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FOREWORD

This is the second edition of the Energy Systems Analysis And Management Manual with the fi rst edition dating to 
1997. In the years since the fi rst edition many changes have been seen in the industry.

With the rising cost of fossil fuels and the increase of environmental concerns, reducing the energy consumption of 
HVAC systems is increasingly important. With these changes and with new changes coming on the horizon, the 
SMACNA contractor needs to be positioned to meet these challenges. New construction is only one part of the oppor-
tunities that are available for the contractor. Opportunities exist in other parts of the industry and the Energy Systems 
Analysis And Management Manual Task Force was formed to develop a revised and updated manual that addresses 
the variety of services which can be provided by the SMACNA contractor.

The intent of this manual is to provide the SMACNA contractor an overview of a variety of business opportunities, 
allowing the contractor to select those which might provide the greatest return on investment consistent with market 
forces in the local area. Topics presented in this manual include:

• Energy Conservation Management

• Air Systems

• Domestic Water Systems

• Electrical Systems

• HVAC System Maintenance And IAQ

• The Energy Audit

• Energy Management Maintenance And 
Monitoring

• Energy Estimating Procedures

• Economics Of Energy Reduction Projects

• CFC Refrigerant Regulation

• Energy Recovery Systems

• Evaporative Air Coolers

• Alternative Energy Systems

• Hydronic Recovery Systems

• Energy Recovery System Investment 
Analysis

• Energy Conservation Measures

• Legacy Systems

• Fundamentals Of Energy Transfer 

It is not the intent of this manual to present these topics in depth. It is intended that manual present a general descrip-
tion of each topic with guidelines explaining the general knowledge or expertise required to pursue the various options. 
Once a reader determines that they wish to pursue a topic in more depth, they are directed to other SMACNA manuals 
or publications.

SMACNA wishes to thank the efforts and funding of the National Energy Management Institute in assisting in the 
development of the fi rst edition, and their contribution towards the second edition for the industry. SMACNA also 
thanks the SMACNA contractors who, as members of the Energy Systems Analysis And Management Manual Task 
Force, volunteered their time and effort to the development of this manual. SMACNA appreciates their dedication and 
willingness to share their knowledge and experience.

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. 

c) 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 verifi cation by 
competent professionals, and that modifi cation of parts of the Data by user may impact the results or other parts of the 
Data. 

d) IN NO 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 liabil-
ity 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 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 defi ned 
herein, and otherwise as those adopting it or applying it deem appropriate. It is not a safety standard. Its application 
for a specifi c project is contin gent on a designer or other authority defi ning a specifi c 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 specifi c 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 signifi -
cance between successive editions. 

4. PROPRIETARY PRODUCTS 

SMACNA encourages technological development in the interest of improving the industry for the public benefi t. 
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 offi ce in Chantilly, Virginia. In the event that the petitioner has a 
substantive disagreement with the interpreta tion, an appeal may be fi led with the Technical Resources Committee, 



vi Energy Systems Analysis and Management • Second Edition

which has technical oversight responsibility. The request must pertain to a specifi cally identifi ed portion of the docu-
ment 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 publica-
tion. Oral and written interpretations otherwise obtained from anyone affi liated 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 offi cial act of the Association in any way, and it should not be relied 
on as such. The Board of Directors of SMACNA shall have fi nal 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 whatso-
ever, 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 spe-
cialized 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 require-
ments. 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 specifi c installations. 

b) In issuing and making this document available, SMACNA is not undertaking to render professional or other ser-
vices 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 judgment 
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 repro-
duce only any construction details found herein in their specifi cations 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 specifi c application, including 
errors in reproduction. 

8. THE SMACNA LOGO

The SMACNA logo is registered as a membership identifi cation 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 refl ects 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 ENERGY CONSERVATION MANAGEMENT

Many of today’s buildings include complex systems 
such as the following: security, stairwell pressuriza-
tion, smoke purge, fi re alarm, emergency lighting, 
building management system (BMS), building auto-
mation system (BAS), hot water heating piping, 
chilled water piping, domestic water piping, gas pip-
ing, exhaust air, emergency computer UPS, and com-
puterized lighting control.

These systems have not only stretched the limits of the 
traditional facility maintenance department to keep 
them operating, but have greatly increased facility 
energy usage. When these complex systems are not 
maintained or controlled properly, the energy con-
sumption can increase dramatically.

The accounting department in most facilities is usually 
responsible for receiving and paying all utility bills. 
Since most building owners do not consider utilities as a 
controllable cost, these bills are usually processed each 
month without any management review. The building 
maintenance or facility management department is usu-
ally judged by their ability in responding to trouble calls 
and keeping the heating and cooling systems operating, 
not in their ability to reduce energy usage. There are 
relatively few facilities which tie these functions 
together with the management and feedback overview 
needed to manage today’s increasing utility costs.

When there is no direct accounting relationship 
between HVAC system maintenance and utility usage, 
there is no incentive to reduce utility costs. Maintenance 
staffi ng and supplies will continue to be cut to save 
costs as long as building managers do not have utility 
accounting controls that show the much higher utility 
costs that result from this short- sighted thinking.

In order to take control of utility costs, the energy rela-
tionship of the building systems must be understood. 
Understanding how the systems were intended to work 
will allow the creation of an energy and utility cost 
reduction plan. By using the energy auditing tech-
niques in this text, you will learn how to identify the 
most cost effective system renovations to make and 
their relative priority. You will also learn how to set up 
the utility accounting procedures required to monitor 
the results of your new energy conservation program 
and justify future increased maintenance or renovation 
budget requests.

1.1 ENERGY USE INFLUENCE 
FACTORS

Nationwide, the systems that consume the most energy 
in order of decreasing magnitude are:

• Heating and Ventilating

• Lighting

• Air Conditioning

• Equipment and Process

• Domestic Hot Water

Requirements for the HVAC and electrical systems are 
controlled for the most part by building features listed 
in Table 1–1. The relative magnitude of each infl uence 
factor is suggested. In most cases the higher the 
magnitude, the greater the potential is for energy 
conservation.

1.2 BUILDING ENVELOPE

The building envelope is comprised of the roof, out-
side doors and windows, skylights, exterior walls, slab 
and all envelope joints. The building envelope protects 
the occupants from the outside elements and provides 
a protected thermal environment. It has a direct and 
signifi cant impact on the building’s energy use, and 
therefore, building energy codes have specifi c require-
ments for critical envelope components. The effective-
ness of the building envelope depends on materials 
chosen, fenestration, installation, and environment 
and building purpose. See Figure 1–1 for the major 
components comprising the building envelope.

The building envelope is a signifi cant portion of 
the building and building costs. See Table 1–2 for 
typical envelope costs as a percentage of the total 
building cost.

In regard to thermal losses through the building enve-
lope, the performance depends on three variables: the 
area, the temperature difference between the inside 
and outside temperatures, and the material. The mate-
rial properties dictate how easily heat transfer takes 
place and is quantifi ed by the thermal conductivity, U. 
Equation 1–1 is used to calculation the thermal losses 
through the building envelope.

Q=U×A×ΔT=U×A×(Ti–To) Equation 1–1

Where:

U = thermal conductivity = 1/R
R = thermal resistance
A = area of envelope component
Ti = temperature inside
To = temperature outside.




