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FOREWORD

This second edition updating and revision of the Retrofit manual comes at a time when green building guidelines,
standards and codes are either recently finished or nearing completion. These guidelines, standards and codes are
markers on the road to a sea change toward new approaches in new building construction. While these new green
guidelines, standards and codes also apply to major renovation of existing buildings the focus is on new construction
and little has been published to address the much larger issue of energy efficiency in existing buildings.

Historically, new buildings have added less than two percent to the total inventory of commercial buildings in the Un-
ited States on an annual basis. For meaningful energy use reductions to occur on a national scale, the energy efficiency
of thousands of existing buildings must be improved significantly. For the United States to make major progress in
reducing its national energy consumption, most, if not all of the existing buildings must use far less energy.

Characteristics of all the green codes and standards are that public transportation be accessible nearby and that new
land—greenfields—development is discouraged. Existing buildings are often located near public transportation and
development typically occurs on a building’s existing footprint. These two “greening” drivers may combine with basic
economic factors to produce a compelling incentive for many prospective building owners to choose renovation of
an existing building over the construction of new facilities.

The other factors that will help drive the retrofit and upgrade of existing buildings is the rising cost of energy and fuel.
As other countries compete more fervently for the world’s available fuels, higher prices are inevitable. Payback peri-
ods and return on investment intervals will shrink sufficiently to more easily justify capital outlays on the most energy
efficient buildings; resulting in modifications to building envelopes, HVAC, plumbing and electrical systems.

The members of the Building Systems Analysis and Retrofit Manual task force have shared their expertise in the belief
that other contractors will consider and enter the promising field of retrofitting and upgrading existing buildings.
Readers of this manual are encouraged to submit additional thoughts and ideas to SMACNA’s Technical Resources
staff to further add to the building science and art presented in this manual.
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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 professionals, 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.

¢) 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 indi-
rectly, 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 contin-
gent on a designer or other authority defining a specific use. SMACNA has no power or authority to police or enforce compliance with
the contents of this document or publication and it has no role in any representations by other parties that specific components 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 document
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 interpreta-
tion, 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 informa-
tion. 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 unoffi-
cial. 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 docu-
ment. SMACNA makes no guaranty or warranty as to the accuracy or completeness of any information published herein.

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
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subject to revision as further experience and investigation may show is necessary or desirable. Construction and products which com-
ply 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 techniques 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 compe-
tent 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

INTRODUCTION

1.1 RETROFIT CONTRACTOR
REQUIREMENTS

Contractors interested in the retrofit market should
consider taking on the role of general contractor (GC).
Building owners will prefer one point of contact and it
needs to be the retrofit contractor. The retrofit con-
tractor should arrange for and coordinate any subcon-
tracting work needed to complete all the upgrades of
the retrofit project. Many retrofit projects will require
drawings that are sealed by a registered professional
engineer (PE). If a PE is not employed by your firm,
consider establishing a business relationship with one.

The costs of retrofit projects will have to be justified to
the owner. Become familiar with return on investment
(ROI) and life-cycle cost (LCC) analysis by reading
the chapter on that topic in the SMACNA’s Energy
Systems Analysis and Management manual. An excel-
lent resource for computer programs related to build-
ing energy and retrofit analysis can be found on the De-
partment of Energy (DOE) website. Use one of the
online computer programs to show the owner the im-
pact of recommended retrofits. Keep it simple. Ex-
plain and show the operational and reduced mainten-
ance benefits, life-cycle costs, monthly and annual
energy or water savings, and return on dollars invested
in building upgrades.

1.2 RETROFIT MARKET

The retrofit market is a multibillion dollar opportunity
that has great upside potential as building owners be-
come familiar with concepts such as sustainability,
green building, energy savings, and commissioning.
Take a look at the existing buildings in your com-
munity and service area. What is the general age and
condition of those buildings?

In the commercial market retrofit opportunities are
most likely to arise during or because of the following
events: equipment failures, equipment obsolescence,
energy savings initiatives, building purchases, tenant
improvements, rebuilding, and building renovation.

1.2.1 Equipment Failure

Equipment failure accounts for over 85 percent of the
retrofit market. Repairing or replacing equipment is an
opportunity to expand into other retrofit opportunities.
How the customer perceives the results and is treated
will dictate whether this is a one-time or an ongoing
business relationship with reccurring opportunities.

1.2.2 Equipment Obsolescence

The size of the equipment obsolescence market is un-
known since it falls in both categories of equipment
failure and energy savings. Equipment obsolescence
may be a leaking chiller that uses a CFC refrigerant, it
may be a high-energy user like an old multizone sys-
tem, or it could be a VAV system with failed or poorly
functioning pneumatic actuators.

It is unlikely the customer will consult an HVAC con-
tractor specifically about equipment obsolescence.
This opportunity is more likely to reveal itself to the
retrofit contractor when performing an energy savings
walk-through, during an equipment repair, or when re-
placing equipment or controls due to failure or comfort
complaints. There is great opportunity for the retrofit
contractor to profit from obsolete equipment if the ret-
rofit contractor trains its staff to recognize equipment
that is outdated or inefficient and to bring that to the
owners’ and contractors attention. Equipment obsol-
escence is essentially an energy savings retrofit that is
identified by the retrofit contractor instead of the cus-
tomer.

1.2.3 Energy Savings

This accounts for less than 15 percent of the retrofit
market but represents one of the areas of greatest po-
tential growth. Approximately 80 percent of owners
that have had an HVAC equipment retrofit had the ret-
rofit due to an energy audit or commissioning. There-
fore, the retrofit contractor should be familiar with the
process of conducting an energy audit and the commis-
sioning process.

1.24 Building Purchases

When a building is purchased it is very likely that it
will at least undergo changes and possibly substantial
upgrades to match the requirements of the new owner.
This is a key opportunity for HVAC contractors to
meet the new owner and spend a few minutes looking
at the facility and offering preliminary suggestions re-
garding HVAC system enhancements and equipment
upgrades. Note: Certain future Model Building and
Energy Codes may mandate an energy audit and com-
missioning be conducted within one year of the sale of
an existing building.

1.2.5 Tenant Improvements

Tenant improvements are often “invisible” from out-
side the building. The improvements may be a simple
reconfiguration of existing space or the addition of a
loading or staging area to serve growing material man-
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