissioning process in the green build-
ing rating systems developed by the U.S. Green
Building Council (USGBC). In addition, as an aid to
users, it provides examples of delivery receipt, prestart
checklists, and functional performance test checklists
for many types of equipment and systems. These
include:
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1.2

Hot water and steam boilers; with atmo-
spheric or power burners; gas, oil, or combi-
nation gas/oil fired.

Chillers; with reciprocating, scroll, screw, or
centrifugal compressors; air-or water- cooled,;
with or without condensers; and including
heat recovery models.

Cooling towers, closed-circuit heat rejec-
tors, and both air cooled and evaporative
condensers.

Hot water, chilled water, and condensing
water pumps associated with the preceding.

Constant volume, single zone air systems
(including all components such as fans, coils,
furnaces, condensing units, dampers, and
controls, as applicable).

Condensing boilers.

Primary and secondary piping systems.
Variable flow piping or pumping systems.
Variable Air Volume (VAV) Systems
(including various components such as termi-

nal units and Variable Frequency Drives
(VFD)
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CHAPTER 2

INTRODUCTION

21 HISTORICAL BACKGROUND

Over the years, buildings and their services have
become more complex and varied. At one time, sys-
tems were simple, with few controls (mostly manual),
and similar from building to building. After installa-
tion, a simple equipment start-up by the contractor
was often all that was needed. The equipment, and
thus the system, either worked or not. If not, diagnosis
and correction was usually obvious and quick.

Building operators understood such simple systems
and were able to keep them operating correctly. There
were summer operating modes and winter operating
modes. Everything in local zones was controlled by a
thermostat. When energy consumption was not a con-
cern, equipment oversizing often compensated for
incorrect operation, and comfort conditions could be
maintained.

Today, there is a wide range of equipment and systems
used for building HVAC. These systems are often
complex, particularly in their controls to implement
energy savings strategies. They have come about in
order to meet a whole series of conflicting pressures:
capital cost constraints; more stringent building codes,
particularly with respect to smoke control and energy;
escalating energy costs; energy conservation standards
for equipment; occupant demands for better comfort
and good indoor air quality; and green building trends.

2.2 WHY COMMISSIONING?

The primary purpose of commissioning is to deliver a
building where service systems function according to
design intent and to meet the needs of the owners and
occupants. To achieve this, it is essential to implement
a commissioning process in which functional and
environmental performance is tested; verified for all
anticipated operating conditions; documented prior to
occupancy; and maintained during the life of the build-
ing systems.

The simple start-up is no longer adequate. If today’s
building systems are going to function properly, they
must be designed competently and installed correctly.
On the installation side this means checking that all
aspects of the installation are complete before start-up.
Once started, system operation must be checked and
verified in detail.

Building owners and operators must be provided with
usable documentation regarding inspection, service,
and maintenance requirements and be instructed on
the importance of carrying them out. An effective,

ongoing service and maintenance program is essential
for maintaining efficient system performance, provid-
ing occupant comfort, and extending equipment life.

Once that is done, operators must be trained in all
aspects of the operation of the systems. This is critical
because correct systems operation requires a basic
understanding of the equipment’s capabilities, limita-
tions, and intended control sequences. Without docu-
mentation and instruction, operators do not have the
resources to properly operate the building and its sys-
tems. In addition, due to smaller safety factors and
more demanding occupants in today’s buildings, there
are fewer margins for error.

Unfortunately, in many cases, the construction indus-
try has not updated its practices to meet the demands
of today’s mechanical systems, owners, and building
occupants. In addition, many owners think they are
getting and paying for a fully commissioned building
when they are not. Application of information in this
manual will enable contractors to understand how to
upgrade their skills and update their commissioning
practices to meet today’s needs.

2.3 SMACNA’S RESPONSE

SMACNA exists to encourage and enable sheet metal
and air conditioning contractors, and others in the
industry, to improve their capabilities and the quality
of the installations they produce. The development
and distribution of standards and manuals and partici-
pation in training programs are a central part of this
effort.

The HVAC contractor has traditionally had the respon-
sibility of providing a complete and fully functioning
installation. In essence, “fully functioning” also
means “fully commissioned.” Thus, the traditional
responsibility includes all the activities involved in
planning the commissioning process and implement-
ing it on site.

The commissioning agent is an integral part of imple-
menting the commissioning process. Chapter 4 pro-
vides some information on commissioning agents, and
section 4.3 details the skills and qualifications needed
by them. HVAC contractors have to be prepared to
retain external commissioning agencies, or to develop
the required expertise internally, in order to undertake
HVAC systems commissioning as described in this
manual.

The owner and his designers determine the terms of
reference, the scope of work, and the detailed
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specification requirements, all as contained in the con-
tract documents. If specific commissioning require-
ments are contained therein, it is the contractor’s
responsibility to meet them. The owner should have
some means of ensuring the contractor carries out
those responsibilities. This corresponds with Level 2
commissioning.

However, even when the contract documents do not
contain any explicit commissioning requirements,
commissioning can still be planned and carried out by
the contractor. This is what is referred to as Level 1. In
essence, Level 1 commissioning is the minimum that
should be carried out by any responsible and knowl-
edgeable contractor committed to quality work. This
manual outlines how, if commissioning is done prop-
erly and expertly, a better product can be produced at
little or no additional cost. In essence, Level 1 is sim-
ply quality control procedures that are embedded in
how contractors produce and install duct or entire
HVAC systems. Well thought out and adhered to
Quality Control procedures can save time and money.

2.4 QUALITY MANAGEMENT

Commissioning is essentially a quality control pro-
cess. Quality is built into a product by planning and
forethought; it is not achieved by trying to fix prob-
lems after they have occurred. A quality product does
not need to cost more to produce, but many changes to
both processes and attitudes may be necessary to
achieve the goal of quality products.

SMACNA is convinced that commissioning, as an
integral part of the design and construction process, is
one of the means of improving the quality of the
HVAC systems that contractors turn over to owners.
Helping the industry to improve its quality manage-
ment performance is one of the goals of this manual. It
focuses on a commissioning process, which is truly

integrated into the overall construction process, as a
means of moving toward that end. If commissioning is
planned and carried out properly, this increase in qual-
ity can be achieved with a reduction in construction
cost. In other words, the time and cost of the commis-
sioning process can be offset by the time and cost
saved through improvements in efficiency.

Nevertheless, when a comprehensive commissioning
process is required, the specifications must clearly
define the work and level of effort required. The spec-
ifications must define the commissioning procedures
to be followed and all related contractor responsibili-
ties, including those of the commissioning agent. They
must also define the scope of equipment, subsystems
and systems to be commissioned. Only when process
and scope are both defined, can contractors bid the
work fairly and accurately. And finally, only when the
owner’s designer or commissioning authority enforces
the specification objectively, will the process carry
through to the end of the project to the benefit of both
owners and contractor.

Unfortunately, a building is not a product for which
prototypes can be built, tested, revised, and fine tuned
before full production begins. Every building is
unique. Furthermore, the construction industry is
fragmented, involving a vast array of contractors, sub-
contractors, suppliers, tradesmen, test and balance
specialists, controls technicians, equipment startup
specialists, designers, inspectors, and owner’s staff.
With competitive bidding on every element, a lowest
immediate cost mentality prevails for every item, at
every level of bidding. In such an environment, it is
very difficult for the contractor to consider an overall
quality management approach, let alone achieve it.
However, a quality management approach, incorporat-
ing a commissioning process as outlined in this man-
ual, has the potential to produce a better product for
the customer, possibly at a reduced overall cost.
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CHAPTER 3

BENEFITS AND COSTS

3.1 BENEFITS
3.1.1 Overview of Benefits

The benefits of commissioning accrue to owners,
designers, contractors, and occupants or tenants.
Ultimately, however, the majority of benefits, in the
form of a building that functions properly, accrue
to the owner. To request commissioning beyond the
basic Level 1 the owner must be convinced of these
benefits.

Many, perhaps most, owners think they are already
getting, and paying for, a completely functional build-
ing, when in fact they may not. Such owners may not
be aware of the benefits available to them from com-
missioning. They need to be informed of these benefits
by designers and contractors who understand both the
practice of, and the rationale for, the commissioning
process.

3.1.2 Benefits to Owners

Commissioning benefits owners by adding value to a
project. This value can be measured in both hard costs
and benefits and soft costs and benefits. The commis-
sioning process can add value by ensuring that the
owner’s needs for the building have been thought
through and documented carefully at the program
phase. Design intent and the designer’s basis of design
can thus be more responsive to the owner’s needs.
When commissioned, the facility operates in accor-
dance with design intent, maintains thermal comfort,
operates efficiently, and produces a high level of occu-
pant satisfaction.

Another benefit to owners is fewer unidentified defi-
ciencies at turnover, particularly hidden ones resulting
from incorrect functioning of controls. Thus, owners
will not have to either pay for later correction or live
with the problems. Living with the problems can result
in diminished productivity by either occupants, main-
tenance staff or both, or increased operational costs
due to inefficient operation of the systems.

Well commissioned systems are set up to function at
maximum efficiency, minimizing energy and operat-
ing costs. In order to achieve this third benefit, knowl-
edgeable building operators are essential. Owners
must put sufficient priority on this aspect of their
building operations and maintenance management.
Operator involvement in the commissioning process
itself can be an important familiarization and educa-
tional experience. But it must be followed up; particu-
larly as staff changes take place over time.

In addition to the operational benefits already men-
tioned, knowledgeable operators bring other benefits
to the owner. When there are problems, fast and accu-
rate diagnosis is likely, leading to quicker and possibly
less expensive corrective action. In dealing with occu-
pants, trained operators can provide more accurate
information on the nature of the problem and do so in
a way which instills confidence in the owner’s staff.
Of course, the problems must be resolved. But when
they are, the resulting happy occupant or tenant is a
valuable asset to a building owner.

The United States Green Building Council (USGBC)
has recognized that commissioning is critical to deliv-
ering a sustainable building to the owner. The
Leadership in Energy and Environmental Design
(LEED®) rating systems developed by the USGBC
require commissioning on all new projects. Such a
mandatory requirement is not made lightly and serves
as an indication of the long-term benefits to the owner
for a properly commissioned building.

3.13 Benefits to Designers

There are more demands on designers today than ever
before. The changes in systems, energy concerns,
Indoor Air Quality (IAQ) issues, increasingly strin-
gent codes, Building Information Modeling (BIM),
and the continuingly evolving controls technology are
all responsible. Designers are asked to design systems
which not only meet design conditions, but operate
well at part loads, are accessible for service and main-
tenance, and are within the owner’s budget.

When the commissioning process helps clearly estab-
lish the owner’s goals in the programming phase, the
designers can more effectively meet these goals in
their design. This can reduce time spent on redesigns
to meet fluid or ambiguous owner directives. As com-
missioning fosters an integrated design and construc-
tion process, input during design on how the building
and its systems will actually be constructed can reduce
future Requests For Information (RFIs) and potential
in-field changes.

Designers also benefit from commissioning when they
are involved with the functional performance verifica-
tion and acceptance tests. These tests measure how the
design performs dynamically in the field and can pro-
vide valuable feedback to help guide future designs.

3.1.4 Benefits to Contractors

Commissioning benefits to all parties are maxi-
mized when contractors are an integral part of the
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commissioning process. Commissioning is a team
effort, and the contractors are a vital part of this team.
It is the contractor who is directly responsible for the
quality of workmanship and care when all the systems
come together in construction. A contractor who works
with the process will reap a variety of both hard and
soft benefits. Contractors who merely tolerate the pro-
cess — or worse, try to avoid it entirely or work against
it — will not see these benefits.

The benefits of commissioning to contractors can
include the following:

Improved construction planning and coordi-
nation,

Few to no outstanding deficiencies at sub-
stantial completion,

Quicker project completion,

Better documentation of equipment startup,
which aids warranty administration,

More satisfied clients and owners after com-
pletion,

Reduced callbacks, and

Therefore, lower operating and maintenance
service costs.

Each of these benefits is expanded upon in the
following:

3.2

The first benefit, an overriding one, is that
commissioning can produce better planning
and coordination. Having a commissioning
plan and dedicated commissioning personnel
committed to following through on it is
important in this regard. Priority items, and
responsibilities for them, can be identified
and followed up. On-site communications
are critical and are enhanced and facilitated
by the commissioning personnel.

A second benefit to contractors is fewer defi-
ciencies at substantial completion. The vari-
ous prestart checks and functional perfor-
mance tests result in potential early
identification of deficiencies from faulty
equipment or incomplete or incorrect physi-
cal installation work including controls
problems not detectable by physical inspec-
tion, but requiring dynamic testing. When

deficiencies are identified, the step by step
logic of the commissioning checks and
tests often isolates their causes and, there-
fore, who should be responsible for correc-
tion. If it is an installation problem, correc-
tion by the responsible trades while they are
still on site is commonly possible. If it is a
design problem, it can be referred with docu-
mented evidence to the designer. By identify-
ing issues as carly as possible, their resolu-
tion is often simpler and less costly both in
terms of time, aggravation and dollars. All
these factors are money and time savers for
the contractor.

Potential for more timely payment and proj-
ect closeout.

Commissioning results in improved docu-
mentation. The forms that are completed
identify specific equipment and system start
dates for warranty and payment purposes. In
addition, documentation will usually confirm
that correct equipment startup procedures
were followed.

The most important benefit is a satisfied cli-
ent or owner after completion. This results
from systems that are tested and verified to
function as intended; in other words, the
quality promised is delivered. Operators
who, through their exposure to the commis-
sioning process, have seen correct system
operation and understand it, will not com-
plain unjustifiably. On both counts, customer
satisfaction is increased.

Another benefit to the contractor is reduced
callbacks. These can result from deficiencies
discovered after substantial completion. As
noted, commissioning provides a practical
means to minimize callbacks. Callbacks can
also result, when there is no real problem,
because operators do not understand the
operation or limitations of the design. When
the commissioning process is carried out
properly, more knowledgeable operators
result, reducing this cause of callbacks.

Finally, commissioning can reduce overall
contractor costs. Planning and carrying out
commissioning definitely has a cost, see
Section 3.3), but these costs can be more than
offset by the savings made possible by the
process. Improved site labor utilization can
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result from better site coordination. Tradesmen
can be assigned to tasks truly critical to timely
completion with some confidence that the
necessary prerequisite work has actually been
completed. Identification and resolution of
deficiencies early and while construction is
ongoing reduce the time and effort (and thus
the cost) of getting trades back to site to cor-
rect them. Fewer callbacks reduce another
source of cost.

3.1.5 Benefits to Occupants and Tenants

The dominant benefit in this category is increased
employee productivity brought about by occupant sat-
isfaction with the building and minimum time lost to
complaints or absenteeism caused by ineffective or
poor system operations. When commissioning has
been carried out competently and thoroughly, the
building systems function in an integrated fashion as
designed and, with good maintenance, will continue to
do so. Environmental conditions and IAQ will be in
accordance with design intent, so a high level of occu-
pant satisfaction with respect to these factors is to be
expected. While definitive comparisons are extremely
rare, it is a widely held belief that improved employee
satisfaction results in improved productivity, with
benefits vastly greater than costs from commissioning
or other means of achieving the improved building
conditions.

In owner-occupied buildings, benefits in this category
could be considered among those received by owners.
In tenant-occupied buildings, these benefits flow
directly to the occupants, but, in a very real sense, they
also go to the owners because, if the tenants are satis-
fied, retaining existing tenants and obtaining new ones
will be easier.

3.2 BENEFITS OF COMMISSIONING
EXISTING BUILDINGS

The commissioning process is not reserved for new
construction projects. The process can and has been
applied to existing buildings. In the past, the terms
“recommissioning” and “retrocommissioning” have
been used when referring to commissioning of exist-
ing buildings. The industry has moved away from
these terms and instead simply uses the term “commis-
sioning” whether it be for a new or an existing build-
ing. Commissioning should be a continuous process
throughout the life of the building.

Commissioning an existing building can bring enor-
mous benefits to owners, mostly by eliminating

avoidable cost or overcoming problems, such as occu-
pant complaint or excessive vacancy. Some reasons
for commissioning an existing building are:

e HVAC systems not functioning correctly,

e HVAC systems operating inefficiently, thus
wasting energy and increasing cost,

e HVAC systems zoning and layout do not
match current occupancy or usage patterns,

e Comfort needs of occupants not being met,
e [AQ problems,

e  Occupant complaints, or

e Reduced occupant productivity.

Many of the noted conditions or problems can be
interrelated. The following discussion provides addi-
tional information.

e HVAC systems that are not functioning cor-
rectly often contribute to occupant discom-
fort. Sometimes such situations are of such
long standing, they have become accepted as
normal. Nevertheless, the failure of the sys-
tems to function correctly is negatively
impacting occupant productivity and likely
resulting in increased energy use.

e Often, tenant alterations occur without cor-
responding adjustments to the HVAC system.
As a result, the HVAC layout and zoning no
longer match the current occupancy. This
contributes to ventilation, temperature con-
trol, and other comfort problems.

e Systems not operating or maintained prop-
erly are often less efficient. There is an energy
savings opportunity in proper operation and
maintenance.

e  When comfort needs are not being met, for
whatever reason, there are almost always
increased costs due to lower occupant pro-
ductivity, increased energy use, or increased
maintenance costs.

e Poor TAQ can be a building owner’s most
severe problem. In extreme cases, buildings
have been evacuated while corrective mea-
sures are identified and carried out. Clearly,
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the direct cost of such an event is extremely
high, and there is huge potential for indirect
costs related to litigation and bad building
having a “reputation” as a “sick building”. It
is important to owners to avoid problems of
this magnitude.

e  Occupant complaints and reduced productiv-
ity are often related. Both, however, result in
additional costs, one from investigations of
causes of complaints and the other from
reduced work output.

Unfortunately, most owners do not recognize they
have problems or avoidable costs that would justify
commissioning until they are so severe as to be over-
whelming. Often, the best way to identify whether or
not a building is a candidate for commissioning is to
carry out a preliminary survey to evaluate the factors
noted above. Knowledgeable contractors, particularly
those with design expertise, are often in a good posi-
tion to carry out such surveys and advise owners con-
cerning the costs and benefits of commissioning an
existing building. Where such commissioning is justi-
fied, the emphasis should be on the cost savings oppor-
tunities available.

Contractors can benefit from commissioning existing
buildings in three ways. First, it is a potential source of
new business, but only for those with staff having the
necessary knowledge and skills, see Section 4.3.
Second, because of the extreme importance of capable
operations and maintenance in keeping buildings
functional, it is an opportunity to sell owners on
improved maintenance programs, preventative main-
tenance agreements, and educational programs that
may provide knowledgeable operators. Third, to the
extent owners of existing buildings recognize the ben-
efits of commissioning, there will be an increase in the
demand for improved commissioning in any new con-
struction they undertake.

3.3 COSTS

3.3.1 Overview of Costs

Commissioning requires time and, therefore, has a
cost. All commissioning costs are eventually borne by
the owner, either directly or indirectly. It is important
to remember, however, these costs are more than off-
set by benefits to the owner.

Total costs for Level 1 or Level 2 commissioning typi-
cally range between 2 and 5 percent of the HVAC con-
struction cost. In general, these percentages tend to:

e  Drop as the project size rises.

e Rise for more complex and sophisticated
projects.

e Rise for projects located further away from
major urban centers, and

e Rise as controls and interfaces between sys-
tems become more complex.

Each of the major parties to the commissioning pro-
cess incur some of the total cost:

Costs to Owners. In Level 2 commissioning, the owner
incurs costs for making staff or service contractors
available for familiarization, instruction, and demon-
stration. Typically, for HVAC commissioning, such
costs do not exceed 0.5 percent of the mechanical cost.
In Level 1 commissioning, the owner imposes no spe-
cific commissioning requirements and, therefore, may
not participate in the commissioning process; how-
ever, a wise owner will make operating staff available
as noted for Level 2.

Costs to Designers. The principal commissioning cost
incurred directly by designers is for additional on-site
time to witness systems performance verification, if
the owner has retained them to act as commissioning
authority. For Level 2 HVAC commissioning, addi-
tional on-site time could result in costs of up to
0.5 percent of the mechanical cost.

Costs to Contractors. The direct costs of Level 1 or
Level 2 HVAC commissioning incurred by the con-
tractor, including the cost of the commissioning
agent’s work, is typically in the range of 1 to 4 percent
of the mechanical system cost.

Level 3 commissioning costs are higher than those for
Level 2. The exact amount depends heavily on the
degree of detail in the required test protocols, number
of different components requiring Level 3 testing, and
a host of other factors. This cost is incurred for addi-
tional owner staff time, additional designer time, addi-
tional contractor commissioning services, and (possi-
bly) test fees to specialized agencies certified to carry
out specialized testing work.

3.3.2 Existing Building Commissioning
Costs

The costs to commission existing buildings vary
greatly. A rough estimate of probable cost is between
$0.10 to $0.25 per square foot of building area.
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However, due to the wide range of activities that could However, it is important to note that existing build-

occur during this commissioning process, the cost can ing commissioning is driven not by its cost, but by
range dramatically. This gives some indication of the the savings opportunities identified in the initial
possible tasks required in an existing building com- surveys leading to the decision to proceed with
missioning project. commissioning.
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CHAPTER 4

AGENT AND AUTHORITY

4.1 GENERAL

The terms, commissioning agent and commissioning
authority are used in this manual. The terms provide a
means of delineating the commissioning responsibili-
ties of the contractor who is responsible for carrying
out commissioning (commissioning agent) and those
who organize, verify, and accept the results (commis-
sioning authority) on behalf of the owner.

When different contractual arrangements exist, or
when the owner assigns responsibilities differently,
corresponding adjustments must be made to the roles
and responsibilities described in this chapter

4.2 THE COMMISSIONING AGENT

For the purposes of this manual, the commissioning
agent is defined as the persons or company responsible
for carrying out implementation of the commissioning
process. It is important to recognize that the commis-
sioning agent’s role is usually carried out by a team,
rarely by one person, except on very small projects. In
some respects, the term “commissioning agency”
might be more appropriate; however, in this manual
the term “commissioning agent™ is used.

Usually, the commissioning agent’s responsibilities
are during the construction phase of a project. This
arrangement is common in two circumstances. (1) For
large complex projects it is common to have a com-
missioning authority that organizes the entire commis-
sioning process. (2) For small projects that are not
complex, there may be little involvement from the
owner’s commissioning authority and the commis-
sioning agent will take the lead in both planning and
implementation.

In situations where there is no third-party commis-
sioning authority or the owner’s commissioning
authority so chooses, commissioning agents may be
appointed during the design or pre-design phases. In
such cases they have early input with respect to the
planning of the commissioning process. Under these
circumstances, the commissioning agent may have the
lead in planning commissioning activities. The com-
missioning agent’s responsibilities also include coor-
dinating, documenting, and witnessing the on-site
tests described in the commissioning plan.

The commissioning agency’s function may be carried
out by a separately retained company specializing in
commissioning work or by properly skilled staff of the
contractor carrying out the work.

4.3 SKILLS AND QUALIFICATIONS—
COMMISSIONING AGENT

The ideal commissioning agent has most or all of the
following qualifications, experience, and skills:

e A good knowledge of a variety of HVAC
equipment and systems is important. This
knowledge needs to include an understanding
of the design basics behind each system and
how each is typically controlled in order to
perform as designed. It can be obtained from
technical school, manufacturer’s technical
training programs, direct field experience, or
design office experience.

e  Experience in either the engineering or instal-
lation and field testing of controls systems for
a range of HVAC and Building Automation
Systems (BAS) is also needed. Knowledge of
controls and BAS is important to overall sys-
tem function and is closely related to HVAC
systems knowledge.

e Training and experience in testing and bal-
ancing of air and hydronic systems proves
valuable in on-site work.

e Good writing and documentation skills are
essential for a number of commissioning
tasks: (1) Preparation of an understandable
and useful commissioning plan incorporating
all the steps required, in the correct order,
(2) Producing useful commissioning meeting
minutes, and (3) Documenting test results as
they are obtained. Knowledge of computer
use for some of these tasks is essential for
productivity, recordkeeping, effective use of
master lists, and selecting information for
dissemination.

e Planning and organizational skills tie-in with
the writing and documentation skills just
described. The ability to plan ahead and visu-
alize the steps that must be taken in order to
have a successful commissioning process is
critical. This includes focusing on the details
of what must be done, organizing those
details into a coherent plan, which field per-
sonnel can understand and follow on the job-
site, and not losing track of the overall goal.
These skills also include an ability to priori-
tize, communicate to those involved, and fol-
low through on required corrective actions.
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e  Excellent communications skills, with every-
one involved in the project are necessary.
These skills are important because the jobsite
effectiveness of the commissioning agent
often depends on good working relationships
to achieve the needed cooperation. Previous
jobsite experience and a considerable degree
of maturity in conflict resolution are helpful
in this regard, all targeted towards eliciting
real cooperation and effective progress to
project completion.

Relatively few individuals have all the skills and expe-
rience outlined above. For this reason, a team approach
is often the most effective way for a commissioning
agent to implement the commissioning process with
each member contributing some of the skills needed.

It is important to remember that commissioning is pri-
marily an organizational and planning task. Therefore,
those skills are as essential to commissioning as the
technical knowledge concerning the systems being
commissioned.

4.4 THE COMMISSIONING AUTHORITY

The commissioning authority is defined as the persons
or company responsible, on the owner’s behalf, for

ensuring the commissioning process is properly car-
ried out according to contract requirements throughout
the project. During the construction phase, this
includes witnessing functional performance tests and
verifying acceptable performance. It also includes
ensuring the required documentation is produced.

On small projects, the commissioning authority is
often someone on the owner’s staff, the design profes-
sional, or contractor. On larger projects the owner may
retain a commissioning specialist to represent their
interests with respect to meeting their requirements
through commissioning.

In Level 3 commissioning, see Section 5.3.4, the spe-
cific types of system or installation may require very
specialized knowledge. In such cases, the commis-
sioning authority — and, for that matter, the commis-
sioning agent, must have that knowledge to carry out
their responsibilities competently. Therefore, the
owner may bring in separate specialists or require its
overall commissioning authority do so for overseeing
the Level 3 commissioning work.
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CHAPTER 5

OVERVIEW OF THE PROCESS

5.1 GENERAL

As stated in Section 1.1, commissioning is a process
that is most effective if it begins early in the develop-
ment of a project and continues throughout the project
to owner acceptance. However, “commissioning” is
often confused as just being the functional testing of
the equipment. The following figure illustrates the
commissioning process as applied to a typical building
project.

Pre-Design Phase

e Responsibilities of all contractors,

e  Existence of acceptance test procedures man-
dated by code, manufacturer, or regulation,
and

e Owner’s project requirements (OPR) and
acceptance criteria.

= Develop owner's goals
» Develop basis of design

Occupancy Phase

= Monitor system performance

« Provide lessons learned to all
stakeholders to take to the next
project

= Operations and Maintenance

Design Phase

+ Review drawings for functionality,
energy efficiency, operability

« Include construction-phase
commissioning requirements in the
contract dcouments

Construction Phase

Acceptance Phase

« Verify functional performance
« Conduct owner training

« Confirm proper installation
« Verify accessibility for maintenance

While there is only one commissioning process illus-
trated, it may be adapted to apply to a broad range of
projects and systems. In order to be economically jus-
tifiable, commissioning must be organized to accom-
plish its desirable results at a cost consistent with com-
missioning’s added value to the project. The value
added to a project — and thus the appropriate time and
cost commitment — will depend on the:

e  Size, phasing, and duration of the project,

Quantity of systems to be commissioned,

e Complexity of systems, and their controls,
being commissioned,

e Degree of controls interface between differ-
ent systems,

e  Mission-critical nature of the processes con-
trolled by the commissioned systems,

5.2 ORGANIZATIONAL OPTIONS FOR
COMMISSIONING

There are two organizational options for commis-
sioning:

Owner-directed Commissioning. When using this
option, the owner provides a commissioning authority
to develop, orchestrate, and document the commis-
sioning process. This commissioning authority may be
a member of the owner’s staff or be retained through a
commissioning agency. With owner-directed commis-
sioning, there is an agency external to the typical
design and construction parties (architect, engineer-
of-record and contractor) involved in the design and
construction process. This type of commissioning is
advocated by many as providing a truly independent
authority which is best able to represent the owner and
ensure that its project goals are achieved throughout
the design and construction phases.
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Contractor-directed  Commissioning. Under this
option, the contractor plans and implements the com-
missioning process, either with a properly skilled
group of its staff or by a commissioning agency acting
as a specialist sub-trade. The contractor provides the
commissioning documentation to the owner or own-
er’s representative for review and acceptance as
defined in the contract documents. Typically, this type
of commissioning begins in the construction phase.
However, in a design-assist contractual relationship,
the contractor may play a role in the review of contract
drawings with respect to the commissioning process.
The owner or owner’s representative is responsible for
placing the specific commissioning requirements in
the contract and ensuring that the other elements of the
commissioning process in the Pre-Design and Design
phases have been implemented.

SMACNA advocates the contractor-directed commis-
sioning option for a number of reasons:

e The elements of the commissioning process
are consistent with the implementation
of total quality management principles.
The commissioning process should be an
integral part of the contractor’s work and
responsibility-using it to improve planning
and organization.

e Itreinforces that the contractor is responsible
for providing a totally complete and func-
tional installation according to the contract
documents

e The owner’s oversight and verification
through its commissioning authority has a
more direct and robust feedback path, thus
better ensuring requirements are met. This
same oversight protects competent contrac-
tors by demanding performance to a standard
of acceptance consistent with contractual
requirements. Competent contractors are able
to perform to the required standard.

5.3 LEVELS OF COMMISSIONING

5.3.1 Introduction

The variations in project size, complexity, critical or
highly specialized systems, and owner requirements
suggest describing the commissioning process in
terms of different “levels” of commissioning. Three
different levels of commissioning are described in this
manual:

1. Level 1: Basic Commissioning
2. Level 2: Comprehensive Commissioning
3. Level 3: Critical Systems Commissioning

5.3.2 Level 1—Basic Commissioning
Contractors committed to producing quality work may
want to take steps to ensure they deliver on that quality
commitment. Level 1 commissioning provides an
organized process to help them reach that goal.

Generally, the contractor carries out Level 1 commis-
sioning during the construction and acceptance phases
of the project. Level 1 commissioning is intended to:

e Ensure the contractor meets a basic contrac-
tual requirement to produce a complete and
fully functional installation in accordance
with the contract documents.

e  Help the contractor plan, organize, and coor-
dinate that part of its work related to complet-
ing the installation and getting equipment
and systems started properly, safely, and on
schedule.

e Ensure that systems operation, including all
control sequences, is verified and that func-
tional performance as specified is achieved in
all respects. This step assures that the sys-
tems begin operation in an energy efficient
manner.

e Identify problems as they arise and as early
as possible. Provide a mechanism for getting
them corrected by whoever is responsible in
a timely manner with follow-up to prevent
problems from being neglected or repeated.

e  Provide documentation to the owner showing
that system installation and operation is accord-
ing to the Owners Project Requirements (OPR).

e Demonstrate to the owner the system perfor-
mance and functionality by operating the
equipment and systems through the entire
sequences of operation.

e  Ensure that the equipment is installed in such
a manner that it can be easily maintained in
accordance with manufacturer’s instructions
for the expected life of the equipment or
building.
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e Provide a framework for giving training and
demonstrations in correct systems operation
to the owner’s operating staff and for provid-
ing instructions and recommendations for
a maintenance program of the completed
systems.

e The preceding steps of commissioning the
installation and startup should be followed
by training for operations and maintenance to
help assure that the building is more energy
efficient and sustainable throughout its
lifetime.

e  Carry out all of the preceding in the most effi-
cient manner possible and without increasing
overall contractor costs for the project, even
though there is some cost for the commis-
sioning process itself.

In Level 1 commissioning, the benefits to the con-
tractor have the potential to be greater than the costs
incurred to plan and carry out the commissioning
process.
5.3.3 Level 2—Comprehensive
Commissioning

Level 2 commissioning applies when a higher level of
oversight is desired throughout the design and con-
struction process. The owner may delegate the com-
missioning responsibilities, in part, to the designer
and. in part, to the contractor. The use of a third-party
commissioning authority in Level 2 is at the discretion
of the owner.

At the writing of this manual, Level 2 commissioning
is essentially the level of commissioning required for a
project pursuing LEED® certification.

The owner should have a commissioning authority to
ensure the contractor carries out its commissioning
responsibilities properly. In addition, the owner should
have some mechanism in place to ensure the designer
also carries out its responsibilities. These arrange-
ments need to be defined and communicated to all
affected parties.

Level 2 commissioning builds upon the components
of Level 1 commissioning in the following ways:

e Begin the commissioning process in the
pre-design phase of the project. The owner
develops (perhaps with the assistance of a
commissioning authority and others) and
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publishes its OPR. This document defines
the owner’s goals for the project with
respect to:

—  Energy efficiency

— Indoor air quality

—  Life-cycle costs

—  Maintenance requirements and costs
—  Operating procedures

—  Control sequence

—  Systems performance requirements

Note: The above are examples and are not
intended to represent an all inclusive list.

Develop the Basis of Design (BOD). This
document is developed by the design team. It
translates the OPR into specific design condi-
tions and assumptions that will form the
starting point of the design documents.

Establish and publish a commissioning plan
during the Pre-Design Phase that will be used
during construction and acceptance to ensure
the owner’s goals established in the OPR are
achieved.

Create more comprehensive documentation
of the commissioning process during con-
struction. Commissioning forms may include
the following:

—  Equipment delivery receipt checklists

—  Pre-start checklists

Start-up procedures and checklists
—  Pre-functional checklists
—  Functional performance test procedures

Test the functionality of all normal operating
and failure modes beginning at the compo-
nent level and working up to the complete
system level.

Review operation and maintenance manuals
to ensure that they provide the level of detail
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necessary for the owner’s maintenance staff
to maintain the commissioned equipment.

e Develop a systems manual that describes and
illustrates how the individual equipment
works together as a system within the
building.

e Provide more commissioning attention to
interfaces between the HVAC systems and
systems installed under other divisions of the
work (for example, fire alarm or security).

5.3.4 Level 3—Critical Systems
Commissioning

Level 3 commissioning is the most detailed and thor-
ough application of the commissioning process. It is
carried out in those facilities for which correctly func-
tioning and performing systems are extremely impor-
tant such as where life safety is involved.

Level 3 commissioning is driven by either specific
owner requirements or by code or regulatory require-
ments. In some cases, Level 3 commissioning involves
acceptance test procedures that are witnessed, and the
results certified, by a regulatory official independent
of both owner and designer. One example is certifica-
tion testing of a fume hood to ANSI/AIHA Standard
79.5.

Often, Level 3 commissioning goes beyond functional
performance to include what could be termed opera-
tional or environmental performance. Correct func-
tionality of an individual system is not enough. Higher
level system performance tests must be conducted to
verify and document that multiple systems interact
correctly to achieve and maintain the specified envi-
ronmental conditions. One example is specific room/
corridor pressure relationships in a laboratory that
must be maintained during all normal lab operations.
Tests might include monitoring supply/exhaust air
flows and room/corridor pressures while fume hood
sashes are operated, supply airflows are varied, and the
lab entrance door is opened and closed.

In Level 3 commissioning, the owner may decide to
maintain direct control over the commissioning pro-
cess, particularly when multiple trades are involved in
the commissioning process and functional testing. In
these circumstances the owner will only select a com-
missioning authority to orchestrate the process.
Although cost may be a selection criterion, knowl-
edge, experience with similar projects, effectiveness,
and integrity are factors in selection. It is a situation

in which a partnering arrangement between an
owner and an accomplished commissioning agent is
appropriate.

Some examples and characteristics of “critical”
systems are:

Fire Life Safety. Systems providing fire alarm signal-
ing, fire suppression, smoke control, or evacuation or
simply responding in some way to a fire condition
(e.g., shut down, go to 100 percent exhaust, etc.).

Life Safety. Systems for hospitals (particularly operat-
ing rooms or isolation areas) or laboratories, in which
dysfunction could threaten the health or safety of
patients, staff, or visitors.

Automatic Backup or Standby. Systems important
enough to justify standby or redundant equipment
designed for automatic activation in the event of a fail-
ure of primary equipment. The means for detecting the
failure, and for responding, must both be covered.

High Cost if Failure Occurs. The most obvious sys-
tems with respect to costs are those associated with
industrial or process production shutdowns or failure
to maintain product specifications, but this classifica-
tion is also applicable to major computer operations.

Possible Impacts on Occupant Safety or Health. For
example, critical care hospital facilities or biological
containment laboratories.

Critical Data Services. Many data centers are critical
to global financial transactions, house personal data
that must be accessible at any time, or support similar
business propositions. Data centers often have redun-
dant power supplies and cooling systems and emer-
gency backup generation.

5.3.5 Existing Buildings Commissioning

The commissioning process is not reserved for appli-
cation to new construction projects. The process can
and has been applied to existing buildings. In the past,
the terms “recommissioning” and “retrocommission-
ing” have been used when referring to commissioning
of existing buildings. The term “recommissioning”
was used to describe the process of commissioning an
existing building that had been commissioned during
its original construction. The term “retrocommission-
ing” was used to describe the process of commission-
ing an existing building that had not been commis-
sioned during its original construction. The industry
has moved away from these terms and instead simply
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uses the term “commissioning” whether it is for a new
building or an existing building.

Commissioning an existing building can identify
causes of operating problems, occupant complaints, or
avoidable costs. It can then provide the operational
and technical information to plan, carry out, and func-
tionally test the corrective measures implemented.
Problems that can be identified and corrected through
commissioning include:

e HVAC systems not functioning correctly,

e HVAC systems operating inefficiently, thus
wasting energy and increasing cost,

e HVAC systems zoning and layout not match-
ing current occupancy or usage patterns,

e Improper interactions between various sys-
tems e.g. improper pressurization

Addressing the measures above can correct:
e Comfort needs of occupants not being met,
e Indoor air quality,
e  High maintenance costs
e  Excessive energy costs

A prospective owner may also be interested in retain-
ing the services of a commissioning authority for the

Investigation Phase of existing building commission-
ing. As part of a building survey, the structured and
organized approach inherent in the Investigation and
Implementation phases of commissioning an existing
building can produce valuable insight into the condi-
tion and capabilities of the HVAC systems in the
building.

In commissioning a new construction project, all the
relevant documents, shop drawings, balancing reports,
and other information are generally available (or will
be at the appropriate time during the process).
However, when commissioning an existing building,
this may not be the case. Therefore, in many cases, a
major task of commissioning an existing building is to
gather the necessary data about the building’s current
systems.

Once the data is available, the processes are very
similar to the commissioning processes previously
described. The level of commissioning is contingent
upon the owner’s goals and expectations on the detail
and outcome of the process. Some differences are that
the building is already complete, other trades are not
usually involved, and the building may be occupied.
These factors must be accommodated in the commis-
sioning planning process.

Existing building commissioning is particularly rele-
vant to contractors because, if they are doing service
and maintenance work in the building, they may be
aware of conditions justifying some degree of commis-
sioning and are often in a position to make such com-
missioning proposals to the owner for consideration.
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CHAPTER 6

LEVEL 1, BASIC COMMISSIONING

6.1 OVERVIEW

This chapter covers what the contractor and their com-
missioning agent must do to carry out basic commis-
sioning procedures effectively. Nearly all the tasks
listed in sections 6.2 through 6.5 are carried out by the
commissioning agent, with the involvement of the
HVAC contractor and his suppliers, sub trades, and
other contractors (for example, electrical), whose work
must be coordinated with that of the HVAC contractor.

The commissioning agent function may be carried out
by a dedicated group within the HVAC contractor’s
organization or by a separate company acting in a sub
trade relationship. The term “commissioning agent”
will be used to describe the function, regardless of
whether the contractor carries it out directly or through
a separate company. Much of the benefit to contractors
from commissioning arises from improved planning,
scheduling, and coordinating of work. These benefits
will only be achieved if the commissioning agent
makes commissioning a top priority right through to
acceptance of the completed installation.

6.2 PREPARATIONS

The schedule is a critical planning and communica-
tions tool. It lets each supplier, sub trade, and other
contractor know when their work must be completed
on a system-by-system basis in order not to delay
commissioning and final acceptance.

The commissioning agent’s first task is to pull together:
e  The Owner’s Project Requirements,
e Statement of design intent,
e Schedule information,

e List of equipment and systems needing to be
commissioned,

e List of sub trades, suppliers, and other con-
tractors (most commonly the electrical con-
tractor) who will be involved in the commis-
sioning process, and

e All submittal data and controls sequence
descriptions needed to prepare commission-
ing checklists.

The commissioning agent prepares a commissioning
schedule that identifies commissioning tasks and the
estimated time each will require. This is coordinated

with the overall project schedule. Any conflicts need
to be resolved prior to coming to implementing the
commissioning tasks.

This schedule is usually a simple bar chart. Typical
events and tasks on it include:

e Dates for completion of installation, ready
for prestart checks, often on a system by sys-
tem basis,

e Time allowance for prestart checks and
startup, possibly on a system-by-system
basis,

e Time allowance for correcting any prestart
problems and rechecking,

e  Elapsed time allowance for functional perfor-
mance tests, possibly on a system-by-system
basis, and

e Time allowance for correcting any functional
problems and rechecking.

6.2.1 Equipment and System Prestart
and Startup Checklists

The commissioning agent prepares equipment and
system prestart and startup checklists. These check-
lists focus on critical items that suppliers, sub-trades,
and other contractors must complete before startup
can occur safely and operation under control can take
place. These checklists should identify installation
responsibilities and will generally cover:

e  Equipment mounting and hook up,
e Electrical services,

e Controls installation, including safety con-
trols, and

e Any other applicable prestart requirement,
for example, pressure testing, pipe cleaning
and water treatment, or boiler/gas/electrical
inspections.

Appendix B contains examples of prestart and startup
checklists for a range of equipment and systems.

For efficiency, these checklists should be produced
from master lists, with modifications to suit the
project-specific equipment or system. The use of com-
puters to store masters and retrieve, edit, file, and print
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these lists greatly speeds their production and improves
their content, consistency, and legibility.

Rationale: These lists identify who must do what in
sufficient detail to define responsibility. When com-
bined with the schedule, they also pinpoint the time-
frame when work must be done to stay on schedule.
6.2.2 Functional Performance Checklists
The commissioning agent prepares functional perfor-
mance checklists. These checklists provide a system-
specific, step-by-step process to test system perfor-

mance against the specified control sequences. These
checklists typically cover tests of:

e Each mode of operation, for example, unoc-
cupied, morning startup, and occupied,

e  The sequence of controls, for example, econ-
omizer operation and on/off, staging, or mod-
ulation of heating and cooling components to
meet changing loads, and

e Safety or emergency controls, for example,
freeze protection or power failure response.

These checklists are intended to facilitate efficient,
effective contractor testing of systems’ functional per-
formance against specified requirements; therefore,
they need to cover all specified functions. Care must
be taken to ensure that the checklists are not overly
complex and are easy to use on the jobsite.

Appendix D contains examples of generic functional
performance test checklists for a range of equipment
and systems. These checklists need to be revised to
cover the exact control sequences and functional
requirements for the system in question because they
tend to vary greatly from project to project. However,
these generic checklists do include most of the common
control elements that need consideration (e.g., fans,
pumps, coils, dampers, controls, valves, compressors,
boilers, temperatures, static pressures, etc., as applica-
ble). Thus, they will provide a good base from which to
prepare project specific lists. As with prestart check-
lists, the use of computers to store masters and retrieve,
edit, file, and print them greatly speeds production and
improves content, consistency, and legibility.

Rationale: Working out the step by step procedure for
testing systems operation ahead of time, and docu-
menting it in lists, enables efficient testing in the field,
makes documentation of results easy, identifies prob-
lems (and who is responsible for correcting them), and

provides evidence of acceptable performance, to the
designer or owner.

6.3 COMMISSIONING PLAN

The schedule, see Section 6.2.2), the prestart/startup
checklists, see Section 6.2.3, and the functional per-
formance test checklists, see Section 6.2.4, together
will form the commissioning plan. The timing of its
preparation and the extent of its distribution is up to
the contractor. Preparation as soon as the necessary
information is available is recommended. The com-
missioning plan is key information for the other con-
tractors and sub-trades to establish their schedule and
scope of work regarding testing and startup.

Rationale: Early preparation, indicating elapsed time
requirements and the optimum sequence of tasks, can
help to identify any scheduling conflicts early, making
resolution more likely. Subsequent schedule revisions
are almost certain to be needed, but making revisions
from a coherent schedule is much better than scram-
bling with no plan. Distribution to all parties with
responsibilities related to the successful completion
and operation of the HVAC installation is absolutely
critical for commissioning to be successful.

Rationale: If everyone is not informed, there is
reduced coordination. If they are informed, and make
commitments accordingly, then the contractor has a
better basis for demanding and receiving timely per-
formance and results from his sub trades and suppliers.

An example of a commissioning plan for the HVAC
systems in a small office building is in Appendix F.
This example illustrates how the various elements of
documentation should be organized in the plan for use
onsite during the prestart/startup and functional per-
formance test phases of the commissioning process.

6.4 PRESTART CHECKS

When installation of equipment and component parts
of a system, or group of systems, is or should be com-
plete, the commissioning agent coordinates and per-
forms prestart checks according to the relevant check-
lists. The results are documented on the lists. If
everything is satisfactory, then the equipment and sys-
tem can be started up and put into operation, ready for
functional performance testing.

If something is not satisfactory, the deficient, faulty, or
incomplete items and the required corrective actions
are noted on the checklist. The commissioning agent
notifies the party responsible for correcting the
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problem. This notification can be in the form of a copy
of the checklist or an action report containing only
items pertaining to that one party. Agreement on a
deadline for completion should also be made.
Commissioning agent follow-up is essential. Rechecks
are done on those items, and, if the results are satisfac-
tory, startup takes place.

6.5 FUNCTIONAL PERFORMANCE
TESTS

When equipment and system startup has taken place,
functional performance of specified controls sequences
and system function can be tested. Prior to functional
performance testing are

e  successful startup,
e completed controls calibration, and

e sufficiently completed systems balancing to
allow system operation in all modes of opera-
tion. In many cases systems must be fully
balanced.

The order in which functional performance tests are
carried out can be important, particularly in larger,
multiple-zone systems. Generally, the zone terminal
tests will be done first, then the central system, then
any specified interactions with other HVAC systems,
and finally any specified interactions with non HVAC
systems (often these non HVAC systems, such as fire
alarm, are in other divisions of the work). The opti-
mum sequence of tests needs to be reflected in the
functional performance test checklists.

Functional performance tests are carried out according
to the procedure detailed on the checklists, and the
results are documented on the lists. If performance is
satisfactory, the system is ready for the next in the
sequence of tests, or if all have been completed, the
system is ready for turnover.

Some tests may need to be deferred due to weather,
seasonal, or occupancy factors. For example, if the
building is being completed in winter, it may be
impractical to startup the refrigeration side of the
HVAC equipment or to create a full cooling load. In
such a case, the functional performance tests for the
cooling functions may be deferred until it is feasible to
obtain a full cooling load.

If something is not satisfactory, the deficient, faulty, or
incomplete items and the required corrective actions
should be noted on the checklist, copies made, and the

needed action communicated to the responsible party
for correction. Agreement on a deadline for comple-
tion should be reached. Commissioning agent follow-
up is essential. After corrections have been made,
those items are retested, and, if the results are satisfac-
tory, the next in the sequence of tests can be carried
out. Once all functional performance tests have been
completed with satisfactory results, the system is
ready for turnover to the owner.

6.6 OPERATIONS INSTRUCTION AND
DEMONSTRATION

Commissioning is of little lasting benefit if the operat-
ing personnel do not understand the systems and how
to operate them properly. The contractor who carries
out Level 1 commissioning services should include a
well-organized series of instruction and demonstration
sessions. It is important that the owner is informed of
the operating and maintenance requirements of the
HVAC systems and encouraged to participate and to
implement a proper operations and maintenance pro-
gram. The contractor can use this opportunity to offer
a service contract proposal to the owner, using his
commissioning expertise, intimate knowledge of the
building’s systems, and performance as evidence of
his capabilities.

The instructional portion of this program should cover:

e Descriptions of each type of system in the
building, including design intent, theory of
operation, capabilities and limitations, modes
of control, and sequences of operation,

e Particular attention to the controls system,

e Inspection, service, and maintenance require-
ments for each system, including any require-
ments for special skills and knowledge which
may best be met by specialized service
contractors,

e  Operational monitoring and recordkeeping,
including what should be monitored, what
useful information can come from monitored
data, and why that information is important
to analyzing system operation.

The demonstration portion of this program should
cover:

e  Operation of each system, or a typical exam-
ple when there are several similar ones in the
building,
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e Startup and shut down procedures, operation
under all specified modes of control and
sequences of operation, and the correct
procedures under emergency (for example,
power failure) or abnormal conditions, and

e  Operational monitoring procedures.. This is
particularly important in projects with DDC
systems incorporating powerful trending and
graphing features.

The contractor must ensure that the operations manuals
are available at this time and consulted during the
instructional sessions. This will greatly add to the effec-
tiveness of the training program and use of the manuals
in the ongoing operation of the building. A well imple-
mented training program will increase the owner’s
perception of the professionalism of the contractor.

6.7 SUMMARY

All the checks and tests are carried out to suit the
schedule requirements of the project. In larger
projects some systems may be checked, started up,
operated for functional performance tests, and proven
complete before some other systems are even ready
for startup.

On the other hand, on a small project, the entire on-site
commissioning process, as described in sections 6.4
and 6.5, for every system in the building may be car-
ried out in one or two days. Only completion of incom-
plete work and correction of deficient or faulty items
would need later follow up and rechecking.
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CHAPTER 7

LEVEL 2, COMPREHENSIVE
COMMISSIONING
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CHAPTER 7

LEVEL 2, COMPREHENSIVE COMMISSIONING

7.1 OVERVIEW

This chapter provides a detailed description of typical
Level 2 commissioning procedures. While Level 1
commissioning procedures occur only during the con-
struction and acceptance phases of the project, Level 2
commissioning activities take place during all phases
of the project:

Pre-design Phase.
Design Phase.
Construction Phase.

Acceptance Phase (a subset of the Construction
Phase).

Occupancy Phase
Warranty Phase (a subset of the Occupancy Phase)

Typical Level 2 commissioning procedures are
detailed in Sections 7.2 through 7.5, and are presented
in roughly chronological order. They assume the
owner retains design professionals to undertake the
design, and then enters into a stipulated sum contract
with a contractor for construction of the project. They
also assume the HVAC systems commissioning agent
will be working under the HVAC contractor’s direc-
tion. Finally, the procedures assume the owner will
retain either the HVAC designer or an independent
agent to act as his commissioning authority. On the
owner’s behalf, the commissioning authority ensures
that the owner’s project requirements are achieved.

When different contractual arrangements exist, or
when the owner assigns responsibilities differently,
corresponding adjustments must be made to the roles
and responsibilities described in this chapter

The Level 2 procedures suggested in this chapter are
for an owner wishing a comprehensive commissioning
process that will ensure a facility is designed to meet
the Owner’s Project Requirements (OPR), constructed
in accordance with the design, and demonstrated to
function fully in accordance with the design. In addi-
tion, these procedures include demonstrations and
familiarization for operations personnel, either staff or
contractors, so they can operate and maintain the facil-
ity correctly. The procedures conclude with tracking
the HVAC system operation during the first year of
occupancy and assisting the owner with necessary
adjustments to meet the actual operating conditions of
the facility.

For any specific project, the owner may have individ-
ual requirements varying from those in this manual. In
such cases, the necessary adjustments must be made to
accommodate those requirements.

7.2 PRE-DESIGN PHASE

The owner defines and documents his requirements
for the commissioning process at the inception of the
project. This document is referred to as the OPR.
These usually involve some designer responsibilities
and they must be included in the designer’s scope of
work.

The owner’s requirements for, or related to, commis-
sioning are usually for a process to ensure:

e The system design and specified equipment
meets occupancy needs. This means that the
owner must define occupancy needs.

e The system is installed and proven to func-
tion in accordance with the design. The actual
system performance is documented to serve
as a project record for reference by the future
operating staff.

e  There is effective operator training that is spe-
cific to the systems and equipment installed.

In the final analysis, the owner’s goal is a successful,
sustainable building which is operated effectively and
efficiently.

The owner’s occupancy needs for the building should
be included in the OPR document for the project.
With respect to HVAC design the following items are
relevant:

e Space temperature and humidity criteria,

e  Thermal zoning criteria,

e Thermal load generated by illumination
requirements,

e Ventilation requirements and related indoor
air quality criteria,

e Building energy use,
e Commissioning criteria, and

e Budget (first cost, operating cost, lifecycle
cost).
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The owner’s commissioning criteria must be defined
in sufficient detail to permit the designer to include
contractor commissioning scope and responsibilities
in the contract documents.

7.21 Commissioning Criteria

The OPR document should contain commissioning
criteria information as follows:

Commissioning Scope. Which systems will be com-
missioned.

Commissioning Roles and Responsibilities. Who is
responsible for what. This may include a preliminary
event matrix and sequence of activities.

Time Requirement. It should indicate, in general
terms, the elapsed time period over which the on-site
commissioning activities are expected to take place.
This provides some indication of the likely level of
effort.

Commissioning Team. The commissioning team needs
to be identified in generic terms. Typical members
include the owner, the operator, the mechanical and
electrical designers, the general contractor, the mechan-
ical contractor and his controls specialist, test and
balance (TAB) contractor, other relevant sub trades and
suppliers, the electrical contractor, the commissioning
agent, and the commissioning authority.

Acceptance/Verification Procedures. Such items as
benchmarks, test protocols, and code requirements as
they apply should be identified.

Operator Training and Familiarization Requirements.
Specific training requirements for the building operat-
ing staff should be identified. This is especially impor-
tant when new or unfamiliar systems are utilized to
meet energy efficiency and indoor environmental
quality goals.

Documentation. This needs to include commission-
ing plan content and submission, documentation of
on-site commissioning checks and tests as they occur,
training documentation, and the final commissioning
report.

It is ultimately the owner who must set the commis-
sioning criteria. However, they may make those deci-
sions based on recommendations from the designers
or from the construction manager or contractor, if the
latter have been identified this early in the project
(Pre-design Phase).

7.3 DESIGN PHASE

7.3.1 Basis of Design

If not included in the contract documents, the Basis of
Design (BOD) is defined and documented by the design-
ers, prior to starting the design phase itself. Design cri-
teria, applicable codes and standards, design assump-
tions, and performance standards (which may relate to
the design criteria) are all included. In addition, areas of
the building or functions within requiring special atten-
tion in design or commissioning need to be identified.
7.3.2 Design Concepts

Various design concepts, that meet the OPR are typi-
cally developed. These design concepts need to con-
sider commissioning issues as well. Examples include
providing access for both commissioning and later
maintenance and keeping systems, particularly their
controls, as simple and easy for the operator to under-
stand as possible.

7.3.3 Contract Drawings and
Specifications

The contract drawings and specifications define what
is to be installed. To help in commissioning, the con-
tract drawings and specifications should include infor-
mation to help the contractor understand how the sys-
tems were intended to function dynamically.

The following information should be included:
e  Design criteria calculations and assumptions.

e  Descriptions of the various HVAC systems in
the project. This information should cover
system type, major components, and how
these systems interact with one another.

e System operational information for the
HVAC systems in the project. This informa-
tion should cover intended operation under
both full and part loads, intended operation
during different seasons or weather condi-
tions, sequence of operations under different
modes of operation, including startup, occu-
pied, unoccupied, fire emergency, normal
power failure, emergency power, normal
power restoration, etc., as applicable.

e Flow and schematic diagrams and controls
point matrix keyed to the systems descrip-
tions above.
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