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Foreword 

The intent of this report is to support continued improvement in multifamily energy audits. The intended 
audience is wide, ranging from policy makers to standards developers to energy auditors and energy 
program managers. The information and resources highlighted in this report are meant to provide a 
technical framework for the evaluation and development of energy audit methods, a technical summary of 
methods involved in performing energy audits in multifamily buildings, and a current recommended 
reference base for obtaining more detailed technical information.  

Thousands of pages of technical material were evaluated in the development of the report. The 
information from this extensive material was distilled into readable summaries of key concepts and 
resources available. Recent research on energy audits, audit methods, and evaluation of energy measures 
in multifamily buildings is extensive and appears to be continuing. Standards development has also been 
extensive and is ongoing. Research on multifamily energy measures often provides important information 
on ways to improve multifamily energy audits, and standards for multifamily energy audits provide 
important foundational requirements and some methods specification. This report blends existing 
knowledge, technical references, and some technical background in methods to allow a diverse audience a 
basis for understanding the technical complexity of multifamily energy audits and for evaluating potential 
improvements. 

Use Considerations 

The first five sections of this report are meant to be a synoptic resource for understanding both how 
multifamily energy audits fit into an overall energy upgrade process and how energy audit methods might 
be improved. Some parts of the country will be more advanced in their methods, and there may be less 
need of this part of the report in those locations. For those wanting to start offering multifamily energy 
upgrades, the scope of knowledge needed can be understood better by reading through the first five 
sections of this report. 

Sections 6–12 of this report provide more detailed energy audit technical guidance related to specific 
building systems.  Readers interested in specific content areas in individual sections of this latter part of 
the report should skip to the sections of interest to read that material. The individual sections are meant to 
summarize technical procedures and methods for multifamily energy auditing, as well as touch on 
relevant research or guidance that may go beyond what is typically available. These sections can be 
reviewed to see if they contain content or resources that offer ideas for improving methods or procedures 
of interest to the reader. 

Acknowledgements 

Development of this report was started to provide a resource for the Weatherization Assistance Program, 
as a technical base for multifamily energy audits.  Multifamily buildings exist in the bifurcation gap of 
building codes related to high-rise vs low-rise construction, which has led to marginalization in dealing 
with energy efficiency for multifamily buildings.  WAP wants to help end the marginalization. 

On May 22–23, 2013, a review meeting for the development of this report was held in the Bronx in New 
York City to develop recommendations for taking the initial draft material to a final review draft. The 
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from Oak Ridge National Laboratory (ORNL) and the US Department of Energy (DOE).  
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Preface: Measures Table 

This report addresses the achievement of energy efficiency in multifamily buildings. The topic is large, 
and this report could be many times longer than it is. The challenge is to provide a useful structure and 
information that summarizes important current information on methods for achieving energy savings, 
without excessive length, and allows consideration of future improvements. One structural item used in 
this report is a table of energy measures for multifamily buildings. The entire table is presented here for 
reference, and applicable subsections are presented again in individual sections of the report. This table is 
not perfect—wording choices to capture the nature of a type of retrofit is challenging. The intent is to 
provide an initial structure for understanding the wide range of multifamily energy measures. Not all 
measures are covered, and exclusions are indicated at the beginning of the table. 



 

xv 

The measures table is arranged by measure row categories, with subcategory groupings. The eligibility 
columns indicate whether a measure is allowed by the Weatherization Assistance Program (WAP) or 
under Department of Housing and Urban Development (HUD) rules. Applicability to individual dwelling 
units or to the whole building is indicated by an ‘X’ in the related column. In using the table, it is 
important to understand the nature of the analysis methods used. Many energy efficiency measures cannot 
be acceptably analyzed by building energy simulation tools; specialized analysis tools or methods are 
helpful, although sometimes energy auditors must in some way “force” the energy audit tool to provide 
the answer needed. The last columns in the table indicate whether a typical energy simulation audit tool of 
some type (indicated as DOE-2.1e in the table) can acceptably analyze the energy savings for the 
measure, or whether some type of pre-simulation or post-simulation method is more appropriate. Often, 
multiple methods are indicated as acceptable.  

Table of Typical Multifamily Efficiency Measures 

Note: This table contains no elevator, garage, direct moisture control, or irrigation system measures and 
few laundry or pool measures. 

 

Sub-
category 

Eligibility 

Measures   

Analysis/savings 
estimation method 

(RecommendedoTBD) 

HUD WAP Pre-sim. 
DOE-
2.1e 

Post-
sim. 

 Air leakage control 
Dwelling 

units 
Whole 

building
      

Door and 
window 
openings 

 
Fix seals, caulking, 
weatherstripping, door 
sweeps, latches, etc. 

X X     

 
Caulking and 
weatherstripping 
windows and sill plates  

X X     

 
Replace or air seal attic 
access door 

X X     

  ? 
Replace or air seal 
bulkhead doors  

X     

  
Seal and insulate AC 
sleeve 

X 
 

    

Walls, 
roof, 
basement 

 
Caulk and seal rooftop 
cracks parapet walls, 
capstones, etc.  

X     

 
Fix or seal cracks, gaps 
and holes, including 
blower door assisted 

X X     

 
Air sealing bypasses 
using expandable foam 

X X     

 
Air sealing bypasses 
using caulk 

X X     
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Sub-
category 

Eligibility 

Measures   

Analysis/savings 
estimation method 

(RecommendedoTBD) 

HUD WAP Pre-sim. 
DOE-
2.1e 

Post-
sim. 

Major 
stack leaks 

 
Automatic door closure 
on stairwell doors  

X     

  

Air seal stairwells and 
shafts, (e.g. dumbwaiters, 
garbage chutes, 
abandoned chimneys) 

 
X     

  


Install outside air/vent 
damper for fireplaces 

X   o 


  

  
Create vestibule at 
building entrance  

X     

Insulation 
Dwelling 

units 
Whole 

building
      

  

  Install attic insulation X      

   Add attic insulation X      

  Install roof insulation X      

  Install reflective roof X   

  Install radiant barrier X    

 
Isolate/insulate thermal 
bridges 

  X    


  
Install cavity wall 
insulation (normal 
technique)  

X      

  
Install cavity wall 
insulation (high-density 
technique)  

X      

  
Add exterior insulation on 
walls  

X      

   Install floor insulation X      

  
Rim and band joist 
insulation  

X      

   Insulate foundation walls X      

Doors and windows 
Dwelling 

units 
Common 

areas 
      

Windows 

 
Replace windows 
(including skylight) 

X X      

 
Install storm windows 
(including on skylight) 

X X     

    Convert to insulated wall   X 


   

   Repair broken windows X X     
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Sub-
category 

Eligibility 

Measures   

Analysis/savings 
estimation method 

(RecommendedoTBD) 

HUD WAP Pre-sim. 
DOE-
2.1e 

Post-
sim. 

  Install exterior shading X X      

   Install window films X      

  
Install interior shades on 
windows —drapes, 
blinds,  

X 
 

     

  
Install movable insulation 
system for windows 

X 
 

     

Doors 
   Replace doors X X      

  Install storm doors X     

Space heating systems (also see Controls section) 
Individual 

systems 
Central 
systems 

      

Major 
retrofits 

 
Replace 
boiler/furnace/heat pump 

X X      

 
Install economizer or 
related heat exchanger 

  X    

   Fuel switching  X X    

  


Multi-fuel options   X   




   Replace heat exchangers, X X     o 

   Replace/upgrade burner X X     o 

o ? Replace fuel storage tank X o     

  
System 
repairs/overhaul—major 

X X     o 

Clean and 
tune up 

  
Clean and tune up 
boiler/furnace 

X X     o 

   Adjust air to fuel ratio X X     o 

   Clean heat exchanger  X X    

Minor 
retrofit 

 
Replace standing pilot 
light with electronic 
ignition  

X 
 

     

  
Repair combustion 
chamber 

X X     o 

  


Install, repair, or improve 
makeup air equipment 

X X     o 

   Insulate boiler X X   o   

   Insulate furnace X X   o   

 
Install flue/vent 
dampers—thermal or 
electric 

X X     o 



 

xviii 

Sub-
category 

Eligibility 

Measures   

Analysis/savings 
estimation method 

(RecommendedoTBD) 

HUD WAP Pre-sim. 
DOE-
2.1e 

Post-
sim. 

  
System 
repairs/overhaul—minor 

X X     o 

Space cooling systems (also see Controls section) 
Individual 

systems 
Central 
systems 

      

Major 
retrofits 

  Replace cooling unit X        

o ? Replace cooling tower X   o   

    
Install water treatment for 
fouling 

  X     o 

    
Install evaporative 
cooling 

X X     o 

    
Install seasonal heat 
exchanger (free cooling 
unit) 

  X     o 

o ? Replace chiller X     o 

Clean and 
tune up 

  
Clean evaporator and 
condenser coils 

X X     o 

  
Check refrigerant level 
and recharge, if needed  

X X     o 

Minor 
retrofits 

   Replace or clean air filters X X     o 

  


Replace or slow blower 
motors 

X       o 

  
Replace or adjust blower 
belt(s) 

X       o 

   Insulate ducts X     




  


Modify cooling tower to 
improve heat transfer 

  X     o 

  


Install separate water 
meter for tower water 
supply 

  X Cost savings only 

Water heating system (also see Controls section) 
Individual 

systems 
Central 
systems 

      

Boiler or 
water 
heater 

 
Replace boiler/water 
heater(s) 

X X      

   Fuel switching X X   




   Replace/upgrade burner X X o     

   Clean and tune up burner X X o     

   Adjust air to fuel ratio X X o     
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Sub-
category 

Eligibility 

Measures   

Analysis/savings 
estimation method 

(RecommendedoTBD) 

HUD WAP Pre-sim. 
DOE-
2.1e 

Post-
sim. 

 
Convert to electronic 
ignition/intermittent 
ignition device 

X 
 

     

  
Repair combustion 
chamber 

X X o     

 
Insulate boiler/water 
heater tank 

X X o     

  
Replace water heating 
elements 

X X o     

   Replace heat exchangers X X o     

   Clean heat exchanger  X X o     

 ? 
Install summertime 
domestic hot water boiler  

X o     

Hot water 
demand 
reduction 

 ? 
Convert laundry to cold 
rinse  

X     

 
Install low-flow shower 
heads 

X 
 

    

 
Install faucet aerators in 
kitchen and bathrooms  

X 
 

    

Ventilation system (also see Controls section) 
Individual 

systems 
Central 
systems 

      

  

 
Install heat recovery 
ventilation 

X X     o 

 
Install supply and/or 
exhaust fan units or 
systems 

X  X     o 

 
Seal system bypass or 
duct leaks 

X X     o 

   Repair fan/exhausts X X     o 

  


Install high-efficiency 
motors for fans 

  X o     

  
Install timer controls for 
ventilation system 

 X X     o 

Distribution system (also see Controls section) 
Individual 

systems 
Central 
systems 

      

HVAC 
system 
(water/ 
steam 
distribu-

 
Install/repair pipe 
insulation 

 X? X     

   Repair pipe or other leaks  X? X     o 

  
Install high-efficiency 
pump motors 

  X     o 
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Sub-
category 

Eligibility 

Measures   

Analysis/savings 
estimation method 

(RecommendedoTBD) 

HUD WAP Pre-sim. 
DOE-
2.1e 

Post-
sim. 

tion) 
  

Install/repair system 
balancing  

  X     o 

  
Repair or replace steam 
traps 

  X     o 

   Water loop upgrades   X     o 

HVAC 
system (air 
distribu-
tion) 

  Insulate and seal ducts X  X     

   Fan or motor upgrades X  X     o 

  
Install variable-frequency 
drives on constant air 
volume fans 

 X X     o 

   Correct duct bypasses  X X     o 

Water 
heating 
system 

 
Install or upgrade pipe 
insulation  

 X X     

   Repair pipe or other leaks  X X     o 

 
Install high-efficiency 
pump motors 

  X     o 

 

Install trace heating on 
pipes prone to freezing  to 
allow temperature 
reductions 

  X     o 

  
Recirculation system 
balancing 

  X     o 

Controls/scheduling 
Individual 

systems 
Central 
systems 

      

    
Sensor placement or 
repair 

X X     o 

    
Energy management 
system  

X     o 

Heating 
system 

  
Install outdoor air 
temperature reset control  

X    o 

  
Adjust or install burner 
control  

X     o 

  Install boiler controls X     o 

  Install radiator controls X     o 

   Optimize boiler staging X     o 

  
Optimize supply water 
temperature or steam 
pressure  

X     o 
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Sub-
category 

Eligibility 

Measures   

Analysis/savings 
estimation method 

(RecommendedoTBD) 

HUD WAP Pre-sim. 
DOE-
2.1e 

Post-
sim. 

  
Optimize feed water 
pump operation  

X     o 

  
Shut off heating system in 
summer  

X     o 

Cooling 
system 

  
Install outdoor air 
temperature reset control  

X      

  
Circulating loop controls 
improvement 

X X     o 

  
Reset chilled water 
supply and return 
temperatures 

  X     o 

  
Reset condenser return 
water temperature 

  X     o 

  
Install variable-flow 
volume controls 

  X     o 

  
Optimize chiller 
staging/control  

X     o 

  
Shut off cooling system in 
winter 

  X     o 

Ventilation 
System 

  Place or repair sensors X X    

 
Install timer controls for 
ventilation system 

 X    

 
Install energy 
management system 

 X    

Thermal 
storage 
system 

  
Maximize return fluid 
temperature benefits 

  X     o 

  
Improve water flow 
control through primary 
equipment 

  X     o 

  
Minimize peak/shoulder 
demand 

  X     o 

Water 
heating 
system 

  
Supply temperature 
reduction 

X X     o 

 
Install domestic hot water 
off-peak controls  

X     o 




Recirculation loop flow 
control 

  X     o 

  
Other control 
improvements 

X X     o 
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Sub-
category 

Eligibility 

Measures   

Analysis/savings 
estimation method 

(RecommendedoTBD) 

HUD WAP Pre-sim. 
DOE-
2.1e 

Post-
sim. 

Basic 
space 
conditions 

  
Recalibrate existing 
thermostat 

X  X     o 

   Clean thermostat X  X     o 

 
Install setback 
thermostats 

X X      


 Humidity control X X   


o 

o 
Program cooling night 
setback 

X X      

o 
Program heating night 
setup 

X X      

   Raise cooling set point X X      

   Lower heating set point X X      

Lighting measures 
Dwelling 

units 
Common 

areas 
      

Lighting 

 
Replace incandescent 
lamps with compact 
fluorescent lights or LED 

X X     

 
Replace older fluorescent 
lighting 

X X     

  Replace older ballasts X X     

 
Replace exterior lighting 
fixtures  

X   

  
Install/replace emergency 
lighting  

X     

  
Delamp overlit public 
spaces  

X     

 
Install/replace light-
emitting diode exit signs  

X      

Controls 

 
Install motion sensors for 
lighting  

X     

 
Install timer controls for 
existing lighting  

X     

 
Install controls for 
exterior lighting  

X   

  
Daylighting sensors and 
controls  

X   

Appliances measures 
Dwelling 

units 
Common 

areas 
      

Appliances   Refrigerator replacement X     



 

xxiii 

Sub-
category 

Eligibility 

Measures   

Analysis/savings 
estimation method 

(RecommendedoTBD) 

HUD WAP Pre-sim. 
DOE-
2.1e 

Post-
sim. 

    Freezer replacement X     

   
Clothes washer 
replacement 

X 
 

    

o   
Cooking range 
replacement 

X 
 

    

?   Dishwasher replacement X     

    
Common laundry 
equipment replacement  

X     

Controls     Smart outlet strips X     

Fuel/power 
Dwelling 

units 
Whole 

building
      

  

    
Load management based 
on utility rate 
structure/options  

X     o 

    
Combined heating-power-
cooling options 

  X 
Specialized tools 

available 

    Power factor correction   X 
Usually only cost 

savings 

    Fuel/supplier switching 
 

X 
Cost savings 

mainly 
o 

Renewable energy 
Dwelling 

units 
Whole 

building
      

  

   
Install solar thermal hot 
water system  

X       

   Install photovoltaic panels X       

   
Install geothermal system 
for heating and cooling  

X       

o   
Install geothermal heating 
system for pool  

X       

 
Note: A hollow bullet indicates eligibility appears likely but the item is not specifically listed. A question mark indicates it is 

uncertain whether a measure is eligible. 
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1. Introduction 

The original intent of this report was to guide the standardization of best practices for multifamily 
building energy audits performed under the US Department of Energy’s (DOE’s) Weatherization 
Assistance Program (WAP, or the Program).  The Program achieves energy savings in low-income houses 
and multifamily buildings using an overall process that includes energy audits and installation of energy 
measures. This energy retrofit process has undergone continual improvement for all types of buildings, 
including multifamily buildings, since the program first reached prominence after the oil embargo of 
1973.  

Most of the original report is directly related to technical issues and context related to multifamily energy 
audits, summarizing multifamily building energy audit process and methods, as well as describes building 
assessment, data collection, and analysis requirements and procedures. The energy audit portions of the 
report are retained in this version of the report, while material more focused on WAP issues has been 
reduced. 

The intended audience of the report ranges from policy makers to standards developers to energy auditors 
and energy program managers. The report is also intended for use by those who procure, request, or use 
audits (consumers) and implement measures (e.g., weatherization agencies that do not perform their own 
multifamily building energy audits) so that they can be aware of the job tasks performed by an auditor 
during a multifamily building energy 
audit process. 

1.1 Multifamily Building 
Population Data 

Although an energy audit team will 
know what type of multifamily 
property is to receive an audit, a brief 
discussion of the US population of 
multifamily dwellings is presented for 
reader perspective.  

An energy audit of a high-rise or mid-
rise building will tend to be more 
complex than an audit for a low-rise 
building. For the four US Census 
regions, Fig. 1.2 shows the percentage 
of dwelling units in high-rise and low-
rise buildings. High-rise buildings represent a large percentage of multifamily dwellings in the Northeast 
but a small percentage in the other three regions.  

The nature of the heating or cooling systems in the structure is another important factor in determining 
how complex an energy audit will be. Cooling systems tend to be simpler than heating systems. The data 
on complexity of heating systems (see Sect. 9) show that 

 almost 60% of heating systems in the Northeast are complex 
 almost 25% of heating systems in the Midwest are complex 
 10% or less of heating systems in the South and West are complex  

 

Fig. 1.1. Percentage of dwelling units in high-rise and low-rise 
buildings by US Census region. 
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Performing multifamily building energy audit work in the Northeast will typically be more complex than 
in other regions, so on a national level, a “typical” energy audit will be less complex than in the 
Northeast. 

1.2 Multifamily Building Energy Audit Objectives and Levels 

The term “energy audit” is commonly used to describe a broad spectrum of energy studies intended to 
identify and develop measures that will reduce the energy use and/or energy cost of operating a building. 
Building improvements that enhance occupant comfort, indoor air quality (IAQ), and health and safety 
issues may also be addressed as part of an energy audit. The result of an energy audit is an audit report 
that documents at least the first three bullets, but possibly all of the following: 

 The existing building and its energy systems, the conditions affecting the energy use of the building, 
current energy use profiles, and health and safety considerations as they relate to weatherizing the 
building. 

 Recommended energy conservation measures related to the building enclosure, heating and cooling 
equipment, ventilation, water heating, lighting, appliances, and other items that meet the rules and 
requirements of all the stakeholders participating in the project. In some cases, an audit will also 
identify appropriate water conservation measures. 

 The energy savings, costs, and economics of the recommended energy conservation measures, 
including the data collection, modeling software, analysis approaches, and assumptions used in 
making the estimates. 

 Other measures needed to address occupant comfort, IAQ, and health and safety issues. 

 Specifications related to the purchase, installation, and quality inspection of the recommended 
measures. 

 An implementation plan that includes funding sources, roles, and responsibilities. 

 Energy audits can be classified into different levels depending on the effort, complexity, and detail of 
the data collection and analysis.   The three levels described by ASHRAE in Procedures for 
Commercial Building Energy Audits (see Section 1.7) progress from less-detailed brief assessments to 
detailed technical assessments.  These audit levels are described in more detail at the beginning of 
Section 3.  

1.3 Multifamily Building Energy Audit Work Flow Process 

A multifamily building energy audit is part of the overall work flow for retrofitting and weatherizing the 
building. The overall WAP process is shown with some but not complete detail in Fig. 1.2, to provide 
context on what is covered in a more comprehensive program.  The overall energy upgrade process 
begins by identifying and selecting the building to be weatherized. Under WAP, this includes verifying 
the program eligibility of the building. After the building has been audited and a scope of work agreed 
upon with the building owner, the recommended work is performed and then inspected to ensure quality 
and performance. Ideally, it is recommended that buildings be monitored and tracked for at least a year 
after they are weatherized to ensure that new systems and materials continue to perform as intended and 
to verify that projected energy savings are achieved. This final step can be difficult to perform, because 
funding typically stops after the energy improvement measures are installed. Although the work flow is 
shown sequentially, there may be iteration, loopbacks, and overlap of these steps in real-world 
applications. 
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Fig. 1.2. Multifamily building energy upgrade process. 

An energy audit is typically considered a “process” in which an energy auditor identifies and recommends 
a final package of recommended efficiency opportunities to clients. In doing so, the energy auditor works 
with the building owner and other stakeholders to work to meet the needs of all parties involved. As 
shown in Fig. 1.2, the audit process (steps in light green) can be divided into four steps: 

 Pre-site visit activity—The audit process begins by collecting preliminary building information and 
holding discussions with the building owner and staff before the actual site visit is performed. The 
building’s historical utility use data are usually analyzed at this time to determine the baseline energy 
consumption of the building, benchmark the energy consumption, and target areas for site visit 
inspection. 

 Site visit—The actual site visit is performed to verify the information already collected and to collect 
additional information on the building and its equipment needed to identify recommended changes. 
The facilities manager is interviewed to collect information on building operation, performance, and 
maintenance. Residents are also usually interviewed during the site visit to obtain insight and 
feedback. 

 Energy modeling and data analysis—Following the site visit, data that have been collected are 
analyzed to determine the estimated cost, energy savings, and economics of potential retrofit 
measures. Building energy models and other audit tools are typically used to assist with this analysis 
phase. 

 Work scope and audit report—The audit process is concluded by first reviewing the analysis results 
with the building owner so that a final set of retrofit measures can be selected. Measure descriptions, 
savings, and some level of installation guidelines are covered at a minimum.  Further coverage for 
more comprehensive efforts might include implementation plans and more detailed specifications.   
Contracts might also possibly be developed for the recommended work once the retrofit measures are 
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selected. An audit report is then prepared that documents all the materials developed and work to be 
performed. 

The amount of time and effort expended on each of these four steps is highly variable, depending on the 
job, building type, agency approach, building owner, and other factors. For example, the time and effort 
to perform each of these four steps on a 10-unit multifamily building with all-electric heat that is master 
metered will be considerably less than the time and effort required for a project with 300 total units and 
15 buildings with individual metering.  Nevertheless, some guidance on the time and effort required for 
typical projects is provided in Table 1.1. Of the four steps, performing the pre–site visit work may take 
the most calendar time but the least amount of effort because typically a lot of time is spent waiting for 
building owners or their staff to collect and provide documents.  Generally, weeks are spent on the pre–
site visit phase. Performing the actual site visit is the step that often takes the shortest amount of calendar 
time, as usually just a few days to a week are spent on site collecting information.  Work performed after 
the site visit is significant and needs to be adequately budgeted for.  Generally, a week of effort and one to 
two weeks of calendar time are needed to model the building and analyze the collected data, develop the 
work scope, and write the audit report. Contracts often reference the audit report and, depending on their 
scope and complexity, can significantly add to the time and effort required to perform the final step. 

Table 1.1.  Time and effort to perform a typical multifamily building audit 

 Calendar time Effort 

Weeks % of schedule 
allocated 

Days % of time 
required 

Pre–site visit activity 1–8 45 1–3 15 

Site visit 0.5–2 15 2–5 25 

Energy modeling and data analysis 1–2 20 3–5 30 

Work scope and audit report 1–2 20 2–7 30 

Total 4–14  8–20  

 

 

1.4 Energy Auditor Qualifications and Responsibilities 

Multifamily building energy audits are performed either by individuals or by teams on which different 
members may have different specialties or skill sets. Chapters 2–5 of this report discuss the audit process 
in detail and identify the specific activities that an auditor or audit team must perform. In general, the skill 
set that the energy auditor or team of auditors needs to have includes: 

 Utility bill analysis 
 Building assessment 
 Diagnostic testing 
 Energy modeling and analysis 
 Cost estimating 
 Financial analysis 
 Specification writing, especially for equipment or systems needed 

Certifications are available from different organizations (web search on “energy auditor certification”), 
but these continue to grow in number.  Energy programs often have required or recommended 
certifications desired for work under the specific program. 
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1.5 Scope of the Report 

Multifamily buildings are often categorized according to the number of dwelling units in the building. 
Although buildings with five or more (5+) dwelling units are the focus of this report, much of the 
information presented could be applied to multifamily buildings with 2–4 units.  

Multifamily buildings are also categorized according to the complexity of their energy systems, with 
high-rise buildings (defined here as those with more than three stories) tending to have more complex 
systems than low-rise buildings. The energy audit process remains the same regardless of the complexity 
of the energy systems. The chapters in this report dealing with building energy systems have been 
organized to address complex systems separately from simpler systems to make the presentations and 
coverage easier to understand. 

Health and safety issues are often addressed, at least to some extent, as part of an energy audit. Because 
the breadth of health and safety issues can be large and the extent to which they can be addressed is fairly 
program-specific, the discussion of health and safety in this report is limited.  

Because the collection of knowledge related to multifamily building energy auditing is large, the 
remaining chapters of this report are meant to be a resource in determining how multifamily building 
energy audits should be performed and how they might be improved. The individual chapters are meant to 
summarize technical procedures and methods for multifamily building energy auditing, as well as touch 
on relevant research or guidance that may go beyond what is typically available. Extensive use of 
additional references will be part of the approach to indicate where a greater depth of knowledge or 
specificity can be pursued, so that the report can present reasonable depth without excessive length. 

1.6 How to Use this Report 

This report can be viewed as consisting of two parts. The first part, Sects. 2–5, covers the work that 
should be performed in each of the four audit process steps identified in Sect. 1.3: pre–site visit activity, 
site visit, energy modeling and data analysis, and work scope and audit report. The second part of the 
report, Sects. 6–12, focuses discussion on audit-related material specific to different elements of a 
building, such as the enclosure, heating and cooling systems, water heating, and lighting. 

The two parts complement each other and, in a sense, have a matrix relationship.  For example, Sects. 2 
and 3 provide a general discussion of the data that need to be collected for the building before and during 
the site visit and how it should be collected. Sections 6–12 discuss in detail the data that need to be 
collected on each specific building element during these two steps of the audit process. 

Therefore, Sects. 2–5 should be read first to get a general understanding of the entire audit process and the 
tasks to be performed by the energy auditor.  Once the overall process is understood, Sects. 6–12 should  
be read or referred to as needed for detailed audit-related information on specific elements of the building. 

1.7 Resources 

References will be provided throughout the document to identify resources pertinent to specific items in 
each chapter and to indicate where more depth of knowledge or specificity can be pursued. In general, 
there are a number of resources pertaining to the energy auditing of multifamily buildings that auditors 
can use to obtain information beyond that contained in this document. Those resources include the 
following. 

 Multifamily Weatherization Resource Guide: A guide providing supplemental reading material 
beyond the course manuals used by the Association for Energy Affordability, Inc., in its multifamily 
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building weatherization training, and a desk and field reference for practitioners to reinforce and 
extend their knowledge of multifamily building weatherization. Association for Energy Affordability, 
Inc., 2012. 

 Multifamily Energy Audit Guide: A guide to establish best practices and guidance for conducting the 
energy analysis required for multifamily building energy improvement projects funded by the various 
programs of the Maryland Department of Housing and Community Development. Maryland 
Department of Housing and Community Development, February 2013. 
http://www.dhcd.state.md.us/website/programs/meeha/documents/MF_Energy_Audit_Guide.pdf  

 Multifamily Energy Audit Protocol: A guidance document that defines the required criteria for the 
development of an energy audit designed to justify the cost-effectiveness of energy-efficient 
multifamily building retrofits under the California Department of Community Services and 
Development DOE WAP. California Department of Community Services and Development, Energy 
and Environmental Services Division, Sacramento, April 18, 2011. 
http://www.acgov.org/cda/nps/documents/MFEnergyAuditProtocol.pdf  

 Audit Protocol: A Methodology for Conducting an Investment Grade Energy and Water 
Conservation Audit of Multifamily Properties: A tool that establishes a protocol for an investment-
grade audit for retrofitting multifamily buildings. San Francisco Bay Area Affordable Multifamily 
Retrofit Initiative. October 25, 2010. http://www.liifund.org/wp-content/uploads/2011/03/SF-SEP-
Audit-Protocol-Amended-1-10-25-10.pdf  

 Technical Standards for the Multifamily Building Analyst Professional: A table of tasks that an 
auditor must perform in analyzing a multifamily building that essentially outlines a multifamily 
building energy audit process. Building Performance Institute, February 20, 2008. 
http://www.bpi.org/Web Download/BPI Standards/Multi Family Building Analyst Prof FD 3.0 2-20-
08.pdf  

 Procedures for Commercial Building Energy Audits: A book on commercial building energy audits. 
ASHRAE (formerly American Society of Heating, Refrigerating and Air Conditioning Engineers), M. 
Deru et al. Atlanta, ISBN 978-1-936504-09-1. 2011. (Supplemental files supporting this book are 
publicly available at https://xp20.ashrae.org/PCBEA/PCBEA_Supplemental_Files.html.) 

 Standard Practice for Multifamily Energy Auditing, BPI-1105-S-201x: A new standard being 
developed for multifamily energy audits. Building Performance Institute. The draft standard was in 
public review from October to December 2013. Availability will depend on when the public review 
and final acceptance processes are complete. 

 Source Book for Energy Auditors, International Energy Agency ECBCS Program Annex 11: A two-
volume book on energy audit methods, analysis, diagnostic tools, and reporting, with significant 
coverage of multifamily building content, mid-1980s. http://www.iea-ebc.org/projects/completed-
projects/ebc-annex-11/  
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2. Pre-Site Visit Activity  

The purpose of this chapter is to describe the communications, data collection, and data analyses that 
should be performed before scheduling and performing the actual site visit. This preliminary work 
reduces the time spent performing the site visit and increases the quality of the information collected 
during the site visit and as part of the overall audit process. 

2.1 Owner Interviews 

It is important to engage owners at the beginning of the audit process to understand what their priorities 
and interests are in the project, educate them about the energy upgrade program’s purpose and 
requirements, and clearly define all roles, responsibilities, and funding commitments. Doing so will help 
ensure a more successful audit process, scope of work development, and procurement and construction 
process.  The opportunities for direct tenant benefits should also be scoped during this effort. 

Many energy improvement programs have mandatory policies and procedures that should be discussed 
with building owners because they may impact the overall process and the scope of work.  For example, 
most programs have cost-effectiveness requirements for the energy efficiency measures installed, 
program health and safety requirements must be followed, and many multifamily programs require 
leveraging of external funding sources to complete a project. Specific funding and other resources that are 
available should be discussed. 

This discussion may be conducted by a more senior manager, rather than the energy auditor, before the 
audit process begins; if so, the manager must fully communicate the owner’s priorities and interests to the 
energy auditor so that these can be evaluated and addressed by the auditor as part of the audit process. 

In addition to this general discussion, the energy auditor needs to interview the building owner directly to 
discuss and obtain important information about the building before the site visit can take place. The 
auditor should respect the building owner’s answers but should make note of areas that need follow-up 
with other individuals before the site visit, or more in-depth investigation during the site visit, if the 
quality or completeness of the information is problematic. Topics that should be addressed during the 
interview with the building owner include these: 

1. Why energy services were requested.  This information helps finalize the purpose[s] of the energy 
assessment if it was not clearly established when the owner’s priorities and interests were discussed. 

2. Expected scope of the energy audit. 

3. Health and safety requirements and their potential impacts on the energy audit. 

4. Potential legal concerns (e.g., conflict-of-interest, liability, insurance). 

5. Historical property requirements or potential preservation concerns or issues. 

6. Contact information for the primary point(s) of contact for the site visit. 

7. Availability of parking or need for parking access/options at the site. 

8. Any access codes needed for site access or contact information for obtaining them, if needed. 
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9. Means of obtaining access to all mechanical, electrical, or equipment rooms that should be inspected 
during the site visit. 

10. Identification of facility manager(s) (i.e., the person[s] most knowledgeable about day-to-day 
operation of the building, such as property manager, maintenance supervisor, and/or on-site building 
operator). Contact information should be collected for these key persons, including email addresses 
and telephone numbers. The most knowledgeable will be interviewed separately during the site visit 
(see Sect. 3.3.1) and may need to be contacted before the site visit to obtain the information outlined 
below if the building owner cannot provide it. 

11. Building as-built drawings (see BPI professional requirements document [1]) and other key 
documents about the building, if available, or contact information for the person(s) who can provide 
this information. 

12. Utility company names, account numbers, and contact information, as well as utility bills over the last 
1–2 years, or contact information for the person(s) who can provide this information. Information on 
locations of meters and the areas they cover should also be obtained. If tenants are metered and billed 
directly for energy, a sampling strategy for tenant-billed energy must be developed and means of 
obtaining tenant data for sampled dwellings defined. See Sect. 2.6.3 on sampling for utility data. 

13. Incentive programs or co-funding options that the building owner may be considering to use to help 
finance the project, including qualifications required for the building, owner, and/or project to 
participate in the programs. 

14. General information on the building and mechanical equipment, such as the age of the building and 
its systems and the types of equipment installed. 

15. Dates of major renovations to the building enclosure or significant changes or repairs to any of the 
building’s equipment or energy systems. The extent of these renovations, changes, and repairs should 
be understood. 

16. Any capital needs assessment or capital improvement plan developed for the building within the 
previous 10 years. A capital needs assessment is an inspection of the physical condition of the 
property that provides a cost estimate for maintaining a property over a 5 to 20 year time span. It 
identifies immediate capital improvement needs of the facilities, equipment, systems, and structural 
elements and establishes a budget for recommended capital improvements, major repairs, and 
replacement of appliances over the time span of the plan. Such plans typically have estimates of the 
useful lives of different portions of the property, which are useful for the audit and work scope 
development. 

17. Information on any previous energy audits or assessments that have been performed. 

18. Maintenance and operations practices and methods for the building and its equipment and systems. 
Information on maintenance plans, schedules, histories and records, protocols, and service contractors 
should be obtained for the mechanical equipment, light fixtures, building-owned appliances, water 
use, and other building elements. Operational issues, concerns, or complaints that the owner, building 
staff, or tenants have with the building should be identified and discussed. Aspects of the building 
that function well or adequately should also be noted. 

19. The occupancy and demographics of the building, as required for energy benchmarking (see Sect. 
2.7.1) and modeling (see Sect. 4.5). Required information may include the total number of dwelling 
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units in the building, occupancy rates, information on age groups of the occupants, and occupancy 
schedules. A sampling plan specifying how many and what types of dwellings will be inspected 
during the site visit must be developed based on the information obtained under this item. 

20. Whether historical property requirements (see Sect. 2.3) apply to any buildings to be assessed. 

21. The existence or potential for any hazardous conditions. 

22. Means of access to tenant units to be inspected during the site visit and the methods to be used to 
notify tenants of the planned inspections.  

2.2 Stakeholder Meeting 

Before the energy audit site visit and inspection, a meeting of the various stakeholders and key energy 
audit team members is recommended, especially when multiple parties are involved in funding or 
overseeing the energy upgrade process. This meeting can help in finalizing the contract for audit services 
with the owner. Examples of potential stakeholders include 

 Property owner and key operations or maintenance staff 
 Lenders or financial intermediaries 
 Energy audit program staff, e.g., municipal, state, utility 

The purpose of the meeting is to discuss and determine final stakeholder requirements for items such as 

 Finalization of energy or building systems, or spaces to be included or excluded in the audit 

 Historical property requirements or concerns 

 Sampling plan methods and planned requirements 

 Resident notification requirements or issues, including potential need for translators 

 Major equipment issues that potentially impact audit results or economic calculations 

 Diagnostic testing to be conducted  

 Audit report format requirements 

 Energy modeling software to be used and, if multiple software tools are needed, which tools will 
produce which results in the final audit report 

 Wage rates and other factors to use in cost estimates  

 Confirmation of correct utility rates and how utility rates will be handled in the economic 
calculations, especially if multiple result sets are needed to treat differing stakeholder criteria (e.g., 
owner investment criteria and energy program criteria) 

 Confirmation of the savings-to-investment ratio or other economic formula to be used 

 If WAP funds are involved in the project, how WAP requirements will impact the site inspection, 
testing, and audit report 

2.3 Historical Preservation 

The building owner and stakeholders are consulted about potential historical property requirements. Any 
energy audit of potentially historic buildings requires some knowledge of allowable renovation methods 
related to energy efficiency upgrades. Extensive federal, state, and local laws and regulations impact and 
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restrict activities that might make changes to historic properties. See Sect. 12.8 for more detailed 
information regarding energy auditing of historic buildings. 

The National Institute of Building Science’s Whole Building Design Guide provides historical 
preservation guidance, as well as information related to some of the laws and regulations pertinent to 
historical preservation. [2] The Secretary of the Interior’s Standards for the Treatment of Historic 
Properties apply to all proposed development grant-in-aid projects assisted through the National Historic 
Preservation Fund, but they can be used as general guidance for work on any historic building. [3]  

2.4 Basic Building Data Collection and Analysis 

The basic data collected as part of an energy audit are referred to as “Records Collection” in part 10 of 
ASTM Standard E2797-11 on building energy performance assessment. [4]  Basic data are required to 
model energy use in the building and to understand what potential energy measures may apply. Therefore, 
the data that must ultimately be collected as part of the audit process depend on the energy models and 
analysis methods that will be employed (see Sect. 4).  

Information obtained before the site visit gives the audit team an opportunity to familiarize themselves 
with the physical characteristics and operation of the building and major equipment in advance of the site 
visit. More important, the information allows the team to determine what additional data need to be 
collected and what information needs to be confirmed during the site visit. Analysis of the data and an 
understanding of the building will also help guide the diagnostic equipment needed and tests to be 
performed during the site visit. 

After completing the interviews with the building owner described in Sect. 2.1, the audit team needs to 
collect any information or data that the owner promised during the interview or from the building 
representatives that the owner identified. The auditor should then review these data for completeness and 
analyze the building(s) to the extent possible before the site visit to determine site visit data collection 
needs. The information collected and analyzed needs to be specific to the modeling and audit software 
tools used. A general discussion of typical data that are collected and analyzed follows.  

Section 4 discusses the type and depth of information that energy modeling tools require and that must be 
collected for an energy audit to be successful.  Preliminary energy analysis of energy use and utility bills 
is described in Sect. 2.7. 

2.4.1 Building Data 

Examination of the collected building data should provide an understanding of 

 complex layout and building footprints 
 building location and zip code 
 total floor area (including gross floor area) 
 number of floors and units 
 enclosure areas, facings, and construction characteristics 
 potential air leakage paths 
 types of heating, cooling, and domestic water heating systems 
 types of ventilation and exhaust systems 
 location of the thermal boundary and potential thermal bridges 
 the nature of any parking facilities or areas 
 installed lighting, including outdoor lighting 



 

2-5 

 any special facilities at the building site, such as cogeneration, incineration, pumping, irrigation, or 
other system facilities 

2.4.2 Space Types 

The nature, floor area, and conditioned status of spaces in the building must be understood and 
documented. In many energy calculations, different space types are handled separately, and their 
schedules and internal loads are usually different. Typical space types for multifamily buildings include 
dwelling units, hallways, common areas, laundry, garage, and other tenants. Some space types may have 
to be aggregated for energy modeling. If other tenants are an extensive part of the building, the BCHP 
Screening Tool should be considered as a modeling tool (see Chap. 12.5).  If energy metering for other 
tenants allows the associated energy use to be separated from the rest of the building, modeling the 
building without the tenant spaces included should be more straightforward. 

2.4.3 Site Plan and Diagrams 

Some type of site plan is usually needed to understand the building and/or complex. Many auditors now 
use Google Earth (http://www.google.com/earth/index.html) to obtain a picture of the site layout, which 
can then have notes added, using graphics programs, based on site information (Fig. 2.1). Pictures of the 
roofs of individual buildings can also be grabbed from Google Earth images, printed, and used for taking 
notes on building dimensions. There are some copyright restrictions on these images, so care is needed in 
reproducing them. Fair use typically includes personal use (i.e., not for distribution and only use of an 
image for one time), and one copy in a report is usually within fair use restrictions.  

 

Fig. 2.1. A sample Google Earth picture of a multifamily building complex. 

Sketches or diagrams of the building(s) often are useful during the audit process (Fig. 2.2). These should 
be developed to the extent possible before the site visit using available information. Free software tools 
are available to do the sketching. 
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Fig. 2.2. Examples of sketches and diagrams of buildings being studied. 

2.5 Sampling Plan and Requirements 

Sampling is important, but understanding the building is the primary objective. Inspection and testing of 
each dwelling unit in a building is typically difficult. Similarly, obtaining utility billing data for energy 
billed to individual dwelling units may be challenging. Before conducting the energy audit, the potential 
need for sampling must be determined. It may depend on the size of the building(s), potential issues with 
tenant dwelling access, or cost implications. Sampling is involved in three general activities: 

1. Sampling of utility bills/metering required for benchmarking and truing energy models 
2. Sampling of apartments/buildings for inspection, testing, and analysis 
3. Sampling of equipment such as furnaces, refrigerators, hot water heaters, or lighting to understand 

installed characteristics and operation 

An adequate sampling plan (or protocol) should be established for every project. Some states and some 
energy upgrade programs have requirements for sampling, which should be followed where they apply. A 
sampling protocol—an established set of procedures used to define sampling plan development and 
methods for individual building projects—may reduce the effort required to prepare a sampling plan for 
specific projects. 

A written sampling plan is recommended. The plan should define the number of dwellings required for 
energy modeling and benchmarking, different types of testing, and different types of inspections. The 
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means of notifying residents and obtaining access to dwellings to be inspected must be established and 
residents informed. The plan should identify requirements for sampling of common spaces. 

2.5.1 Uncertainty 

Sampling introduces uncertainty. There are complicated methods for providing statistical expressions of 
uncertainty (e.g., Appendix B of Vol. 1 of the International Performance Measurement and Verification 
Protocol, 2007, 2010, or 2012 version, www.evo-world.org). These methods are needed in some cases, 
but they depend on knowing key statistical values (all of which will not be known for some approaches), 
so this report recommends keeping sampling methods simple. Simple sampling guidelines are presented 
that provide a balance between managing uncertainty and managing the costs of the energy audit. 

2.5.2 Requirements in the Plan 

Guidance on sampling requirements is presented primarily for individual buildings. Sites with multiple 
buildings may require many decisions about sample plan requirements based on best judgment. Guidance 
for those cases is more general. The entity to be 
sampled may vary, depending on what is easiest 
to do. For dwelling units, the sampled entity is 
usually the dwelling unit or the specific piece of 
equipment in the unit. For common spaces, the 
sampled entity may be square feet of floor area. 

The most important aspect of reducing 
uncertainty in sampling is to have the sample be 
as representative of the entire population as 
possible—the more representative, the less 
potential for sampling bias error.  

2.5.3 Individual Buildings 

Dwelling units. Many state, municipal, or 
utility programs have requirements for the number of units to be sampled in an individual building, which 
often specify quantities such as 10% or 20%, and sometimes a minimum number. This report covers 
buildings with five or more dwellings, and 10% of five units is not meaningful. The sampling statistics 
depend on the variability in the population, which will not be known before the site visit. Our 
recommendation is to sample dwelling units according to Table 2.1, although more units usually is better.  
The values in Table 2.1 are not directly based on statistics.  The minimum column is for difficult cases; 
the recommended value should be the target.  

In addition, the sampling plan should define the following: 

 Sampling should include a representative cross section of units within the building; e.g., if units vary 
in size, the sample should reasonably represent all sizes and locations (top, bottom, inner, outside) to 
the extent possible.  

 Units in the audit sample should undergo a uniform scope of inspections and diagnostic testing. 

 Sample sums must be extrapolated up to account for the whole building in order to analyze the whole 
building; i.e., if 5 units are sampled in a 12-unit building, the simple extrapolation is to multiply 
summed values (such as for energy use) by 12/5 to obtain a value for the whole building. 

Table 2.1. Recommended number of units to sample 
based on total number of units in a building 

Building size  
(total number of units)

Number of units to sample 
Minimum Recommended

2 – 9 2  3
10 – 19 3  5
20 – 29 4  7
30 – 49 5  9
50 – 74 6  11
75 – 99 7  13

100 – 149 8  16
150 – 200 9  20

>200 10  25
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 Except for energy bills (see Sect. 2.6.3), if excessive variation for some (normalized) results is found 
for the sample, the sample may need to be expanded (extended sample set), at least for the problem 
area, to obtain acceptable results. 

— “Normalized” means the parameter is adjusted for expected known determinants, e.g., lighting 
power should never be in watts or kilowatts but in terms of power density (W/ft2) before 
calculating variation. 

— Variation can be expressed as the coefficient of variation (CV), the ratio of the sample standard 
deviation to the mean of the measurements (examples of the CV for sample sets of data are given 
in Sect. 3.3.2 of this report). 

— A CV of less than 5% is reasonably good, greater than 10% is borderline excessive, and 15% is 
excessive. 

Sampling for energy bills is covered in more detail in Sect. 2.6.3.  For energy benchmarking efforts and 
building baseline energy use, the sum of the sampled dwelling unit energy use will be extrapolated up to 
the whole building, as indicated above.  For in-unit heating, cooling, and water-heating equipment 
efficiencies, capacities, and operational modes, an average of the sample for specific types may be used 
for the whole building or type of space in the building.  Lighting power density and equipment power 
density are also averaged, either for the whole building or space type or by floor.  Water use per person or 
per dwelling, and temperature values, are averaged.  Infiltration and ventilation should be handled 
according to the specifications of the energy modeler.  The data may be a whole-building average based 
on the sample average, or it may be determined by floor and then the values calculated, or possibly 
interpolated, by floor. 

Indoor temperature measurements may be more complicated.  Some recommendations for these 
measurements are given in Sect. 10 of this report. 

Common spaces.  In buildings having 1–4 stories, hallways should generally all be inspected. Then the 
average parameters needed for energy modeling and energy measure determination should be calculated 
using the most representative data. For buildings of 5–20 stories, hallways on at least half the floors 
(rounding up for odd values, or 3 floors for a 5-story building) should be inspected. In buildings taller 
than 20 stories, hallway inspection can be based on elevator layouts, if elevator banks have floor series 
(e.g., one bank serves floors 1–24 and one bank serves 24–48). In general, at least 10 floors should be 
inspected. For multiple banks, an equal number from each bank should be inspected, preferably at least 
10, up to half of the floors on each elevator bank. (Elevators are covered in Sect. 6 of this report.) 

In low-rise buildings, every interior stairwell should be inspected, with special attention paid to the top 
and bottom of each. In buildings taller than three stories, the top and bottom of every interior stairwell 
should be inspected, and any exterior façades of interior stairwells should be examined before deciding 
which stairwells to inspect further. Interior stairwell inspections in these building should include 40% of 
the stairwells in each building (a minimum of one, when present) and should cover at least 25% of the 
total floor area of each one inspected. In a building with seven stairwells, at least three should be 
inspected and at least 25% of the floor area of each (for a building with six stairwells, two would be 
inspected further). 

Laundry facilities typically may be handled separately and may be outside the scope of the audit if 
operated by a third party. Laundry audit information is presented in Sect. 6 of this report.  
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Meeting rooms, day rooms, fitness facilities, and office space might all be aggregated as “other” for 
analysis, but all “other” spaces need to be visited to obtain data to at least ensure that the aggregated space 
is a representative average for energy modeling and energy measure evaluation. 

Garages might need only limited inspection, but a reasonable determination of total floor area often is 
needed for energy benchmarking.  Lighting power density will also depend on floor area.  

Swimming pools are unique spaces that need special attention (Sect. 12 covers swimming pools).  
Exterior lighting can be sampled on an ad-hoc basis, although some type of normalizing factor, such as 
per floor or per foot of perimeter is often helpful. Parking lot lighting is often easiest to handle on the 
basis of watts per square foot of parking area and can be sampled on an ad-hoc basis at the site to best 
represent such lighting overall. 

2.5.4 Multiple Building Sites 

Sites with multiple buildings may have only a sample of buildings inspected and tested. If a central plant 
exists, that plant should undergo a thorough inspection and diagnostics as needed, unless it is specifically 
excluded by the audit scope. Other unique buildings may also require a specific inspection and testing as 
part of the site visit if they are included in the audit scope. For dwelling unit buildings, the general 
guidance is as follows. 

 More than one building should be inspected and tested using the sampling requirements in the 
previous section. The exception would be if one building is considered to represent the overall site 
well. In that case, it may be that the site visit would cover only one building. 

 If multiple building types are present at the site, the site visit should cover at least one of each type 
(e.g. height, orientation, structure, year built, floor plan, major upgrades), or the most representative 
mix of buildings. 

 If a site has more than 24 buildings, at least 10% of them should be inspected (e.g., if there are 25–34 
buildings, the site visit should cover at least 3). 

Sitewide distributed systems, such as irrigation systems (see Sect. 12) might have specialized sampling 
requirements, but these need to be developed on a case-by-case basis. 

2.6 Energy Use Data  

The energy use of a building must be measured in some fashion for an energy audit. Energy can be 
delivered in many forms. Energy use data, including utility bill data, are the primary basis of energy 
measurement needed for energy analysis, including pre-site-visit analysis or final baseline energy model 
calibration (see Sect. 4). Historic utility use data should be analyzed before the site visit to improve the 
quality of the overall energy audit (see Sect. 2.6.5 for a discussion of bulk fuels). Such an analysis is 
required by the BPI Multifamily Building Analyst Professional standard. [1]  Pre-site visit utility analyses 
help the auditor to 

 predetermine the potential or likelihood for cost-effective retrofit opportunities 
 understand the operation of the building and its systems before the site visit 
 set target areas for site-visit inspection 
 identify potential issues that must be evaluated during and after the site visit for some building energy 

systems 
 define questions to be asked during interviews conducted during the site visit 

After completing the interviews with the building owner described in Sect. 2.1, the auditor needs to 
collect utility data from the owner as promised during the interview (or from the building representatives 
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that the owner identified), or contact the utilities directly to obtain the desired utility data using the 
account information provided by the owner or  representative. The Environmental Protection Agency’s 
ENERGY STAR Portfolio Manager® (https://www.energystar.gov/buildings/facility-owners-and-
managers/existing-buildings/use-portfolio-manager?s=mega) is a publicly available free tool that can 
assist in organizing and storing utility data in a consistent format.  There are many other tools that are not 
free.  In collecting utility billing information, a listing of all meters associated with a building should be 
obtained. Metering arrangements related to parking facilities or areas, outdoor lighting, and any special 
facilities should be understood before beginning any data analysis. Dwelling unit meter data should be 
collected following the sampling plan (Sect. 2.5). 

2.6.1 Utility Data 

Pre-site visit utility bill analysis requires the collection and analysis of energy utility data (i.e., electricity 
and fossil fuels, including any bulk-delivered fuels). However, the BPI Standard [1] also identifies water, 
sewer, and other resource consumption as utility data that should be collected, and the BPI Standard and 
the ASTM Standard [4] both require electricity “demand” and cost data. In general, demand is the average 
rate of energy use over a specified period of time (shorter time periods usually increase the demand 
value). For utility billing, the demand is the highest rate of use during the billing period; but other billing 
structure complexities may include items like billing demand, often the highest rate of use over the past 
year. Some basic information on utility bills can be found in Sect. 2 of the Rebuild America Handbook. 
[5]  These additional data can be important for evaluating potential cost savings for some efficiency 
programs or owner initiatives. The following are examples: 

 Water retrofits are an important component of some multifamily retrofit programs because of high 
consumption due to line and fixture leaks or overuse by occupants. If water retrofits are allowed 
under the program for which a building is being audited, the auditor’s pre–site visit activity should 
include an analysis of water use, conducted using methods similar to those described for analyzing 
energy consumption. 

 A multifamily energy retrofit program should also investigate the potential for reducing costs and /or 
improving service by procuring alternate services of energy or water. In this case, cost data associated 
with the billing data must be collected and analyzed. 

 In cases where electric or thermal energy demand must be considered, monthly demand billing data 
must be examined. 

More extensive discussion and examples of utility bill analysis can be found at 
http://what-when-how.com/energy-engineering/utilities-and-energy-suppliers-bill-analysis/ 

2.6.2 Utility Bill Requirements 

One full year of contiguous utility data (i.e., no data gaps) is generally all that is required to perform the 
pre–site visit analyses described in this chapter, although utility bills over a longer time period are 
desirable. BPI [1] suggests at least 15 months and ASTM Standard E2797 [4] requires utility or energy 
provider data over a 3 year period. 

As stipulated by BPI [1], utility data should be at least bimonthly, as metered by the utility or provider, 
not just an annual summation or a majority of estimated readings. Monthly data, rather than an annual 
summation, are needed to perform the model calibrations described in Sect. 4. Utility data that are 
predominantly estimated, rather than actual readings, can introduce problems in the analysis procedures.  

 The utility data to be used in the analysis discussed in this section, and the energy modeling discussed in 
Sect. 4, should not include periods before a significant repair to any major energy systems or major 
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renovations to the building envelope.  ASTM Standard E2797 [4] does not allow use of utility data 
accumulated before a major renovation of a building to be audited, and it relaxes the 3 year data period 
length to 12 months if a building has received an important upgrade or renovation.  Changes to lighting 
systems may not be critical if the lighting energy impacted is less than 10% of electricity use for the 
building. 

2.6.3 Sampling of Units  

If individual units have individual fuel meters of some type (see Fig. 2.3), sampling of units is allowed by 
both the BPI Standard [1] and the ASTM Standard [4]; sampling requirements are specified in each 
standard. However, the BPI requirement (10%) is not considered acceptable, and the ASTM requirements 
are not sufficiently specific: 

If only a sampling of unit or tenant space utility data is made available to the person 
conducting the [audit], such sampling can be used 
only if it is: 

1. judged to be representative of unit or tenant 
space at the building, and 

2. sufficient to estimate energy use for all 
tenants at the building 

For central heating or cooling systems, all the energy data 
should be available for heating or cooling. Similarly, for 
centralized domestic hot water (DHW) systems, energy 
metering may allow a reasonably good determination of 
the split between space heating and hot water energy use. 
For these centralized systems, sampling of dwelling unit 
energy for other end uses can follow the sampling requirements in Sect. 2.5. More data are usually better, 
though. 

For localized heating or cooling systems, energy use in dwelling units can be highly variable, so obtaining 
all the data can be important. The effects of occupant behavior on system controls and thermostat settings 
can be highly variable, as can dwelling unit thermal loads, so variability criteria are difficult to define. 
The sampling criteria in Sect. 2.5 are a fallback if difficulties arise, but increasing the energy data sample 
by at least 50–100% over the recommended values in Table 2.1 is prudent.  In some cases 100% is as easy 
as a partial sample, and 100% eliminates a lot of uncertainty that can make the energy analysis unsettling. 

For energy use in general, as other sampling considerations are evaluated, and depending on building size 
and other circumstances, the dwelling unit sample in buildings with localized heating or cooling systems 
should be as follows. 

1. A fraction of the sample from the top floor of the building, expressed as 1 over the number of floors 
in the building, e.g., 1/3 of the top floor units for a three-story building, 1/10 of the top floor units for 
ten stories. 

2. The same fraction from the bottom floor (i.e., 1/3 of the bottom floor units for a three-story building, 
etc.) 

3. The sample size for middle floors is the total sample size for the building minus the values 
determined for items 1 and 2. For example, for a 3-story building, if the total sample size is 12 units, 
and 4 units each are from the top and the bottom floors, 4 units would be sampled from the middle 
floor. For a 10-story building with a total sample size of 15 units, 2 units each would be from the top 

 

Fig. 2.3. Individual utility meters at a 
multifamily building. 



 

2-12 

and the bottom floors, and the remaining 11 units would be distributed over the floors in between.  
The sample should be distributed among the middle floors to the extent possible. 

4. On all floors, both corner and middle units should be sampled, if possible. 

The intent is to make the sample as representative as possible of the effects of the building envelope. 
In New York City, where an energy benchmarking law is in place, efforts have been made to simplify the 
process of obtaining utility data for all tenants in a building being evaluated. These methods were 
reported to be working reasonably well for at least one utility in 2013, although additional improvements 
in data access are still in progress.  

2.6.4 Utility Bill Review 

Before any analysis of the utility data begins, the utility bills or invoices should be reviewed for billing 
errors, including but not limited to billing for incorrect buildings or facilities. Billing irregularities are not 
uncommon, and identifying them will ensure the correct data are used in the subsequent analysis. Review 
of the data also often provides additional benefits that improve the auditing process and data analysis. 

2.6.5 Bulk Fuels 

Handling bulk fuels like oil or coal is challenging, and obtaining useful bulk fuel consumption data may 
require direct intervention on the part of an energy audit team. Potential data acquisition options include 

 Fuel supplier delivery notes or metered delivery tickets (partial deliveries on a regular basis may 
preclude the use of this option). 

 Reading an existing meter between the tanks and the fuel delivery device. 
 Reading an existing meter between tanks and the fuel-burning equipment to check consumption rates. 
 Reading an existing meter before each fuel burner. 
 Using storage tank gauges to set up some type of manual reading protocol. 
 Using a calibrated dipstick and some type of manual reading protocol. 

The likelihood of having a working existing meter at a useful point is low, and installing a meter is 
typically too expensive, so typically a means must be established to obtain useful energy consumption 
data for bulk fuel. Delivery data may be acceptable, if deliveries are made often enough and the storage 
unit is filled to the same point each time, but obtaining reasonable accuracy in the energy use analysis 
often requires other methods. The help of building operations staff may be needed. 

Coal use is more difficult for an energy audit team to deal with directly, but boilers using coal typically 
have operations staff who can provide good information about how much coal is used on a daily basis, 
depending on the weather. 

Energy audit teams that deal with bulk fuels on a regular basis usually develop methods for handling the 
data acquisition challenges. 

2.7 Water Use and Other Utility Analysis 

Analysis of water use and other utilities is usually simple and straightforward and is not covered here. 
Analysis of water use and related sewer charges is typically handled based on indices of water use per 
person or per dwelling. Other non-energy utilities vary considerably and cannot be covered here. 

2.8 Preliminary Energy Analysis 

A preliminary energy analysis of a building includes energy benchmarking (using multiple methods is 
recommended), developing estimates of disaggregated energy use (estimating end-use energy), and 
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comparing total energy use and end-use estimates to energy benchmarks. Excessive time and resources 
should not be spent on this part of the audit, but the energy use of the building should be characterized as 
well as possible before the site visit and target areas identified for the site visit, if feasible. 

The total floor area of a building is the primary determinant of energy use. The method typically used to 
determine the floor area of a multifamily building is to measure the (projected flat) roof area and multiply 
that area by the number of floors in the building. Floor area is needed to calculate energy use index (EUI) 
values. Practitioners have reported that the floor area of unconditioned basements is usually not included 
when they report floor area values or EUI values for multifamily buildings. 

2.8.1 Whole-Building Energy Benchmarking 

Energy benchmarking involves comparing energy use in a building with some known data on energy use. 
It may also include generation of an energy performance score for the building. Energy benchmarking can 
be a useful energy management tool, and benchmarking of end uses may help in identifying opportunities 
for potential savings or site visit target priorities. The calculations typically can be done quickly. 

The comparison in energy benchmarking can be with several possible sources, including an internal 
database, an external database, national norms, or scores from performance scoring tools. Many large 
property owners have internal databases of factors like overall operating costs (e.g., $/ft2) for their 
properties that they use to benchmark the performance of existing properties and set targets for properties 
to be developed. External databases may be from local or national associations or government entities. 
Energy performance scoring tools provide a performance score relative to some scoring norm that 
indicates energy performance. National norm data and examples of available scoring tools for multifamily 
buildings will be presented in the following sections. 

2.8.1.1 Energy Use Index and Energy Cost Index 

ASHRAE Standard 105-2007 [6], Standard Methods of Measuring, Expressing and Comparing Building 
Energy Performance, requires the calculation of a total EUI and an energy cost index (ECI) for a 
building. (If renewable energy is generated on site, a net energy index also is calculated.) The EUI is the 
total annual energy use divided by the gross floor area (GFA, ft2) of a building, and ECI is the total 
energy cost divided by the GFA. If a building is all-electric, the EUI might be expressed as kBtu per 
year/GFA or kWh per year/GFA. If fuels other than electricity are also used, the total EUI is calculated by 
converting the annual use for each fuel to a common value, summing all the fuel values, and dividing the 
sum of all fuels by the GFA (typically kBtu per year/GFA). EUI is a benchmark value that should be 
calculated. 

Converting different fuels to common energy units so that all the fuel use values can be added is 
challenging. One means of ensuring that fuel conversions are accurately documented is to use Form 2 in 
ASHRAE Standard 105-2007 [6] to calculate energy values, so that the conversion factors are explicitly 
specified. Table 2.2 provides a matrix for converting several fuel types and units to kBtu. Steam 
conversions for district steam may vary. The kBtu values for multiple fuels can be added to arrive at a 
total annual kBtu sum. 
 

Table 2.2. Conversion table for converting fuel use to site energy kBtu 

Fuel 
Units of 

consumption Consumption 
 × 

Conversion = kBtu 

Electricity kWh  3.412  

Electricity MWh  3,412  

Steam 1000 pounds   1060 
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Table 2.2. Conversion table for converting fuel use to site energy kBtu 

Fuel 
Units of 

consumption Consumption 
 × 

Conversion = kBtu 

Steam Pounds   1.06 

Steam MMBtu   1000 

Natural gas MCF   1030 

Natural gas CCF   103 

Natural gas CF   1.03 

Natural gas Dekatherm   1000 

Natural gas Therms   100 

Fuel oil #2 Gallons   139 

Fuel oil #6 or tars Gallons   154 

Fuel oil #4 Gallons   146 

Fuel oil #5L Gallons   148 

Fuel oil #5H Gallons   150 

Kerosene or fuel oil #1 Gallons   135 

Gasoline Gallons   124 

Biodiesel Gallons   126 

Propane Gallons   91 
 

Occasionally there may be a need to deal with the question of source energy vs. site energy, where source 
energy includes all energy used in the transmission and distribution of a fuel, and site energy includes 
only the energy used at the site. The factors in Table 2.2 are for site energy, which is usually used for 
energy audits. An ENERGY STAR program document discussing site and source energy is currently 
available at: https://portfoliomanager.energystar.gov/pdf/reference/Source%20Energy.pdf. 

EUI is an approach to energy benchmarking that normalizes energy use, typically by floor area, so that 
the energy use of the audited building can be compared with that of other buildings or a set norm. The 
comparative buildings may be those within the owner’s portfolio, or they may be similar buildings within, 
for example, a retrofit program, a state or climate region, or the country. 

2.8.1.2 Comparison with National EUI Percentiles from RECS 

It is useful to compare a building with Residential Energy Consumption Survey (RECS) EUIs for 
multifamily buildings to gauge how its EUI compares with national norms. There are 1,923 records for 
multifamily building dwelling units in buildings with five or more dwelling units (5+) in the 2009 RECS 
public use data collection 
(http://www.eia.gov/consumption/residential/data/2009/index.cfm?view=microdata) 

Table 2.3 provides national-level electricity EUI key percentiles for all 5+ buildings for reference. 
However, Tables 2.4 and following should be of more use, as they separate all-electric buildings from 
other buildings. The term “weighted” in the tables means RECS survey weights were applied to the 
calculations. 
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Table 2.3. Electricity EUI reference table for all multifamily 5+ buildings 

 Electricity EUI 
 

National-level percentile, 
weighted 

10th 25th 50th 75th 90th Average 

kWh/year per ft2 2.9 4.4 6.7 10.5 14.8 8.2 

 

All-electric buildings do not use natural gas, oil, or other fossil fuels. When all-electric multifamily 
buildings are removed from the data, there are 1179 remaining records in the 2009 RECS data. The fuel 
use and electricity EUI percentiles are shown in Table 2.4 for multifamily 5+ buildings that are not all-
electric. The fuel use is site-based, with no adjustments for energy used to deliver or convert the fuel. The 
heating-degree-day trend for use of energy other than electricity in these buildings is an increase in the 
fuel EUI of 10.6 kBtu/ft2 per 1000 heating-degree-days, with a national average base EUI of 11.9. The 
electricity EUI trend is an increase of 1.3 kWh/ft2 per 1000 cooling-degree-days, and a national base EUI 
of 4.9 kWh per ft2 (for zero-degree-days). All degree-days here are base 65°F. 

Table 2.4. EUI table for multifamily 5+ buildings using fossil fuels 

Non-electricity EUI, kBtu/year per ft2 
National-level percentiles, weighted 

10th 25th 50th 75th 90th Average 

11.5 20.9 45.4 74.2 107 58.3 

Electricity EUI, kWh/year per ft2 
National-level percentiles, weighted 

10th 25th 50th 75th 90th Average 

2.6 3.6 5.2 7.4 10.6 6.2 

 

Similarly, electricity EUIs for all-electric buildings are of interest (see Table 2.5). There are 744 records 
for all-electric multifamily 5+ building dwelling units in the 2009 RECS public use data. 

The electricity used in a building helps to heat the building, almost regardless of what the electricity use 
is. Similarly, electricity use adds to cooling loads for air-conditioned buildings. The national electricity 
EUI trends for all-electric multifamily 5+ buildings are an increase of 0.63 kWh/ft2 for each 1000 heating-
degree-days and an increase of 0.87 kWh/ft2 for each 1000 cooling-degree-days, with a national average 
base EUI of 7.4 kWh per ft2 (for zero-degree-days). 

Table 2.5. Electricity EUI table for all-electric multifamily 5+ buildings 

Electricity EUI, kWh/year per ft2 
National-level percentiles, weighted 

10th 25th 50th 75th 90th Average 

5.2 7.5 10.3 13.9 17.6 11.2 

 

Comparison of a building with the national percentiles allows the estimation of an approximate percentile 
for the following uses: 



 

2-16 

1. Communicating to the building owner and stakeholders the approximate energy performance of the 
building before the energy audit is performed, and possibly indicating an expected percentile target 
that might be achieved by implementing a typical energy retrofit package. Note that 100% minus the 
percentile value obtained from these tables is more indicative of energy efficiency performance. Thus 
for an all-electric building, if an EUI of 11.7 is determined and estimated to be at the 60th percentile, 
that value could be communicated in one of the following ways: 

 The building uses 14% more energy than a typical multifamily building in the United States 
(11.7/10.3 = 1.136, where 10.3 is the value for the 50th percentile in the table). More information 
on regional breakouts by the four main Census regions is provided in the following sections. 

 The building energy performance is about 10 percentage points less than a typical multifamily 
building in the United States (100 – 60th = 40th, which is 10 less than 50).  

2. Calculating energy savings expected if “typical” performance can be achieved (based on what energy 
use would be for an EUI at the 50th percentile), whenever the EUI is above the 50th percentile. 

3. Calculating energy savings that will result if the top 25% can be reached (or top 10%). 

4. Cautioning about potential savings if the building is already in the top 25% (EUI at or below the 25th 
percentile in the tables). 

5. Providing any of the above calculations for both electricity and fossil fuels, if fossil fuels are used. 

2.8.1.3 Comparison with Regional EUIs from RECS 

EUI breakouts by Census region for the 2009 RECS data are provided in this section for multifamily 5+ 
buildings from the 2009 RECS to indicate the level of variation by region. As with the percentiles 
presented in the previous section, all values presented are based on calculations using the survey weights 
from the 2009 RECS data. The data can be used to develop additional understanding of EUI comparisons 
with national data. 

All-electric buildings are treated separately (N = 744). The average total annual electricity use from the 
2009 RECS, in kWh/GFA per year, is shown in Table 2.6 for all four Census regions. It is interesting that 
all-electric buildings do not show much variation by region. Medians are close enough to the averages 
that only the averages are presented. Note that the national average, from the previous section, is 11.2. 

Table 2.6. All-electric regional EUIs, regional average 

Region kWh/ft2 per year 

Northeast 10.4 

Midwest 11.2 

South 12.3 

West 11.5 

 

For buildings that use fuel and electricity (N = 1179), Table 2.7 presents average and median annual 
fuel use as well as average and median annual electricity use for all four Census regions. The medians 
were different enough from the averages to present both. The median is the more appropriate value to use 
when talking about a “typical” building, since when averages are higher, that is an indication that some 
high users are pulling the average up from the typical. 
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Table 2.7. Fuel-specific regional EUIs 

Region 
Fuel EUI 

kBtu/ft2/year 
Electricity EUI 

kWh/ft2 per year 

Average Median Average Median 

Northeast 74.5 67.6 5.3 4.7 

Midwest 87.8 62.3 7.2 5.2 

South 34.5 29.2 8.2 7.3 

West 30.8 23.5 5.4 4.8 

 

2.8.1.4 Whole-Building Energy Benchmarking Tools 

Energy benchmarking tools calculate metrics to use in comparing the energy performance of buildings 
with a reference set of data. Some tools also produce some type of energy performance score for a 
building based on inputs of energy use and normalizing characteristics, such as weather data.  

Currently, some free tools are available to assist in the benchmarking process. There are many other tools 
that are not free. 

 The ENERGY STAR Portfolio Manager—The ENERGY STAR Portfolio Manager will track the 
energy use of multifamily buildings and provide comparisons with other buildings entered in the 
portfolio. It calculates EUIs, but it currently (2013) does not calculate an ENERGY STAR score for 
multifamily buildings (scores are calculated for only 20 of the 80 building types in Portfolio 
Manager). One must set up a (free) Portfolio Manager account to access the tool. 
(https://portfoliomanager.energystar.gov/pm/login.html). 

 HUD (Department of Housing and Urban Development)—HUD has online tools for energy and water 
benchmarking that provide EUIs and a performance score. These tools quantify the performance of a 
user-defined building relative to the family of HUD residential buildings. A score of 75 denotes 
performance at the top 25th percentile of HUD residential buildings. A score of 50 denotes 
performance at the 50th percentile (in the middle) of HUD residential buildings. These tools can be 
downloaded from the HUD web page (http://portal.hud.gov/hudportal/HUD?src=/program_offices/ 
public_indian_housing/programs/ph/phecc/ubenchtool). The energy tool shown in Fig. 2.4 covers 
multifamily buildings and can be found currently at 
http://portal.hud.gov/hudportal/documents/huddoc?id=DOC_26023.xls 

 Energy Performance Measurement Institute tool—A new energy benchmarking method based on 
the Residential Energy Consumption Survey (RECS 2005 public use data, 
http://www.eia.gov/consumption/residential/data/2005/) is now available for testing. This new tool 
was released for general testing by the Energy Performance Measurement Institute (EPMI) in 
September 2012 (http://epminst.us/mf_eps/MF_EPS.htm). This tool is directed solely at providing an 
energy performance score for multifamily buildings. This version of the tool is provided as an Excel 
file. The tool and accompanying documentation can be obtained from the EPMI website. A sample 
output is available in the documentation for this tool. In Fig. 2.5, the output scoring and EUI results 
are displayed for an example. 
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Fig. 2.4. Image of the online HUD residential energy use benchmarking tool. 
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Fig. 2.5. Sample results page for the EPMI energy performance scoring tool (the tool  
is not online, and results from two pages are combined in the figure). 

2.8.1.5 Weather Normalization 

Extensive research has indicated that outdoor temperature is the most important variable to use in 
modeling energy use in most buildings using data-derived (empirical) steady-state methods. [7]  “The 
simplest steady-state data-driven model is one developed by regressing monthly utility consumption data 
against average billing-period temperatures.” [7]  Other more complicated models are also possible. This 
type of modeling can be used as a part of utility bill disaggregation (discussed below) and is considered 
important for factoring out the effects of weather on energy use. Whole-building energy use can be 
significantly affected by weather conditions, so weather is a primary factor to evaluate in analyzing 
energy use. WAP and many other programs require the use of average weather for calculating energy 
savings in an energy audit, so some means of adjusting energy use to average weather is needed. In 
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developing the baseline energy model of a building for an energy audit (see Sect. 4), adjustments must be 
made for weather before the model is considered acceptably representative of the building for savings 
calculations. 

Most energy benchmarking tools that provide a score make an adjustment for weather, as indicated by the 
presence of degree days in the input parameters of tools. This adjustment may be based only on “typical” 
weather if the user is not able to provide actual degree day data for the time period of the utility or energy 
use data. Use of typical degree days would not be an adjustment to the actual weather, so care must be 
exercised in considering whether benchmark values or scores have been weather-normalized.  If the user 
provides, and/or the benchmark tool uses, the actual degree days for the time period (the same yearly 
period usually) of the energy use data, then the benchmark score represents weather normalization for 
outdoor temperature effects. 

2.8.2 Disaggregation of End Uses 

Once whole-building benchmarks and scores are obtained, a general understanding is gained of how 
energy-efficient a building is. That understanding can be refined and improved by analysis of energy use 
data, including utility bill data, to break energy use down into components (disaggregation). 

The International Energy Agency (IEA) developed the Source Book for Energy Auditors (Vol. 1 [8] and 2 
[9]) under Annex 11 of the buildings and community systems program in the mid-1980s. The source book 
covers many topics of use to energy auditors, including a presentation on energy bill analysis. Some of 
the information in the source book is dated, but the Annex 11 information remains useful to energy 
auditors in many ways. 

The source book presentation on utility bill analysis can be found in Chap. 3 (Vol. 1 [8]), “Disaggregation 
of Energy Consumption.” According to the presentation, “In the context of energy auditing, 
disaggregation is the process of dividing the building energy use, demand, or costs into components. …  
The primary purposes of disaggregation are” 

1. To estimate energy end use consumptions and identify promising areas of retrofit 
2. To develop a means of cross-checking energy calculations and models 

The level of detail of disaggregation can range from a simple to a rather complex breakdown. 
. . . The separation of energy into different fuels, and within fuels to a weather and a 
nonweather-sensitive (baseload) component, is a simple breakdown, achievable with a 
minimal effort and error (see Fig. 3.1).  

Figure 2.6 in this report reproduces Annex 11, Vol. 1, Fig. 3.1. 

The Source Book Chap. 3 [8] can be examined for additional extensive information related to utility bill 
analysis. This analysis is a form of energy estimating and modeling. The 2013 ASHRAE Handbook [7] 
has an entire chapter on this topic and can be consulted for highly detailed information and background 
on such methods (in the section “Data-Driven Methods”). 

The end uses of interest for multifamily buildings are typically heating, DHW, cooling, lighting, and 
other. For central (boiler) plants, additional breakouts can be useful. The IEA Source Book has a table of 
end uses to consider (Table 3.1 in that publication). 
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Fig. 2.6. Illustration of a simple energy breakdown by fuel type and weather dependency. Source: IEA Source 

Book for Energy Auditors [8] 

Energy end use estimates are usually converted to EUI values, kWh/year·ft2 for electricity and kBtu/year· 
ft2 for other fuels to facilitate understanding and comparisons. The EUI breakouts can be beneficial for 
setting energy audit survey priorities, as indicated by the IEA Source Book. Understanding how the 
building uses energy (understanding the disaggregated breakout) is valuable for cross-checking energy 
savings estimates and possibly, in some cases, as an input to savings calculations. 

Heating energy use might be normalized by both square footage and heating degree days (HDD), 
sometimes called heating index, Btu/year·ft2 per HDD (Btu = 1000 × kBtu). Similarly, for fuels tied to 
cooling, cooling degree days or cooling degree hours might be used as normalization factors. 

Care must be exercised in considering EUI values that are not adjusted to typical weather conditions or 
indexed to degree days or other outdoor temperature factors. Weather normalization of EUIs (see 
Sect. 2.7.1.5) is needed in cases of weather-dependent end uses to best compare EUI values with national 
norms. An extended description of conducting basic regression analysis of energy on degree days is 
provided at http://www.degreedays.net/regression-analysis (always use the degree-days/day approach). 
However, ASHRAE Guideline 14-2014 [10] provides more extensive requirements, and the ASHRAE 
inverse modeling toolkit [11] is available for those with more expertise. Other tools can also be used. A 
report from Texas A&M University has some of the most important information from Guideline 14 
related to modeling whole-building energy use. [12]  That report can be consulted for extensive 
information on modeling whole-building energy use, including weather effects. 

BPI Standard 2400 [13] presents criteria for regression modeling of utility bill energy data, including a 
recommendation on CV (RMSE), that should be consulted.  

2.8.2.1 Comparison to End-Use Breakouts from RECS 

The 2009 RECS data have estimates of end-use energy for major end uses. Based on the RECS public use 
data, Table 2.8 presents average end-use percentages for the major end uses of heating, cooling, and 
DHW in all-electric MF 5+ buildings for all four Census regions. The total for all three end uses is also 
presented; “other” electricity use is 100% minus that total. The medians were close enough to the means 
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that only averages are presented. These values can be used as an order of magnitude cross-check against 
preliminary energy use disaggregation developed at this stage of the energy audit process. 

Table 2.8. Average percent of electric use, all-electric buildings 

Region Heating Cooling DHW Total 

Northeast 37% 3% 25% 65% 

Midwest 37% 4% 22% 63% 

South 21% 16% 20% 57% 

West 22% 7% 24% 53% 

 

Similarly, for buildings that use both fuel and electricity, Table 2.9 presents major end use percentages. In 
these buildings, the electricity use other than for cooling is mostly what is in the “other” category in the 
data provided for all-electric buildings. Thus more insight is provided for other end uses. The percentages 
for fuel use are provided first, and the medians were close enough to the means that only averages are 
presented. The major end uses for non-electric fuel are heating and hot water, which account for an 
average of about 90% of fuel use in all four Census regions. 

Table 2.9. Average percentage of non-electric fuel 
energy 

Region Heating DHW Total 

Northeast 68% 22% 90% 

Midwest 66% 27% 93% 

South 49% 34% 83% 

West 32% 51% 83% 

 

Fossil fuel use other than for space heating or DHW is found in 55% of buildings that use fuel, 
accounting for 55% of dwelling units. In about 5% of these buildings, this “other” fuel use is about 100% 
of the fuel use for that building, and for 25% of buildings, the other use is over 10% of fuel use. This 
energy use might be for cooking, laundry dryers, swimming pools, emergency generators, cogeneration 
systems, or other systems. When fuel is for uses other than space heating or DHW, some care is needed in 
checking end use disaggregation estimates. 

Table 2.10 shows the electricity-end use breakout for buildings that use fuel and electricity. The medians 
were close enough to the means that only averages are presented. Plug loads dominate average electricity 
end uses (50–60%), as seen in the table. The balance of electricity use not accounted for in the table, 10–
17%, is mostly for space heating (some buildings that use fuel energy are electrically heated). This factor 
means that for typical buildings, the end uses should be slightly higher than in the table. 

Table 2.10. Average percentage of electricity use in buildings that also use fuel 

Region Plug loads and lighting Refrigerator Cooling Total 

Northeast 57% 25% 8% 90% 

Midwest 58% 23% 7% 88% 

South 48% 16% 19% 83% 

West 58% 22% 8% 88% 
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3. Site Visit 

The site visit is central to the energy audit process and must not be cut short as a result of poor budget 
management on the front end. The extent of the activity performed during the site visit will depend on the 
defined scope. General scope categories have been defined in the ASHRAE publication Procedures for 
Commercial Building Energy Audits. [1]   In that publication, the prerequisite for any energy audit is the 
preliminary energy-use analysis, discussed in Sect. 2 of this report. The ASHRAE audit scope categories 
are 
 Level 1—Walk-Through Analysis 
 Level 2—Energy Survey Analysis 
 Level 3—Detailed Analysis of Capital Intensive Modifications 

A walk-through assessment involves only a brief on-site survey to verify what was learned through the 
preliminary energy-use analysis, identify low-cost/no-cost measures, and develop a list of potential capital 
improvements that merit further consideration, along with an initial judgment of potential costs and 
savings (approximate estimates). Level 1 energy audits are preliminary in nature and sometimes 
performed to decide whether to proceed to a Level 2 or 3 effort. 

Level 2 is a more detailed building survey and energy analysis, a typical energy audit. A Level 2 energy 
audit will usually identify and provide the savings and cost analysis for all practical measures that meet 
the criteria and potential constraints for the building, along with a discussion of any recommended 
changes to operation and maintenance procedures. Potential capital-intensive measures that require more 
thorough engineering analysis, and possibly short-term data collection, may also be provided, although 
the savings and costs are preliminary estimates. The report for this level of energy audit is intended to be 
adequate for making a decision on whether to install most energy measures. Capital-intensive measures 
that require more analysis can be taken to the next level if the potential for savings appears attractive. 

Level 3 is an expansion of Level 2 efforts to develop a more rigorous analysis of potential energy savings 
and measure costs for higher-cost measures that typically involve more advanced energy simulation 
analyses and obtaining vendor pricing for measures. Sometimes data loggers are installed to collect 
additional data. An audit that develops a detailed scope of work is usually a Level 3 audit. 

There are not sharp boundaries between the levels, and the ASHRAE requirements for each level are 
stated to build on the previous lower level. In a particular building, various measures may receive 
different levels of analysis. 

The purpose of the site visit is to accomplish the following: 

 Verify and update the pre–site visit information already collected on the building and building 
equipment 

 Collect additional data on the building and the building equipment needed to run the intended energy 
models and perform the intended post–site visit analyses 

 Perform diagnostics to collect additional data and understand the performance of the building and the 
energy systems 

 Interview residents and facility managers to gain additional insight into building operation and 
problems 

Other purposes for the site visit, depending on the scope of the audit, include 
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 Consideration of building structural or system issues that may impact building or measure durability 
 Evaluation of potential health and safety issues that should or could be addressed 
 Determination of installation approaches for energy, health, and safety, and possible building 

durability measures to be recommended 

3.1 Data Collection Forms and Itemized Standards 

Procedures for Commercial Building Energy Audits [1] contains several sample forms and templates for 
data collection.  These can be downloaded at https://xp20.ashrae.org/PCBEA/PCBEA_Supplemental_ 
Files.html (Note: ASHRAE may discontinue making the forms available). The IEA Source Book for 
Energy Auditors, v 1 [2] also has sample forms to consider (Appendix E, Data Collection Sheets). Data 
collection is the primary activity of the site visit, and most auditors have some type of data collection 
system used for site visits. Although printed forms may not be used directly, they provide a record of data 
requirements. Data to be collected for specific systems and building components should consider and be 
informed by the guidance presented in Sect. 6–12 of this report. 

ASHRAE’s Procedures [1] and the IEA Source Book [2] also provide extensive information on how to 
conduct the overall energy audit. The ASHRAE book has some information on detailed testing and 
diagnostics, but that information is mostly aimed at commercial buildings. The Source Book is heavily 
invested in multifamily buildings since the primary contributors were from Europe (where multifamily 
housing is much more common than in the United States), and there is extensive information on 
diagnostic tests and inspections for energy audits. 

BPI also has published several itemized standards documents that cover 

 Multifamily energy audit requirements and methods [3] 
 Multifamily hydronic heating systems assessment requirements and methods [4] 
 Heating system safety and inspection requirements [5] 
 Health and safety requirements for residential energy audits and some inspection requirements [6] 

These standards cover a wide range of activities, and the items affecting the site visit, inspection, and 
testing indicate the complexity of the site visit activities. 

3.2 Verifying and Updating Data 

Data obtained before the site visit that should be verified on site include 

 Building and site layouts and important overall dimensions 
 Variations between floors  
 Building enclosure elements, dimensions, and properties 
 Space-type designations needed for energy modeling 
 External facilities, such as parking areas, that need to be understood 

Site plans and diagrams developed before the site visit should be verified and notes added as needed. 
Overall building dimensions should be checked from the ground and possibly from the roof. Pictures of 
the building and notes on external dimensions should be taken.  The total floor areas should be 
determined for space types found for the building and needed to establish the energy model.  Sitewide 
systems, such as irrigation systems, will need to be verified and possibly tested. 

In most cases, energy use data should be collected before the site visit, but sometimes the data need to be 
updated or verified on site. 
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3.3 Inspection, Testing, and Analysis 

Sections 6–12 of this report provide extensive information about what is to be considered for inspection 
and testing on site for building enclosure, energy-using systems, and individual energy measures. In 
addition to the material in Sect. 6–12, maintenance staff interviews are important overall, and variance 
criteria for sampling help guide the data collection process. 

Safety and health issues are not covered explicitly in this report, but issues of immediate concern should 
be communicated to the building owner or responsible representative as soon as they are found during the 
site visit. 

3.3.1 Maintenance Staff Interviews and Their Importance 

A staff interview should be conducted with the person(s) most knowledgeable of day-to-day and historical 
operation of the building, such as the maintenance supervisor, on-site building operator, and/or property 
manager. The interviewer should be respectful of the building staff. Often these persons have the most 
knowledge of the existing building, and establishing them as important allies and references can be 
important to identifying many of the opportunities for improvement, as well as ensuring the most 
appropriate long-term solutions are used. It is helpful to explain to on-site staff that the job of the energy 
auditor is to work with them to make the building more comfortable and efficient, to reduce complaints 
from residents, and to help them increase their understanding of future building operation. Also, the 
energy auditor is not there as a building or code inspector or to judge the quality of any one person’s 
workmanship.  

The interview questions should be used to gain an understanding of how well staff understand the 
building and systems (e.g., How long have you worked here? How long in building operations work? 
Education/certifications achieved? Tell me how that piece of equipment works?) 

The interview should also be used to understand maintenance and operation methods, operational issues, 
maintenance history, and any tenant or maintenance complaints. If outside maintenance contractors are 
used at the building, the auditor should ask permission to contact them for additional information 
regarding ongoing operating issues or improvement recommendations. Ultimately, if an outside company 
will be responsible for changing how it maintains equipment (new or existing), it is important to ensure 
its staff are involved in the process to ensure ongoing results from implemented measures.  

It is highly recommended that a knowledgeable on-site staff person be available throughout the site visit 
to answer specific questions as individual building components are encountered. The interview process 
can actually occur mostly through interactions while walking through the building and equipment areas. 
A knowledgeable operator can be a major contributor to the audit process; but sometimes people take a 
while to begin talking openly, and often visual cues from the surroundings help bring back important 
recollections of system facts and history. 

The interview should aim at verifying potential facts or data that corroborate what has been learned from 
the pre–site visit efforts and obtaining any information missing from previously collected building data. 

When asked to do so, the auditor must maintain the confidentiality of personal information obtained 
during site visits and interviews. In working with building owners, occupants, and staff, the auditor 
should make a reasonable effort to understand the cultural context of the people and situations involved, 
and to be respectful of unique conditions that may affect the auditor’s ability to adequately obtain 
accurate and complete data, especially during the interview process. 
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3.3.2 Sampling Analysis 

Section 2.5 of this report covers the need for a sampling plan and requirements, if the entire building and 
every space will not be inspected and tested. Collecting data on every piece of equipment, every space, or 
each dwelling unit can require too much time for most energy audit efforts.  The tradeoff is value of 
information gained  vs resources spent to develop final savings estimates and scope of work needed.  So 
sampling is used to provide a reasonable level of information needed to scope the savings and work 
requirements without excessive cost.  During actual installation of measures, sampling is no longer an 
issue, as each part of the installation must be tested and/or verified to meet work verification 
requirements. 

Before the site visit, the expected sampling requirements affecting inspections and testing should be 
known. For dwelling units, if sampling is used, each dwelling unit included in the original sample should 
receive the same set of tests and inspections. The auditor should judge carefully whether acceptable data 
have been obtained for any test or set of tests and any energy-using devices. 

Once a full sample set of data on any specific test or item is complete, if excessive variation is found, the 
sample for the test or inspection may have to be increased. Excessive variation can be determined 
according to the coefficient of variation (CV) of the sample data): 

CV = corrected sample standard deviation / sample average 

CV is a variation criterion where 

 CV = 5% or less is good 
 CV = 10% or more is slightly excessive 
 CV = 15% or more is excessive 

An equation can be set up to calculate CV for a set of data, but some examples of data and the CV of the 
data will be given here instead, since during a site visit, the “variation” of the data will be considered 
qualitatively but not typically be calculated over and over during the site efforts.  Table 3.1 provides four 
sets of data, each with five data values representative of data that could be collected during a site visit.  
Set 1 could be representative of furnace efficiencies, set 2 of hot water temperatures, set 3 of indoor 
temperatures of some type, and set 4 of some type of flow measurements.  In this table, the average of the 
five data values, the corrected sample standard deviation, and the CV for the data are given below the five 
values. 

Table  3.1  CV for example data sets 

Set 1 Set 2 Set 3 Set 4 

Value 1 62 135 61 1850 

Value 2 68 111 85 1220 

Value 3 71 128 88 1630 

Value 4 58 115 63 2100 

Value 5 64 109 72 1310 

Average 64.6 119.6 73.8 1622 

SDcorrected 5.08 11.35 12.36 367 

CV 7.9% 9.5% 16.7% 22.6% 
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For sets 1 and 2, the CV is less than 10%, and the average could be considered a reasonable starting point 
for the energy modeler to use in establishing a baseline model of the building.  CV increases as the data 
values move further from the average.  Set 3 should be considered to have excessive variability, and more 
measurements are needed to obtain a more reliable average, but indoor temperatures may have to be 
characterized more carefully than other values that are sampled (see Sect. 10.4.7).  Set 4 is highly 
variable, with values far from the average and an excessive CV, so more measurements are needed to 
characterize the average. 

For a building in which sampling is used, if a set of data appears to have a CV of 10%, consideration must 
be given to additional sampling. If the CV was considered to be 15% or higher, additional sampling 
should be considered mandatory. Consideration must also be given to how the data will be used and who 
will use them.   If a set of data appears to be too variable, the energy modeler could be consulted to see if 
additional testing should be performed. For hot water temperatures measured at dwelling unit faucets, a 
highly variable set of data would strongly indicate more measurements are prudent, since the 
measurements are easy to do.  

In addition to CV, the presence of outliers should be evaluated. If the CV appears large because of one 
data point out of 5, that data point could be substituted with one additional random measurement from 
another system or unit to evaluate the apparent change in variability. Consultations with the energy 
modeler or other specialists should always be considered if data acceptability is uncertain. 

Sampling requirements also indicate how many resident interviews should be conducted, if they are 
allowed by the owner; but it is difficult to use results from resident interviews to determine a CV, and 
interview results typically must remain more anecdotal. 

3.4 Resident Interviews 

Visiting dwelling units should be done in strict adherence to the building’s policies. Ensure enough 
advance notice is given to building management before access to any dwelling units is needed. It is highly 
recommended that a building staff person accompany the auditor during all visits to dwelling units to 
ensure auditor safety, ensure the safety of others, and protect against any liability issues.  

Auditors must always keep in mind that they are entering private homes. A site visit should be respectful 
of the home, the occupants, and the apartment’s contents. Auditors should wear booties when appropriate 
and ask permission before opening any door. The auditor should not make comments regarding the 
condition of an occupant’s home, either positive or negative; should avoid taking pictures of occupants or 
personal items that are not critical to the assessment process; and should thank the residents upon leaving 
the unit. As with the building staff, asking key questions of the residents can be a valuable tool in 
assessing any issues with the building. Recommended interview topics include 

 How long the resident has lived in the building 

 Whether the residents have purchased or replaced any lighting, refrigerators, air conditioners, space 
heaters, or laundry equipment in the apartment 

 Any issues with heating, cooling, and hot water, including temperatures that are too hot or too cold, or 
noises in the system 

 Any issues with lighting or electrical equipment 

 Operational issues with windows or intrusion of exterior water or drafts 

 Issues with ventilation system, including stale air, odor migration from adjacent apartments, or mold 
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The details of the site visit should be coordinated with the key building representatives. A reasonable 
effort should be made to schedule site visits at a date and time convenient for all parties. Suitable advance 
notice should be given to the building representatives before scheduling any site visits so that any tenant 
notifications and scheduling can be adequately accommodated. Building representatives should be told in 
advance of building areas that will need to be accessed during the site visit, such as crawl spaces, attics, 
rooftops, community rooms, mechanical rooms, or dwelling units, so that they can provide access to those 
spaces and inform the necessary parties. Tenant engagement is covered briefly in Sect. 6.2 of this report. 

The auditor must maintain confidentiality of personal information obtained during site visits and 
interviews as requested. When working with building owners, occupants, and staff, auditors should make 
a reasonable effort to understand the cultural context of the people and situations involved and to be 
respectful of any conditions that may affect the auditor’s ability to adequately obtain accurate and 
complete data, especially during the interview process. 

3.5 Tools and Functional Roles 

3.5.1 Tools 

Tools used for energy audits are continually evolving and improving. Access to the latest tools by all 
teams is usually not possible, but over time the penetration of important tools increases. An example is 
blower doors, which have become more commonly used over a period of years. Blower door technology 
also keeps evolving, and multi-point, multi-dwelling blower door systems can be important for work in 
multifamily buildings. 

The list of potential tools an energy auditor might use is extensive, and specific jobs may require smaller 
or larger tool sets. Some tools relate primarily to health and safety. The most basic energy auditor 
measurement tools are eyes, ears, and nose. Other basic tools that may be important are safety glasses, 
dust masks, hard hats, flashlights, screwdrivers, probes, inspection mirrors, digital cameras, computerized 
data collection and analysis devices, ladders, length measurement devices, and pens-papers-clipboards. 
Some auditors may use kneepads. Other basic tools, like electric drills or small saws, may be needed. 
Items such as tape and plastic sheeting and miniature data logging devices also may be useful. 

Useful diagnostic and measurement tools include smoke pens, light meters, electric meters, digital 
thermometers (possibly relative humidity meters), moisture meters, flow measurement devices, and spare 
batteries. More complex equipment that may be needed includes blower door setups (including supporting 
equipment), infrared thermometers, borescopes, CO sensors or monitors, combustion analyzers, gas leak 
detectors, more complex flow measurement and pressure differential equipment, infrared cameras or 
imagers, sound meters, and water test kits. More advanced equipment might occasionally be needed, but 
the items listed are the basics. For some of these items, e.g., flow measurement and pressure differential 
equipment, a range of equipment types is available. 

3.5.2 Functional Roles 

The site visit must provide or corroborate the data and information needed to analyze existing building 
energy use, identify energy or water measures to recommend for installation, identify health or safety 
concerns that may need to be corrected, analyze potential cost changes from recommendations, and 
develop work scope and cost estimates. 

The range of functional roles for an energy auditor team is wide and includes the following: 

 interviewing 
 potential tenant engagement 
 sample selection methods 
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 basic building systems expertise on building enclosure, lighting, plug loads, local heating and cooling 
systems, duct systems, water heating, infiltration, exhaust/ventilation equipment, IAQ, and 
combustion appliance testing 

More advanced expertise is needed at times to handle 

 steam or hot water boiler systems 
 central DHW systems 
 steam or water distribution systems and terminal devices 
 complex control systems 
 advanced building enclosure diagnostics 
 central ventilation system diagnostics 
 water loop heat pump systems 
 pumping systems 
 chiller systems 
 cogeneration systems 
 solar power systems 

The energy audit must be managed to provide the range of capabilities needed in the functional roles 
required for a specific audit, and then the energy audit team must deliver the information needed to 
complete the final analyses (Sect. 4). If specialized expertise is likely to be needed, adequate lead time 
should be allowed to obtain access to that expertise. 
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4. Post–Site Visit Modeling and Data Analysis 

The ASHRAE Handbook, Fundamentals chapter on “Energy Estimating and Modeling Methods” is an 
important starting point [1] for understanding many factors about energy modeling and estimating 
methods. (Health and safety analyses are NOT covered here.) 

This section contains three highlighted passages expressing important ideas that differ from typical 
assumptions and methods regarding energy modeling and estimating. They refer to simulation tools, the 
preliminary energy-use analysis, and calibration of simulations. 

Calculation methods for building energy conservation measures (ECMs) are estimating or 
simulation tools. 

The range of these tools includes 

 Simple methods (degree days, variable base degree days, average temperature, rules-based) 

 More complex basic methods (typical day methods, bin methods, rules-based) 

 Detailed simulation methods (complex building simulation tools, thermal networks, Fourier series, 
response/weighting factors, heat balance, computational fluid dynamics) 

 Data-driven modeling (graphical estimation, combined graphical and simple methods, linear 
regression, multiple linear regression, neural networks, fuzzy logic) 

Data-driven modeling is usually more applicable to analysis of existing buildings, whereas the other 
methods, especially detailed simulation, are also used for designing new buildings. For existing building 
energy analysis, the most common applications of these methods include 

 Establishing baseline (base case) models for energy auditing, retrocommissioning, or performance 
contracting projects 

 Determining energy savings for ECMs 
 Calculating protocol-based energy savings for performance contracting projects 
 Verifying or calculating performance for building energy labeling or certification 
 Diagnosing operational faults of energy systems (including air handling units, chillers, boilers) 

For energy audits, the two key concerns are establishing the baseline model(s) and calculating energy 
savings for ECMs. Baseline models are based on existing energy use and factors, like weather and 
equipment efficiencies, affecting the energy use. ECM savings are then calculated based on existing 
energy use and associated factors, or relative to baseline use, depending on the methods or tools used. 

4.1 The IPMVP and Determination of Energy Savings 

The International Performance Measurement and Verification Protocol, Vol. 1 (IPMVP) [2], Chap. 4 on 
issues related to determining energy savings, should be consulted for extensive information on calculating 
ECM savings. According to this publication, “Energy, water or demand savings cannot be directly 
measured, since savings represent the absence of energy/water use or demand.”  Thus savings for energy 
audits are determined by comparing baseline energy use and calculated post-retrofit energy use. 

The process for analyzing a building and potential ECM savings depends on the tool used.  Detailed 
simulation tools and whole-building modeling require extensive information about the building.  For 
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specific systems requiring focused calculation or rules-based methods, like some boiler ECMs, focused 
system data are needed. The general savings determination procedure is as follows: 

 Collect available relevant information needed to characterize the building or system  
— as much as possible through pre-site-visit activity 
— verifying data and information during the site visit 
— collecting additional site visit data as needed for savings calculations 

 Calibrate the “simulation tool” to the base-case (as-is) building or system energy use, making 
adjustments for weather as needed 

 Calculate energy use after the ECM is installed (post-retrofit) 
 Calculate energy savings as base-case energy less post-retrofit energy 

For savings calculations that must focus on individual systems, savings calculations draw upon IPMVP 
methods [2] called retrofit isolation (options A and B). Although energy audit calculations do not 
necessarily require as much rigor as does an energy performance contract (EPC), it is important to 
understand the approaches and options described in the IPMVP when choosing ECM savings calculation 
methods. 

Option D of the IPMVP is calibrated simulation, which is often used for ECM savings calculations for 
energy audits, especially when weather dependence and ECM interactions must be considered.  An 
important difference between an EPC and an energy audit is that the EPC focuses on tracking energy use 
after the retrofits are installed (the reporting period), whereas an energy audit calculates expected energy 
use after retrofits are installed. Thus the energy audit savings are baseline model savings minus calculated 
energy use if the ECM is installed, whereas the EPC option D savings are baseline model energy use 
(with allowable adjustments) minus reported energy use after retrofit. 

The applicable information on option D for energy audits is similar to the case for new building design 
calculations. Although Volume 3 of the IPMVP is related to new construction, the EPC framework it 
contains is not well suited to energy audits. 

4.2 Level of Energy Audit 

As discussed in Sect. 3 of this report, the level of energy audit affects the scope of the analysis. The 
ASHRAE audit scope categories are 

 Level 1—Walk-Through Analysis 
 Level 2—Energy Survey Analysis 
 Level 3—Detailed Analysis of Capital Intensive Modifications 

The analysis for a Level 1 audit is limited. Savings and ECM costs are estimated approximately.  Level 2 
is the most common form of energy audit, and ECM savings and costs are calculated more rigorously. A 
Level 3 analysis is an extension of a Level 2 audit in which a detailed scope of work is developed, 
including verification of expected equipment or installation costs and an extended analysis of savings for 
more capital-intensive ECMs. 

The scope of the analysis and extent of the simulation tools used depend on the level of audit scope. This 
report is primarily aimed at the energy savings analysis activities in a Level 2 or Level 3 audit, but all 
audit scope levels can benefit from the information it provides. 
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4.3 Whole-Building Detailed Simulation Base-Case Model 

Whole-building base case model calibration is particularly important when ECS interactions and weather 
dependence of savings are to be evaluated, since the base-case building is modeled to reasonably match 
existing energy use and most major ECMs can be simulated as being in effect simultaneously. 

Calibration of the whole-building model is a special case requiring several steps and having many levels 
of complexity, some optional. Section 2.7 of this report covers preliminary energy analysis—analyzing 
energy use before the site visit to compare energy use with known benchmarks or obtain energy 
benchmarking scores using scoring tools.  In addition, a preliminary breakout (disaggregation) of energy 
use by fuel type, weather-dependent and non-weather-dependent use, and end uses is recommended for 
the preliminary energy analysis.  

Results and issues from the preliminary energy analysis must be confirmed or better understood 
through a base-case calibration analysis.  The preliminary analysis results should inform and 

expand into the base-case calibrated model developed for calculating ECM savings. 

 

A whole-building calibration can be to each of the disaggregation items or to combinations of these items. 
Users may have their own rules of thumb for an amount of deviation acceptable to qualify as a “good” 
calibration, or specific rules on factors for model predictions can be used, such as mean bias error (MBE) 
and CV of the root-mean-square-error CV(RMSE). Detailed requirements for acceptance of energy use 
models in a building, including recommendations on MBE and CV(RMSE), can be found in ASHRAE 
Guideline 14-2014 [3]; or the guidance in BPI Standard 2400 (2012) [4] can be consulted to consider 
model calibration acceptance criteria. 

There is NO standard or even best method for calibrating a building, but there are standards for 
acceptance criteria in comparing simulated energy use with measured energy use. 

 

A base-case “model” of energy use should be developed. The model may range from simple to complex 
and may cover whole-building energy use or a subset, such as space heating energy or lighting energy 
use.   Energy programs that require interactive effects of ECMs be included in energy savings calculations 
usually require use of a more complex model that can handle interactive effects using simulation tools 
like EA-QUIP, eQUEST, or TREAT.  These more complex tools can handle a wide range of ECMs, 
although their ability to handle interactive effects varies.  

Some systems, e.g., pumping systems, typically must be modeled using basic engineering equations and 
possibly one-time diagnostic measurements from the site visit.  Similarly, many boiler ECMs must be 
handled using engineering calculation methods and on-site measurements.  Thus multiple simulation tools 
may be needed at times. If energy upgrade programs require use of a complex building simulation tool to 
calculate all ECM savings, then in cases where the simulation tool cannot readily provide reliable savings 
estimates, the savings results determined from a focused engineering or rules-based tool must be 
developed and the complex simulation tool must be fed the correct inputs to obtain these savings values.   
This process of using predetermined input values to achieve a known answer is called a “workaround.” 

For an all-electric building, only electricity use must be checked. For buildings that also use fuels other 
than electricity, both the electricity use and non-electricity use must be compared against calculated 
energy use. If savings calculations are to be based on “typical” weather, then calculated fuel use is 
adjusted to be for typical weather. Actual (measured) fuel use would also need to be adjusted, or 
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normalized, from actual weather conditions that occurred during the metering period to typical weather 
conditions, to compare weather-normalized energy use for both cases (Sect. 2.7 also discusses weather 
normalization). 

(For some types of economic analysis, the cost of energy may need to be the parameter that is calibrated if 
model acceptance is based on how well the modeled total energy cost matches actual cost, but that is not 
the focus in this discussion.) 

BPI-2400 [4] presents “two options for achieving a pre-retrofit calibrated model: detailed or simplified 
calibration.  The detailed option relies on having monthly utility bill history for each fuel using detailed 
calibration, while the simplified option requires only the annual consumption for each fuel.”  BPI-2400 
also indicates that “detailed and simplified calibration may be mixed” under some circumstances. The 
simplified method nonetheless includes a complex equation that adjusts according to the ratio of actual 
degree days to “typical” degree days. 

A calibrated baseline model in a whole-building detailed simulation tool must be adjusted until the 
acceptance criteria are considered to be met. 

For water use reduction measures, the water use baseline is usually very simple, based on water use 
indices, and savings are usually calculated directly without adjustments. Energy for DHW must be 
modeled, but the water use itself is typically handled with simple calculations. 

4.4 Understanding ECM Analysis Tools 

Energy analysis tools use algorithmic models for heating, cooling and DHW load calculations, and energy 
and fuel use calculations to meet these loads.  These models are based on simplified analysis methods, 
more complex energy simulation, or a combination of both.  For analysis of certain building and system 
components and associated measures, tools may use research-based rules in conjunction with these 
models.  Complex simulation methods perform calculations on an hourly or sub-hourly basis, whereas 
simplified methods perform calculations using less discrete time steps, such as an average day of the 12 
months.  

Basic engineering methods may also be necessary to reasonably estimate ECM savings for some types of 
ECMs.  Some complex building energy simulation tools have only a limited ability to model DHW use, 
so special models are often needed for improved handling of DHW energy use and ECM savings 
calculations, which then must be integrated into the overall analysis.  Pumping systems typically have 
essentially no interaction with building envelope ECMs, and pump ECMs cannot be modeled directly 
with typical complex building energy simulation tools, so pump ECM savings must typically be 
determined with basic engineering calculations.  The pump ECM savings determined with basic methods 
can then be calculated using the complex simulation tool by adjusting the inputs dictating pump energy 
use.  However, the answer must be known first in order to determine the correct inputs to use in the 
complex tool to obtain the correct results. 

The ECM table in the Preface has columns that indicate whether ECM savings can be calculated directly 
using a complex simulation tool or must have other methods. 

NEAT uses a variable base degree day method for heating and cooling load calculations and rules-based 
methods for savings from certain measures. EA-QUIP uses degree day methods for space load 
calculations and simplified methods for energy use and fuel use estimates.  TREAT is based on complex 
simulation methods.  eQUEST, DOE-2, and EnergyPlus are complex simulation tools that provide 
extensive calculation of energy use in a building.  
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Energy audit tools are more complicated than simulation tools in that extensive treatment of both 
potential energy measures and savings calculations is required, in addition to basic energy simulations. 

Many of the factors that must be considered in evaluating existing energy-using devices and systems, and 
potential ECMs, are presented in Sects. 6–12 of this report. 

4.5 Understanding Complex Simulation Programs and Calibration 

Complex simulation programs may require hundreds of model inputs, many of which rely on software 
default assumptions and field data collection procedures.  Accuracy of model calculations is not 
guaranteed, because of the potential uncertainty regarding reasonably accurate model input.  Energy 
modelers must have calibration procedures for pre-retrofit base-case building models to reconcile 
software predictions and measured energy uses in order to meet required model acceptance criteria. 

Hundreds of research papers and reports are available that discuss model calibration methods. 
Documented methods range in complexity from manual calibration based on user judgment to automated 
calibration based on analytical, numerical, and statistical methods. The simpler calibration methods are 
used for most multifamily building energy audits, but meeting acceptance criteria, such as those in BPI 
Standard 2400 [4], provides a measure of how acceptable the calibration is. 

Model inputs are based on data collected during the site visit and the results of the preliminary energy 
analysis. Building enclosure components must be described in a fair amount of detail, whereas modeling 
energy-using equipment usually requires only a few key parameters like efficiency values. To match 
existing energy use acceptably, the following are important values to calculate accurately: 

 total areas and thermal/solar properties for building enclosure components 
 use of shading devices 
 space types of floor areas 
 occupancy levels and schedules 
 infiltration, ventilation, and exhaust airflows 
 DHW use and temperatures 
 lighting and plug load power densities and most representative schedules by space type 
 indoor temperatures by space type 
 heating and cooling system efficiencies and control methods by space type 
 flows, pressure drops, fan and pump efficiencies, and motor efficiencies for fluid-moving systems 

It is assumed that the site visit can provide accurate occupancy data, areas and properties of enclosure 
components, and space types of floor areas, and that methods for determining hot water use and 
temperatures are adequate. The following subsections discuss technical information regarding the other 
listed values to be considered in calibrating baseline energy models. 

4.5.1 Use of Shading Devices 

It is challenging to model the effects of shading devices (e.g., blinds, drapes, or blankets over curtain 
rods), and little research is available on doing so.  Developing real-world schedules is almost impossible, 
so simple schedules must be used.  What is most important is to obtain good estimates of likely ranges of 
the extent to which windows or glass are shaded using these devices in the building.  For model 
calibration, the simplest way to test how different levels of shading affect energy use results is to use 
constant year-round values, possibly for the whole building and possibly by façade direction.  The effects 
of shading usually will not have major impacts; but in some cases, more accurate representation of 
shading devices can be enough to finalize a model. 
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4.5.2 Power Densities and Schedules 

In addition to occupancy schedules, some type of use schedule for appliances, lighting, and other 
equipment may be needed to model building energy use. Power density can be calculated by adding the 
wattages of all the lighting or all the appliances/equipment and dividing by the total floor area. For 
example, if lamps totaling 180 W were found in a 360 ft2 room, the lighting power density would be 
180/360 = 0.5 W/ft2. Expected ranges for typical multifamily building spaces are shown in Table 4.1. 
Expected power densities can be used in checking installed wattages on site. A major issue for 
calculations is how to handle malfunctioning or nonfunctioning fixtures. A decision may have to be made 
to present a base case “as is” and a base case if all fixtures/lamps were working. Assuming that all 
fixtures will be working in the future is usually not a good idea. 

Table 4.1. Typical power density range (W/ft2) 

Space type Lighting Appliances/equipment 

Apartment 0.3–0.9 0.6–1.2 

Halls 0.4–0.8 0 

Office 0.7–1.3 0.7–3.0 

Activity room 0.8–1.3 0–1.0 

Laundry 0.6–1.1 3.0–15.0 

Garage 0.1–0.2 0 

 

Schedules for lighting and equipment are needed to apply to power densities to calculate energy use. Such 
schedules are typically used as a fraction of total installed power, so the sum of the fractions for each hour 
in a year can be multiplied by the power density to obtain energy use for the year. If the schedule 
fractions for each hour in a year are added to arrive at a sum of 1500, and the power density is 0.5 W/ft2, 
the resulting energy use per square foot would be 750 W·h per year per ft2, or 0.75 kWh/ft2 per year. 
Multiplying by the total floor area used to calculate the original power density would then provide total 
energy use per year. For 360 ft2, the annual energy use would be 0.75 × 360 = 270 kWh/year. 

In a research study of energy retrofits implemented in a senior adult high-rise building in Chelsea, MA, in 
the 1990s, an energy simulation model was developed; it used schedule and power density results for 
apartment buildings from a Pacific Gas & Electric 1987 detailed load study that included lighting and 
appliances (termed “equipment” in Fig. 4.1). The simulation input schedules in Fig. 4.1 were extracted 
from that report. [5]  Without on-site monitoring to determine exact lighting and equipment schedules to 
be used to model energy in a building, auditors must rely on default schedules available with energy audit 
tools; otherwise, they will need some sort of reference to use in calculating annual energy use for lighting, 
appliances, and possibly other equipment. 



 

4-7 

 

Fig. 4.1. Input schedules from an energy simulation model. 

Lighting and plug load power are important components of electric energy use; therefore, matching the 
electricity use of the building will require careful attention to those quantities, including testing the effects 
of changes (it is usually easiest to test changes on power density values, as schedules can be complicated 
[see Sect. 6.5]). 

4.5.2.1 Other Space Types 

If other space types comprise a significant portion of the building, and if there is a good reason to model 
energy use in those space types, users may need to consider using eQUEST or the BCHP Screening Tool 
(see Sect. 12). For example, the User Manual for the BCHP tool is fairly extensive; and in addition to two 
user-defined space types, for which the user can define internal load values, it provides 20 pre-defined 
space types with internal load defaults (Table 4.2) that are useful as a reference. 

Table 4.2. BCHP tool pre-defined space types and internal load defaults 

Space type (use) 
Area/person 
(ft2/ person) 

Lighting 
(W/ft2) 

Plug load 
(W/ft2) 

Hot water load 
(Btuh/person) 

Person heat 
gain 

(Btuh/person) 

Sensible person 
heat 

(Btuh/person) 

Auditorium 50 1.3 0.5 100 350 225 

Class 75 2 0.6 215 400 245 

Clinic 300 2 1.2 300 500 250 

Conference 50 1.75 0.1 300 400 245 

Dining 50 2.2 0.1 300 550 275 

Enclosed office 250 1.75 0.75 300 450 250 

Guest 100 1.5 0.6 2000 400 245 

Gym 140 1.9 0.1 300 1800 710 

Patient 100 1.2 1 300 450 250 

Rink 40 1.4 0.1 300 850 305 

Kitchen 200 2.2 4 400 750 275 

Hall 200 1.8 0.25 100 500 250 

Open office 200 1.6 0.75 300 450 250 
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Table 4.2. BCHP tool with pre-defined space types and internal load defaults (continued) 

Space type (use) 
Area/person 
(ft2/ person) 

Lighting 
(W/ft2) 

Plug load 
(W/ft2) 

Hot water load 
(Btuh/person) 

Person heat 
gain 

(Btuh/person) 

Sensible person 
heat 

(Btuh/person) 

Refrigerated dock 200 1.1 0.1 225 1600 635 

Refrigerated 
storage 

10000 1.1 0.1 225 1000 375 

Restroom 100 1 0.25 300 500 250 

Retail 300 2.5 0.25 135 450 250 

Storage 2000 1.3 0.1 225 500 250 

Food sales 100 2.5 0.5 135 450 250 

Surgery 100 7.5 2.5 1000 750 275 

 

4.5.3 Infiltration, Ventilation, and Exhaust Flows 

Infiltration, ventilation, and exhaust are covered in detail in Sects. 7 and 8 of this report.  Airflows 
through a building and through the individual space types in the building are a combination of infiltration 
and ventilation and exhaust system–induced flows. The simulation model will estimate the resulting 
combined effects of these flows on heating and/or cooling loads and energy use for each space type 
modeled.  The resulting effects on energy use are important, so a good representation of these effects in 
the model is important to achieving an acceptable calibration. 

The site visit results must characterize the likely magnitudes and potential variation of these flows as well 
as possible, and adjusting model inputs on these parameters is typically a major part of the model 
calibration process.  Fortunately, the impacts of these flows on energy use have a distinct signature that 
varies with temperature and wind speed, and thus by month, in a way that does not allow inappropriate 
adjustments to easily calibrate a model. Multifamily buildings with high levels of such airflows will have 
more “spiky” profiles of monthly energy use over a year, and making the spike relatively higher or lower 
does not necessarily improve model acceptance criteria. Matching the magnitude of the spike to the actual 
data is the task. Matching the model calculated flows as closely as possible to the actual flow effects is an 
important part of the calibration process. 

4.5.4 Heating and Cooling Efficiencies and Controls 

Determination of heating efficiencies is covered in Sect. 10.3.3 for local heating systems such as furnaces 
or heat pumps and in Sect. 9.2.1 for central heating plants. Section 10.3.4 covers cooling efficiencies for 
local cooling systems and Sect. 9.2.3 covers central chiller plants. 

The energy modeler and the site visit staff should have predetermined methods of ensuring the most 
useful efficiency information is obtained during the site visit for use in energy modeling. Multiple 
methods are appropriate for obtaining the data. Field data gathering and test methods, possibly combined 
with sampling methods based on the sampling plan (see Sect. 2.5) and sample uncertainty calculated in 
the field (see Sect. 3.3.2), must all be coordinated. 

Adjustment of efficiency values can be very important in calibrating a baseline model.  Fortunately, the 
effects of changes in efficiency values are different from the effects of airflow changes in a building. 
Changes in efficiencies cause the profile of monthly energy use to move up or down more uniformly, 
depending on whether the efficiency decreases or increases (inversely).  Unfortunately, changes in indoor 
temperature can also have impacts similar to those of changing efficiencies in some cases. 
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Achieving the best representation of heating and cooling system efficiencies is very important to 
calibrating a model. 

4.5.5 Indoor Temperatures 

In a building without major system control problems or major system defects, indoor temperatures have 
possibly the largest influence of any of the thousands of factors in a multifamily building affecting energy 
use. Careful examination of indoor temperatures during the site visit is very important (see Sect. 10.4.7 
for guidance on indoor temperature data), but temperatures cannot be collected for a whole year in most 
cases, and temperatures will vary from dwelling to dwelling. 

The energy auditor has a major challenge in trying to evaluate all the factors that could impact the 
effective indoor temperature with which a building should be modeled.  Unfortunately, most building 
energy simulation and energy audit tools use remarkably simplistic indoor temperature modeling 
methods.  Each indoor space, and all its internal mass, typically is modeled as being at one uniform 
temperature.  Heat transfer calculations through the building enclosure are based on that one temperature 
inside each enclosure element.  Potential temperature gradients in a space caused by thermal anomalies of 
the building enclosure, furniture, fixtures, or other items are ignored.  So choosing an appropriate 
temperature is challenging. 

Indoor temperature is a critical item to consider in model calibration, and it may be lower in the heating 
season than is expected from observed data.  Depending on the type of cooling system used, significant 
temperature variations may exist in a space while the cooling system is in use.  The most appropriate 
value to use may be significantly different from the observed value, depending on the extent of the 
temperature observations obtained. 

Indoor temperature is a major item to test for effects on energy use in model calibration. 

4.5.6 Fluid-Moving Systems 

Larger fluid-moving systems in multifamily buildings are usually pump systems (see Sect. 9). They may 
include large fan systems, which are covered in Sect. 8. Complex building energy simulation tools can 
model these systems acceptably, but some engineering calculations of expected energy use are 
recommended to verify model outputs to ensure the modeling is acceptable. 

4.5.7 Final Calibration 

A good energy model is one that will achieve the most accurate estimates of energy savings.  Meeting 
model calibration acceptance criteria is not necessarily an indication of how well a model will estimate 
savings, so making the model best represent building and energy systems is important as a foundation for 
calculating savings.  A good base model will have DHW use, areas and properties of building enclosure 
components, and floor areas well determined.  Finalizing the model through improved representations of 
the heating and cooling systems, possibly the DHW system(s), airflows through the building, indoor 
temperatures, lighting and plug loads, and impacts of shading devices, is the path to model acceptance 
and good performance in calculating potential energy savings from ECMs. 

4.6 Savings Evaluation 

Once the simulation tool baseline is established, the impacts of installing ECMS can be estimated by 
entering the appropriate inputs into the simulation tool.  Energy savings is the reduction in energy use 
from installing an ECM.  Energy savings for each fuel is converted to cost savings for each fuel. 
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Installation cost estimates are calculated with a level of detail, complexity, and completeness depending 
on the level of the audit analysis.  Cost estimation is not covered in this report.  All economic factors 
agreed upon with the owner and other interested parties (see Sect. 2.1 and 2.2) are used, together with the 
energy cost savings, installation costs, and any other costs or savings that must be considered, to perform 
an economic analysis of ECMs.  

Other costs or savings may involve changes in utility rates, maintenance costs, utility incentives, tax 
incentives, or government incentives. 

Many different economic criteria can be used to evaluate energy measures. Many energy efficiency 
decisions are made on the basis of simple payback period.  A simple payback model is a quick, easy 
evaluation typically used for very short-payback or simple scenarios.  A life cycle cost analysis (LCCA) 
model accounts for the time value of money and enables a better comparison among alternatives with 
different lifetimes and cash flows.  

The National Institute of Standards and Technology (NIST) Handbook 135 notes that LCCA “is an 
economic method of project evaluation in which all costs arising from owning, operating, maintaining, 
and ultimately disposing of a project are considered to be potentially important to that decision.” [6]   For 
building energy retrofits, an LCCA can account for the cost of money, inflation, future replacement or 
maintenance costs, energy cost escalation, depreciation, salvage value, and tax effects.  It can also account 
for planned capital improvements.  

Commercial enterprises often have a different perspective from that of public entities in evaluating the 
economics of retrofits.  Private owners and managers generally focus on near-term payback of investment 
and comparative return on investment versus other opportunities.  Conversely, public entities are often 
more concerned with asset value and thus can accept much longer simple payback periods or less 
stringent LCCA values.  The availability of capital funds also plays a significant role in energy efficiency 
investment decisions.  

Additional extensive material on understanding and evaluating energy use and costs, along with 
information on economic analysis methods, can be found in the ASHRAE Handbook. [7] 

4.7 Additional Analyses 

Although the central purpose of an energy audit is to determine means of saving energy in a building, 
other work is often needed as well.  Water savings measures should be analyzed if water use is included 
in the audit scope.  Satisfaction of ventilation airflows required by code or recommended practice may 
require analytical work.  Potential safety issues may need study to determine the most appropriate means 
of correction to recommend.  These additional analysis tasks are also part of the scope of many energy 
audit projects, but they are not part of the scope of this report.  Thus coverage of such issues is minimal, 
although the analytical work required for a specific project may be extensive. 
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5. Work Scope, Audit Report, and Next Steps  

This chapter will briefly describe the purposes and expected content of the energy audit report and work 
scope documentation (together, the output). There are multiple audiences for the output of an energy 
audit. The primary audience could be the building owner or the managers of an energy efficiency 
program. The amount and source of funds for implementing the proposed energy upgrades will typically 
decide the primary audience. The contents of the output depend on whose information needs or 
requirements must be met. 

Secondary audiences may include lender representatives, multiple energy or housing program 
representatives, third-party or other reviewers, potential installation contractors, and possibly others. The 
output usually should meet their information needs, although “needs” must be understood separately from 
“wishes.” Also, the effort to conduct and document an energy audit leads to a need to preserve the 
information gained, as it has value for future efforts. So although some of the documentation effort may 
seem overly extensive, there are reasons for the reach. 

The extent of documentation also depends on the energy audit analysis level (see Sect. 3). The energy 
audit levels are defined in the ASHRAE publication Procedures for Commercial Building Energy Audits 
[1], which also provides the most important information for understanding the energy audit process, 
information on best practices, and supporting information such as what to consider in hiring an energy 
audit team. 

The overall energy upgrade process begins with preparatory activities and ends with installing and 
verifying energy measures. It may also include energy tracking to verify energy performance, as shown in 
Fig. 5.1. 

 

 

Fig. 5.1. Multifamily building energy upgrade process.  
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5.1 Energy Upgrade Process and Scope of this Report 

This report does not cover the preparatory activities involving building selection and covers work scope 
generation only briefly. For a Level 1 energy audit, work scope will not be defined beyond a simple 
listing of the measures to be installed. For a Level 2 audit, the extent of work scope development will be 
limited in many cases, with installation costs possibly estimated using simplified methods. In a Level 2 
audit, the scope of the work may or may not include development of guidelines on installation of 
measures, follow-up inspection recommendations, or training recommendations, but at least limited 
coverage of these items is important.  

In a Level 3 energy audit, the work scope becomes more defined, possibly also extending to assistance 
with contract paperwork and contractor or equipment selection, including equipment specification 
preparation. This point in the energy upgrade process is where the energy audit process (or sub-process) 
may start to blend with a performance contracting process or an energy efficiency program follow-on 
installation process, depending on the potential progression of the building owner’s work scope. 

Procedures for Commercial Building Energy Audits [1] presents some brief information in a section titled 
“What Next—Implementing Measures” that covers the remainder of the energy upgrade process after the 
energy audit is completed and presented to the parties requesting or funding the audit.  The impacts of the 
procurement path for installing measures are presented, together with the implications or concerns related 
to design-build vs. plan-spec approaches, as well as recommended approaches based on project size. 
Work scope generation, selecting a contractor, construction management, verification of installation, and 
potential measurement of savings are all covered briefly as a postscript to the energy audit process. 

The WAP process is an entire energy upgrade process, going through final inspection and quality 
assurance, with post-construction monitoring and tracking handled by others at times. In this approach, 
the energy audit is coupled with installation of the energy measures meeting the investment criteria, and 
work scope generation becomes an important output of the energy audit.  

Energy performance contracting is a financing mechanism in which the costs of energy upgrades are 
repaid with annual energy savings. The contracting process is complex—proceeding in phases that 
include an energy audit phase, usually with distinct Level 2/3 and Level 3/work scope stages—but the 
contractor handles the entire energy upgrade process, and the final phase of monitoring and tracking is the 
center of the overall process. 

This report covers the energy audit as a distinct process or sub-process, but the nature of the sub-process 
can become diffused and varied near completion. It depends mostly on the extent of activities occurring 
after the audit, possibly as required by an energy efficiency program, by the negotiated progress of an 
EPC, or as part of work scope progression. 

5.2 Energy Audit Report 

The primary purpose of the energy audit report is to provide the information needed to enable informed 
decision making for installing energy and water conservation measures.  Some programs conduct a health 
and safety audit in conjunction with the energy audit, primarily to make health and safety 
recommendations.  Secondary purposes of the energy audit include documentation and verification of the 
energy modeling and savings calculations, documentation for building systems, reporting on related 
health and safety findings, and backup information needed by potential reviewers. 

Safety issues of immediate concern typically must be communicated to the building owner or responsible 
representative during the energy audit site visit (Sect. 3.3), and important health and safety issues must be 
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reported in the energy audit report. The potential scope of health and safety issues coverage may be 
influenced by the scope of the work agreement for the energy audit. 

5.2.1 Recommended Measures and Measure Packages 

Energy audit requirements may specify that energy measures have measure savings calculated 
interactively, so that economics can be based on the interacted savings.  This type of requirement can lead 
to complexity in specifying the order of measure prioritization (what order are measures “added” to the 
interactive calculation).  

Some automation of the prioritization process can be helpful, and many energy audit software packages 
include some means of handling such prioritization. 

Multiple work scope packages may need to be developed if owner funding options or local incentives 
options are to be considered. Once any incentive and owner funding options are decided, a final signoff 
on work scope can be obtained and final work scope specification can proceed. 

The ASHRAE commercial energy audit guide [1] recommends the following information be provided to 
the building owner (and manager) for each energy measure: 

 existing conditions observations 
 why the energy measure is recommended 
 how the measure will save energy 
 basis of cost assumptions 
 important analysis assumptions 
 required performance specifications for new equipment 
 key controls changes needed to achieve the savings 
 operational changes required of staff to support the measure 

If the building is large enough to have assigned maintenance staff, it also is often useful to obtain and 
report any of their recommendations concerning the new measure configuration. 

5.2.2 Basic Report Outline 

The basic outline presented here does not include all possible details but provides a general scope of 
recommended energy audit report contents. Energy and water conservation measures are referred to 
generally as ECMs. 

Report Contents 

 Executive Summary 
— Project background and summary 
— Summary of primary recommended ECMs 
— Health and safety issues or concerns identified 

 Background Information 
— Description of building and site 
— Major assumptions made during the audit process 
— Summary of utility bill history 
— Contact information for all parties involved 
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 Health and Safety Issue Remediation Recommendations 
— Prioritization by perceived importance and basis of importance 
— Cost implications 
— Potential hindrance of ECMs, if installation of ECMs may depend on the issue 

 Benchmarking Results 
— Energy and water use indices (possibly cost indices) 
— Comparison with norms or specific data bases or portfolios 
— Scoring using available tools 

 Summary of Building Systems 
— Building envelope (foundation, walls, attics, roof) 
— Summary of space types used to model the building 
— Mechanical systems (heating, ventilation, air conditioning [HVAC], water heating, distribution 

systems) 
— Lighting systems (interior and exterior) 
— Appliances and other major systems 

 Energy and Water Conservation Measures Summary Table 
— Ordered list based on savings-to-investment ratio (highest to lowest) or other criteria as needed 
— Expected service life, energy savings (by energy source), estimated implementation cost, and life 

cycle savings for each ECM 

 Supporting Information 
— Descriptions and specifications for recommended ECMs 
— Basis of implementation cost estimates 
— Installation, training, and inspection recommendations 
— Special inspection verification recommendations for complex ECMs or equipment 
— Heating/cooling design loads for updated spaces with ECMs applied 
— Operations and maintenance recommendations 
— Appendices including but not limited to 
 Building plans (as applicable) 
 Previous additions, remodeling, and/or building improvements details (as applicable) 
 References used to determine implementation costs, service life, or other inputs 
 Digital images 
 Various equipment schedules and analyses too lengthy to include in main body of the report 
 Auditor qualifications/certifications 

5.3 Work Scope Generation 

The work scope is tied to the energy audit report. The following content outline indicates how the report 
contents summarized in Sect. 5.2.2 feed into the work scope documentation. 
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Work Scope Contents 

 Proposed Project Description 
— Description of building and site 
— Contact information for all parties involved 

 Health and Safety Issue Remediation Recommendations 
— Recommended installation sequence 
— Cost estimates 
— Potential installation coordination issues 

 Energy and Water Conservation Measures  
— Description of existing conditions and how cost savings occur 
— Expected service life 
— Energy and other cost savings 
— Implementation cost and life cycle savings 
— Descriptions and specifications for each ECM (see Sect. 5.4) 
— Basis of any equipment sizing calculations 
— Confidence ranges of ECM installation cost estimates 
— Installation, training, and operational verification recommendations 
— Special inspection verification recommendations for complex ECMs or equipment 
— Operations and maintenance recommendations 
— Appendices including but not limited to 
 Marked-up building plans (as applicable) 
 References used to determine implementation costs, service life, or other inputs 
 Digital images (as needed) 

The level of detail in the work scope will vary depending on scope of the energy audit work and possible 
changes in work scope after the energy audit is completed and presented. 

The use of the terms “commissioning” and “retrocommissioning” either to describe potential work to be 
performed or actual work requirements should be avoided.  These terms have evolved to the point that 
often the work that is needed is hijacked by a defined “process” that can be problematic, adding 
unnecessary labor and costs.  Instead, the work needed should be described as installation verification, 
system operational verification, or possibly a final check on maintenance staff knowledge. 

5.4 Next Steps in the Energy Upgrade Process 

As shown in Fig. 5.1, the energy audit completes the “Intake & Analysis” part of the energy upgrade 
process, and then there is a switch to performing the installation work and whatever follow-up verification 
and tracking efforts can be funded.  There may be a break in the process while consideration is given to 
how much or what parts of the audit recommended work scope will be pursued and how or where funding 
will be obtained to do so. 

The “Work & Follow Up” portion of the energy upgrade process must first address how to actually install 
the energy upgrades and what the scope of quality assurance will be.  Quality involves many aspects of 
the work, including staff training, possible tenant education, what functional testing of installed 
components will be performed, and how detailed final work inspection and completion check off will be.  
Activities for possible contracting and actual installation of the upgrades will depend on the size of the 
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project, existing relationships with contractors, designers, and possibly lenders, as well as complexity of 
proposed upgrades — among many factors that can influence the process. 

The upgrades will become part of the building and its operation once complete, but post-construction 
energy tracking can also be considered to verify that savings are achieved.  In an energy performance 
contract, this tracking is central to the project, but for most projects there is no funding to pursue such 
efforts.  Some energy upgrade programs provide for some level of monitoring and tracking, but if such 
activities are to be pursued, potential means of funding them should be considered before actual measure 
installation begins.  If no funding can be provided, these activities typically are not performed. 

5.5 References 

1. M. Deru et al. 2011. Procedures for Commercial Building Energy Audits, Second Edition, Atlanta: 
ASHRAE. ISBN 978-1-936504-09-1. 
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6. Appliances, Lighting, and Other Equipment 

Space heating, space cooling, and DHW are the major energy end uses for most multifamily buildings. 
This chapter examines the other end uses, such as lighting, appliances, and other equipment. For all-
electric buildings, these other end uses account for 35–45% of total energy use. For buildings that heat 
with another fuel, such as natural gas, these other end uses typically account for 80–100% of electricity 
use. In the South, with electric cooling, the average cooling load is about 15% of total electricity use, 
leaving over 40% of electric use for these other end uses. 

This section addresses the equipment, like lighting and appliances, that can be addressed readily in an 
energy audit. Table 6.1 indicates the nature of typical lighting and appliance measures. 

Table 6.1. Typical lighting and appliance measures 

Subcategory Eligibility Measures   
 HUD WAP    
      Lighting measures Dwelling units Common areas

Lighting 

  Replace incandescent lamps with CFLs X X 
  Replace older fluorescent lighting X X 
  Replace older ballasts X X 
  Replace exterior lighting fixtures – X 
   Install/replace emergency lighting – X 
   Delamp overlit public spaces – X 
  Install/replace LED exit signs – X 

Controls 

  Install motion sensors for lighting – X 
  Install timer controls for existing lighting – X 
  Install controls for exterior lighting – X 
   Daylighting sensors and controls – X 

      Appliance measures Dwelling units Common areas

Appliances 

  Refrigerator replacement X – 
    Freezer replacement X – 
   Clothes washer replacement X – 
o   Cooking range replacement X – 
?   Dishwasher replacement X – 
    Central laundry equipment replacement – X 

Controls     Smart outlet strips X – 
   Central services measures Dwelling units Common areas

Other 
  Elevator lighting – X 
  Pump systems – X 
  Elevator drive upgrades – X 

 
Note: A hollow bullet indicates eligibility appears likely but the item is not specifically listed. A question mark indicates it is 

uncertain whether a measure is eligible. 

6.1 Understanding Baseloads 

Appliances and lighting are part of the base energy loads of a home. Baseloads are energy loads, 
including electricity and fossil fuels, that are generally independent of temperatures and season and stay 
relatively constant throughout the year. Heating and cooling loads, in contrast, vary dramatically based on 
seasons and outdoor temperatures. This report covers DHW in Sect. 11. Base-load energy use in a 
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multifamily building can be attributed to various types of equipment and appliances, including lighting, 
appliances, elevators, ventilation equipment, non-heating/cooling pumps, and laundry. 

Although there can be significant variation, some approximate annual electric consumption values are 
shown in Table 6.2 for reference. 

Table 6.2. Approximate annual electric consumption values 

Appliance Low kWh Mid kWh High kWh 

Refrigerator 400 900 1,500 

Clothes dryer 500 900 1,200 

Clothes washer 500 900 1,200 

Cooking 300 500 750 

Television 200 350 600 

Stereo 100 200 300 

Hair dryer 25 100 200 

Vacuum cleaner 25 50 75 

Source: WAP Energy Auditor Standardized Curriculum, part 8, baseload measures, version 
2, WAP Technical Assistance Center, December 2012 

Lighting energy depends on the wattage of the lamps or lamp fixture and the number of hours per year the 
lamps are lit. Incandescent lamps use the wattage shown on the lamp, e.g., a 60 W lamp uses 60 W of 
power at the nominal voltage of the lamp.  Similarly, screw-in compact fluorescent lamps (CFLs) use the 
same power as shown for the lamp (ballast included in the total). High-intensity discharge (HID) lamps 
have a separate ballast, and the fixture uses more power than the lamp itself.  Hard-wired fluorescent 
fixtures also have a separate ballast, and the fixture uses more power than the lamps. 

A table of lamp and fixture total wattage is quite long if most types are covered.  Such a table can be 
found in Appendix C of New York Standard Approach for Estimating Energy Savings from Energy 
Efficiency Programs. [1] 

Hours of use for residential lamps have been examined for impact evaluation studies many times. The 
results indicate only 2–3 h of use per day on average for a typical lamp to calculate savings [2], although 
New York State allows 4 h. [1]   A 60 W incandescent lamp that is used for 2–3 h/day for 365 days/year 
will use 44–66 kWh/year (1000 Wh = 1 kWh).  Hours of use for hallway lighting are typically much 
higher, up to 24 h/day.  Lamp / fixture counts and hours of use are needed to calculate energy use directly. 
Lighting power densities also require floor area values.  Each space type usually must be evaluated 
separately (space types are typically dwelling units, halls, various other). 

Occupied units in multifamily buildings are typically fully occupied throughout the year. However, in 
some instances, the auditor may need to adjust the baseload analysis if a large percentage of the units are 
typically unoccupied at the same time during the year.  Similarly, if overall building occupancy changes 
significantly during the year, base-load adjustments will be needed.  If the building is mixed-use and 
contains commercial tenants, the auditor may see a more dramatic impact on the baseload due to 
employee holiday schedules and normal working hours. 
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The level to which baseloads need to be understood will depend on the scope requirements of the energy 
audit.  If only lighting is included, then the other appliances may not need to be considered. The baseload 
often needs to be evaluated to help ensure that the major end uses of heating and cooling are calculated or 
estimated well. Different types of occupancy can affect end use distributions, especially the occupancy 
level during the day. 

6.1.1 Baseload Resources 

Version 2 of the WAP “Standardized Curriculum for Energy Auditor—Single Family 2.0” can be found 
on the WAP Technical Assistance Center (WAPTAC) website. Section 8 of this material covers 
baseloads, including what baseloads are, how utility bill analysis can be used to understand baseload 
energy use, why baseloads are important to evaluate, and information related to pre-survey, survey, and 
post-survey activities, including information on lighting and refrigerators (http://www.waptac.org/WAP-
Standardized-Curricula/Energy-Auditor-002D-Single-Family-2002E0.aspx). Analysis of loads is covered 
in Sect. 4 of this report. 

Standardized evaluation methods and calculations for base-load savings have been developed.  The State 
of New York has the New York Standard Approach for Estimating Energy Savings from Energy 
Efficiency Programs that covers many efficiency measures and provides recommended calculation 
methods. [2]   Initial results from the National Weatherization Evaluation (ca. 2009) on base-load electric 
evaluation were presented at the 2011 National Training Conference. [3] 

Elevators are a tricky topic that most multifamily energy auditors will not be able to address, although 
lighting in elevator cars might be possible to change. Unless elevator upgrades are planned, energy 
savings options are typically not cost effective. More information on elevators can be found at the Energy 
Experts website (http://energyexperts.org/EnergySolutionsDatabase/ResourceDetail.aspx?id=1709). An 
elevator energy use calculator can be found at the Thyssen Krupp website (Dover sold its elevator 
business to Thyssen Krupp) (http://thyssenkruppelevator.com/webapps/energy-calculator/). 

6.1.2 Baseload Data from the 2009 RECS 

There are 1,923 records for multifamily building dwelling units in buildings with 5 or more dwelling units 
(5+) in the 2009 RECS public use data (see Sect. 2.8 of this report). Analysis of these 1,923 data records 
shows that, for all-electric buildings (those that do not use other fuels), heating, cooling, and DHW 
account for 55–60% of electricity use.  So the (base-load) electricity use for lighting, appliances, and 
other equipment accounts for 40–45% of electricity use.  The total electricity use in these buildings is 
typically 10–11 kWh/year per ft2 of floor area (12 kWh in the South), and electric baseloads are typically 
4–5 kWh/year per ft2. 

In buildings that use fuels like natural gas and oil, space heating and DHW account for most fuel use, 
although some buildings have other fuel-fired equipment that RECS does not break out. Buildings that 
use cogeneration systems may have some of their space heating and DHW loads met by heat recovery 
from fuel-driven electricity generating equipment. 

Total electricity use in buildings that use fuels like natural gas and oil is typically 5–6 kWh/year per ft2 of 
floor area except in the South, where it is 7–8 kWh/ft2/year. In the South, for buildings that use fuels like 
natural gas or oil, typically 60–65% of electricity use is for baseloads (4.2–5 kWh/ft2). In other regions of 
the country, in buildings that use other fuels, the electric baseload is typically 75–85% of electricity use 
(still in the range of 4.2–5 kWh/ft2/year). 
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6.2 Occupancy and Staff Impacts 

It is important for auditors to understand different tenant occupancy types and the potential impacts 
occupant needs may have on available energy measure options.  The skills of maintenance staff or 
contractors are also critical to evaluate.  The skill levels, existing maintenance practices, and possible 
capabilities of maintenance personnel related to implementing new technologies must be included in 
evaluating potential energy measures.  A particular concern for lighting is whether tenants or maintenance 
staff would continue to use more efficient lamps if less efficient alternatives were available and cheaper. 

Some multifamily energy programs use tenant engagement strategies to help them understand their 
energy use and costs and how to reduce energy costs.  Enterprise is one source of information and 
resource materials on resident engagement strategies related to energy use, water use, healthy living, and 
waste reduction/recycling (http://www.enterprisecommunity.com/solutions-and-innovation/enterprise-
green-communities/resources/resident-engagement). 

Tenants may pay for electricity and replacement bulbs for table and floor lamps, but management may be 
responsible for maintaining hardwired fixtures.  If the building is master-metered (i.e., the building pays 
for all electrical use, including apartments) the building owner could replace “Edison-base” fixtures with 
hardwired fluorescent alternatives to prevent use of incandescent lamps.  Depending on the building 
population type, the building owner may need to provide residents with specialty fluorescent bulbs, 
although many owners prefer limiting interactions.  Tenant and maintenance issues are important to 
consider for lighting and appliance options.  

6.3 Evaluation and Opportunities 

Sampling of dwelling units is often required (see Sect. 4), since access to all units is usually difficult. 
Energy modeling is usually needed to determine the best values to use for estimating baseload enrgy, 
since multiple dwellings are involved in multifamily buildings, and an average for all similar units is 
needed.  Dwelling unit data should be gathered according to the requirements of the sampling plan or 
protocol being used for the audit. 

6.3.1 Lighting 

Lighting evaluation should consider lighting equipment by space type/location: dwelling units, hallways 
and stairways—including exit lighting, other common areas, exterior, and other. Lighting quality should 
be considered in combination with evaluation of energy opportunities. Dwelling unit lighting will 
typically be incandescent at the time of this writing.  

Lighting lamp or fixture annual energy use equals the wattage times the hours/year the lamp or fixture is 
on. Energy analysis programs often use the density of lighting power and a schedule method of some 
type. The power density is the total wattage of all lamps and fixtures in a space divided by the floor area, 
typically expressed in units of W/ft2. The schedule shows the fraction of total lighting wattage that is on 
for some fraction of all the hours in a year (see Sect. 4.5.2). 

Comparing an average h/day for a lamp to the power density approach can be confusing, as not all lamps 
operate for the same amount of time. The power density approach has a schedule that indicates what 
fraction of total wattage is on for each hour, whereas the h/day value averages the on time for all wattage 
into a single value (e.g., 100% of lamps all on for 2 h/day). The power density approach is needed for 
hourly calculations, with lighting power calculated for each hour. The h/day approach is correct to use 
only at a daily interval. 
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Lighting power density (LPD) is also needed as the criterion for most energy code compliance. For 
example ASHRAE Standard 90.1–xxxx, Energy Standard for Buildings Except Low-Rise Residential 
Buildings, can apply if adopted locally to all multifamily buildings over three stories high. Table 9.5.1 in 
the 2010 version of that standard, “Lighting Power Densities Using the Building Area Method,” has an 
LPD allowance for “Multifamily” of 0.60 W/ft2, for “Dormitory” of 0.61, for “Parking Garage” of 0.25, 
and many values for commercial building types. Standard 90.1 also provides methods for showing 
compliance based on the LPD of space types (Table 9.6.1 of the 2010 version). Note that ASHRAE 
Standard 90.2-2010, which covers energy-related requirements for residential buildings, including low-
rise multifamily, does not cover lighting requirements. 

Table 6.3. Typical power density range (W/ft2) 

Space type Lighting (LPD) 

Apartment 0.3–0.9 

Hall 0.4–0.8 

Office 0.7–1.3 

Activity room 0.8–1.3 

Laundry 0.6–1.1 

Garage 0.1–0.2 

 

The schedule values used with LPDs for energy calculations are fractions from 0 to 1. Often there are 
daily schedules that are applied to days in a yearly schedule in some fashion. All the hourly values in a 
daily schedule can be added to obtain the h/day or h/week, and the hours for each day or week can be 
added over a year for the yearly total hours. Three h/day for 365 days would be 1,095 h/year. 

Sampling is an issue for dwelling units, as access to all units can be challenging. Sampling must follow 
the requirements of the sampling plan (Sect. 2.5) if sampling is used. 

For modeling purposes, some decision about the space types to use in the model will be needed, and 
LPDs and schedules are typically needed for each space type.  

Switching from incandescent lighting to fluorescent lighting usually saves 
about 70% of the wattage. For example, replacing standard incandescent 
lamps with standard-base compact fluorescent lamps (CFLs) (see Fig. 6.1) 
will save 70–80% of the electricity used. A 13W CFL is usually 
recommended to replace a 60 W incandescent, a wattage reduction of 78%, 
although lighting quality and other issues must also be considered. Changing 
fluorescents to more efficient fluorescents is more complicated and involves 
many factors, with savings from a few percent to 15% or more. Replacing 
HID lighting, which must run too many hours because of poor restart 
performance, with quick-start lighting controlled by motion sensors can be 
an important retrofit. Savings come from being able to reduce the total 
wattage or reduce the total time the lights are on. LED lighting (DOE uses 
the term “solid-state lighting” for LED and related technologies) continues to 
increase lighting quality, durability, and energy efficiency while also 
reducing wattage, so it is a technology area in which energy auditors need 
continuous updating at this time. 

 

Fig. 6.1. A compact 
fluorescent light bulb with 
standard Edison screw-in 

base. 
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Exit signs (Fig. 6.2) should be LED when possible, as maintenance 
savings are dramatic, and owners should be eager to change. 

External lighting and hallway lighting will have different schedules 
of use from dwelling units, and lighting that is on all night will 
typically have more hours of use over a year. Dwelling unit lighting 
power is typically 10–15% of the total from about 1 to 6 a.m., 
increasing up to possibly 25–30% in the mornings and evenings (see 
Sect. 4.5.2).  

Lighting quality is a complex topic, and The Lighting Handbook [4] 
of the Illuminating Engineering Society (IES) offers extensive 
guidance related to lighting quality for different spaces and 
conditions. Usually energy auditors must rely on their eyes and common sense to consider lighting 
quality. The amount of light delivered, illuminance, can be measured with a light meter and compared 
with IES or building code recommendations. 

6.3.2 Refrigerators 

The annual energy usage for most refrigerator models can be looked up using an online database provided 
by Kouba-Cavallo Associates, Inc. (www.kouba-cavallo.com/refmods.htm). The user enters the 
refrigerator make and model, and the database provides the year of manufacture, size, style, defrost type, 
annual energy rating at year of manufacture, and derated annual energy rating based on equipment age. 

Metering refrigerators for estimated energy usage may be necessary to determine annual electricity 
consumption if the refrigerator is not in the Kouba-Cavallo database or if the auditor is unable to obtain 
make and model information. Refrigerator replacement programs can be effective in many ways, and 
cost-sharing may be available from utility companies, as well as landlords. Information on refrigerator 
replacement programs can be found at 
http://www.waptac.org/data/files/Website_Docs/technical_tools/frigreplacewx.pdf. 

Energy savings from replacing a refrigerator vary widely, from 100 or 200 kWh/year up to over 1000 
kWh/year for replacing very old models. Use of an ice maker has an impact that should not be ignored, so 
ice-maker equivalence between old and new units is an issue. Savings should be calculated based on 
refrigerator database values or actual metering. 

6.3.3 Other Appliances and Equipment 

If laundry appliances are located in the apartments, more water- and energy-efficient equipment can be 
considered if there are plans to replace the equipment. The ENERGY STAR website can be consulted for 
more information if appropriate (energystar.gov, search on “washing clothes”). 

Central laundry facilities are usually run by third parties and must be handled separately for energy audit 
purposes. Information on in situ energy and water use measurement of central laundry equipment and 
retrofit savings is available for California. [5] 

For elevators, see Sect. 6.1.1 above. 

In some cases, “remote” equipment wired through the building electrical system may contribute to 
metered electricity use.  Irrigation pumps and swimming pool pumps are examples.  The energy use of 
these systems typically must be estimated, possibly using spot metering, to separate its energy use from 

 

Fig. 6.2. An example of an exit 
sign. 
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that of the rest of the building. (See Sect. 9 for more information on pumps and pumping energy, and 
Sect. 12 for more on other systems.) 

6.4 Data Gathering 

The data gathering effort may have to follow a sampling plan or protocol (see Sect. 2.5), as access to all 
dwelling units can be a challenge. The auditor must approach data gathering using a framework 
responsive to any required sampling requirements. Energy modeling will depend on factors like space 
type and utility metering arrangements, so the auditor should understand how the data on appliances and 
lighting should be arranged to best meet the requirements of the sampling plan and the needs for energy 
modeling.  

The split between dwelling unit energy and common space energy is the most typical factor affecting 
energy modeling requirements. Sampling requirements for dwelling units are often different than for 
common spaces. 

6.4.1 Lighting 

Data collection and evaluation of existing lighting systems and lighting controls is critical both to 
understand upgrade opportunities and to help the auditor determine what percentage of the electrical 
baseload comes from lighting. During the audit, the auditor should create a schedule of existing lighting 
fixtures including the following information: 

 fixture type and quantity 
 potential installation issues affecting changes to existing fixtures 
 quantity and type of lamps in fixture (including wattage) 
 ballast type  
 Whether on backup power system or battery backup, and whether battery backup works 
 lens type (diffuser) 
 condition of fixture (e.g., dirty, rusty, clean, yellowed lens) 
 estimated on-time of fixture (per day) 
 existing fixture control strategy (e.g.: timeclock, switches) 
 location (space type) and floor area of lit space 
 illuminance (foot candle or lux) measurements with lights both on and off (as appropriate) 
 time clock settings 
 notes regarding available opportunities (e.g., daylighting, occupancy, delamping) 

In addition to these quantitative data that need to be collected, the auditor should assess the existing 
lighting systems from a qualitative standpoint: 

 staff and tenant interviews regarding issues or quality of lighting for public spaces (e.g., too bright, 
too dark, unsafe) 

 current maintenance and replacement plan for lighting 
 special considerations regarding potential fixture replacements (will fixtures need to be vandal-proof, 

vapor-proof, other) 

Fixtures should be identified using a standardized description convention, and standardized forms and 
fixture naming are almost always needed.  Having building drawings can be helpful. 

6.4.2 Refrigerators 

Data collection on refrigerators in multifamily buildings is similar in some ways to data collection for 
refrigerators in single-family homes, but there are also some unique differences. One of the most 
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significant differences is the “split-incentive,” in which case the building owner owns the refrigerator and 
is financially responsible for repair or replacement, whereas the tenant is the one paying for the electricity 
used by the refrigerator.  

It is often useful to develop and use a standardized refrigerator data collection sheet to ensure that all 
necessary information is collected in the field.  Sometimes, the owner or maintenance supervisor will 
have a list with some of this information for most or all of the units in the building. Other times, it needs 
to be collected from the actual refrigerator during the data collection effort. Information to collect from 
the refrigerator includes 

 Make and model. 
 Size (cubic feet). 
 Space available for replacement refrigerator (including current fridge location and available access 

through hallways, doors, and stairwells). An apartment unit may have been remodeled around an 
existing refrigerator, and it may be difficult to remove that unit or install a new refrigerator. 

 Current hinge location (left or right). 
 Recommended replacement size based on apartment occupancy. 
 Metered wattage draw (as applicable). 
 Broken seals/thermostat/dirty coils (if maintenance/repair is an option). 
 Disability accessibility requirements (as applicable). 

If metering is required, it should be done for a minimum of 2 h to get an accurate estimate of consumption 
(which is scaled up to 8,760 hours per year). Metering longer will ensure a more accurate estimate. Also, 
making sure that the auto-defrost cycle does not come on during the 2–3 hour metering period will 
prevent overestimation of electricity consumption.  WAP policy currently requires at least 10% of 
refrigerators be metered. Often, 10% of the audited refrigerators are not in a database lookup or are 
missing nameplate information, so metering those units may satisfy that requirement.  For a detailed 
document regarding refrigerator analysis, see the WAPTAC guide Incorporating Refrigerator 
Replacement into the Weatherization Assistance Program: Information Tool Kit at 
waptac.org/data/files/Website_Docs/Technical_Tools/Refrigerator_Replacement/toolkit07.pdf. [6] 

6.4.3 Other Equipment 

Replacement of laundry appliances is likely to depend on whether replacements are already planned. In 
such cases, the data gathering required will be an evaluation of incremental savings and costs for more 
efficient appliances. Those data should be readily obtainable from manufacturers or Internet resources. 

Energy assessment of central laundries would typically require special methods, including metering. The 
Cal–UCONS laundry study may provide enough information to assess laundry equipment replacement 
benefits without metering. [5]   Potential benefits can be estimated using results for the equipment 
efficiency categories presented in that report. 

Elevator energy efficiency improvements can be considered if elevator upgrades are planned. Data can be 
obtained from the manufacturer or from the elevator energy calculator website cited in Sect. 6.1.1. 

More detailed information is required for energy assessments of pumps and other equipment (Sects. 9 
and 12). 

6.5 Challenges, Issues, and Pitfalls 

The primary challenge in energy auditing is reasonably accurate assessment of baseloads, especially for 
lighting. Replacing appliances other than refrigerators will usually depend on whether replacement is 
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already planned, and then the savings calculation is for the incremental costs and incremental reductions 
in energy or water use for one model compared with another. Elevator efficiency improvements will also 
depend on whether an elevator upgrade is already planned, in most cases. 

Protocols for refrigerator replacement are often already in place; for existing protocols, the need is to 
follow the protocol. Information on refrigerator protocols can be found in the WAPTAC guide cited 
earlier [6] and in the New York Standard Approach. [1]  

Accuracy in baseload estimation impacts the baseline energy model results and the resulting potential for 
energy savings. Refrigerator energy loads are fairly well known, but it is important to estimate baseloads 
reasonably for all appliances, including televisions and other electronic equipment. Lighting energy 
consumption tends to be about the same as the remainder of the baseload energy use, so reasonable 
estimation of lighting energy is also important. 

The discussion in Sect. 6.3.1 indicates that the Uniform Methods project value is 2 h/day for lighting 
energy use calculations in a program evaluation environment [2] or 730 h/year. The New York standard 
methods value is 4 h/day [1] or 1460 h/year. Typical schedules available for DOE-2 modeling result in 
values of 1800–2400 equivalent full-load h/year (the sum of all the fractional loading). These 
discrepancies appear to derive from difficulties in specifying use schedules for lighting in residential 
settings, where all the lighting in a residence has varying schedules but typically only an average schedule 
is used to approximate all the lighting for the apartments. 

As a result of these discrepancies, modelers should be prepared to use LPDs that are half or less of the 
documented LPDs in apartments, to achieve reasonable matches of modeled electricity use to metered 
electricity use (schedules are more difficult to change). LPDs can be scaled up as needed to achieve a 
reasonable match to existing use. 

Electricity consumption for all other uses will tend to be about equal to that for lighting, but power 
densities for all other baseload equipment items should be estimated as closely as possible during the site 
visit, as energy modeling will also typically require power densities for all other appliances in dwelling 
units and power data and hours of use for other equipment. 

Other major pitfalls for lighting relate to tenant and staff lamp replacement issues (Sect. 6.2).  

Ensuring tenant benefit:  In cases where the occupants pay their own electricity bill, take care that 
replacement fixtures are not overlooked.  

6.6 Energy Audit Process 

The audit process for lighting and appliances is fairly simple.  If elevator upgrades are involved, vendor 
input will be needed.  For systems such as pumping systems, the audit process should be similar to that 
discussed for pump systems in Sect. 9. 

6.6.1 Lighting 

Often, little can be done regarding lighting before the site visit.  Lighting is highly changeable, so 
construction drawings may no longer be representative.  If drawings are available, light fixture data 
should be listed for verification on site.  For exterior lighting and parking lighting, it is useful to have 
fixture or pole locations generally identified. 

If sampling of dwelling units is required, the sampling plan should be established before the site visit. 
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During the site visit, all lighting should be cataloged by space types and total floor areas used for energy 
modeling, using the data requirements and conforming to any energy program requirements. Standardized 
naming for lighting fixtures and lamps is important to minimize confusion. Exterior lighting should also 
be cataloged, and it often is useful to catalog parking lighting separately. 

Energy modeling typically must use a standard schedule of some type to model energy use for individual 
apartments or dwelling rooms, so hours of use are usually needed only for hallways, exterior lighting, and 
other spaces. 

The measures list at the beginning of Sect. 6 shows lighting retrofit measures to consider. 

The primary lighting maintenance issue is whether more efficient lamps will be replaced with lamps of 
similar efficiency, as the effective life of the measure can be shortened if efficiency is not maintained. 
Lighting quality also must be considered, especially if safety issues are raised.  

Installation issues should be evaluated. Light fixture dimensional issues should be documented, as well as 
any wiring or fixture conversion issues that may need to be addressed. 

6.6.2 Refrigerators 

Refrigerators do not need to be considered unless refrigerator replacement is specifically part of the scope 
of the energy audit. If refrigerators are not considered specifically, they become part of the overall 
estimation of power densities for all appliances in the dwelling units. 

If refrigerators are included in the scope, the sampling plan for them should be developed before the site 
visit. If energy metering is required, the metering plan should also be developed before the visit. WAP has 
guidance on the approach for refrigerators and metering. [6] 

Recycling issues may also need to be evaluated and a recycling plan established. 

Energy modeling should evaluate refrigerators relative to a baseline model, with refrigerator 
improvements modeled as reductions in the baseline equipment power density used for the dwelling units. 

6.6.3 Other Equipment 

Laundry equipment in the dwelling units should be categorized to allow both energy use and water use 
estimation if it is needed for the audit analysis. The basic requirements and approach in the sampling plan 
for lighting should also apply to laundry equipment in the dwelling units (typically, catalog all laundry 
equipment in the same apartments used for the lighting sample). 

If a separate effort for central laundry facilities is included, the results from the Cal-UCONS study [5] 
may allow savings estimates without extensive metering. 

Elevator upgrades are likely to require vendor support to evaluate alternatives, if an upgrade is planned. 

Other equipment, such as pumping systems that are not part of the heating system, should be evaluated 
using methods described in Sect. 9. 
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7. Building Enclosure 

The building enclosure provides physical separation between the indoor and outdoor environments and 
acts as a weather screen for the building to shed the primary entry of rain, snow, wind, and other outside 
elements into a building. Enclosure improvements can ensure durability and structural integrity, thermal 
comfort, reduced energy use, and improved livability factors such as aesthetics and noise reduction. Most 
building enclosure related issues are caused by air leakage, unwarranted moisture transfer, and thermal 
bypasses. Moisture issues sometimes lead to occupant health issues. 

This section presents discussion of these factors and the mechanisms causing the issues, followed by 
discussion of audit methodology and description of audit process items. The primary focus is energy use 
reduction. Table 7.1 is a listing of standard building enclosure energy measures. 

Table 7.1. Building enclosure energy measures* 

Subcategory 
Eligibility 

Measures  
HUD WAP 

      Insulation 
Dwelling 

units 
Whole 

building 

  

  Install attic insulation - X 
   Add attic insulation - X 
  Install roof insulation - X 
  Install reflective roof - X 
  Install radiant barrier - X 
  Isolate/insulate thermal bridges   X 
   Install cavity wall insulation (normal technique) - X 

  
Install cavity wall insulation (high-density 
technique) 

- X 

   Add exterior insulation on walls - X 
   Install floor insulation - X 
   Install rim and band joist insulation - X 
   Insulate foundation walls - X 

      Doors and windows 
Dwelling 

units 
Common 

areas 

Windows 

  Replace windows (including skylight) X X 
  Install storm windows (including on skylight) X X 
  ? Install exterior shutters on windows X - 
    Convert to insulated wall   X 
   Repair broken windows X X 
  Install exterior shading X X 
   Install window films X - 

  
Install interior shades on window—drapes, 
blinds,  

X - 

   Install movable insulation system for windows X - 

Doors 
   Replace doors X X 
  Install storm doors X - 

*Indoor air quality and ventilation are covered in Sect. 8 of this report. 
Note: A question mark indicates it is uncertain whether a measure is eligible. 
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Typically, a building enclosure consists of components that separate indoors from outdoors, such as 
exterior walls, windows and doors, roof and attic assemblies, and floor and foundation assemblies. In 
multifamily buildings, separation of individual apartments, common areas, vertically connected spaces 
(e.g., elevators, stairwells, shafts, chases, garbage chutes) and attic and foundation spaces is desirable. 
Therefore, this chapter also covers components that separate indoor spaces of the building, such as 
interior walls, ceiling/floors, and interior doors, as they can cause or augment undesired connections 
between the indoors and outdoors or between indoor spaces.  

Building enclosure problems can lead to other problems with IAQ, thermal comfort, health issues, and 
durability of finishes and structure. Enclosure problems can also increase energy use. This section covers 
evaluation of the building enclosure for energy improvements and briefly discusses potential health issues 
related to the assessment of the building enclosure and potential energy improvements.  

7.1 Background and Opportunities Overview 

Most building enclosure issues are consequences of combined heat, air, and moisture transfer. Heat, air, 
and moisture transfer are coupled and closely interact with each other. For example, air leakage short-
circuits the U-factor of a designed wall performance. Wind washing, indoor air washing, and stack-
induced air movement may increment the U-factor by a factor of 2.5 or more. High moisture levels in 
building materials may also have a negative effect on the building envelope’s thermal performance. 
Furthermore, these issues must be addressed in an integrated manner. For example, adding insulation and 
air sealing may cause moisture-related problems. Understanding the mechanisms of heat, air, and 
moisture transfer through the building enclosure explains how these issues originate, advance, and impact 
the building enclosure and indoor conditions, which is important for evaluation of energy use impacts and 
other issues. 

7.1.1 Basic Insulation Measures 

Enclosure element construction details should be evaluated both using building plans (when available) 
and during the audit to determine 

 exterior sheathing type and thickness (e.g., stucco, wood, cement, brick) 
 cavity or plenum thickness (if present) 
 insulation type and thickness (if present) 
 truss/rafter/stud type and spacing (if present) 
 interior finish type and thickness 

Depending on the project scope, exploratory demolition to investigate construction assembly may be 
undertaken to accurately assess enclosure elements. When possible, existing insulation should be assessed 
for installation quality. Infrared (IR) diagnostics can be an important part of that inspection. Care must be 
exercised in choosing the insulation R-value to use for energy use calculations, especially if inspection or 
IR viewing shows insulation is not carefully installed (see thermal bypass discussion in Sect. 7.1.2). The 
resulting savings can be large, but costs are also often high. 

European efforts have examined thermal envelope U-value calculation issues in detail [1], and some 
online calculators have been developed that conscientious analysts may want to examine. [2]   Note that 
total R-values in °K·m2/W can be converted to h·ft2·°F/Btu by multiplying by 5.678: 

h·ft2·°F/Btu = °K·m2/W × 5.678263 

Defining the enclosure layers as well as possible is important for establishing the baseline energy model. 
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7.1.2 Thermal Bypasses 

 Mechanisms—The building enclosure is a thermal shield against the outdoor environment. However, 
unwarranted heat transfer from even small areas of inadequately insulated sections, such as sill boxes, 
attic doors, HVAC platforms in attics, framing 
members—including headers above windows 
and doors, corners, interior/exterior wall 
intersections (Fig. 7.1), attic and exterior wall 
intersections, single-pane window glass, and 
metal window frames can affect the thermal 
performance of the building enclosure system.  

Impacts—Besides affecting thermal comfort 
and energy use, undesired heat transfer 
through the building enclosure can cause 
condensation on construction assemblies, 
leading to moisture damage, durability issues, 
and health and safety issues.  

Fixes—Ensuring higher thermal resistance by 
adding insulation or replacing components can 
correct many insulation bypasses.   Figure 7.1 
shows an infrared image of a wall/ceiling joint 
with some type of thermal bypass (blue 
indicates cold areas).  

Some options for addressing thermal bypasses are added insulation, radiant barriers, reflective roofing, 
new windows and doors, storm windows, and storm doors. 

ENERGY STAR—ENERGY STAR for Homes offers an online thermal bypass checklist that indicates 
the major areas to consider in evaluating potential thermal bypass issues 
(http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/Thermal_Bypass_Inspection_Che
cklist.pdf?7627-5da1): 

1. Air and thermal barrier alignment 
2. Walls adjoining exterior or unconditioned spaces 
3. Floors between conditioned and exterior spaces 
4. Shafts 
5. Attic/ceiling interface 
6. Common walls between dwelling units 

In addition to the areas in this list, there may be unintentional shafts in interior walls between floors of 
multifamily buildings that have airflow convection loops from basements or other unconditioned spaces. 
Practitioners have reported finding interior walls that are colder than exterior walls during cold weather. 

Building plans for the ENERGY STAR thermal bypass checklist have been developed to show how to 
avoid these issues in new construction and in some retrofits. They also indicate some options to consider 
for existing buildings. They can be found at the Building America Solution Center website 
(http://basc.pnnl.gov/cad-files). Some retrofit solutions also are covered, some of which are related to 
thermal bypass (http://basc.pnnl.gov/search/retrofit). 

 

Fig. 7.1. Infrared image shows thermal bypass (blue 
region from middle to upper right) at wall/ceiling joint.  
Source: Otis and Maxwell [ 8] 
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A pictorial discussion of thermal bypass issues, including where airflow is a concern and a table of air and 
wind barrier concepts, is available from the Association for Environment Conscious Building. [3] 

7.1.3 Airflow 

Air leakage issues in a multifamily building include leakage of air to the outside and between indoor 
spaces of the building. [4]   Unwanted airflows link air quality throughout a multifamily building in 
potentially undesirable ways (e.g., carrying odors through the building) and can increase energy loads.  

Mechanisms of air transport 

Airflow through and within building components is driven by three primary mechanisms: 

1. wind pressure (temperature difference) 
2. stack pressure 
3. pressure differentials induced by mechanical systems 

These drivers cause flow through 

 open porous materials 
 layers 
 cavities 
 cracks 
 leaks (gaps) 
 intentional vents 

Airflow through these leakage paths, in 
combination, creates complicated airflow 
networks along and through building 
components (Fig. 7.2). These combined flows 
can act to decrease the hygrothermal response 
of components, envelopes, and even whole 
building fabrics.  

Wind pressure. When wind impinges on a 
building, it creates a distribution of static 
pressures on the building’s exterior surface 
that depends on the wind direction, wind 
speed, air density, surface orientation, and 
surrounding conditions. Wind pressures are 
generally positive with respect to the static 
pressure in the undisturbed airstream on the 
windward side of a building and negative on 
the leeward sides. However, pressures on 
these sides may be negative or positive, 
depending on wind angle and building shape. 
Wind-induced pressure differences across a 
building enclosure can occur in low- and high-
rise apartments. However, high-rise buildings 
see much higher pressure differences at higher 
floors. Extensive information on wind 
pressures and effects on buildings can be found in the ASHRAE Handbook. [5] 

 

Fig. 7.2. Factors that influence airflow distribution in 
apartment buildings. 
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Stack pressure. Stack pressure is the hydrostatic pressure caused by the weight of a column of air located 
inside or outside a building. It can also occur within a flow element, such as a duct or chimney that has 
vertical separation between its inlet and outlet. The hydrostatic pressure in the air depends on the density 
and height of the air mass. Air density increases as temperature decreases, so cold air tends to push down 
an air stack and hot air rises through an air stack. Stack effect is increased in vertically connected spaces 
(e.g., elevators, stairwells, garbage chutes, shafts, chases) where the induced pressure differences related 
to density differences are greater. Airflow in taller buildings is often dominated by stack effect, especially 
in cold climates, causing outdoor air infiltration on lower floors and interior air exfiltration on upper 
floors. [6] This is particularly true in buildings with large vertical flow paths between floors, such as 
elevator shafts. In warm weather the airflows reverse, and in hot climates, reverse stack effects are 
possible. 

Mechanical systems. The operation of mechanical equipment, such as supply or exhaust systems and 
vented combustion devices, affects pressure differences across the building envelope. The interaction 
between mechanical systems and the building envelope also pertains to systems serving zones of 
buildings. The performance of zone-specific exhaust or pressurization systems is affected by leakage in 
zone partitions as well as in exterior walls. Mechanical systems can also create infiltration-driving forces 
in single zones—specifically, in dwelling units with central forced-air duct systems having multiple 
supply registers but only a central return grille. When internal doors are closed in these units, large 
positive indoor/outdoor pressure differentials are created for rooms with only supply registers, whereas 
the room or hallway with the return grille tends to depressurize relative to the outdoors. This is caused by 
the resistance of internal door undercuts, often partially blocked by carpeting, to flow from the supply 
register to the return. [7]  

Mechanical system defects also cause issues such as exhaust riser leaks that reduce the ability of exhaust 
fans to exhaust air from the intended area. Leaks in ducts for heating and cooling systems can allow 
additional leakage paths to the outdoors.  Existing central ventilation systems are often found to be not 
operating or are abandoned.  These systems provide many opportunities for unwanted leakage and 
problematic pressure-induced airflows. Exhaust fans are often found to be functioning poorly or not at all. 
Failure to seal duct, pipe, or wiring penetrations creates defects in compartmentalization between units or 
to other spaces. High-rise apartment buildings often have central mechanical ventilation systems and 
bathroom and or kitchen exhaust fan risers, which give rise to many air leakage issues. 

Leakage paths. Electrical 
penetrations, HVAC ducts, and 
piping penetrations often leave 
holes for airflow. Figure 7.3 
shows common leakage paths 
in a multifamily building attic. 
[8]  All these systems combine 
to cause an intricate array of 
potential airflow issues, 
vertical, horizontal, and 
combined. Low-rise apartment 
buildings tend to have more 
airflow isolation than high-rise 
buildings but may have 
envelope leaks, exhaust fans, 
and HVAC systems that 
provide leakage paths. 
Operable windows can provide 

Fig. 7.3. Air leakage paths common in a multifamily building attic. 
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natural ventilation, and exhaust systems tend to be manually switched on or off (occupant effects). 
Penetrations between floors may be an issue if duct systems are run from or to the roof (via mechanical 
chases, see Fig. 7.3 and Sect. 10). 

Impacts of unplanned airflows 

The impacts of unwanted airflows in buildings include higher energy use; lack of thermal comfort; odor 
problems when pollutants, stale air, and other odors rise from lower to upper floors during cold weather; 
the spread of smoke and fire; and other indoor air quality issues.  

Stack effect pressures may be superimposed on mechanically induced pressures on a seasonal basis, 
resulting in uneven distribution of ventilation flows. Lower-floor units may be overventilated and 
underheated during cold weather because of combined stack and mechanical system pressures, while 
upper floor units may experience odor issues and overheating. High-rise buildings often have out-of-
control airflows resulting from stack effect and wind-induced pressures, which sometimes overpower fan 
systems. Even low-rise buildings may have wind-induced airflow issues. 

Correction of airflow issues 

Airflow through envelope assemblies occurs in the presence of coupled discrete layers, cavities, cracks, 
leaks, and intentionally installed vents. Extensive information about and examples of air sealing of 
multifamily buildings is available from the Wisconsin Weatherization Program. [9]  

A single layer with low air permeability (an airflow retarder) can substantially minimize air inflow and 
outflow as long as it is both continuous and free of leakage paths. An airflow retarder must also be strong 
enough to withstand the air pressure difference imposed across the material.  

Air sealing enables compartmentalization of areas, i.e., isolation of building envelopes from the outside, 
of central core services from hallways, of hallways from dwellings, and of dwelling units from one 
another. [10] Potential air sealing locations are those where pressure differences are largest. These include 
bottom and top openings, especially in vertically connected spaces, forced air ducts, and risers. Although 
compartmentalization may be difficult, it is important to isolate vertical shafts and chases as much as 
possible to reduce stack effects.  

Balanced airflow systems, with ducted air return and distributed grilles, or adequately sized transfer 
grilles (where allowed by fire codes) can significantly reduce pressure differences induced by mechanical 
systems. Building envelope airtightness and interzonal airflow resistance also affect the performance of 
mechanical systems. The actual airflow rate delivered by these systems, particularly ventilation systems, 
depends on the pressure they work against; therefore, the building envelope and its leakage must be 
considered part of the air supply system in determining the pressure drop of the system. Duct leakage also 
affects ventilation systems. Supply leaks to the outdoors tend to depressurize the building and return leaks 
to the outdoors tend to pressurize it. Keeping ducts within the conditioned space and sealing ducts well 
with durable materials and high-quality construction methods reduce potential duct-induced problems. 

7.1.4 Moisture Transfer 

Moisture issues in buildings can be caused by moisture movement through construction assemblies (via 
vapor diffusion and movement of moist air or water through cracks) or by direct contact of susceptible 
building components with moisture (surface condensation, water pooling).  

Mechanisms of moisture transport 
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Moisture may enter a building envelope as water vapor or liquid water by various paths, including vapor 
pressure difference, water leaks, wind-driven rain, and foundation leaks. Water vapor activates sorption in 
the envelope materials, and water vapor flow in and through the envelope may cause condensation on 
both nonporous and wet, porous surfaces. Saturated materials in contact with wood may also cause 
moisture damage. Water vapor and liquid water migrate by a variety of transport mechanisms, including  

 water vapor flow by diffusion  
 water vapor flow by air movement  
 water vapor flow by capillary suction  
 liquid flow at low moisture content (by gravity or water and air pressure gradients)  

For moisture movement to occur through construction assemblies, a moisture source must exist, a driving 
force must cause moisture movement, and a route must exist for the moisture to travel through the 
building enclosure. Moisture sources may be outside the building (e.g., rainwater, surface water, 
groundwater) or inside it (indoor elements or activities such as cooking, shower, plants, aquariums, leaky 
plumbing, condensation). Indoor and outdoor conditions such as temperature and/or pressure differences 
across the building enclosure cause moisture movement. Inadequate barriers (unprotected or poorly 
protected exterior, missing or inadequate air and/or vapor barrier) and air leakage paths in the enclosure 
provide a route for moisture movement. 

Impacts of moisture transfer 

Moisture transfer can result in condensation and dampness within assemblies and on surfaces. Increased 
moisture content affects not only the materials holding the moisture but also those in contact with wet 
materials. Visible and invisible degradation caused by moisture is an important factor limiting the service 
life of building components. Degradation issues may include 

 Increased hygrothermal loads (as sensible and latent heat transfer, as well as heat transfer through 
mass transfer)  

 Decrease of thermal resistance of building and insulating materials  
 Decrease in strength and stiffness of load-bearing materials 
 Visible degradation 

– mold on surfaces 
– decay of wood-based materials (buckling or warping of wood-based panels or boards) 
– salt efflorescence and spalling (chipping caused by freeze/thaw cycles) of masonry and concrete 
– hydration of plastic materials 
– corrosion of metals: rusting of nails, nail plates, or other metal building components, corrosion of 

steel fasteners in the wood (caused by condensation on cold metal fasteners) 
– damage from expansion of materials (e.g., buckling of wood floors) 
– decline in appearance (paint failure, streaking or straining caused by water or condensation) 

 IAQ issues when moisture leads to odors and to mold spores in indoor air  

Correction of moisture transfer issues 

The process of addressing moisture transfer issues in construction assemblies involves eliminating the 
moisture sources, the driving forces, and the migration paths and/or susceptible materials.  

Moisture problems can be prevented by eliminating indoor moisture sources, correcting site and roof 
drainage, protecting the exterior from rainwater [11], installing vapor retarders or damp-proof coatings in 
appropriate locations, and/or replacing/refinishing interior surfaces with appropriately selected materials 
that allow moisture to escape from assemblies. 



 

 7-8 

Moisture issues occur if moisture ends up at a building component susceptible to moisture damage. If a 
balance between wetting and drying is maintained in building components and assemblies, moisture will 
not accumulate over time, and moisture-related problems may not occur. Over time, the extent and 
duration of wetting and the level of moisture storage and moisture elimination will impact whether 
problems occur and their extent. Understanding vapor barriers and moisture issues also requires 
knowledge of climatic impacts and requirements. [12]  

7.1.5 Durability and Structural Issues 

This report does not extensively address durability and structural issues because of the overlap and 
interrelationship between structural issues and other issues (e.g., moisture leakage, air leakage). Existing 
or potential issues that directly or indirectly impact the integrity of a building structure, raise safety issues, 
or must be addressed to ensure the effectiveness of energy measures (i.e., incidental repairs) are included. 
These include deteriorated or damaged, missing, or inoperative elements that cause the building enclosure 
to cease to perform its function.  

The integrity of the building enclosure can be compromised by natural or manmade disasters (such as fire, 
wind, earthquakes, and floods). Prolonged exposure to (or even sudden changes in) environmental factors 
such as extreme heat or cold, radiation, rains, moisture (outdoors or indoors), gravity (snow), soil 
movement, and insects may result in adverse conditions for building materials. The age of materials (such 
as roofing, flooring, windows, sealant and caulking), inadequate construction, and/or poor maintenance 
can make the building enclosure more susceptible to these adverse conditions. All of these are 
mechanisms of safety and durability problems. Building Science Digest [13] provides a list of key damage 
types that affect durability. Methods of correcting structural issues include repair and replacement, which 
may require redesign of the construction. 

7.1.6 Windows and Doors 

Windows and doors should be evaluated for proper 
fit, operation, and efficiency, in addition to thermal 
bypass and air leakage considerations impacted by 
the frames and seals (Fig. 7.4). Basic U-value data 
are needed to include in the energy model. 

When closed, windows and exterior doors should be 
fully seated against gasket material that is continuous 
around the perimeter of the opening to maintain an 
effective seal against air transfer. For energy 
modeling, information is needed on the window and 
door frame material (e.g., wood, aluminum), glazing 
type (number of panes and U-value, if available), 
presence of tinting or low-e coatings, size of existing 
shading devices and overhangs, and any other unique 
components (e.g., thermal break, reflective film).  

Large window (or glass door) areas can offer 
important savings opportunities in high-rise buildings 
in colder climates. If air leakage is large enough, 
window/glass door replacement may be highly 
effective. [14] 

 

Fig. 7.4. Window and air leakage can be made 
visible with visible-vapor-producing devices like 

smoke machines or pencils. 
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7.2 Data Gathering 

Building enclosure data collection starts before the site visit (see Sect. 2.4).  A readily available 
geolocation software such as Google Earth can be used to view the building and its surroundings. The 
basic construction documentation can provide important insights about the enclosure, such as building 
configuration, layout of spaces, dimensions, details of construction assembly, and window and door 
specifications. This information should be used to help plan the on-site inspection and data collection 
(e.g., sampling dwelling units, determining inspection points, planning access, estimating crew and 
equipment). Data collected from construction documents should be verified, to the extent possible, during 
the site visit for any undocumented changes made during construction, expansion, or remodeling of the 
building (see Sect. 3.2). 

7.2.1 Interviews 

Interviews with site operations or maintenance staff may provide insight into potential enclosure issues, 
and questions should be directed at understanding any known complaint or maintenance problem areas 
affecting comfort, noise, odors, or enclosure integrity. Building staff should also be asked for 
maintenance and remodeling records. The age of the building and maintenance and remodeling records 
can provide several clues about the performance and durability of enclosure elements, as well as certain 
health and safety concerns such as potential use of asbestos-containing materials and lead-based paint in 
the building.  

Accounts of frequent repair or replacement of enclosure components are indicators that the existing 
enclosure design may not be functioning properly and needs further investigation. The maintenance 
history may indicate the presence of issues that are not otherwise easily perceived. Future retrofit of 
components (e.g., roof) may help coordinate the weatherization activities with retrofits.  

Interviews with occupants, if allowed, should include questions about comfort and perceived airflows, 
both at present and in the past. Perceptions of odors and likely odor sources and noises and noise sources 
should also be requested. Particular attention should be paid to any relevant feedback about building 
airflow behaviors during high-wind and high-temperature-differential conditions.  

7.2.2 Inspections and Testing 

Decisions about how much testing to perform will usually be made before the site visit. Testing can range 
from simple to highly complex. If dwelling units are to be sampled, the sampling plan requirements 
should guide how dwellings are selected (and sampled spaces should receive similar testing).  

The extent of testing will depend to some extent on climate. The benefits from increasing thermal 
isolation of the indoors from the outdoors increase as the climate becomes colder. Benefits from reducing 
moisture migration tend to be larger in cold as well as humid climates. Even code requirements change 
based on climate, so inspection and testing levels should also be matched to climatic impacts. 
Determination of the layers of construction elements, which is how basic insulation measures are 
evaluated, is covered in Sect. 7.1.1 and basic window/door data in Sect. 7.1.6. 

7.2.2.1 Thermal Bypasses and Air Leakage/Migration 

As indicated previously, thermal bypasses, air leakage and migration, and moisture migration 
mechanisms are typically inter-linked, sometimes heavily. Inspection and testing for thermal bypass and 
air leakage mechanisms must be highly integrated. The integrity and effectiveness of the air barrier [3, 10] 
and moisture (rain, vapor) barrier [11, 12] systems, or construction elements serving as those systems, 
must be evaluated. Moisture will be covered briefly in Sect. 7.2.3. 
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Thermal bypass inspection can be assisted by IR thermography if the temperature differences between 
indoors and outdoors are high enough. Blower doors and other air pressurization devices are other 
important aids to air leakage testing. Combined blower door and IR testing can increase diagnostic reach. 

Inspection sites are extensive and include 

 piping penetrations and potential leaks in pipe insulation, all locations 
 all framing intersections 
 all wall/floor, wall/ceiling, and wall/wall joints 
 window-to-rough-opening seal 
 window-to-interior-wall seal 
 thru-the-wall or window heating/cooling unit sleeves and framing 
 electrical outlets and switches 
 electrical or other wiring penetrations 
 electrical boxes or panels (wiring penetrations behind) 
 duct boot, takeoff, or other duct penetrations and seal 
 all ducts and trays (including duct leakage testing) 
 thermostats, intercoms, or other electronic wiring penetrations 
 lighting fixtures 
 door frames and hardware  
 cabinets and soffit enclosures 

IR thermography. For IR inspection methods, RESNET (www.resnet.us) developed interim guidelines 
for thermographic inspection of buildings (one version in 2010 and another in 2012), but these are no 
longer available from RESNET (the 2010 version can still be found on the internet). Instead, RESNET 
now appears to be requiring certification in IR methods from the American Society for Nondestructive 
Testing. 

The RESNET website, at the time of this writing (early 2014), did include some presentations from the 
Infrared Training Center on IR methods that are worth examining. [15, 16]   IR equipment is not 
necessarily expensive, thermography expertise is an important asset for multifamily energy audits, and 
there are many possibilities for extended analysis that qualified personnel can provide. IR diagnostics can 
be used for thermal bypass, air leakage, and moisture issues. 

Airflow/migration diagnostics. A fairly extensive discussion of complex air leakage and migration 
testing methods can be found in the Minnesota tobacco smoke study. [17]  Simpler methods may include 
only the use of smoke sticks or foggers.  Some examples of testing tools and methods for multifamily 
buildings, as well as a brief presentation on testing protocols, can also be found in a presentation from 
Energy OutWest 2012. [18]  

Cautionary note: Airtightness testing is costly and difficult for multifamily buildings, sometimes too 
difficult. [18]  An air sealing scope of work may need to be developed based partly on assumptions and 
limited testing, [19] although energy modeling (Whole-Building Detailed Simulation Base-Case Model, 
Sect. 4.3) should be used to corroborate the best estimate of the magnitude of existing air leakage to the 
outside. For energy use, the challenge is to reasonably assess the potential reduction in air leakage to/from 
the outside likely to result from the proposed scope of work. 

Airflow migration that affects odor migration and energy load transfer in a building is quite complicated 
and cannot typically be modeled, as the required modeling is so complex. Sometimes pressure differential 
readings between areas of a building can assist in analyzing likely airflow migration paths, but such 
airflow diagnostics may also be complicated. [20]  Airflow and air migration diagnostics are part art and 
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part science, as migration flow paths often are complicated.  Zonal pressure diagnostics are typically 
applied in single-family dwellings, but in multifamily, building size, often limited access to dwellings, 
and potentially complex flow paths make it difficult to know when a stopping point is reached. [19]  

7.2.3 Moisture and Water 

Moisture problems often leave visual or olfactory clues (olfactory receptor gene variation is significant, 
so be careful of doubting what someone smells), but without these clues, other diagnostics are needed to 
further assess potential problems. IR thermography can be used [15, 16] to diagnose potential durability 
or structural issues, as well as assist in evaluating potential thermal bypass effects due to moisture. These 
potential problems should be verified with a moisture meter and visual inspection. If potential health 
issues are a concern, a health and safety assessment may be needed to check for the presence of moisture-
supported allergens. 

The site and exterior of the building (roof, walls, and window drainage) should be inspected for apparent 
drainage issues. The enclosure elements should be evaluated to ensure that enclosure is continuous and 
that water is not directed into the building structure, at the building footing, or behind the building’s 
drainage plane (typically located behind exterior sheathing). Overhangs and eaves should direct water 
away from the building. Roof gutters should direct water into a drainage system at all times. Water 
intrusion can cause mold or structural damage. Water intrusion issues should be noted for recommended 
correction. 

7.2.4 Data for Energy Modeling 

Detailed data on the size and construction of the enclosure components should be collected during the 
visual inspection as input for energy modeling, and conditions that may impact the feasibility of retrofits 
should be observed. Depending on the energy audit tool to be used, relevant details include the following:  

 Construction type, size and spacing of framing, type and thickness (or R-value) of insulation and 
sheathing, type of exterior and interior finish materials for opaque enclosure components (walls, roof 
and attic, floors and foundation) . Relevant details include any structural thermal bypass 
characteristics. 

 For windows, skylights and doors: window and door types and materials, glazing assembly and frame 
material (number of panes, presence of tinting or low-e coatings, and U-value if available), presence 
and type of storm windows and doors, presence of shading devices, dimensions of overhangs 

 Air leakage properties 

These details should be noted by parent space if the energy modeling tool is capable of multizone 
modeling. Knowledge of existing construction assemblies helps determine the retrofits. The accuracy and 
level of detail of the data is important for energy modeling. 

The layout and dimensions of the building, the spaces, and the dimensions of enclosure components 
should be collected or be verified if they were obtained from construction documents. Data to be collected 
include 

 roof pitch and attic geometry 
 dimensions of exterior walls, foundation walls, and interior walls 
 dimensions of floors 
 size and quantity of windows and door by parent walls 

Inspection of the construction assembly may require activities such as removing wall plates or other 
access panels located on exterior walls, probing cavities through service penetrations with a nonmetallic 
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hook, removing roof vent caps or other components, or using an IR camera. Depending on the project 
scope, exploratory demolition may be appropriate. Identifying layers, installation quality, and insulation 
coverage may require IR camera use. 

7.2.5 Quality of Construction 

The enclosure components should be inspected for  

 flashing and drainage planes 
 presence and adequacy of thermal, air and vapor barriers 
 presence of unsealed penetrations, cracks and other openings 
 condition of materials 

Knowledge of best and prohibited construction practices can help the auditor evaluate the adequacy of 
existing construction. 

7.2.6 Instrumented Diagnostics 

Instrumented diagnosis can be used to determine air leakage and moisture transmission ( see Sect. 
7.2.2.1). Diagnostic testing and equipment are varied, depending on building systems and construction. 
Methods and equipment include 

 camera inspection 
 blower doors 
 infrared scanning 
 natural and augmented zonal pressure diagnostics (ZPD) 

ZPD, in conjunction with blower door pressure variations, is typically used in single-family homes, where 
the entire pressure boundary can be more readily controlled. In multifamily buildings, control of the 
pressure boundary can become very difficult, so usually only limited testing is feasible—often with some 
assumptions on ratio of leakage to the outside. Natural pressure diagnostics—measurement of natural 
pressure differences due to wind or other factors at the time of the site visit—may be useful. It is 
important to estimate the likely scope of the allowable testing for expected benefits before the site visit. 

Many resources on ZPD, air barriers, moisture barriers, and envelope assessment can be found on the 
WAPTAC website (www.waptac.org). A WAPTAC search on “zonal pressure diagnostics” will bring up 
many links on that topic. Choose the topic of interest and enter the search term. Internet searches will also 
find many other sources of information and guidance related to these topics. 

For ZPD, doll-house-scale training houses are available. Regional and state weatherization training 
centers can be located at http://waptac.org/Regional-WAP-Training-Centers.aspx. Some multifamily 
training centers also have zonal test cells to approximate multifamily building testing (e.g., New River 
Center for Energy Research and Training in Virginia and Association for Energy Affordability in New 
York City). 

For low-rise buildings, testing and diagnostics are usually easier for an individual unit, but obtaining 
access to units for testing is typically challenging. For high-rise buildings, more planning is needed, and 
an initial site scoping visit may be needed to determine what challenges might arise. Access to individual 
units is a challenge. 

High-rise buildings typically require some initial ZPD to understand any natural and induced pressure 
differentials present. High-rise buildings have random pressurization levels that change with prevailing 
wind speed and direction. Many high-rise buildings have mechanically induced pressures created by 
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ventilation and exhaust systems. The test methods used depend upon the particular dynamics of the 
building and the mechanical systems present.  

Building pressures between indoors and outdoors and between interior partitions can be analyzed to 
evaluate the influences of internal and external pressures and the paths that air or moisture take through a 
building. Main entry doors and vestibules are important starting points and reference points. From there, 
the connections between lobbies, hallways, and dwelling can be evaluated. Dwelling unit pressure 
differentials with regard to several reference points, including the outside, can be enhanced and varied 
using blower doors. Stairwell and elevator shaft pressure differentials with regard to reference points can 
be measured on multiple floors to determine potential effects and levels of compartmentalization. 
Concealed duct chases, piping chases, and building cavities should be identified and tested to establish 
what effects they may be inducing. Finally, the exhaust and any supply air systems can be tested to 
determine their functionality, potential defects, and linkage to forced and induced airflows. Stack effect 
must be evaluated when temperature differentials are high enough.  

Destructive disassembly (cutting access holes or panels, or other disassembly) may be necessary to truly 
understand airflows. Nondestructive disassembly of items such as exhaust registers is essentially 
mandatory (to assess any gaps around service penetrations). 

In each building, the pressure paths can be mapped out to reveal airflow paths that indoor and outdoor air 
take through the structure. Where comfort or humidity problems occur that are noticeable to occupants, 
the forces that drive the causes of the complaints may be located in another part of the building. 
Systematic testing can reveal the sources, pathways, and pressures that drive air though the building, 
although testing methods often must be used synergistically to achieve a more complete understanding of 
these flows. 

A guide to blower door testing of buildings larger than single-family using specific testing hardware is 
available on-line at:  http://energyconservatory.com/wp-content/uploads/2014/07/blower_door_applications_guide_-

_beyond_single_family_residential_ver_1-0_0.pdf [21]. 

IR cameras can be used to locate areas needing further investigation in the building enclosure, such as 
missing or misaligned thermal boundaries, air leakage points, thermal bridges, and air sealing locations. 
When the outdoor and indoor temperature differences are not significant enough for proper identification 
of leakage paths, use of IR imaging in conjunction with blower door depressurization is a best practice for 
evaluating the enclosure, as it offers significant advantages for accentuating the air leakage path. When 
using a blower door, it is usually best to depressurize and inspect the building from the inside, as this 
helps to eliminate variables in exterior temperatures that can be created by reflective surfaces, shadows, 
sun exposure, and so on. 

7.3 Challenges, Issues, and Pitfalls 

The primary challenge and potential pitfall is in balancing the costs of diagnostics and enclosure 
assessment against potential benefits. Diagnostic testing may be costly, so the size of the project may 
impact how much testing can be performed. If a preliminary energy model can be developed for the 
building before the site visit, and a reasonable agreement between actual energy use and modeled energy 
use can be obtained, potential benefits of reductions in thermal bypasses and air leakage impacts can be 
roughly estimated. This will allow potential site visit efforts to be approximately scoped, based on 
expected potential benefits. For initial modeling, a tool that works with minimal input is the HUD 
Multifamily CHP Level 2 Screening Tool, beta 3. [22]   Input templates can be prepared for several 
different building configurations for this tool, making adaptation to specific buildings a quick process.  
Potential energy benefits from airflow reduction decrease rapidly as climate becomes more moderate. 
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A potential major issue is resident complaints about odor migration in a specific building. Multifamily 
research in Minnesota [20] indicated cooking odor and tobacco smoke migration in multifamily buildings 
can be serious concerns. It may benefit the initial project development process to raise this potential issue 
to see whether odor migration assessment and possible mitigation could be approached as a preliminary 
project that could also support the energy audit. 

Health issues may also surface as a concern. Air sealing against outside air infiltration without providing 
proper ventilation may exacerbate IAQ problems and, as a worst case, even cause or exacerbate emissions 
from combustion appliances.  WAP requires compliance with ASHRAE Standard 62.2 for low-rise 
buildings, and ventilation requirements for a building may be governed by local codes.  Code 
requirements for ventilation must be evaluated.  Liability issues related to health, safety, or building 
durability issues may make an energy audit project problematic to conduct; for some programs, they may 
rule out an audit completely. 

ASHRAE Standard 62.2 has introduced many changes recently related to multifamily buildings. The 
extent of change raises some concerns about true import of compliance.  In addition, care is needed before 
starting a project to verify that Standard 62.2 [23] or Standard 62.1[24] requirements do not pose a 
roadblock (the standards are updated continuously, so potential issues change often). 

7.4 Energy Audit Process 

7.4.1 General Considerations 

Before the site visit, the building enclosure should be defined as well as possible from the documentation 
obtained. If a preliminary energy model can be developed, the potential benefits of air sealing should be 
estimated to allow some scoping of useful diagnostic efforts. Potential benefits of added insulation should 
also be estimated, if possible. Tools and methods for the site visit may include observation, camera 
inspections, and nondestructive or destructive disassembly. 

Important potential thermal bypass and air leakage sites should be listed for verification during the site 
visit. Construction element U-values should be estimated, and U-value uncertainties needing verification 
during the site visit should be defined. 

Multifamily energy audit programs should define air leakage testing protocols to match the local climate, 
as buildings in mild climates will benefit less from air leakage reduction. 

Cost-effectiveness testing of window replacement as a measure should be ongoing, since window pricing 
can vary over time and window installation costs may be lower per unit installed for larger projects. In a 
research study in Georgia on a low-rise multifamily building, window replacement was found to be an 
attractive measure [25] even with no allowance for air leakage reduction. Existing single-pane windows 
were replaced with ENERGY STAR low-e, double pane, vinyl frame windows. 

Documentation of interview results may be difficult, as it is often difficult to write while in conversation. 
Extra effort should be made to write down (or type in) as much of the interview information as possible as 
soon as possible during or after interview discussions, so that all important points are noted. 

During visual inspection, any health or safety issues that may affect the assessment of the enclosure 
should be identified before further inspection. Existing or potential health and safety issues may also 
prohibit or hinder certain measures and/or impact the way measures can be installed. The physical 
condition of enclosure components should be assessed for structural integrity. The quality of construction/ 
installation of these components should be assessed for the presence and effectiveness of air and vapor 
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barriers, unintentional air and vapor leakage paths (penetrations, gaps, cracks), and ventilation in buffer 
spaces (such as attic, unconditioned basements, and crawlspace) and cavities.  

7.4.2 Health and Safety Issues 

Health and safety issues that may directly relate to assessment and retrofit of building enclosure include  

 water damage, biological (mold growth) 
 presence of vermiculite or asbestos-containing materials 
 lead paint (paint may need to be sampled and/or tested depending on the seriousness of the concern) 
 pests (especially termite) 
 knob and tube wiring 

Asbestos. Buildings constructed before 1990 may include asbestos-containing materials (ACM). In those 
buildings, assessment of the building enclosure through destructive disassembly should be carefully 
conducted to minimize any disturbance of ACM. ACM must be replaced or remain encapsulated to meet 
safety requirements, so their presence affects what work can be done. Vermiculite (which may have 
ACM) or other ACM in the attic or exterior walls, siding, roofing, or interior surfaces, can be suspected or 
determined depending on the age of the building or the visual inspection. If ACM presence is a concern, 
sampling and testing should be performed before further assessment. 

Lead. Buildings constructed before 1977 may include lead-based paints. The presence of lead-based paint 
can be assumed based on the age of the building or determined using testing. In those buildings, 
assessment of the building enclosure through destructive disassembly should be carefully conducted to 
minimize the disturbance. Lead-safe practices should be followed.  The presence, or likelihood, of lead-
based paint may impact the choice of retrofit installation methods. 

Indirect health and safety issues may also be affected, such as worst-case leakage of emissions from 
combustion appliances. 

7.4.3 Air and Vapor Barrier 

The presence and adequacy (location and grade) of air barriers and vapor retarders and/or vapor barriers 
should be noted. Any misalignment of pressure boundary and thermal boundary should be noted. If 
possible, instrumented diagnosis should be performed to determine the adequacy of air and vapor barriers 
and existing and potential problems.  

Local building codes usually dictate vapor barrier requirements. A vapor barrier must be installed on the 
warm side of the insulation, because condensation occurs as water vapor moves from the warm side of the 
wall to the cold side. If a vapor barrier is installed on the cold side, it traps moisture inside the envelope, 
making moisture problems worse. This poses a dilemma in climates in which the weather tends to be hot 
and humid in summer but cold in winter. The deciding factor is how cold it gets. Where the winters are 
seriously cold, as in Minnesota, the best compromise is to install the vapor barrier on the inside. In humid 
climates where winter temperatures are mild, as in Houston, the best compromise probably is not to use a 
vapor barrier. If this decision is made, the envelope should be made of materials, such as masonry, glass, 
or aluminum, that can withstand periodic dampening. It might be tempting to solve this problem by 
installing a vapor barrier on both sides of the envelope, but this is the worst approach. Vapor barriers on 
both sides of the envelope would almost certainly trap harmful amounts of moisture. 
(http://www.energybooks.com/pdf/D1142.pdf) 

For most of North America, vapor retarders should be installed in exterior walls on the warm-in-winter 
side of the insulation (toward the interior). For some hot, humid areas, such as Florida, the Gulf Coast, 
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and Hawaii, the vapor retarder should generally be installed facing the outside. 
(http://www.certainteed.com/learning-center/insulation/?qid=75) 

7.4.4 Thermal Bypasses, Air Leakage, and Moisture Leakage 

Signs of ice damming, mold, or deterioration can be indicators of uncontrolled air leakage between 
conditioned space and an unconditioned cavity and should be noted. A thermal enclosure system rating 
checklist for ENERGY STAR–qualified homes [26] provides comprehensive information to help ensure 

 air barriers fully-aligned with insulation along walls, floors, and ceilings  
 reduced thermal bridging 
 air sealing of penetrations, cracks, and other openings 

In addition, seals for window and door frames/sections should be checked for goodness of fit, potential 
leakage, and possible need for new weatherstripping or seals. 

Inspection locations are listed in Sect. 7.2.2.1, and a link to a simplified checklist of the ENERGY STAR 
thermal enclosure items is provided in Sect. 7.1.2. 

7.4.5 Feasibility of Energy Conservation Measures 

The key factors in determining the general feasibility of ECMs are 

 available space 
 construction-specific limitations 
 access limitations: locations of roof structures, equipment, curbs, vents, and so on that affect the 

thermal boundary and insulatable area, cavity height restrictions, maintenance requirements 
 health and safety issues requiring correction before installation (hindrance) 
 health and safety of crew 

The auditor should determine the feasibility of insulating, adding overhangs, and sealing ventilation and 
other air leakage openings into exterior enclosure elements. The risk for condensation to occur within any 
cavity as a result of uncontrolled air leakage needs to be determined.  If an exterior floor is not below the 
conditioned space and is ventilated to the exterior, the auditor should determine the feasibility of sealing 
only the rim joist connection to prevent air leakage into/out of the building. 

Noting the type of flooring may be helpful if subfloor replacement may be needed and if the flooring 
surface needs repair. 

Energy modeling data and ECM feasibility information will feed into baseline energy model development 
and ECM analysis. 

7.5 Codes and Standards 

Local codes will determine the requirements for added insulation or replacement of windows or doors. U-
value calculations can be assisted using online calculators [e.g., 2]. Note that “load calculation” methods, 
such as Manual J, are not meant for energy modeling, in which effective annual averages and effective U-
values are needed for increased accuracy. Load calculation requires the use of effective “peak” or highest 
observed values, together with “safety factors” to help ensure loads can be met by equipment. 

Extensive information on material properties related to building materials, as well as a listing of standards 
that apply, can be found in the ASHRAE Handbook. [27] 
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Air leakage testing standards usually do not apply directly for multifamily buildings, as a combination of 
methods is needed to estimate air leakage effects, and allowable budget for diagnostics limits testing 
rigor. 
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8. Indoor Air Quality and Ventilation System 

As part of DOE’s Rebuild America program in the 1990s, several handbooks were developed. One 
handbook was for multifamily ventilation. [1]  A portion of the introductory overview is reproduced here: 

Ventilation is a necessity for the health and comfort of occupants of all buildings. 
Ventilation supplies air for occupants to breathe and removes moisture, odors, and indoor 
pollutants like carbon dioxide. Ventilation design for apartment buildings is inherently 
more complex than what is required for single-family homes. Most apartments have 
limited exposure of walls and windows to the outside environment. Additionally, the 
natural physical forces that move air are more pronounced in taller buildings. This 
includes “infiltration” and “exfiltration”—the unintentional and uncontrollable flow of air 
through cracks and leaks in the building envelope. There are two primary forms of 
intentional ventilation—natural and mechanical. Low-rise buildings (3 stories and under) 
often utilize “natural” ventilation, that is, air supplied and vented through operable 
windows. High-rise buildings (over 3 stories) often use “mechanical” ventilation systems 
in the form of fans, air-inlets, ducts and registers, but may also rely on operable windows 
when mechanical systems fail to provide adequate ventilation. 

Table 8.1 lists energy measures for ventilation systems. Air sealing is covered in Sect. 7 of this report, so 
the material in this section depends to a degree on information presented in Sect. 7. 

Table. 8.1. Measures for ventilation systems 

Subcategory 
Eligibility 

Measures  
HUD WAP 

      Ventilation system (also see Controls) 
Dwelling 

units 
Whole 

building 

  

  Install heat recovery ventilation X X 

 
Install supply and/or exhaust fan units or 
systems 

X  X 

  Seal system bypass or duct leaks X X 
   Repair fan/exhausts X X 
  


Install high-efficiency motors for fans   X 

   Install timer controls for ventilation system  X X 

      Controls / scheduling 
Dwelling 

units 
Whole 

building 

 

 Place or repair sensors X X 
 Install timer controls for ventilation system X X 
 Install energy management system X 

 

8.1 Low-Rise and High-Rise Differences 

High-rise apartment buildings (over three stories, four in some jurisdictions; Fig. 8.1) often have central 
mechanical ventilation systems and bathroom and/or kitchen exhaust fan risers. Many issues arise with 
these systems, e.g., ducts leak, fans are not running, flows have serious imbalances, grills are clogged.  
These issues often lead to inadequate ventilation and stack effect problems. Although it may be difficult 
to do so, it is important to isolate vertical shafts and chases to diagnose the extent of the issues.  
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Low-rise apartment 
buildings tend to have more 
airflow isolation than do 
high-rise buildings, but they 
may have envelope leaks, 
exhaust fans, and HVAC 
systems that provide leakage 
paths that allow induced 
airflows. Operable windows 
can provide natural 
ventilation, and exhaust 
systems tend to be manually 
switched on or off. 
ASHRAE standards related 
to ventilation air and IAQ 
have two different versions 
for low-rise (three stories or 
less) and high-rise buildings. 

8.2 ASHRAE Standards 62.2 and 62.1 

ASHRAE Standard 62, Standards for Mechanical and Natural Ventilation, was first released in 1973. It 
was republished as Ventilation for Acceptable Indoor Air Quality in 1981, and has undergone many 
changes since then. ASHRAE 62-1989 was mainly a standard for commercial buildings. With the creation 
of the new residential standard, Standard 62 became Standard 62.1 in 2004, retaining the same title. As of 
this writing, Standard 62.1 applies to high-rise multifamily buildings [2], Standard 62.2 applies to low-
rise residential buildings [3], and both currently are dated 2013. 

To account for unique features of multifamily buildings compared with single-family structures, a new 
section was incorporated in Standard 62.2-2013 for low-rise multifamily buildings aimed at 

 requiring ventilation to common spaces and parking garages 
 limiting contaminant transfer from other units through walls or ducts  

Higher ventilation rates and requirements for between-unit sealing were introduced, but practical 
feedback on these new requirements has not had time to develop fully as of this writing.  

Compliance has been and remains a challenge because of uncertainty regarding compliance requirements, 
costs for compliance, and other issues.  Mandatory application of Standard 62.1 or 62.2 in multifamily 
buildings depends on local code or energy program requirements.   These standards can be used as a 
reference for some types of information.  The intent of both standards is to maintain good IAQ. 

8.3 Indoor Air Quality 

IAQ is not a simple, easily defined concept like a broken window. It is a constantly changing interaction 
of a complex set of factors. The indoor environment in any building is a result of the interaction between 
the site, climate, airflows through the building, building mechanical or ventilation systems, construction 
materials and techniques, contaminant sources (building materials and furnishings, moisture, activities 
within the building, and outdoor sources), and building occupants. Section 7 discusses some of the issues 
and factors related to moisture problems and air leakage. 

 

Fig. 8.1. Typical high-rise apartment building. 
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Thus IAQ depends on many factors, including control of internal and external sources of pollutants, 
supply of ventilation air, removal of indoor air, occupants’ activities and preferences, and proper 
construction, operation, and maintenance of ventilation components or systems. The ventilation system in 
a home serves the purpose of exchanging outdoor ventilation air for indoor air to maintain carbon dioxide 
content at acceptable levels and to dilute indoor contaminants that accumulate.  

Historically, building ventilation provided source control for both combustion products and objectionable 
odors, and carbon dioxide regulation was a by-product. Currently, a wide range of ventilation 
technologies is available to provide ventilation in dwellings. Most of the existing housing stock in the 
United States uses infiltration combined with window opening and exhaust fans to provide ventilation. 
Where required, by Standard 62 or other codes, mechanical ventilation equipment must be installed and 
meet specific requirements.  

Multifamily building IAQ tends to receive insufficient attention. As indicated in Sect. 8.2, Standard 62.2 
only recently began addressing multifamily requirements related to IAQ, and uncertainties remain at this 
time. The 2013 ASHRAE Handbook, Fundamentals does not cover multifamily ventilation and IAQ 
issues, although it has a whole chapter on “Ventilation and Infiltration,” and provides several pages on 
residential ventilation and IAQ.  Multifamily ventilation concerns and requirements are mentioned briefly 
in the 2011 ASHRAE Handbook, Applications in chapter 1 on residences, but the material is now out of 
date and is taken only from Standard 62.1.  

In addition to compliance uncertainties and limited coverage in important reference sources, multifamily 
IAQ is affected by the overall poor performance of central mechanical ventilation systems [4], which are 
often found to be not operating or are abandoned. [4, 5]   Poor performance is often tied to multistory 
stack effects, a lack of compartmentalization (airtightness) between floors and between units [4, 6] (see 
Sect. 7.1.3), duct leakage, and poor installation. The presence of multistory shafts for elevators, exhaust 
risers, and other shafts makes IAQ isolation to individual dwelling units difficult by increasing the 
potential for uncontrolled airflows through a building (see Sect.7.1.3). Central corridor supply and 
makeup air systems combined with rooftop central exhaust systems are particularly problematic. [4] 
These and other inadequacies often lead to IAQ problems. [7, p 5] Cooking odors tend to be the most 
problematic. Smoke-free buildings can alleviate tobacco smoke issues. Overall, good IAQ for multifamily 
buildings has many enemies. 

The IAQ objective is to provide a good-quality indoor air environment and avoid IAQ problems. Good 
IAQ can be obtained if air leakage and migration through the building are minimized and ventilation air 
can be provided to meet the needs. The four most important elements leading to IAQ problems are  

1. a source of odors or contaminants 
2. inadequate means of odor or contaminant removal  
3. a pathway between the source(s) and the location of the complaint 
4. reaction of the building occupants 

The basic approaches to mitigating IAQ problems are  

 control of pollutant sources 
 modifications to the ventilation system 
 air cleaning 
 control of exposures to occupants 

Successful mitigation often involves a combination of these techniques. 
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The Environmental Protection Agency (EPA) provides an IAQ support portal at 
http://iaq.supportportal.com where answers to frequently-asked questions are available. Mainstream 
Engineering also maintains an online manual on IAQ and mold remediation service techniques at 
http://www.epatest.com/IAQ/manual/manual.jsp. 

8.4 Multifamily Building IAQ Evaluation 

Most ventilation and IAQ issues are consequences of imbalanced ventilation airflow and natural forces. 
Ventilation (covered in this section) and air infiltration (covered in Sect. 7) are coupled and closely 
interact with each other. These issues must be addressed in an integrated manner. Understanding of the 
mechanisms of air leakage and ventilation helps explain how these issues originate, advance, and impact 
the building IAQ. 

Depending on the local climate and the location of the building, ventilation supply air may need to be 
heated or cooled, filtered, possibly dehumidified (or humidified), and supplied where it is needed. Climate 
has a significant impact on the choice of ventilation strategies.  

In general, a more complex ventilation system is needed in buildings located in cold climates. Milder 
climates often only need natural ventilation strategies, but mechanical systems, with or without energy 
recovery measures, may be necessary to optimize energy efficiency in cold climates. Special attention is 
needed to determine solutions for the moisture and temperature conditions of hot and humid climates. 

Health and safety issues are also linked to IAQ. Combustion appliances generate some carbon monoxide 
(CO), which is poisonous, and worst-case pressure differences can cause unacceptable spillage of 
combustion products into a dwelling, possibly leading to CO poisoning. Fumes from paint, solvents, or 
garages may be an issue. Overall health and safety information related to energy retrofits is presented in 
detail in the EPA retrofit protocols [8], which should be consulted regarding those issues, standards, and 
remediation actions. Most of these EPA protocols are related to IAQ. 

IAQ assessment in residences can involve evaluation both of normal effluent removal efficiency and of 
the presence of potentially harmful pollutants in the air. However, the approach taken in Standard 62.2 is 
more prescriptive, and the standard does not address specific pollutants directly. Instead, ventilation 
requirements and source control are intended to provide the minimum means to achieve acceptable IAQ 
in low-rise residences. Standard 62.1 has more requirements but also many uncertainties for multifamily 
buildings taller than three stories; therefore, most older multifamily buildings do not, and probably 
cannot, comply with all the requirements. A major example is tobacco smoke: if smoking is allowed in a 
building, it may be impossible to comply with all the requirements related to tobacco smoke. 

8.5 Ventilation Systems 

The Rebuild America report on multifamily ventilation [1] indicates that both natural ventilation and 
mechanical ventilation systems are used in multifamily buildings. Infiltration air also supplements 
ventilation air, but infiltration cannot be counted on for high-rise buildings or buildings with more 
complex shapes. Low-rise buildings with simple shapes tend to have dwelling units that are more 
compartmentalized (airflow-isolated from each other) than in either high-rise buildings or buildings with 
bulkier shapes. 

If natural ventilation is considered adequate, ventilation assessment is very simple. If exhaust fan 
performance requirements are not high, assessment may be simplified further. 

In general, two types of mechanical ventilation can be found in multifamily buildings: central systems and 
distributed systems. Central systems can provide ventilation to multiple units or to the entire building, 
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whereas a distributed system is made up of individual ventilation systems for each apartment. Central 
systems, typically found in high-rise apartments, minimize installation costs and may supply and/or 
exhaust air. Distributed systems are generally found in low-rise apartments and they also may supply 
and/or exhaust air. For ALL buildings, distributed systems may be essential to compartmentalization. [4] 
The nature of the air supply and exhaust systems in centralized systems must be understood and verified. 

Distributed systems include equipment such as range hoods or bathroom exhaust fans that work on 
individually ducted (locally ducted) systems, as well as local air supply vents, energy recovery 
ventilators, and other air supply equipment. Central systems include larger fans, makeup air units, energy 
recovery ventilators, and interrelated ductwork systems that exhaust air from or supply it to the building. 
Grilles and registers provide locations for the air to enter or exit the duct system. As indicated in Sect. 8.3, 
the central supply may be found to be not operating or abandoned, [4, 5] and central systems may 
function poorly overall as a result of many factors. [4, 6, 7] 

Pressure imbalances due to wind or temperature effects can cause difficulties, and one approach to 
regulating stack effect or other pressure imbalances is use of constant airflow regulators [9, 10] to 
maintain expected flows for central exhaust risers. For distributed systems, the use of “trickle” vents can 
help maintain compartmentalization of dwelling units without requiring window opening. [1, 10] 

Distributed ventilation systems will tend to follow the requirements of Standard 62.2, whereas central 
systems must be evaluated carefully to ensure the entire building and all related systems are included in 
the evaluation. 

8.6 Smoke and Fire Control 

Some buildings, especially taller buildings, will have smoke and fire control components and systems that 
must not be compromised by any ventilation system retrofits. Central ventilation systems typically need 
to be interlocked or controlled as part of smoke and fire management systems, so care is needed to 
understand how the smoke and fire management system works before evaluating potential ventilation 
system retrofits. Information on fire and smoke management can be found in the ASHRAE Handbook. 
[11] 

8.7 Data Gathering and Opportunities 

Data gathering is impacted by the approach to be used for IAQ requirements. If Standard 62.2 is 
mandatory, it heavily dictates the approach to be used. Its approach is mostly prescriptive and may hinder 
projects, depending on difficulties in meeting requirements and interpretations of the requirements, such 
as for air sealing. 

If Standard 62.2 is advisory, or if Standard 62.2 does not apply, then more latitude is allowed relative to 
ventilation and air sealing design and requirements, and many opportunities may be available. If Standard 
62.1 applies, many opportunities also are available, but compliance requirements may hinder a project. 

8.7.1 Standard 62.2 Method 

Data gathering for IAQ and ventilation measures is driven by the ventilation methods. Standard 62.2-2013 
specifies requirements for whole-building ventilation (Sect. 4 of 62.2), local exhaust (Sect. 5 of 62.2), 
other requirements (Sect. 6 of 62.2), and air-moving equipment (Sect. 7 of 62.2). Section 8 of 62.2 
contains requirements specific to multifamily buildings. Appendix A of 62.2 provides an alternative 
compliance path for existing buildings and the associated ventilation equipment in existing buildings. The 
approach to calculating the dwelling unit mechanical ventilation rate is shown in Fig. 8.2 in this report, 
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which originates from Appendix A and Sect. 8 of 62.2, and then brings in other sections of Standard 62.2-
2013 in the order required to perform the calculation.  

Step 1: For a dwelling unit in an existing multifamily building, each kitchen and bathroom should be 
inspected first for the existence, condition, and performance (airflow rating) of the local exhaust 
equipment, including exhaust fans, ducts, and controls. If there is no exhaust equipment in one or more 
kitchens or bathrooms, new local exhaust systems can be installed or the dwelling unit mechanical 
ventilation rate can be adjusted to compensate for the exhaust airflow deficits in kitchens and bathrooms. 
Existing local exhaust systems can be retained (and repaired if needed), removed, or replaced by new 
systems. Accordingly, the initial airflow deficit in each room is determined. If the room has an operable 
window, the initial airflow deficit can be reduced by up to 20 cfm, if a window opening credit is 
permissible, to calculate the final room airflow deficit. 

 

Fig. 8.2. Guidance for calculating dwelling unit mechanical ventilation rate. 

Step 2: If infiltration credit in a dwelling unit in a multifamily building is allowed, and if a guarded 
blower door test was conducted in the dwelling unit, the effective annual average infiltration rate (Qinf) is 
calculated.  

Step 3: The required total ventilation rate (Qtot) is calculated using the floor area and number of 
bedrooms in the dwelling unit. This equation assumes two persons in one bedroom and an additional 
person for each additional bedroom of the dwelling unit. Adjustment is required to account for a higher 
occupant density, if known (i.e., 7.5 cfm per person for each additional person exceeding [number of 
bedrooms +1]).  
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Step 4: The required dwelling unit continuous mechanical ventilation fan flow rate (Qfan) is total 
ventilation rate (Qtot) plus adjustment for different occupant density plus an additional airflow 
(Qtotalairflowdeficit) of one quarter of the sum of the final airflow deficits in all kitchens and bathrooms 
minus the infiltration credit (Qinf).  

The standard specifies a ventilation rate of 0.06 cfm/ft2 of floor area in corridors and common areas 
within the conditioned space (Sect. 8.2.2 of Standard 62.2) and an exhaust ventilation rate of 0.4 cfm/ft2 
of floor area in parking garages (Sect. 8.3 of 62.2). (An exception is parking garages with at least two 
walls that are at least 50% open to the outside). 

Additional requirements specific to multifamily buildings include air sealing the common walls, ceilings, 
and floors of the dwelling units; air sealing doors between dwelling units and hallways; and following 
measures for the exhaust and supply ducts to prevent backdrafting and contamination transfer between 
dwelling units (Sect. 8.4 of 62.2).  

The remaining guidance is generic and applies to all low-rise residential buildings. This includes 
requirements for the selection and installation of equipment; airflow measurement, control, and operation 
of equipment; air sealing of the building envelope and ducts; and appliance-specific requirements such as 
for clothes dryer and vented combustion appliances (Sect. 6 of 62.2). 

Information and calculations that either impact and demonstrate compliance must be gathered and 
documented for all areas. 

8.7.2 Use of Standard 62.1 in Buildings over Three Stories 

If Standard 62.1 applies to a project, care is needed to ensure the project will be able to proceed if 62.1 
compliance is required. Compliance requirements are extensive and will not be summarized in this report, 
except to say that fairly detailed planning is needed to ensure that compliance items can be inspected, 
compliance can be verified, and installation costs can be included for the project. 

Note that if ASHRAE Standard 90.1 applies to a project or part of a project, such as cases when new 
ventilation equipment is being considered for installation, the new equipment and the ventilation level 
must also comply with Standard 62.1. Similarly, if Standard 62.1 is required, then compliance must be 
satisfied. Care should be exercised about a mix-and-match approach to Standards 62.1 and 62.2, as they 
can have conflicting requirements. 

8.7.3 Other Projects 

Projects not requiring compliance with Standard 62.1 or 62.2 can consider alternative, and possibly more 
effective, ventilation system approaches, as long as they comply with local codes. [4, 10, 12]  

8.7.4 Basic Approach 

Regardless of whether Standards 62.1 or 62.2 apply, the general approach to data gathering described by 
Maxwell [12] should be used as the starting point for inspection of a building and for gathering the 
information needed. The approach to evaluating retrofit opportunities should consider the hierarchical 
examination presented by Ueno [4].   In this approach, a preliminary energy model should be developed 
before the site visit (see also Sect. 7.3], if possible, to estimate potential benefits or penalties that might 
result from ventilation improvements. The preliminary model would help scope the level of data 
collection that matches the resources that can reasonably be expended in evaluating potential 
improvements. [13]  The steps to this approach are listed next in simplified form, as several variations are 
possible.  The steps to consider for a project are: 
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 Define ventilation objectives for the building clearly.  Meeting ventilation requirements of some 
type, e.g., those of Standard 62.2, may be the only focus in some cases. For central systems in 
high-rise buildings, methods to balance airflows and adaptations to external pressures become 
more important. Section 7 of this report covers air leakage and air migration, but that type of 
assessment must be coordinated with evaluation of ventilation system adequacy or effectiveness. 

 Develop a quick energy model of the building in order to put the effect of ventilation (and over-
ventilation) in context (larger and taller buildings tend to be over-ventilated).  Ueno [4] used a 
simplified calculation to approximate the relative impacts of improvements to enclosure 
performance relative to possible ventilation improvements.  This is important because, “as the 
enclosure is improved, the ventilation/over-ventilation and infiltration portions of the load 
become more and more dominant.” 

 Assure that assessment of ventilation improvements is treated synergistically with enclosure 
improvements 

8.7.5 Opportunities 

For central systems, the level of pressure diagnostics to be considered should be decided before the site 
visit. Pressure diagnostics can range from local zonal testing up to natural pressure diagnostics between 
various zones of a building. Examples of pressure considerations are given by Mahle and Maxwell. [10] 

Typical opportunities suggested by Maxwell [12] require description, not just listing, as multiple 
considerations affect decisions about potential improvements. 

Register or grille penetrations and attachments to duct systems are primary points of inspection, as they 
may require extensive work to seal them effectively. [10]   Figure 8.3 shows, on the left, how a wall 
cavity can become a major leakage path if grilles are not connected all the way through to an exhaust 
duct, while on the right, large gaps still exist between the duct and the wall. 

Fig. 8.3.  Examples of construction issues affecting exhaust system continuity. 

Other items to consider for inspection and system evaluation are covered in a DOE/Consortium for 
Advanced Residential Buildings webinar [10] and the Rebuild America guide. [1] 
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If sampling is used (Sect. 2.5) (i.e., not all dwelling units are inspected or tested), then each space or 
dwelling unit inspected or tested should follow the same inspection approach or method. Testing methods 
should also be the same for each unit or space included in the primary sample. Extended sample sets may 
address only individual items needing further inspection or testing based on the apparent variance. 

8.7.6 Data for Energy Modeling 

The data needed for energy modeling are usually simple, although requirements depend on how 
infiltration and ventilation are handled by the modeling tool. In some cases infiltration and ventilation are 
handled together, and only the total volume of outside air moving through the building need be estimated. 
If the modeling tool can handle different space types, and the energy modeler indicates the space 
breakdown needed, then some observations and inspection data collected need to differentiated according 
to space types to be modeled. If the energy modeling tool allows specification of outside air moving 
through the spaces by floor level, then additional detail is needed for characterizing outdoor airflows by 
floor level (or floor level groups). A DOE-2 model that specifies outdoor air (as infiltration) through 
spaces by floor level groups and space type (INF-CFM/SQFT) is provided in Abraham. [5, Appendix B] 

8.8 Challenges, Issues, and Pitfalls 

The primary challenge and potential pitfall is to balance the costs of the diagnostics and assessment of 
IAQ and ventilation system performance against potential benefits to be gained. In addition, health and 
safety assessment may need to be scoped and paid for separately from the energy audit itself. The Air 
Conditioning Contractors of America (ACCA, www.acca.org) has a residential energy audit standard, 
[14] developed in cooperation with RESNET (www.resnet.us), that focuses heavily on health and safety 
issues related to IAQ. Health and safety issues may overwhelm a proposed project in some cases. 

IAQ testing and consulting is a technical specialty itself, and there are many national associations of 
professionals in IAQ-related disciplines. Although an IAQ assessment might be conducted separately 
from the energy audit, and could be used to support an energy audit, an IAQ assessment conducted during 
an energy audit of a multifamily building will typically involve only combustion safety and gas leak 
testing—if combustion appliances are present—and then only on a limited scale if sampling is used. IAQ 
assessment during an energy audit may lead to recommendations for further testing, but the testing during 
an energy audit will usually be limited. 

Major health and safety concerns must be communicated to the building owner or owner representative as 
soon as possible. The nature of the health and safety and IAQ evaluation activities likely to be performed 
also should be communicated carefully to the building owner and other interested parties. 

For ventilation requirements, a straightforward application of Standard 62.2, when it must be followed, is 
easy in many cases and should be worthwhile in colder climates. However, as indicated earlier, 
uncertainties about level of compliance and costs of compliance, together with continually changing 
requirements, make pre-definition of how uncertainties will be handled important to streamlining site visit 
procedures, especially for milder climates. 

Whether Standard 62.2 is required, as well as the testing to be done, should be determined before the site 
visit. If 62.2 is not required, ventilation methods to be considered during the site visit should be 
determined. Climate and building type have major impacts on what methods are most appropriate. [1] 

8.9 Energy Audit Process 

A preliminary energy assessment is recommended to indicate the level of testing and evaluation that will 
be used, based on the potential for savings. Diagnostics and testing to be conducted also should be 
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planned before the site visit to the extent possible. Health and safety evaluation protocols to be used 
should be known before the site visit. If a separate health and safety audit is to be conducted, plans should 
define whether it will occur before the energy audit. If a health and safety audit occurs before the energy 
audit, the health and safety audit methods usually will make diagnostic results available for ventilation 
effectiveness and IAQ issues. These can be used to support and help plan the energy audit. 

Air leakage and airflow migration issues, including information on blower door methods, are covered in 
Sect. 7 of this report, and ventilation system evaluation must be highly or totally integrated with 
evaluation of air leakage and migration. Similarly, evaluation of heating or cooling duct system leaks (as 
in Sect. 10 of this report) should be highly or totally integrated with ventilation system evaluation. 

The sampling plan and requirements must be developed and understood. If all dwelling units are to be 
evaluated, the sampling requirement is 100%. Nameplate data should be collected for ventilation system 
air-moving or air-handling equipment or units, if possible. 

Maxwell recommends [12] that the auditor visually assess the building before taking a single 
measurement. What does the roof indicate (use aerial images, if possible)? Does the apartment 
configuration seem to match visible outdoor equipment? Do kitchens and bathrooms seem to have 
separate exhaust systems? In addition to these basic observations, obvious indicators of potential issues 
based on smell, sound, and visible markers should also be part of the initial examination.  Signs of mold 
or condensation, obvious odors in particular locations, peculiar noises from ventilation equipment, and 
any indications of system tampering should be noted.  Presence and direction of airflows from indoor 
ventilation equipment or registers can be checked with light tissue paper. 

Outdoor fan systems should be inspected first to evaluate functionality. If outdoor exhaust fan systems 
allow a flow measurement, total flow from the system should be measured. Some organizations construct 
flow “tents” or boxes with powered pressure-nulling that measure fan system exhaust flow (Fig. 8.4). [4] 

  

Fig. 8.4.  Powered flow capture enclosure for rooftop exhaust fans, showing construction. 
Source: Multifamily Ventilation Retrofit Strategies [4] 

If there is a functioning central outdoor air supply unit, the total flow rate should be measured. Hot-wire 
anemometer traverse measurements in front of any heating or cooling coils usually work best (if the fan is 
downstream; if it is upstream, measurements after the coil may be the best that can be done). For large 
units, if entry into the unit is necessary to make a measurement, be sure all safety requirements are met. 

If IAQ is not evaluated, but only ventilation rates, then ventilation airflows are measured. Compliance 
method and calculations for Standard 62.2 are covered in Sect. 8.7.1. 
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The total airflow situation, ventilation airflows, and airflow paths may have to be estimated based on 
sampling measurements or diagnostics for individual dwelling units and other spaces. Guarded blower-
door testing [6] allows improved determination of individual unit leakage to the outside. Integration of 
building enclosure and ventilation evaluation methods is important. 

Based on the total airflow situation and all system interactions that must be considered, potential retrofits 
such as those in the measures table at the beginning of this section can be evaluated. If ventilation 
compliance with Standard 62.2 requires modifications to existing equipment or systems, the compliance 
options may require extensive evaluation; in that case, those options may be all that can be considered at 
one time. If compliance with Standard 62.1 is required, the compliance work may be extensive and may 
overwhelm consideration of other options at the time of the audit. 

Building enclosure improvements may have large impacts on airflows through the building, so care must 
be taken to include those expected potential changes in evaluating ventilation measures. 

8.10 Codes and Standards 

There are many codes and manuals that could apply to IAQ and ventilation system evaluation. The 
multiple ASTM and ASHRAE test methods that could apply are listed at the beginning of the reference 
section of the ASHRAE Handbook chapter “Ventilation and Infiltration.” [15] ASHRAE Standards 62.2 
[3] and 62.1 [2] are discussed in that section of the Handbook. The ANSI Z21 series of standards related 
to combustion systems, among many others, can be found in Chapter 52 of the Systems ASHRAE 
Handbook. [16] 

8.11 Other Resources 

Two research papers presenting results of ventilation measurements in multifamily buildings may be of 
interest: Francisco in 1994 [17] and Feustel in 1996. [18] 
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9. Centralized Heating and Cooling 

Centralized heating or cooling is based on large central plants that generate heating, cooling, and possibly 
combined heating and DHW in one location for distribution to multiple locations throughout a building or 
an entire campus or neighborhood. The primary thermal generating equipment is boilers or chillers, and 
the thermal distribution system uses steam or water. In multifamily buildings, central chilled water is not 
common, and central steam or hot water heating is most common in the Northeast. 

Systems that distribute energy using steam or water are also called hydronic (see ASHRAE Handbook, 
HVAC Systems and Equipment [1] for an extensive discussion). This report covers steam systems 
separately from hot water systems, as the energy audit issues are different. Chilled water is covered 
briefly. 

Heat pump systems [2] can provide both heating and cooling and are typically local air-based systems 
(Sect. 10), but some are central hydronic systems with a water loop for thermal distribution. Hydronic 
heat pump systems often need water and an additive that reduces the freezing point and raises boiling 
point (e.g., antifreeze, often propylene glycol). This section covers centralized heat pump systems briefly. 

An energy audit of a centralized system must develop an understanding of efficiency for the central 
plant(s) in synergy with the efficiency of thermal distribution. This section will present information 
needed to understand and evaluate both thermal generation and thermal distribution efficiencies. 
Efficiency measures are aimed at improving one or both of these efficiencies. 

Boiler plant efficiency is affected first by combustion efficiency (in the case of fossil-fuel boilers), then 
by cycling losses and jacket losses, and finally by distribution system losses and control system 
interactions. Electric boilers are not powered by combustion. Electric chiller plant efficiency is affected 
first by heat exchanger and compressor-motor efficiencies, then by chilled water supply and return and 
heat rejection temperatures, and then by distribution system losses and control system interactions. 
Absorption chillers are heat-driven, and chiller efficiency is the main efficiency concern, followed by 
distribution efficiency and control system interactions. 

Hydronic heat pump system efficiency is affected by heat exchanger and compressor-motor efficiencies, 
water loop temperatures, heat rejection temperatures, ability to balance heating and cooling loads through 
the water loop(s), control system interactions, and auxiliary heat supply efficiency. 

These systems are usually complex, and efficiency measures can apply to the primary heating (typically a 
boiler), cooling (typically a chiller), or heat pump device; the pumping/piping distribution system; or the 
controls on any part of the overall system. The system complexity will often demand a high level of 
engineering expertise to evaluate and design energy measures. The measures table (Table 9.1.) for these 
systems is quite extensive, but the actual list of potential measures is much more extensive, as even small 
changes to some systems can have large impacts. 
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Table 9.1. Measures table for centralized heating and cooling systems 

Subcategory 
Eligibility 

Measures  
HUD WAP 

      
Space heating systems (also see Controls section 
below) 

Individual 
systems 

Central 
systems 

Major 
retrofits 

  Replace boiler  X X 

  Install economizer or related heat exchanger   X 

     

   Add fuel switching X X 

  


Add multi-fuel options   X 

   Replace heat exchangers X X 

   Replace/upgrade burner X X 

o ? Replace fuel storage tank - X 

   System repairs/overhaul—major X X 

Clean and 
tune up 

   Clean and tune up boiler/furnace X X 

   Adjust air to fuel ratio X X 

   Clean heat exchanger  X X 

   Repair combustion chamber X X 

  


Install, repair, or improve makeup air equipment X X 

   Insulate boiler X X 

  Install flue/vent dampers—thermal or electric X X 

   System repairs/overhaul—minor X X 

      
Space cooling systems (also see Controls section 
below) 

Individual 
systems 

Central 
systems 

 

o ? Replace cooling tower - X 

    Install water treatment for fouling   X 

    Install seasonal heat exchanger (free cooling unit)   X 

o ? Replace chiller - X 

Clean and 
tune up 

   Clean evaporator and condenser coils  X X 

   Check refrigerant level and recharge, if needed  X X 

  


Modify cooling tower to improve heat transfer   X 

  


Install separate water meter for tower water supply   X 
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Table 9.1. Measures table for centralized heating and cooling systems (continued) 

Subcategory 
Eligibility 

Measures  
HUD WAP 

      
Distribution system (also see Controls section 
below) 

Individual 
systems 

Central 
systems 

HVAC 
system 
(water/steam 
distribution) 

  Install/repair pipe insulation   X 

   Repair pipe or other leaks   X 

   Install high-efficiency pump motors   X 

   Install / repair system balancing    X 

   Make water loop conversions   X 

   Install water loop upgrades   X 

      Controls/scheduling 
Individual 

systems 
Central 
systems 

     Place or repair sensors X X 

     Install energy management system - X 

Heating 
system 

   Install outdoor air temperature reset control - X 

   Adjust or install burner control - X 

  Install boiler controls - X 

  Install radiator controls - X 

   Optimize boiler staging - X 

   Optimize supply water temperature or steam pressure - X 

   Optimize feed water pump operation - X 

   Shut off heating system in summer - X 

Cooling 
system 

   Install outdoor air temperature reset control - X 

   Circulating loop controls improvement X X 

   Reset chilled water supply and return temperatures   X 

   Reset condenser return water temperature   X 

   Install variable-flow volume controls   X 

   Optimize chiller staging/control - X 

   Shut off cooling system in winter   X 

Thermal 
storage 
system 

   Maximize return fluid temperature benefits   X 

   Improve water flow control through primary equipment   X 

   Minimize peak/shoulder demand   X 
 
Note: A hollow bullet indicates eligibility appears likely but the item is not specifically listed. A question mark indicates it is 

uncertain whether a measure is eligible. 
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9.1 System Background 

Brief descriptions of systems typically found in multifamily buildings are needed to set the stage for a 
discussion of efficiency measures. In RECS 2009 data [3], the estimated population of dwelling units in 
MF 5+ buildings in the United States is 19 million. Hydronic systems, which make up the vast majority of 
complex systems for heating and cooling, are dominant in the Northeast but are used in much smaller 
percentages in the rest of the country, as shown in Fig. 9.1. The data indicate the importance of a 
knowledge of hydronic systems in the Northeast; therefore, energy audit teams in that region need 
widespread hydronic systems 
expertise. There is much less need 
for this expertise in energy 
auditing of multifamily buildings 
in the rest of the country, so 
special teams for larger hydronic 
systems may need to be shared in 
some fashion. Buildings with 
simpler heating or cooling 
systems may still have 
complicated DHW systems. 

Boilers are pressure vessels 
designed to transfer heat to a 
fluid, usually water or steam. If 
air is the fluid, no pressure vessel 
is needed, and the heating plant is 
called a furnace. Information on 
boiler types and classifications 
can be found in the 2012 
ASHRAE Handbook. [4] 
Information for multifamily weatherization applications specifically is available in the Multifamily 
Weatherization Resource Guide, [5] pp. 88–89. 

Chilled-water systems have central water chillers that provide chilled water through a network of pipes 
and pumps to connect to the terminal units in dwelling units and other spaces. Few multifamily buildings 
have chilled-water cooling systems. Common central chiller plants may use vapor compression 
refrigerant cycles [6] or absorption cycles. [7] (See ASHRAE Handbook, HVAC Systems and Equipment 
[8] for more extensive information.) 

Hydronic heat pump systems are either boiler/cooling-tower augmented water source heat pump systems 
[2] or ground source water loop heat pump systems. [9] They are intended to take advantage of 
differences in building exposure that cause some building areas to need heating and other parts to need 
cooling. The common hydronic loop allows heating or cooling in different zones, which can help offset 
each load. Additional heat is provided as needed by a standard primary heating device (boiler), and 
additional heat rejection (for cooling) is typically provided as needed by some type of standard cooling 
tower (a chiller is not needed since the heat pumps can chill the air). 

9.1.1 Steam Systems Overview 

Steam systems generate steam at a central plant using boilers and distribute steam to local terminal units, 
such as fan-coil units, radiators, convectors, or unit heaters. [10]  

Fig. 9.1. Simple vs. complex systems in the four Census regions. 



 

9-5 

Steam boilers (Fig. 9.2) have many configurations and sizes. Boilers in multifamily buildings might be 
atmospheric draft or powered burner units. Many boilers for multifamily buildings are of the “firetube” 
type, in which a powered burner sends the 
combustion gases through tubes in a sealed 
container of water.  

Various codes and regulations govern the design 
and operation of boilers and steam distribution. 
These systems are classified according to 
operating pressure. Low-pressure systems 
operate at up to 15 psig and high-pressure 
systems operate at over 15 psig. Heating 
systems may be one- and two-pipe, gravity, 
vacuum, or variable-vacuum return systems, 
depending on the nature of the steam 
distribution and condensate return. For space 
heating, steam is distributed to local terminal 
units, where it gives up heat as it condenses to 
water; then the condensate is returned to the 
boiler plant.. The condensate is hot water that has about 10% of the total energy of the steam remaining, 
so about 90% of the energy in the steam that leaves the boiler is given up to the distribution system and 
terminal devices if all the steam is condensed and none is lost. 

9.1.2 Hot Water Systems Overview 

Hot water boilers operate at lower temperatures than steam boilers and, with special materials, can 
operate in condensing mode. Condensing boilers, in which the combustion gases keep transferring heat 
until they condense, have the potential for the highest efficiency. Burners for fossil-fuel systems may 
have air supplied at atmospheric pressure or they may be power burners. In general, the efficiency of the 
boiler will be the least for atmospheric, higher for powered combustion, and highest for condensing units. 

Very old hot water systems may use gravity circulation to old radiators, but most systems will have 
pumps for circulation and control devices (valves) for different zones of the building. Many combinations 
of piping layout and valve placement are possible. The different arrangements depend on the budget and 
how important effective zoning was at the time of installation. Some piping arrangements require more 
pipe but are easier to balance and provide even heat throughout all the zones. (See the ASHRAE 
Handbook, HVAC Systems and Equipment [11] and idronics [12] for information on types of water loop 
designs.). 

Most hot water systems have circulator pumps, so the pumping, flow control devices, and automatic 
controls devices all influence energy use. InspectAPedia provides information on circulator pumps and 
controls. [13] 

9.1.3 Heat Pump Systems Overview 

Hydronic heat pump systems are made up of packaged reverse cycle heat pump units interconnected by a 
water loop. Each unit satisfies the heating or cooling requirements of the particular zone in which it is 
installed. For heating, the heat pump removes heat from the water loop and “pumps” higher temperatures 
to the air supplied to that zone. For cooling, the heat pump chills the air and pumps heat to the water loop. 
The Union Square Apartments in Grand Rapids, Michigan (Fig. 9.3), is an example of a multifamily 

 

Fig. 9.2. A steam boiler. 
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building using a hydronic heat 
pump system. In this complex, 206 
water-source heat pumps separately 
condition each dwelling unit.  

The term “ground-source heat 
pump” is applied to a variety of 
systems that use the ground, 
groundwater, or surface water as a 
heat source or heat sink. (This class 
of systems is also known by other 
names.) Ground-source systems 
controls and the ground or water 
coupling often are complicated. [9]  

The increasing efficiencies and 
market success of mini-split heat pump systems (see Sect. 10) have also led to the recent introduction of 
centralized refrigerant distribution heat pump systems. These systems are very new and are not covered in 
this report. 

9.1.4 Chilled Water Systems Overview 

A larger building may have a chilled water system, usually in combination with a hot water heating 
system, allowing common piping routes through a building. The distribution system will have circulator 
pumps and control devices similar to those in a hot water system. The presence of both hot and cold water 
introduces distribution piping variations of two-pipe, three-pipe, or four-pipe arrangements. 

A two-pipe system includes only one supply line, one return line, and usually one type of terminal device 
to serve both heating and cooling. Two-pipe are less flexible than four-pipe systems since the entire 
building must be in either heating or cooling mode at the same time. A four-pipe distribution system has 
both a hot water and a chilled water supply with return lines, so heating can be provided to one part of the 
building and cooling to another. Three-pipe systems have a common return system; they have been 
discouraged for decades because of inefficiencies. 

Chillers require a heat rejection system, such as a cooling tower. Like heat pumps, chillers remove heat 
from the water and pump the refrigerant to a higher temperature and reject the heat outdoors. Chilled 
water piping systems often are complicated. [1] 

9.1.5 Campus and District Steam Systems 

Many housing complexes have central campus steam systems and central boilers. These boiler plants and 
distribution systems should be evaluated separately from the buildings, although control of steam at the 
building, control of space temperature in the building, and condensate return from the buildings will all be 
part of the evaluation. Distribution losses from the central plant to the buildings and condensate return 
losses are major issues for these large plants, as these losses may approach or exceed 50%. This report 
will not cover details on these large plants. 

Fig. 9.3. Union Square Apartments in Grand Rapids, Michigan. 
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Figure 9.4 shows a main boiler at the Mary Ellen 
McCormack complex in South Boston (dating from the 
1930s), which is operated by the Boston Housing 
Authority. This complex had a central steam system with 
central boilers. At the time of the photo in 1996, major 
steam leaks at three very large expansion joints had just 
been repaired at large expense, leading to an 18% overall 
reduction in fuel use. At that time, McCormack was 
operating with 125 psig steam at the boilers (distributed 
at 40 psig), requiring that operators be on duty at all 
times. The central plant was replaced with distributed 
(but still central) plants a few years later, and 
distribution losses were reduced as a result. 

District steam (utility-provided) is also like a campus 
system, except the generation and distribution of steam 
is provided by a third party, and the delivery point to the 
building is typically an energy billing meter and a 
pressure-reducing station. Condensate heat recovery may 
be an issue [5] if condensate is dumped, and the hot 
condensate might be used for heating DHW or for other 
heat needs. More-modern district heat systems distribute 
hot water (e.g., St. Paul, MN, 
http://www.districtenergy.com/technologies/district-
heating/). 

9.2 What is Efficiency and What are the 
Opportunities? 

Properly assessing the overall efficiency of central plants is very important, even more important when an 
efficiency input is required for creating an energy use model of a building. Most of the widely used 
existing building energy modeling softwares on the market have only one input for plant efficiency. So 
the question is, what is efficiency?  

A fuel conversion calculator to calculate million Btu (site energy) per unit of fuel, based on higher heating 
value (HHV) for a wide range of fuels, can be obtained as an Excel file from 
http://epminst.us/industrial/fuelcalc.htm.  

9.2.1 Heating Plants 

NOTE: a boiler horsepower (BHP) = 33,470 Btu/h or 9.81 kW. 

Annual fuel utilization efficiency (AFUE) is a standardized test result intended to approximate the actual 
season-long average efficiency of a piece of heating equipment. AFUE is determined only for smaller 
boilers and does not necessarily correctly estimate boiler standby losses or other system losses in the 
boiler plant. Fixed losses, such as standby and jacket losses, constitute a larger percentage of useful heat 
output at part load than they do at full load, and AFUE cannot account for all loading patterns. AFUE 
does not account for distribution system losses. 

 

Fig. 9.4. Energy auditors (including Michael 
MacDonald, one of the authors of this report, 
right) observe one of the main boilers at the 
Mary Ellen McCormack housing complex in 

Boston. Photo by John Snell. 
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9.2.1.1 Efficiency Values 

The steady-state efficiency (SSE) of fuel combustion systems, which can be measured in the field with 
relative ease, is a good indicator of how completely the fuel is burned and or the effectiveness of the 
overall heat exchange. An SSE combustion efficiency test provides no information for jacket, standby, 
and cyclical losses, which in large central boilers may be significant. Boiler efficiency is usually mainly 
impacted by SSE (combustion efficiency) and by the jacket, standby, and cyclical losses; precisely 
calculating the latter requires more measurement and possibly more instrumentation and monitoring. In 
most cases, this extra effort is a luxury not afforded to energy auditors because of a limited allowable 
audit budget for those types of properties. If these losses (inefficiencies) are not assessed in the field, and 
if they are not deducted from the measured efficiency, the energy use model created will be inaccurate.1 

Overall heating efficiency is impacted by the efficiency of the boiler(s), efficiencies in the overall heating 
plant, distribution system control and heat losses, and control of space temperatures. There are two 
principal methods for determining boiler efficiency: input-output and heat loss (also known as the direct 
method and the indirect method, respectively). Both are recognized by the American Society of 
Mechanical Engineers and are essentially equivalent. Boiler efficiency is defined as the percentage of heat 
input to the boiler that is absorbed by the working fluid. Practical design considerations limit the boiler 
efficiency that can be achieved. Typical boiler fuel combustion SSEs for industrial and commercial 
boilers range from 76 to 83% for gas, 78 to 89% for oil, and 85 to 88% for coal. Condensing boiler 
efficiencies are higher, although the temperatures needed for condensing are typically too low for steam 
boilers. 

9.2.1.2 Higher and Lower Heating Values 

The general practice in the United States is to base boiler efficiency on the HHV of the fuel, whereas in 
most countries using the metric system, it is customary to use the lower heating value (LHV). The HHV 
(also known as the gross calorific value or gross energy) of a fuel is defined as the amount of heat 
released by a specified quantity of fuel (initially at 25°C) once it is combusted and the products have 
returned to a temperature of 25°C. The HHV includes the latent heat of vaporization of water in the 
combustion products and is useful in evaluating efficiency when condensation of the fuel reaction 
products is practical (e.g., in a condensing, typically a hot water, boiler). HHV assumes that all water (a 
product of combustion) is in a liquid state at the end of combustion. 

When the LHV is determined, cooling is stopped at 150°C and the reaction heat is only partially 
recovered. The limit of 150°C is an arbitrary choice, and water is still in a vapor state. Efficiencies 
determined using LHV will be higher than those calculated based on HHV. Combustion engine or turbine 
efficiencies are also often based on LHV, so care is needed if any engine efficiency is to be considered. 

9.2.1.3 Field Assessment 

The input-output method is the most direct way to determine boiler efficiency. It was standard for a long 
time but is little used now because the measurements, especially the flow rates, can be difficult to do 
accurately. The heat loss method, in which boiler efficiency equals 100% minus the losses, is more useful 
for energy system evaluation because the elements of heat loss are measured or estimated. The heat losses 
include flue gas loss (sensible and latent heat), radiation and convection loss (jacket and standby losses), 
fuel loss because of incomplete combustion, blowdown loss, and other unaccounted (typically minor) 
losses. Flue gas loss is typically the major loss and is generally determined by a flue gas analysis. Flue 
gas loss varies with flue gas exit temperature, fuel composition, and type of control on the boiler. Jacket 
losses are generally 5% or less (1–2% is typical). Standby losses can come from several sources; the main 
one is typically heat lost up the flue gas stack when the boiler is not firing or not firing at full load.  
                                                      
1 Based on information from Asit Patel. 
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SSE measures losses up the stack under certain conditions, such as when the burner is firing or at steady-
state full load. For modulating or two-stage burners, the definition and measurement or estimation of all 
these losses is more complicated and must deal with multiple state conditions.  

How does one arrive at an appropriate answer for an efficiency input in the modeling software? The 
energy modeler must know how the modeling software uses efficiency inputs to specify what data and 
information the energy auditors need to obtain for the heating plant.  

Using the heat loss method, all the losses from the boiler must be measured or estimated to obtain boiler 
efficiency. As seen in Fig. 9.5, boiler efficiency = SSE with jacket losses (insulation and air leakage), 
standby and cycling losses, and feedwater and blowdown losses subtracted. Boiler efficiency here is the 
seasonal efficiency of the boiler. Figure 9.5 also indicates the ranges of efficiency percentage points that 
could be subtracted. 

Going beyond seasonal efficiency of the boiler, 
with an extensive distribution system, the 
efficiency of the distribution must also be 
evaluated to understand overall heating 
efficiency for the building. The energy 
modeling software may or may not handle all 
these items easily or correctly, so the energy 
modeler needs to inform the energy auditors 
what data and information are needed to be 
able to  accurately assess overall heating 
efficiency. 

Manual efficiency calculations to check 
potential savings for some boiler plant 
measures should typically proceed through two 
major steps: 

1. Subtract efficiency points from SSE to 
estimate or calculate boiler efficiency. 

2. Determine distribution system efficiency 
separately (%). 

 Distribution system efficiency is the 
percentage of heat leaving the boiler 
plant that is actually delivered to the 
end use of space heating (for heating 
evaluation). 

 If the boiler also provides DHW, it 
may be necessary to calculate a 
separation of the uses and efficiencies to make manual calculations more understandable (DHW 
distribution efficiency is often different). 

 Multiply boiler efficiency by the distribution efficiency to obtain heating efficiency. 

 

 

Fig. 9.5. Boiler efficiency methods and ranges. 
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This method may be important for initial estimation or for a reality check of fuel savings for converting 
from steam to hot water space heating. Recall that the difference between boiler efficiency and heating 
efficiency involves thermostatic control and balance, insulation level, and leakage impacts. 

The modularity of the boiler plant also can affect standby losses significantly. If the heating plant has only 
one large boiler, the boiler mass must be kept heated constantly to handle the entire range of loads over 
the heating season. Multiple boilers can be staged to meet varying loads, and standby losses can possibly 
be reduced if a smaller boiler can be run much of the year. The required information must be specified in 
a manner that allows the energy modeling tools or software to model the heating plant acceptably. 

Water treatment may impact heat exchange effectiveness, so water treatment and blowdown flows must 
be considered for all systems. Water treatment issues can affect leaks, and loss of condensate causes more 
makeup water to be fed to the boiler. Even with the best pretreatment programs, boiler feedwater often 
contains some degree of impurities such as suspended and dissolved solids. These can accumulate inside a 
steam boiler over time. Increasing concentration of dissolved solids may lead to carryover of boiler water 
into the steam, possibly causing damage to piping or traps. Increasing concentration of suspended solids 
may form sludge that impairs heat transfer. Feedwater impacts on heat exchange effectiveness will affect 
SSE. 

To avoid steam boiler problems, water must be periodically discharged or “blown down” from the boiler 
to control the concentrations of suspended and total dissolved solids. Surface water blowdown may occur 
continuously to reduce the level of dissolved solids, and bottom blowdown is performed periodically to 
remove sludge from the bottom of the boiler. Blowdown is a loss of energy and thus also impacts 
efficiency (see Fig. 9.5, “Feedwater”).  

9.2.1.4 Electric Boilers 

In electric hot water boilers, there is no combustion efficiency (SSE) to evaluate. The SSE = 100%, but 
there are jacket losses, and the boiler efficiency for electric boilers will typically be in the range of 95–
98%. Overall heating efficiency must be evaluated. 

9.2.2 Hydronic Heat Pump Systems 

Hydronic heat pump systems often are difficult to model. If the auxiliary heat source is a hot water boiler, 
it would be assessed like other boilers; but the loading will typically be much different from that for a 
central heating boiler in that heat loads will be less and for fewer hours in a year. Hydronic heat pumps 
typically have a heating efficiency of 280–320%, more or less, depending on age, so obtaining nameplate 
information is important in assessing efficiency. It is also important to characterize water loop 
temperatures, since efficiency is highly dependent on the loop temperatures. 

Note: W/hour = 3.412 Btu, or 3.412 Btu/h = W (thermal conversion of energy units) 

HSPF (heating seasonal performance factor) is the measurement used for expected seasonal efficiency of 
the heating mode of heat pumps; HSPF values should be available for most hydronic units. (HSPF: 
Btu/W·h = seasonal heating efficiency/100 × 3.412 Btu/W·h) 

The cooling efficiency of these systems is typically 300–400%, more or less, depending on age, so it is 
important to obtain nameplate information. Rated cooling efficiencies will usually be SEER or EER 
(standard tests, seasonal efficiency or rated load efficiency), and SEER or EER is divided by 3.412 to 
obtain nominal seasonal efficiency or rated load efficiency as a decimal fraction [that fraction is then 
multiplied by 100 for percent; efficiency (%) = SEER (Btu/W·h) / 3.412 Btu/W·h  100]. Standard 
equations are available for converting between SEER and EER (e.g., 
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https://en.wikipedia.org/wiki/Seasonal_energy_efficiency_ratio), but the energy modeler should handle 
the efficiency inputs or conversions based on available field data. 

Since a hydronic heat pump system is centralized with respect to the water loops but decentralized with 
respect to the heat pumps, data on the heat pumps will have to follow any sampling plan requirements 
used for local heating systems (see Sect. 10). 

9.2.3 Chiller Plants 

Although it is difficult to determine chiller plant efficiency, and complicated methods are available for 
determining efficiency, the “wire-to-water” efficiency method [14] developed in San Diego by 
Ben Erpelding is the most important to understand. This method does require measurement of chilled 
water energy produced by a chiller and the total energy (electricity) used by the overall chiller plant to be 
exact; but understanding plant performance, and extrapolating to chiller efficiency values, is difficult 
without understanding this method. 

The luxury of obtaining chiller plant data is not likely to be afforded to energy auditors of multifamily 
buildings. Even if measured data are not available, energy auditors will typically need to estimate either 
chiller efficiency or chiller plant efficiency to calculate cooling energy use in a building. The energy 
modeler must define what data and information the energy auditors need to obtain for the energy 
modeling tool or software for a chiller plant. The plant will have a chiller, pumps, a heat rejection method 
(e.g., cooling tower), and a distribution system to the terminal cooling units. 

Centrifugal compressor chillers dominate the market for capacities of 300 tons or larger, but a specialized 
smaller centrifugal unit with magnetic bearings serves the market for smaller sizes. Erpelding [14] 
provides much information about average annual (seasonal) chiller plant efficiencies for centrifugal 
chillers. Figure 9.7 shows both coefficient of performance (COP, efficiency as a decimal value; e.g., a 
COP of 5 means 500% efficient) and kW/ton for the overall chiller plant wire-to-water efficiency of 
centrifugal chiller plants. A centrifugal chiller plant typically uses 15–20% more electricity than just the 
chiller. Modern chillers are available with COPs of approximately 6–8, but older centrifugal chillers 
might have COPs of 4.1–5.5. The COP of the chiller is typically the value needed for data input in an 
energy audit tool. The COP for the overall centrifugal chiller plant will be 15–20% less.  

9.2.3.1 Wire-to-Water Centrifugal Chiller Plant Efficiency 

Figure 9.7 shows the range of centrifugal chiller plant efficiencies as described by Erpelding. [14] The red 
portion of the bar indicates cases where significant design or operational problems affect performance. An 
auditor may need to select a value from that range to correctly estimate cooling system performance if 
significant problems are observed or reported. Older chiller plants will typically be in the 0.9–1.0 kW/ton 
plant range. 
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Fig. 9.6. Erpelding’s range of centrifugal chiller plant efficiencies. 

9.2.3.2 Extrapolation to Chiller COP 

Climate variation causes COP to vary by about ± 0.3. An average climate plant COP might equal 4.7, and 
climate variation (from location to location) could cause the COP to vary from 4.4 (hot climate) to 5.0 
(cool climate). To estimate chiller COP, determine what type of centrifugal chiller plant is observed on 
site. The chiller COP will be 15–20% higher than the plant COP from Fig. 9.6 (use 17% as typical).  

Chiller plant COP = 3.517 kW/ton ÷ estimated or actual chiller plant kW/ton 

If the chiller plant is estimated to belong to a 0.95 kW/ton class plant, the corresponding overall plant 
COP = 3.517 / 0.95 = 3.7. The chiller COP for input to an energy audit or energy simulation tool is 
estimated as 3.7 × 1.17 = 4.3 (17% higher than the plant). 

The chiller COP can then be entered for energy modeling, and the software will typically estimate energy 
for the rest of the chiller plant based on default performance. The annual energy use of the entire chiller 
plant calculated by the software tool (kWh/year) should be divided by the value for ton-h/year that the 
tool calculates as being delivered by the chiller plant. The resulting annual kW/ton ratio should be close to 
what was estimated for the plant initially; otherwise, the calculations need to be adjusted. 

Note: A ton-hour = 12,000 Btu, and a ton of capacity = 12,000 Btu/h. 

Centrifugal chiller plants are typically water-cooled (the refrigerant condenser is water-cooled). If the 
refrigerant condenser is air-cooled, there will be no condenser pumping or cooling tower energy but the 
energy use of the chiller and fan energy for the air-cooled condenser will increase. As chiller plants 
become smaller, air cooling becomes more attractive, since all related costs for the water-based 
condensing become an increasing portion of overall plant total cost. However, air-cooled chillers typically 
use 15–20% more energy than water-cooled chillers for the same application (kW/ton will be 15–20% 
higher). Water use is another issue, but power plants that generate electricity typically use large amounts 
of water. 

Reciprocating chillers are less common; they will tend to have COPs 20–25% lower than those of 
centrifugal chillers (or kW/ton 25–30% higher). Screw and scroll chillers will tend to have COPs that are 
10–15% less than for centrifugal chillers (kW/ton 10–20% higher).  

COPs for single-effect absorption chillers are in the range of 0.58–0.72, and COPs for double-effect 
absorption are in the range of 0.85–1.0. COPs for engine-driven chillers are in the range of 1.2–1.6. These 
engine-based COP values are based on fuel input to the engine. 
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9.3 Energy Audit of Steam Systems 

The most important reference for energy auditors to obtain, according to subject matter experts providing 
input for this report, is Boiler Plant and Distribution System Optimization Manual by Taplin. [15]  

9.3.1 Energy Audit Process 

Significant training and technical expertise is needed to evaluate steam boiler plants. The process is 
involved and challenging to understand in all its complexities. Experts have difficulty in describing all 
they know, since the volume of knowledge is so large, and triggering observations are usually required to 
recall key items of knowledge. 

If the energy audit is performed in the summer or non-heating season, diagnostic steps, such as SSE 
testing, may need to be abbreviated or approximated. 

The previous efficiency assessment diagrams and some of the content of Taplin’s boiler manual [15] are 
used to describe the boiler assessment process and the extent of the knowledge base. The high-level 
outline of the overall process involves assessment of the following: 

 Scope of plant and issues (interviews with staff) 
— Boiler plant history 
— Modification history 
— Maintenance and logging 
— Operational issues 
— Heating effectiveness issues 
— Locations of equipment, controls, sensors 
— Control methods and practices 

 As-found (field-determined) boiler efficiency 
— Steam pressure (3 psig target) 
— SSE measurement or approximation 
— Jacket losses 
— Cycling and standby losses 
— Feedwater and blowdown losses 
— Pumping efficiency (if present) 
— Possible control system issues 
— Match of boiler size to loads 

 Control cycle and types of controls 
 Potential boiler efficiency improvements (covered later in this section) 
 Distribution system effectiveness 
— Type of system (one-pipe vs. two-pipe issues) 
— Leaks 
— Insulation 
— Condensate return and steam trap leaks 
— Time to delivery of heat for one-pipe 
— Control, sensor location, and related issues impacting boiler cycling 
— Issues related to underground piping 
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 Potential distribution system and control system improvements 
 DHW generation methods and options (see Sect. 11) 
 Safety issues and improvements 

Auditors should take many photos and possibly infrared images. 

9.3.2 Evaluation and Measurement 

The potential list of steam system improvements is extensive. The process outline includes assessment of 
potential improvements to the boiler, the distribution system, hot water generation, and safety.  

9.3.2.1 Boiler Plant Improvements 

9.3.2.1.1 Steady state efficiency 

SSE, the indicator of what is usually the largest individual loss for the boiler, includes excess combustion 
air losses and heat exchange effectiveness losses. Increasing SSE through a tune-up to correct any excess 
air or other fuel combustion issues is usually the first priority to consider. SSE is usually measured using 
a digital flue gas (combustion) analyzer. 

SSE also depends on heat exchange effectiveness. Stack temperature measurement while the boiler is 
firing provides an easy, effective means of gauging heat exchange effectiveness, which is impacted by 
boiler tube cleanliness, gas path short circuiting, and incorrect baffling inside the boiler. 

Thus the condition of the boiler must be considered during the site visit. If the stack temperature is too 
high and indicates potential problems, the need to open the boiler for inspection must be considered. If the 
boiler cannot be inspected at the time, a follow-up visit may be needed to inspect it. 

A general indicator of excess temperature is that under a 20% load, the flue gas temperature should be 
only 40°F above the steam temperature; and under a 90% load, the flue gas temperature should be only 
about 140 °F above the steam temperature (with straight line interpolation between the two (see Taplin 
[16], Fig. 9.2). At 3 psig, the saturated steam temperature is 221–222 °F. 
(http://www.efunda.com/materials/water/steamtable_sat.cfm) 

Note: Absolute pressure (psia) = gage pressure (psig) plus atmospheric pressure (3 psig = 17.7 psia at sea 
level). Steam tables are based on absolute pressure, whereas gages are used in boiler rooms. Atmospheric 
pressure can be calculated for different elevations above sea level. At sea level, use 14.7 psia; at up to 
5000 ft, subtract 0.5 psia per 1000 ft increase in elevation (12.2 psia at 5000 ft) and interpolate between 
these values. Above 5,000 ft, use the following equation for atmospheric pressure (Patm): 

 Patm = 14.696(1 – 6.8754 × 10–6Z)5.2559 psia  
Z = altitude above sea level in feet 

Seasonal boiler efficiency can be modeled by some energy softwares using only the SSE, but the software 
will typically only calculate boiler jacket and piping losses as if adequate insulation exists. IR 
thermometers or cameras can be used to assess potentially high losses that can be corrected with 
insulation.  

9.3.2.1.2 Jacket losses 

Boiler surface losses must be estimated as a part of evaluating losses leading to the estimate of seasonal 
boiler efficiency and the potential need for boiler insulation. Boiler insulation should be added, replaced, 
or repaired in many cases. Energy savings can be calculated using the Mechanical Insulation Design 
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Guide and energy calculator for equipment available at http://www.wbdg.org/design/midg_design_ 
ece.php. It can calculate savings per square foot for insulation added to the boiler sides or facing outward. 
For the top of the boiler (or insulation facing upward), use the pipe calculator discussed under pipe 
insulation and select a 3.5 in. pipe size and no jacket for the estimated heat loss values (wind speed of 0 
mph). Differences in heat loss can be calculated based on the differences between heat loss values in the 
table. For example, for a boiler operating with 75% efficiency at 260°F at an ambient temperature at 
75°F, to estimate the savings from increasing glass fiber insulation on the sides of the boiler from 1 to 
2.5 in., the per-square-foot heat loss values are 51 and 22 Btu/h and the savings delta is 29 Btu/h per 
square foot of insulation. If the boiler is operated for 6,450 h/year, the heat loss savings would be 6450 × 
29 = 187 kBtu/year. At $8 per million Btu, the cost savings would be $1.50/year per square foot. If the 
insulation can be installed for $10/ft2, simple payback would be about 7 years. 

The results table for the insulation calculators also presents surface temperature. If the level of insulation 
is unknown but the surface temperature can be measured (See Fig. 9.7 for IR surface temperature images 
under boiler photos), savings can be calculated based on the heat loss for the existing surface temperature 
minus the heat loss for added insulation. Areas where insulation might be added, such as the bottom front 
base of the boiler (left frame Fig. 9.7) or bottom of one side (right frame), could have approximate surface 
temperature and areas calculated. 

 

Fig. 9.7. Samples of IR surface temperature images under photos of boiler areas. 

9.3.2.1.3 Standby and cycling losses 

A large energy savings opportunity typically overlooked in multifamily buildings with fuel-burning 
equipment is reduction of standby losses. The two scenarios in which this savings opportunity is greatest 
are  

1. Large equipment with a large flue gas outlet, (which means the possibility of a much larger volume of 
air movement) 

2. Equipment connected to a tall chimney (which means higher stack effect and thus higher draft) 
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The combination of these two scenarios offers an even larger 
savings opportunity. In both cases, the initial assessment can be 
as simple as measuring draft (as close to the flue gas outlet of 
the fuel burning equipment as possible, and definitely before 
any damper or draft diverter) and gross stack temperature. 
These measurements can be performed using a digital 
manometer/thermometer (Fig. 9.8). 

Measurements should be performed 10–15 minutes after the 
burner has been turned off. The amount of draft and 
temperature gives some indication of the energy efficiency 
point reduction (efficiency reduction from SSE test) to be 
considered for evaluating the seasonal efficiency of the boiler, 
scoping potential savings benefits, and obtaining a value for 
comparison with energy modeling outputs.  

The pressure measured is the velocity pressure of the airflow 
plus the pressure needed to move the air up the stack. In Fig. 
9.9, a negative pressure of –0.248 in. of water and a stack 
temperature of 121°F are observed in a 24-inch stack. Allowing 
0.1 in. water column for the pressure drop out the stack (about 
0.1 in. per 100 ft of height) leaves a dynamic pressure of about 
0.15 in. relative to the outside. 

A dynamic pressure calculator can be found in the Engineering 
Toolbox (http://www.engineeringtoolbox.com/dynamic-
pressure-d_1037.html). For a dynamic pressure of 0.15 in. of 
water, a velocity in air (density of 0.068 lb/ft3 at 121F) of 27 
ft/s is found. (The value for density of air is taken from 
http://www.engineeringtoolbox.com/air-density-specific-weight-d_600.html.) Energy flow up the stack 
would be calculated approximately as 

Cubic ft/h = (27 ft/s)(3600 s/h)(π/4)(24/12 ft)2 
~~ 300,000 CFH (~ 5,000 CFM) 

Btu/h = (0.068 lb/ft3)(300,000 CFH)(0.24 Btu/lb·°F)(121–75°F) 
~~ 225,000 Btu/h 

[Note: This calculation assumes combustion air to the boiler is at 75°F.]  

If the heating season is 3,000 h, and site observations indicate these estimated stack standby losses 
represent a reasonable average for the heating season and occur for approximately 35% of those hours 
(steam cycle control may dictate cycle times), the annual energy loss for stack standby losses could be 
estimated as 

Million Btu/year = (225,000 Btu/h)(0.35)(3000 h/year)(1/1,000,000) 
~~ 235 million Btu/year 

If total heating fuel consumption for the boiler is 6,000 million Btu/year, these estimated losses are about 
4% of the total. Four efficiency points (from SSE toward boiler seasonal efficiency) would be deducted 
for stack-related standby/cycling losses for this boiler. 

 

Fig. 9.8. Digital manometer draft and 
temperature readings. (Used with 

permission from Asit Patel, ANP Energy 
Consulting.) 
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Combined hot water heating. If this same boiler provides both space heating and DHW, and 

 the boiler must be available 8,760 h/year 
 the estimated effective average hourly loss is decreased to 200,000 Btu/h 
 the estimated percent of hours the boiler is at standby conditions is increased to 45% 

then the calculated estimate of annual standby/cycling losses up the stack would become 

Million Btu/year = (200,000 Btu/h)(0.45)(8760 h/year)(1/1,000,000), ~ 780 million Btu/year 
 

If total annual heating and hot water fuel consumption for the boiler is now 9000 million Btu/year, these 
estimated losses are about 9% of the total, so 9 efficiency points (from SSE toward boiler annual average 
efficiency) would be deducted for stack-related standby/cycling losses for this boiler. 

These losses cannot be 
calculated directly by energy 
audit tools or energy 
simulation software, although 
there might be specialized 
calculation tools that could 
handle these types of 
calculations. 

The standby losses can be 
reduced or almost eliminated 
by having a damper or other 

means to close off the path up 
the vent stack when the boiler is 
not firing or purging. 

DOE also presents a table of efficiency percentage points that can be deducted from SSE, based on a 
fixed set of conditions and field observation of boiler firing cycles per hour, that gives some insight into 
estimating standby/cycling losses. It is taken from the 1991 version of the Boiler Efficiency Improvement 
workbook of the Auburn Boiler Efficiency Institute (fifth edition), and presented in the third version of 
the Federal Energy Management Program O&M Best Practices Guide [16, p 9.14] (reproduced in 
Fig. 9.9.) The fixed conditions under which these values apply directly are noted at the bottom of the table 
(Fig. 9.9). 

9.3.2.1.4 Feedwater-related losses 

As indicated in Sect. 9.2.1.3, “Field Assessment,” the nature and extent of condensate or feedwater 
venting, boiler blowdown, and makeup water consumption should be evaluated to determine the potential 
points of efficiency reduction from SSE to seasonal efficiency of the boiler. In one-pipe steam systems, 
condensate is returned in the same pipes that supply the steam, so leakage tends to be steam. In two-pipe 
systems, where condensate is returned to the boiler plant separately, the flow path of the condensate must 
be determined, and any leakage or losses that can be reduced should be evaluated (distribution systems 
are discussed further in Sect. 9.3.2.5). 

Several online steam tables are available, but the most useful may be the one found at 
http://www.efunda.com/materials/water/steamtable_sat.cfm. 

Fig. 9.9. Boiler cycling energy loss table. 
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For 3 psig steam, the saturated steam temperature is 222 °F, the saturated liquid enthalpy (condensate 
initial enthalpy) is 190 Btu/lb (~222–32°F, or 1 Btu/lb·°F), the saturated steam enthalpy is 1154 Btu/lb, 
and the enthalpy of evaporation (energy to turn 222°F hot water into steam at 222°F) is 964 Btu/lb. 
(Enthalpy is the heat content per unit of mass relative to a reference value.) 

Any condensate saved may save energy, depending on how the condensate is handled in the boiler plant. 
Heating water from 60 to 222°F requires about 162 Btu/lb (222–60 = 162) or about 1,300 Btu/gal 
(~8 lb/gal).  

In addition to determining the estimated point reduction in boiler efficiency for feedwater and blowdown 
losses, potential savings related to reducing feedwater related losses should be evaluated. Savings 
calculations cannot be handled by standard energy audit tools or energy simulation programs, so specific 
enthalpy-based calculations that account for the feedwater and/or condensate flows and enthalpies must 
be carefully evaluated. Savings calculations are based on the pounds of water or condensate that could be 
saved and the enthalpy change that could be avoided by saving the water or condensate: 

Energy/year (Btu/year) = lb of water saved per year × enthalpy change saved (Btu/lb) 

9.3.2.2 Boiler Replacement (Steam) 

The efficiency evaluation of a boiler leads to a determination of seasonal efficiency and SSE. Energy 
modeling software can be used first to calibrate an energy model to the existing building and boiler plant 
and then to evaluate a replacement boiler with improved efficiency. The savings from the efficiency 
improvement may be close to the expected savings, but how close they are depends on how well the 
software calculates seasonal boiler efficiency compared with the field determination of boiler efficiency. 
Energy model calibration should include matching the seasonal or annual efficiency of the boiler to the 
field-determined value. 

If the boiler is to be replaced and other boiler plant improvements are to be made in parallel, the savings 
attributed to the boiler may require separate estimation of boiler seasonal efficiency for the existing boiler 
and for the planned replacement and improvements. If a separate manual calculation is needed to 
calculate savings or check on savings calculated by an energy audit or energy simulation tool, the simple 
boiler replacement calculation for savings is 

Cost or energy savings = existing cost or energy use × [1 – PE/NE] 

Where PE = present seasonal boiler efficiency and NE = new seasonal (or annual) efficiency 

Note that the efficiencies calculated are not SSE values but boiler efficiency values from Sect. 9.2.1.3, 
“Field Assessment.” To compare multiple new options, this calculation would be made for each 
configuration considered. 

9.3.2.3 Fuel Switching  

Fuel switching for steam systems may be chosen as an environmental or a cost-saving measure, not an 
energy savings measure; it is not covered in this report. Fuel switching measures are often driven by 
unique situations for various parts of the country. 

9.3.2.4 Conversion from Steam to Hot Water 

Converting systems from steam to hot water should be evaluated based on as-found heating efficiency 
(defined in Sect. 9.2.1.3) and expected heating efficiency for the replacement water heating plant. If as-
found heating efficiency can be determined reasonably, potential energy savings also can be estimated 
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reasonably (using the formula in Sect. 9.3.2.2, substituting heating efficiency for boiler efficiency). 
Savings from the conversion are large in some cases. Changes in maintenance costs and requirements 
must be considered and may impact potential cost savings dramatically. Any increased electrical energy 
required for pumping must also be evaluated relative to the baseline plant. 

9.3.2.5 Distribution System Improvements  

Extensive information on steam space heating distribution systems and energy use considerations in 
multifamily buildings can be found in the Multifamily Weatherization Resource Guide. [5]  

Steam heating systems typically distribute the energy in the fluid throughout the building to terminal 
heating units such as radiators, convectors, or unit heaters; fan-coil units/ unit ventilators also may be 
used. 

In Sect. 9.2.1.3, the final heating efficiency includes the distribution system impacts added to boiler 
seasonal efficiency. If a distribution system is 80% efficient, the heating efficiency is 0.8 times the boiler 
efficiency. If the seasonal boiler efficiency is determined to be 75% and the distribution efficiency is 
determined to be 95%, the heating efficiency for the building is (0.75)(0.95) = 71%. 

The terms “heating efficiency” and “boiler efficiency” are for the boiler fuel only, so sometimes other 
electrical savings can be achieved that are not a direct part of heating efficiency or boiler efficiency. 

9.3.2.5.1 Under-insulated or uninsulated pipes 

Under-insulated or uninsulated pipes are often a source of wasted energy. Often, pipes are located in 
unoccupied spaces where heat is not needed. On the other hand, pipes running through an occupied space 
may cause overheating.  

To calculate energy savings for pipe insulation, a web-based Mechanical Insulation Design Guide and 
energy calculator is available at www.wbdg.org/design/midg_design_echp.php. The guide is part of the 
National Institute of Building Sciences Whole Building Design Guide. The calculator is based on ASTM 
Standard C680 and has been validated for accuracy. The basic theory of the heat loss calculations can be 
found on the related design data page at http://www.wbdg.org/design/midg_data.php. The results from the 
calculator display heat loss in Btu/h in the third column. To estimate annual savings (typically for 1 ft to 
obtain per foot values), the user can estimate average annual inputs to the calculator and then pick the 
correct row corresponding to the existing piping insulation condition (existing insulation thickness from 
zero up to several inches).  

The difference in Btu/h value from the existing thickness to the proposed new thickness is multiplied by 
the number of hours/year the pipe is at the entered operating temperature to calculate Btu/year savings for 
the new insulation value. If a different type of insulation is proposed for installation, then two different 
sets of inputs should be entered and the results between the two compared for the correct thickness and 
type of insulation . 

The Btu/year savings are divided by the Btu per unit of fuel supplying the unit and multiplied by the cost 
per unit of fuel to arrive at dollars/year savings. The unit of fuel and cost per unit of fuel can also be 
entered in the calculator, which displays the dollars/year savings for the average fuel values entered. 

Pipe losses can be calculated, summed, and then used to compare total pipe losses with total heating fuel 
consumed by the boiler plant to determine the heating efficiency, if necessary. Insulation of steam piping 
in spaces where more heat is not needed is typically cost-effective. 
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Typical energy audit or building energy simulation softwares cannot handle these calculations correctly, 
so separate calculations are needed. 

9.3.2.5.2 Steam leaks and steam trap maintenance 

Steam leaks can waste a lot of money and are difficult to keep under control. There are a number of steam 
leak calculators available. They are web-based or available as Excel files, and they ask for simple inputs 
to estimate annual cost savings. One calculator of interest is at http://ckgconsultingllc.com/energy-loss-
calculator/. It is posted as an Excel file to download and also covers compressed air and nitrogen leaks. 

One-pipe steam systems do not use steam traps; for these systems, operation of air vents is an issue 
affecting overall efficiency. [5] Strategic placement of air vents and selection of air venting rates helps 
with system balancing, temperature control, and efficiency of the overall one-pipe steam system. [5] 
Potential savings for unbalanced systems can be 5–10% or more of fuel use for heating. 

Steam traps are used in two-pipe steam systems. [5] A publication from DOE’s Advanced Manufacturing 
Office, Steam Tip Sheet #1, states, “In steam systems that have not been maintained for 3 to 5 years, [15% 
to 30%] of the installed steam traps may have failed,” and “with a regularly scheduled maintenance 
program, leaking traps should account for less than 5% of the trap[s].” [17] 

A Federal Technology Alert (FTA) report from the Federal Energy Management Program [18] states, 
“Approximately 20% of the steam leaving a central boiler plant is lost via leaking traps in typical space 
heating systems without proactive assessment programs.” Few multifamily buildings have proactive 
assessment programs. Steam traps are almost always an important cause of lost energy, but unfortunately 
they are also hard to check regularly. An assessment program for low-pressure steam systems (15 psig or 
less) traps should check traps at least annually to be considered proactive.  

Energy auditors can use an infrared thermometer or thermal imager to check traps [5] and estimate losses. 
Infrared scanning of steam traps may be interpreted differently due to various levels of experience among 
energy auditors. Infrared still images may be used to observe potential steam trap issues, but often do not 
provide sufficient evidence of failure conditions. A more effective option to analyze steam trap conditions 
is using infrared video thermography. Utilizing infrared video thermography will allow the auditor to 
observe a complete cycle. A more complete method of steam trap testing involves ultrasound technology 
along with infrared video thermography. However, combination testing is often time consuming and 
requires specific experience. 

The FTA provides important information about how traps work, how to inspect steam traps, and how to 
calculate potential savings. Readers of this report should note that pressure values in this report are in psia 
instead of psig, so atmospheric pressure (14.7 psi at sea level) must be subtracted from psia to be 
equivalent to psig readings from a pressure gage or from known pressure settings on a steam system. 

9.3.2.5.3 One-pipe air venting 

“In the older northern cities of the United States the predominant type of low-income multifamily 
building is a low-rise walk-up [3 stories or less] structure of masonry construction with a centrally 
metered single-pipe steam heating system,” [19 according to the Technical Summary, Research 
Perspective, of a 1986 Gas Research Institute report]. Single-pipe steam heat is also common in some 
multifamily buildings taller than three stories in the Northeast. 

One-pipe steam systems can become inefficient in many ways. In particular, if air cannot be exhausted, 
steam cannot get in. [5] Gas Research Institute research in the late 1980s [19] found that adding main 
steam line vents was “the quickest payback at 0.5 years, and the lowest cost of conserved energy (CCE) at 
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$0.04/therm.” On average, 15% of fuel use was saved in 11 research buildings by adding steam vents, and 
the measure was installed in 100% of the buildings studied. 

Comprehensive radiator vent treatments were found to benefit a substantial portion of the buildings, but 
were also found to have a relatively short lifetime. [19]  

Main line vents eliminate air in the main lines in order to promote rapid lateral 
movement of steam, to improve the likelihood that steam will reach the areas of the 
building furthest from the boiler during each boiler cycle. … Good design practice calls 
for installing a main line vent at each loop at the point where the return line drops from 
near the ceiling to near the floor (from a dry return to a wet return). Main line vents are 
also occasionally found immediately after the last riser on a main line loop. [19] 

9.3.2.5.4 Steam balancing 

Steam balancing is an important achievement for one-pipe steam systems. The important objective is 
balancing of steam arrival times to enable more even heating and possibly reduce boiler cycle on-time. 
The best results occur when steam arrival times at all the main line vents are close together. 

One approach for balancing steam systems is a procedure using a venting capacity chart, as described in 
Gill. [20] 

The following text provides another possible procedure using an infrared video camera for determining 
steam vent arrival times in single-pipe steam systems.  

9.3.2.5.4.1 Equipment required 

 Infrared cameras 
— Depending on the size of the building and number/locations of main vents, two cameras may be 

needed 
— Make sure before leaving that cameras are charged and memory cards are inserted 

 Optical camera 
 Stopwatch/phone 
 Notepad/paper for sketching diagrams of the vent and main line locations 
 Laser distance measuring device (optional) 
 Infrared thermometers (optional, if others are to help determine steam arrival) 
 Cell phones (to allow auditors to communicate among different basements if necessary) 

9.3.2.5.4.2 Before the site visit 

1. If possible, have the owner or maintenance staff shut off the boiler about a half hour before the team 
arrives. This will help allow the pipes to cool, making it easier to see steam when using an infrared 
camera. 

2. Make sure the team has access to all basements and vents. If the building has storage lockers 
containing vents, ensure that these can be opened beforehand. 
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9.3.2.5.4.3 Preparation 

1. Upon arrival, walk through each basement following the steam main lines. Diagram each “loop” and 
determine the corresponding vents. Photograph each vent for later identification and ensure that you 
understand which vents go with which lines. 

2. Make a note of any special circumstances 

— Do some lines have much larger piping? 

— Are there any lines that service noticeably warmer or cooler units? Scroll through controls if 
indoor sensors are present and note temperature readings. Also note locations of sensors in the 
building. 

— Are there any traps, or other deviances from a basic system? 

3. Plan how all of the vents are to be monitored during timing. If all vents are in the boiler room, this 
task can be performed with one camera. If there are two vent locations, it may be best to station one 
auditor in the boiler room and one at the second vent location. If there are many basements, see if it is 
possible to run back and forth between vents in a reasonable timeframe to monitor both. Tenants or 
maintenance staff may be willing to help (by keeping a hand or infrared thermometer near a pipe and 
telling you when it is hot). 

4. Set up infrared cameras 

— Make sure the timestamp is accurate and shown on each image 

— Focus carefully! 

— Take “before” infrared photos to record baseline pipe temperatures. Pipes will ideally be at or 
slightly above room temperature. The procedure can be completed if they are warmer; it will 
simply be harder to track the progress of steam through the lines. 

5. Make sure there is a surface on or near each vent from which temperature can be read. Sometimes 
pipes are insulated all the way up to the vent, in which case a tee, elbow, riser, or return pipe near the 
vent will give the best temperature reading. 

9.3.2.5.4.4 Firing the boiler 

1. If maintenance staff are present, allow them to operate the controls. This will free the team to track 
the pipes, and it is better for the regular staff to operate their system. 

2. Note the starting time. 

3. Start the boiler either by increasing the temperature or with a manual switch. In the former case, tell 
the maintenance staff to set the temperature high enough that the boiler will run continuously 
throughout the test. 

Note: If major temperature differences in units are anecdotally or physically noted, it may be valuable to 
let the boiler run its natural cycle based on typical settings. In this special case, it is possible that steam is 
not reaching specific units before the average temperature is satisfied. If this modified procedure is 
followed, note if the boiler kicks off before steam reaches all loops and note which loops it has not yet 
reached. Once this is done, turn the boiler back on manually and resume running the test until all vents 
have received steam. 
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9.3.2.5.4.5 Timing procedure 

1. Once the boiler is fired, use the infrared camera to track the progress of steam through the lines. 

2. At a reasonable time interval (every minute/every few minutes), take an infrared photograph of the 
vents. As much as possible, try to keep the vantage point the same each time for later comparison. 

3. A temperature at or above 200 °F will indicate that steam has reached a vent. It may also be possible 
to hear the vent closing when steam reaches it.  

4. The piping at the end of the line will get gradually and continuously warmer. This is good to note, but 
the fact that a pipe warms from ~80°F to ~150°F does not mean it has received steam yet—the 
warming may be only from warm air. Sometimes it is ambiguous whether steam has really started up 
the riser (at about 180–190°F for an extended period of time), and in these cases it is helpful to 
consult the record of photographs to judge the actual steam time. 

5. Make sure that steam arrival times are recorded for each vent and that it is clear from the notes which 
time and vent correspond to which section of the steam lines. 

Note: Depending on the shape and size of the building, this test should take about 15–30 minutes to 
complete after the boiler has been turned on. However, there are many special cases that may cause the 
test to take more or less time. Make sure you understand any specific issues before conducting the test 
and try to anticipate the behavior of the distribution system to the extent possible. 

9.3.2.5.5 High-efficiency pump motors and pump systems 

Pumps and motors are covered in Sect. 9.4. 

9.3.2.6 Controls and Terminal Units 

Controls often are complicated and often offer major potential energy savings. Steam boiler controls are 
discussed briefly in AEA 2012 [5] and ASHRAE 2011 [21], and extensively in Taplin 1998. [15] Boiler 
safety is a major purpose of boiler controls. Assessment of other control devices, sensors, and sensor 
locations provides input on impacts to the overall heating efficiency of the heating plant with the 
objective of finding ways to improve heating efficiency while also possibly improving comfort in the 
building. 

Occasionally isolated terminal units cause issues with the operation of the central heating plant by 
increasing boiler run times to satisfy a small load. Alternative means of local heating may be important to 
consider in such cases to reduce boiler run times and increase heating efficiency. 

9.4 Energy Audit of Hot Water Systems 

Hot water central plants and boilers do not present all of the issues that steam plants do, but there are 
issues specific to them. In some cases, steam may be fed to a heat exchanger in the central plant to 
generate hot water, in which case the boiler plant must be evaluated as a steam system but the distribution 
scheme, as a hot water system. For steam systems, keeping the pressure as low as possible reduces the 
temperature of delivered steam, saving energy, and system balancing is important to provide even heating 
of the building and keep the boiler run times lower. 

For hot water systems, the objectives are similar: 
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1. Balanced delivery of heat (heat delivered matches heating loads in a balanced manner) allows hot 
water temperatures to be kept lower. 

 It reduces potential energy losses in the distribution loops. 
 It reduces the potential for overheating, which may cause heat to be wasted. 

2. Lower water temperatures allow the boiler to operate more efficiently, so keeping water temperatures 
lower reduces the energy used by a hot water boiler. 

 Condensing boilers depend on low water temperatures for higher efficiency; if the water 
temperature is too high, condensing may not occur. 

 The more hours a 
condensing boiler runs at 
low load with reduced 
inlet water temperature, 
the greater its seasonal 
efficiency. 

Figure 9.10 indicates the 
potential impacts of firing rates 
and return water temperature on 
boiler efficiency. Increased heat 
exchange effectiveness is 
usually possible with reduced 
firing rates. 

9.4.1 Energy Audit 

Process 

Significant expertise is needed to 
evaluate hot water heating systems. 
If the energy audit is performed in the summer or non-heating season, diagnostic steps, such as SSE 
testing, may need to be abbreviated or approximated. 

Efficiency assessment for hot water boilers has many of the same elements as for a steam boiler, but the 
boiler plant itself is likely to be simpler. The overall process high-level steps are very similar to the 
process for steam systems and involve assessment of the following: 

 Scope of plant and issues (interviews with staff) 
— Boiler plant history 
— Modification history 
— Maintenance and logging 
— Operational issues 
— Heating effectiveness issues 
— Locations of equipment, controls, sensors 
— Control methods and practices 

 As-found (field-determined) boiler efficiency 

Fig. 9.10. An example graph of the potential impacts of firing rates 
and return water temperature on boiler efficiency.  
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— Hot water supply and return temperatures at the boiler 
— SSE measurement or approximation 
— Jacket losses 
— Cycling and standby losses 
— Water leak issues and potential water treatment issues 
— Possible control system issues 
— Match of boiler size to loads 

 Outdoor temperature reset control presence and effectiveness 
 Distribution system effectiveness 
— Type of system (there are many possible types [12]) 
— Leaks 
— Insulation 
— Pump and motor system efficiency and match to requirements 
— Balancing of water loops and matching to loads 
— Control, sensor location, and related issues impacting boiler cycling 
— Underground piping may present significant issues 

 Potential distribution system and control system improvements 
 DHW generation methods and options (also see Sect. 11) 
 Safety issues and improvements 

The audit team should take numerous pictures (camera and possibly infrared images). 

9.4.2 Evaluation and Measurement 

The potential list of energy improvements is extensive. The process listed briefly above includes 
assessment of potential improvements to the boiler, the distribution system, hot water generation, and 
safety.  

9.4.2.1 Boiler Plant Improvements 

9.4.2.1.1 Steady-state efficiency 

SSE  has been covered extensively in this report. Assessment of SSE using a digital flue gas (combustion) 
analyzer allows determination of whether a tune-up is needed to correct excess air or other fuel 
combustion issues. Heat exchange effectiveness is assessed based on stack temperature measurement 
while the boiler is firing to determine possible problems with boiler tube cleanliness, gas path short 
circuiting, or incorrect baffling inside the boiler. 

SSE may be confusing because it is typically associated with full-load firing. For modulating burners, 
stack temperatures at different firing levels may be a more important indicator of efficiency, and part-load 
characteristics of the boiler affect energy use more. The energy modeler should determine the best 
efficiency values to use for an energy model, but part-load characteristics of the boiler in the energy 
modeling software should be checked and verified against actual characteristics if boiler replacement is to 
be considered. 

As with steam, if the stack temperature is too high and indicates potential problems, whether the boiler 
should be opened for inspection must be considered. In noncondensing boilers, the stack temperature at 
20% load should be only 40°F above the hot water return temperature (but at least 160°F, or whatever the 



 

9-26 

manufacturer limit is, to prevent condensing), and at 90% load should be only about 140°F above the 
return temperature (with straight line interpolation between, following the steam guideline and applying 
to return water temperature). 

Condensing boilers should have lower temperatures and are not restricted to the 160°F limit. 

Seasonal boiler efficiency can be modeled by some energy software with only the SSE  known, but the 
software will typically only calculate boiler jacket and piping losses as if adequate insulation exists. IR 
thermometers or cameras can be used to assess potentially high losses that can be corrected with 
insulation.  

9.4.2.1.2 Jacket, standby, and cycling losses 

Boiler surface losses must be estimated as one aspect of evaluating losses that leads to the estimate of 
seasonal boiler efficiency and of the need for boiler insulation. Boiler insulation should be assessed in the 
same manner as steam system insulation (Sect. 9.3.2.1.2). 

In boilers that have only one firing mode (burner off or on), standby and cycling losses can also be 
assessed similarly to the way they are assessed in steam systems (Sect. 9.3.2.1.3). However, hot water 
boilers are more likely to have modulating burners that are in firing mode much of the time in colder 
weather; in that case, the flue cannot be closed off, and the part-load characteristics and load profile of the 
boiler will determine the efficiency. Combined combustion, standby, and heat exchange efficiency 
impacts must be determined simultaneously. 

A load profile can be based on a few specific values (bin method) if efficiency at a specific loading is 
known, together with the equivalent load hours per year at that load. Figure 9.11 is an example of this 
type of calculation for a condensing boiler. It is not meant to be definitive, as other bins could be selected 
and other locations might have different outdoor temperature ranges. 

 

Fig. 9.11. Condensing boiler calculations to determine average boiler thermal efficiency. 

For boilers that provide energy both for space heating and for DHW, cycling/standby losses must be 
evaluated for the combined loads.  

Energy audit tools or energy simulation software can calculate these losses for typical systems and 
specific part-load performance curves, but the typical case or the part-load curve used may not match the 
specific boiler as well as it should. If site visit information indicates potential for concern regarding 
higher than normal losses, extra measurements of stack temperatures and flue gas data at two or three 
firing rates may be needed if boiler replacement is to be considered. 
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Condensing boilers introduce interesting issues in that cycling standby losses should be minimal, with 
powered venting out a plastic pipe to drain, and efficiency is driven more by keeping return water 
temperatures down. 

9.4.2.2 Hot Water Boiler Replacement 

The efficiency evaluation of a hot water boiler will often be performed with energy audit or energy 
modeling software. If boiler replacement is to be considered, and if there is concern that standard 
performance curves in the software may not be adequate to represent the existing boiler, additional 
measurements of combustion efficiency should be considered. Digital combustion analyzer measurements 
should be conducted at different firing rates, such as approximately 20, 50, and 70%, together with supply 
and return water temperatures (reasonably steady-state) at those rates.  

These additional measurements would be applied to a bin-method type of calculation (as shown in Fig. 
9.11) in which corresponding outdoor temperature bins are constructed that represent the midpoints for 
20, 50, and 70% load on the boiler. An annual or seasonal boiler efficiency can be calculated to compare 
with software results. 

Boiler replacement savings are highly related to distribution system effectiveness and control. 

Figures 9.12 and 9.13 illustrate the potential complexities of boiler replacement. They are taken from a 
presentation made by David Landers of Puget Sound Energy to a local ASHRAE chapter in 2007 
discussing a major boiler space heating/DHW system retrofit for a 1960 vintage six-story mid-rise 
multifamily building in Washington state. The existing system had both primary and secondary water 
loops, and the primary loop was maintained at fairly high temperatures (Fig. 9.12). The major system 
upgrade involved the following: 

 Replacing boilers 1 and 2 with new condensing boilers. 
 Installing new condensing water heaters and storage tanks. 
 Installing isolation valves on the DHW loop to allow separation from the space heating loop to reduce 

heat loss in the summer. 
 Retaining boiler 3 for use during gas curtailments, but adding isolation valves to reduce heat loss. 
 Retaining the old DHW tanks for use during any gas curtailments. 
 Adding temperature reset to the primary loop to satisfy the greatest demand from any of the 

secondary loops. This would keep the primary loop temperature as low as possible for higher 
efficiency in the condensing boilers. 

A diagram of the new system is shown in Fig. 9.13. 

The new boilers are very small compared with the previous boiler #3. The new seasonal boiler efficiency 
was determined to be 89%. Water heating annual efficiency was determined to be 92%. Annual savings 
were 23% of existing energy use (about 3,000 million Btu/year, indicating the existing annual efficiency 
of the older boiler plant was about 70%). 
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Fig. 9.12. Diagram of the previous heating system in a retrofitted structure in Washington State. Source: 

David Landers, Puget Sound Energy 

 
Fig. 9.13. Diagram of a new heating system in a retrofitted structure in Washington State. Source: David 

Landers, Puget Sound Energy 
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9.4.2.3 Fuel Switching  

Fuel switching for hot water systems may be chosen as an environmental or a cost-saving measure, but 
sometimes is not allowed as an energy savings measure; it is not covered in this report. Fuel switching 
measures are often driven by unique situations for various parts of the country. 

9.4.2.4 Distribution System Improvements  

Information on DHW distribution systems and energy use considerations in multifamily buildings can be 
found in the Multifamily Weatherization Resource Guide. [5] Information on some of the complexities of 
hydronic loop and pump system design and control can be found in the ASHRAE Handbook. [22, 1] 

In Sect. 9.2.1.3, the final heating efficiency includes the distribution system impacts added to boiler 
seasonal efficiency. The terms “heating efficiency” and “boiler efficiency” are for the boiler fuel only, so 
sometimes electrical savings can also be achieved that are not a direct part of heating or boiler efficiency.  

9.4.2.4.1 Under-insulated or uninsulated pipes 

Under-insulated or uninsulated pipes are often a source of wasted energy. Pipes often are located in 
unoccupied spaces where heat is not needed; and if they run through occupied spaces, they may cause 
overheating. Energy savings are calculated using the same methods as for steam heating (Sect. 9.3.2.4.1). 
Typical energy audit or building energy simulation software cannot handle these calculations correctly, so 
separate calculations are preferable. 

9.4.2.4.2 Water leaks 

A water leak savings calculator that can be used if the estimated gal/day of the leak is known can be 
found at http://www.fishnick.com/savewater/tools/leakcalculator/. (It is made available by the Food 
Service Technology Center, funded by California utility customers and administered by Pacific Gas and 
Electric Company under the auspices of the California Public Utility Commission.) If the leak is very 
small, the Association of German Engineers has developed a chart showing leakage rates per hour, per 
day, and per year. It is found in Characteristic Values of Water Consumption Inside Buildings and on 
Adjacent Ground . [23, Part 3, Fig. 16, p. 35] It has also been reproduced in some ASHRAE publications. 
The chart shows that a leak of 6–7 drops in 10 s will amount to 1,157 gal/year, 10 drops per 10 s, 1,620 
gal/year; 17 drops, 3009 gal/year; a 1 mm stream, 20,830 gal/year; and a 2 mm stream, about 57,860 
gal/year.  

Energy savings must be calculated manually and depends on the mass flow (about 8 lb/gal) and the 
enthalpy of the lost water, as for condensate recovery (Sect. 9.3.2.1.4). 

9.4.2.4.3 High-efficiency pump motors and pump systems 

An article containing extensive information on high-efficiency motors can be found at the Copper 
Development Association website at http://www.copper.org/environment/sustainable-energy/electric-
motors/education/motor_text.html. It provides examples of potential motor replacement cost savings and 
details on the calculations. The article provides information on use of MotorMaster+ and the outputs 
produced by the software. MotorMaster+ includes a catalog of more than 20,000 low-voltage induction 
motors, and features motor inventory management tools, maintenance log tracking, efficiency analysis, 
savings evaluation, energy accounting, and environmental reporting capabilities. MotorMaster+ can be 
downloaded, after filling out an online form and registering, from http://www1.eere.energy.gov/ 
manufacturing/tech_deployment/software_motormaster.html 
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Higher efficiency in motors means they will have less “slip” than less efficient motors, which means 
pumps will usually run a little faster. The starting torque also may be less than in less efficient motors. 
The higher speed may lead to an increase in energy use, even if there are savings overall, so care is 
needed in calculating energy savings—the savings may be less than expected from motor efficiency alone 
and could even be negative. The net result depends on the change in location on the pump operating 
curve. An example pump operating curve taken from the current DOE Industrial Technologies Program 
(ITP) pump systems manual [24] is shown 
in Fig. 9.14. 

The ITP manual also discusses an important 
guide for variable-speed pumping available 
from the Hydraulic Institute at 
http://estore.pumps.org/pumps5/stores/1/Var
iable-Speed-Pumping-A-Guide-to-
Successful-Applications-P36C13.aspx 

The effect on the  pump system of changing 
to a higher-efficiency motor depends on 
where the pump system is initially in the 
flow-head performance space and where the 
system is after the motor is installed. 
Readers who want to understand pump 
systems better, including major system 
issues that need to be considered in 
evaluating these systems, should obtain a copy of the ITP manual and study it. [24] It covers several 
additional pump system efficiency improvement measures, including some of the potential water loop 
upgrades included in the measures list for distribution systems. One example is trimming impeller size in 
an oversized pump that is using excessive energy for the system. 

The National Electrical Manufacturers Association has two standards related to selecting motors for 
energy management that can be purchased : NEMA MG 10 for polyphase and MG 11 for single-phase 
motors.  

In Europe, overall energy efficiency efforts have led to a policy study [25] of electric motor-driven 
systems; and an ENERGY+PUMPS effort has led to a new pump with a super-premium electrically 
commutated motor (>IE4 motor) and automatic power adjustment controls (to reduce head when flows 
are low instead of allowing head pressure to increase). Potential savings of up to 70–80% are claimed for 
heating system distribution use, compared with standard pumps [25, pp. 58–59], although the approach is 
basically the use of a variable-speed drive with a reduced number of components (less hardware). Some 
experts claim the extra cost is not justified. However, expert sizing of a pump system may also be 
expensive, and the variable-speed approach can handle many different flow and pressure situations with 
less energy use without requiring expert design (the pump system still must be sized reasonably). Super-
premium pump retrofits may be an important energy measure to consider if an existing pump need to be 
replaced. 

9.4.2.4.4 Balancing 

Methods of zone control are important to understand when trying to categorize and analyze zone 
distribution logic and layout. Diagnostic analysis of hydronic system zone balance is an art and can often 
be done using IR thermometers. This report will not go into detail on this topic. A detailed discussion of 
hot water distribution system layouts and controls can be found in Issue 4 of idronics magazine [12], and 
information on inspection of water distribution systems can be found on InspectAPedia. [13] 

 

Fig. 9.14. Performance curves for different impeller sizes. 
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9.4.2.5 Controls and Terminal Units 

Controls often are complex and often offer major potential energy savings. Boiler safety is a major 
purpose of boiler controls. Assessment of other control devices, sensors, and sensor locations provides 
input on impacts to the overall heating efficiency of the heating plant, with the objective of finding ways 
to improve heating efficiency while also possibly improving comfort in the building. Hydronic loop 
control and component dynamics tend to be complicated [3, 22] and may be very complicated in large 
systems. Control valve and balancing options can become very complicated. [26] 

If the terminal units are air handlers with a hot water coil for heating (and possibly another coil for 
cooling), these local units should be evaluated similarly to the methods for furnaces, heat pumps, and air 
conditioners (Sect. 10). 

Occasionally isolated terminal units cause problems in operation of the central heating plant by increasing 
boiler run times to satisfy a small load. It may be important to consider alternative means of local heating 
in such cases to reduce boiler run times and increase heating efficiency. 

9.5 Energy Audit of Hydronic Heat Pump Systems 

Hydronic heat pump systems are hybrid schemes in which most of the heating and cooling occurs locally 
[2] but a centralized water loop simultaneously provides the heat source and heat sink for the heat pumps. 
Evaluation of the heat pump units should follow the methods described in Sect. 10 of this report for 
localized heating and cooling. Efficiency information was presented in Sect. 9.2.2. 

The most basic form of the system is once-through: one water loop has a boiler, a cooling tower, and heat 
pumps in series. The loop before the heat pumps is controlled at one temperature that might range from 
60 to 90 °F, depending on outdoor temperature. The boiler adds heat if the water drops below the set 
point, and the cooling tower cools the water if it is above the set point. A particular heat pump either 
extracts heat from or rejects heat to the loop, depending on whether it is cooling or heating the space 
served. 

Potential refinements are many, including multiple supply loops, thermal storage, staged pumping, heat 
exchangers for adding or rejecting heat from the loop, and sophisticated outdoor reset control by building 
exposure or time-of-day. The main objectives are the following: 

 Keep water pumping electricity use low 
 Keep water loop temperatures at the optimum and within range for the current conditions 
— Heat pump cooling efficiency increases as loop temperature decreases 
— Heating efficiency increases as loop temperature increases 
— Individual heat pumps can be in heating or cooling mode 

 Reduce boiler run time to the extent practical 
 Reduce cooling tower (heat rejection device) run time to the extent practical 
 Prevent simultaneous operation of the boiler and the cooling tower 
 Optimize thermal storage (if available) 
 Other measures as covered in Sect. 10 for local systems 

The energy audit process involves 

 Scope of systems and issues (interviews with staff) 
— History of boiler and cooling tower (or other heat rejection device) 
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— Other main loop components 
— Modification history 
— Maintenance and logging 
— Operational issues 
— Heating and cooling effectiveness issues 
— Water loop temperature control issues 
— Locations of equipment, controls, sensors 
— Control methods and practices 

 Water loop efficiency and system configuration improvements 
— Warm and cool water loop supply and return temperatures 
— Pump system efficiency 
— Boiler efficiency measurement or approximation 
— Cooling tower effectiveness 
— Water leak issues and potential water treatment issues 
— Balancing of loads and loop temperature optimization methods 
— Possible control system issues 

 Outdoor temperature reset control presence and effectiveness 
 Potential control improvements 
 Safety issues and improvements 

A report is available from the Electric Power Research Institute [27] that provides extensive information 
on hydronic heat pump systems, although some of the information is dated. Optimization of water loop 
temperatures and control issues are covered, although specific manufacturer information on expected 
efficiency may be more helpful than a general discussion. 

In some locations the fire system sprinkler piping is used as the water loop piping. 

Water loop opportunities and issues should be evaluated according to the guidance for hot water systems 
on pumping and control issues. Pumping energy often is a major issue. Loop heat rejection devices are 
similar to chiller plant heat rejection devices and are included in the brief discussion in Sect. 9.6 of chiller 
plants. Any hot water boiler providing supplemental heat should be evaluated as directed for hot water 
boilers in Sect. 9.4, keeping in mind that the loading and temperature issues are different: 

 Supply temperatures should be very low. 
 Supply flow rates may be very low (primary boiler flow into the secondary hydronic loop system). 
 Cycle off times may be long.  
 Thermal storage may be used. 

9.6 Energy Audit of Central Chiller Plants 

Although central chilled water systems are unusual for multifamily buildings, if one is encountered, the 
information in this section will provide a starting point for understanding items to consider for energy 
savings. 

Note: a ton-hour = 12,000 Btu, and a ton of capacity = 12,000 Btu/h 
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The chiller plant will typically include a chiller or two, a pumping distribution system of chilled water 
supply and return piping, a condenser pumped water system for water-cooled chillers, and heat rejection 
devices. [22, 1] Chilled water is pumped to local terminal devices [11], such as fan-coil units. 

Energy audit process main objectives are  

 Assess overall chiller plant efficiency (compare with Erpelding chart [14]) 
 Identify chilled water and condenser water loop configuration, pumping methods, and controls 
 Determine terminal device uses and controls 
 Assess cooling tower (heat rejection device) effectiveness 
 Determine likelihood or possibilities for simultaneous heating and cooling 
 Optimize thermal storage if present 
 Other measures as covered in Sect. 10 for local systems, as applied to terminal devices, if applicable 

The energy audit process involves 

 Scope of systems and issues (interviews with staff) 
— Chiller and cooling tower (or other heat rejection device) history 
— Modification history 
— Maintenance and logging 
— Operational schedule and issues 
— Water loop pumping and temperature control issues 
— Locations of equipment, controls, sensors 
— Control methods and practices 
— Possibilities for simultaneous heating and cooling 

 Characterization of chiller plant efficiency parameters 
— Age of chiller(s) 
— Loading of chiller(s) throughout the year 
— Condenser or evaporator water fouling issues 
— Pump system efficiency (e.g., variable speed, pressures, flow rates) 
 Motor(s) matched to pump power 
 Pump matched to flow requirements 

— Approximation of chiller plant efficiency, kW/ton 
— Condenser and chilled water loop temperatures 
— Ton-h (or Btu) production logs 
— Kilowatt-hour usage logs (steam, hot water, or gas usage for absorption) 
— Cooling tower control and operation 
— Potential water treatment issues 
— Balancing of any supply loops 
— Possible control system issues 

 Outdoor temperature reset control presence and effectiveness 
 Potential pumping efficiency improvements 
 Potential control improvements 
 Safety issues and improvements 
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Based on observations and pictures of the information obtained during the site visit, energy modeling can 
be used to see if chiller plant energy use matches the expected plant energy use. Excessive chiller plant 
energy use compared with modeled energy use is often tied to simultaneous heating and cooling or to 
major pumping system inefficiencies. The energy modeling software can then be used to model many 
potential energy efficiency measures; pumping system measures, however, may have to be calculated 
manually. [24] 

9.7 Thermal Energy Storage and Isolated Zone Heat Pumps 

Thermal energy storage systems store heat or remove heat from a storage medium for use at another time. 
For heating and cooling of buildings, various temperature levels may be used. Most use of thermal storage 
is for cooling, usually as a way to reduce the total utility bill and/or size of cooling equipment. Extensive 
information and references on the topic can be found in the ASHRAE Handbook. [28] Use of thermal 
energy storage typically does not save energy, so these systems are not usually considered as energy 
savings measures but may be considered as energy cost-savings measures. Their benefits are achieved at 
the price of some additional complexity, leading to a need for increased care in design and operation. [28] 
Improving the operation of a thermal energy storage system that is not operating properly can lead to 
significant energy savings. 

In some cases heat pumps can be used to help deal with rogue zones having loads that are mismatched 
from other zones. This report cannot present a detailed discussions of all those possibilities. In water loop 
heat pump systems, heat pumps can be used to extract heat from the loop to heat DHW; other system 
enhancements are also possible. [27] 

9.8 Codes and Standards 

An extensive list of codes and standards (and training and certification items) related to HVAC equipment 
and systems is provided in the 2012 ASHRAE Handbook . [29] Specialized standards related to 
multifamily energy use, as well as information on multifamily building audit training and certification 
programs, can be found at the BPI website: http://www.bpi.org/standards.aspx.  

9.9 Additional Resources 

Some additional resources that provide extensive information or training are 

 Modern Hydronic Heating (John Siegenthaler, third edition), ~$170 on Amazon) 
 http://HeatingHelp.com  
 The Lost Art of Steam Heating (Dan Holohan), ~ $40 on Amazon 
 NORA Oil Heat materials (http://www.nora-oilheat.org/) 
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10. Local Heating and Cooling Systems 

Decentralized heating and cooling systems supply heating or cooling locally and are independent of other 
systems. [1] These are the most common types of heating or cooling systems found in multifamily 
buildings, with 90% or more of multifamily dwellings in the South and West having these local systems, 
75% in the Midwest, and about 40% in the Northeast. 

The hydronic systems covered in Sect. 9 have piping systems that carry the heating or cooling fluid to 
local terminal units. Although the local terminal units may be similar to independent local systems, the 
primary heating or cooling plant is centralized, and both the central plant and the piping distribution 
system must be evaluated for efficiency. The local terminal units may play only a small part in the overall 
efficiency evaluation of central systems. 

For decentralized local systems, heating or cooling generation and distribution occur locally, and the 
efficiency evaluation is directed at all the local systems. 

Examples of local systems are 

 Window air-conditioners 
 Electric baseboards or wall heaters 
 Furnaces  
 Through-the-wall room units (single package unit partly indoors and partly outdoors) that often 

include an air-conditioner along with a heating coil or a heat pump 
 Single-package heat pump or air-conditioning systems (usually outdoors) 
 Split-system heat pump or air-conditioning systems (fan and coil indoors, compressor and outdoor 

coil outdoors, also including mini-split systems) 

These systems are also common in single-family dwellings, so resources for single-family energy audits 
can be helpful for evaluating local systems. Table 10.1 list energy efficiency measures for these systems. 

Table 10.1. Measures table for local heating and cooling systems 

Subcategory 
Eligibility 

Measures 
 HUD WAP 

      Space heating systems (also see Controls section) 
Individual 

systems 

 (delete 
whole 

column) 

Major 
retrofits 

  Replace furnace/heat pump X 

  Install high-efficiency fan motors X  

  Install Electrically commutated motor fans X  

   Fuel switching X  

   System repairs—major X  

Clean and 
tune up 

   Clean and tune up furnace X  
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Subcategory 
Eligibility 

Measures 
 HUD WAP 

Minor 
retrofits 

 
Replace or clean air filters (move this to the clean and 
tune section) 

X  

  Clean fans to improve airflow X 

  Replace standing pilot light with electronic ignition X 

   Insulate furnace X 

  Install flue/vent dampers—thermal or electric X 

   System repairs—minor X 

      Space cooling systems (also see Controls section) 
Individual 

systems 
Central 
systems 

Major 
retrofits 

  Replace cooling unit X 

  Install high-efficiency fan motors X 

  Install ECM fans X 

Clean and 
tune up 

   Clean evaporator and condenser coils X 

   Check refrigerant level and recharge, if needed X 

Minor 
retrofits 

   Replace or clean air filters X 

  


Replace or slow blower motors X 

   Replace or adjust blower belt(s) X 

      Distribution system (also see Controls section) 
Individual 

systems 
Central 
systems 

HVAC 
system (air 
distribution) 

  Insulate and seal ducts X   

   Fan or motor upgrades X  

  
Install variable-frequency drive on constant air volume 
fans 

X   

   Correct duct bypasses X  

      Controls/scheduling 
Individual 

systems 
Central 
systems 

Basic space 
conditions 

   Sensor placement or repair X  

  
Energy management system (local systems may be 
controlled centrally) 

–  

   Recalibrate existing thermostat  X 

   Clean thermostat  X 

  Install setback thermostats X 


 Humidity control X 

o  Program cooling night setback X 
o  Program heating night setup X 

   Raise cooling set point X 

   Lower heating set point X 
 
Note: A hollow bullet indicates eligibility appears likely but the item is not specifically listed. 
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10.1 System Populations  

The importance of these systems can be seen in 2009 RECS data (Table HC6.1), found at 
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.1 Space Heating by Housing Unit 
Type.xls 

The data for multifamily dwellings in buildings with 5 or more units (MF 5+) indicate a total population 
of 19.1 million units in 2009. The data from Table HC6.1 on the RECS website, extracted in Table 10.2 
only for systems covered in this section, indicate these systems account for about 14 million of the 19 
million dwellings (73%). An additional 1.4 million MF 5+ dwellings have no heating or do not use 
heating. 

Potential health and safety issues for the 
approximately 0.7 million gas-fired room 
heaters or unvented furnaces impact what would 
be done for programs like WAP, in which 
health and safety issues must be addressed by 
removing unsafe systems.  

The RECS data on air conditioning are harder to 
interpret, as more than one type of unit can 
apply. MF 5+ dwelling units using window or 
wall unit air conditioning total about five 
million. Those using some type of heat pump 
total 1.4 million, although based on  more 
detailed examination of the data, probably 0.6 
million units are part of a hydronic system. MF 
5+ dwellings using a central air-conditioner unit 
that is not a heat pump number 8.4 million, 
although a small number of these are probably 
part of a larger hydronic system. 

10.2 System Descriptions 

10.2.1 Furnaces and Unitary Air 
Conditioners 

Furnaces are used to heat about 50% of all 
multifamily dwellings in the United States, and 
over half of these are electric furnaces. Furnaces 
are self-contained (unitary) appliances that provide heated air through ductwork or local registers to the 
space being heated. [2] A furnace may also provide the indoor fan necessary for the air supply of an air 
conditioner. Figure 10.1 shows an old furnace in a housing unit.  

Table 10.2. Heating data for multifamily dwellings in 
buildings with five or more units (MF 5+) 

Main heating fuel for local heating 
equipment 

MF 5+ 
dwelling units 
(million units) 

Natural gas 

Central warm-air furnace 

For one housing unit 3.0 

For two or more housing units 1.1 

Built-in room heater 0.4 

Floor or wall  unvented furnace 0.3 

Other equipment 0.1 

Electricity 

Central warm-air furnace 4.9 

Heat pump 0.9 

Built-in electric units 2.3 

Portable electric heater 0.4 

Other equipment 0.4 

Fuel oil 

Central warm-air furnace 0.2 

SUM of units using heating equipment 14.0 

Do not have or use heating equipment 1.4 
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Gas- or oil-fired furnaces with an air-
conditioning indoor evaporator coil are 
common. A separate outdoor condensing 
unit is connected via a refrigerant line set to 
the indoor evaporator coil to complete the 
unitary air-conditioning system. In this 
arrangement, the furnace is in a single 
package and the air conditioner is a split 
system. 

Unitary (sometimes called package) air 
conditioners are in a single package or a 
split system. [3] All the components are 
packaged together in a single-package unit, 
whereas a split system has both an indoor 
and an outdoor unit (Fig. 10.2). For 
multifamily buildings, split systems are 
typical, as less outdoor space is required, 
indoor space required is minimal, and 
ductwork can be reduced. Electric unitary 
heating/cooling systems may also be single 
package through-the-wall units like those 
often seen in motel or hotel rooms. 

An electric furnace is usually put together 
from a separate heating device or an integral 
heating coil added to an air conditioner, in 
either a single package or a split system. 
The heating coil may be integral to the unit 
(added by the manufacturer) or added on 
separately. Most multifamily electric 
furnaces are found in the South, about 60% 
of the approximately five million electric 
furnaces nationally. They are uncommon in 
the Northeast. 

10.2.2 Heat Pumps 

A heat pump “pumps” heat, typically via a 
refrigerant cycle, from one temperature 
level to another. Heat pumps in multifamily 
buildings in the United States are dual mode 
or reversing and provide both heating and 
cooling. For heating, heat is extracted from 
outdoor air (heat source) and pumped to a higher temperature for heating indoor space. When outdoor 
temperatures are very low, supplemental heat is added by a heating coil as in an electric furnace (or 
possibly by a gas-fired furnace). For cooling, heat is extracted from the indoor space and pumped to a 
higher temperature to reject heat to outdoor air (the heat sink) as an air conditioner does. [3]  

Air-source heat pumps are combination unitary air-conditioner and heating systems, so they are similar in 
appearance to unitary air conditioner systems. Electric unitary heat pump systems may also be single- 

 

Fig. 10.1. Photo of an old gas furnace. 

 

Fig. 10.2. Outdoor air-conditioning units for a split system. 
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package through-the-wall units like those used in 
motel or hotel rooms. Figure 10.3 shows multiple 
through-the-wall units in a high-rise building. 

Heat pumps are made in various configurations. A 
common system in multifamily buildings would be a 
split system air-source unit. An air-source unit rejects 
heat energy to outdoor air for cooling and extracts 
energy from outdoor air for heating. Heat pumps can 
also be water-source, or hydronic (see Sect. 9). These 
systems reject heat to and extract it from water loops, 
which use a variety of loop types and heat sources 
and sinks. 

Mini-split heat pumps (MSHPs), common in Asia 
and Europe, are becoming more common in the 
United States. MSHPs do not have ductwork and thus 
are  adaptable to use in many retrofit situations in 
which ventilation is provided by other means. [3] 
Since they also provide cooling and are more 
efficient than other heating systems, they provide an 
option for adding air conditioning to a building while 
increasing heating efficiency. Figure 10.4 shows an 

indoor MSHP.  

Air-source heat pump efficiency for heating 
typically drops off as outdoor temperatures 
approach and drop below freezing, although 
special cold climate units are available. Current-
generation MSHPs have been verified in the field 
as being high-efficiency (i.e., an efficiency 
>200%) down to 5°F (–15°C), so heat pump 
installations are becoming more common in cold 
climates. 

10.2.3 Window Air Conditioners 

Window air conditioners are designed to cool or 
heat individual room spaces. They are similar to 
through-the-wall units although typically smaller in size. These units are often used to add cooling to 
multifamily buildings that have only heating. They are low in initial cost and quick to install. Sometimes 
through-the-wall sleeve mountings are used instead of windows to install these units. Multiple units can 
be installed in separate rooms to provide more individualized control. Ductwork is not needed. 

10.2.4 Other Systems 

Other local space-heating equipment includes local heaters built into a wall or the floor, either electric or 
gas-fired, and electric baseboards. Bathrooms often have extra local heaters of some type. In-room 
furnaces may also be found, although they should become rare as time passes. In the South, some older 
buildings still have electric radiant ceilings, although most of these have been converted to other systems. 

 

Fig. 10.3. Through-the-wall heat pump units in a 
high-rise building. 

 

Fig. 10.4. An indoor unit for a mini-split heat pump. 
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Portable electric heaters or propane heaters are also used. Safety issues are a concern for any unvented 
fuel-fired heaters or furnaces. 

10.3 Evaluation and Opportunities 

The energy audit opportunities involve increasing the efficiency of heating or cooling. If a building 
contains ductwork, the duct system is part of the efficiency evaluation. Furnace or heat pump indoor fans 
and associated motors are also part of the overall efficiency picture. 

10.3.1 Energy Model Space Types 

Before conducting an energy audit, the auditor should know the typical space types likely to be used to 
model the energy use of the building. Typical space types are dwelling units, hallways, other conditioned 
common spaces, and other unconditioned common spaces. Additional space types may include garages 
and the outdoors (for outdoor lighting, at least). Evaluation and data collection must typically be 
segregated by space type. 

10.3.2 System Sizing 

Since seasonal efficiency, system effectiveness, and occupant comfort are all impacted by the accuracy of 
the sizing of heating and cooling equipment, it is important to evaluate equipment size compared with 
heating and/or cooling loads. The size of cooling systems can be a particular problem in cases where 
dehumidification is needed. If equipment is too small, dehumidification may be limited by inadequate 
capacity (a cooling coil first must cool the air close to dew point before moisture starts to be removed). If 
it is too large, short cycling of the system may result in inadequate dehumidification. In hot, dry climates 
where dehumidification is not an issue, smaller cooling equipment may be important to electric utilities to 
help reduce demand or limit demand growth. 

Oversized furnaces may also have short cycles and extra cycling losses. When furnaces cycle on and off 
to meet the load, part of the energy supplied by the fuel remains in the heat exchanger. This heat usually 
goes out the venting system, so cycling reduces the energy supplied to the conditioned space and seasonal 
efficiency.  

Larger furnaces or heat pumps will use more fan power for the blower and may have more duct leakage 
due to higher operating duct pressures, so sizing impacts fan energy. 

It is important to evaluate potential oversizing or undersizing of equipment for energy modeling and for 
potential work scope development. 

In combustion systems that are too large, derating (reducing) the burner and furnace capacity may be 
possible on some cases. 

10.3.3 Heating Efficiency 

Table 10.3 lists approximate heating seasonal efficiencies for local systems. These approximate values are 
a rough starting point, and some software packages for energy audits also provide options for specifying 
or modeling efficiencies. “Efficiency” is an ambiguous term used to refer to many levels in a system. 
Seasonal efficiency represents the fraction of energy actually delivered over a year divided by the energy 
consumed by the system. Note that heat pumps typically deliver more energy than they consume locally 
(seasonal efficiency >1). If fans are present to move air, the fan energy may also be included in the 
overall efficiency evaluation. 
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Table 10.3. Approximate seasonal efficiencies for various types of heating systems 

Heating system type Efficiency 

Natural gas, propane, and oil furnaces 

30 years + 0.50–0.60 

15–30 years 0.60–0.65 

10–15 years 0.65–0.70 

Newer induced draft furnace (has a fan to assist exhaust up the chimney) 0.78–0.82 

Newer sealed combustion high-efficiency furnace (usually has a plastic air intake and exhaust)  0.90–0.97 

Electric resistance 

Baseboard, electric furnace, ceiling radiant 1.0 

Heat pumps 

Older air-to-air 1.5–1.8 

Newer air-to-air 2.0–2.2 

Water (ground) source 2.8–3.2 

Source: based on http://www.coloradoenergy.org/procorner/stuff/htg_eff.htm 

MSHPs are not shown in Table 10.3, as they have only recently begun receiving attention in the United 
States. Since the efficiency performance of newer MSHPs has only recently been determined in the field, 
few results are available. The seasonal heating efficiency of newer high-efficiency air-source MSHPs may 
be as high as 3.0 (300%). [4] MSHP retrofits are being evaluated extensively in the Pacific Northwest, [5] 
(where they are called “ductless heat pumps”). Older MSHPs and less efficient MSHPs have efficiencies 
like those shown for air-to-air heat pumps in Table 10.3. 

There are multiple designations for efficiencies, which often must be converted to match with the entries 
in Table 10.3. AFUE is the standard measure of expected seasonal efficiency, in percent, for gas- and oil-
fired furnaces and has been made available for many years on equipment labels. HSPF is the measure 
used for the expected seasonal efficiency of the heat pump heating mode. Laboratory testing indicates the 
existing standard tests for HSPF for MSHPs may not provide a reasonable indication of seasonal 
efficiency. [4] Data may not be available for very old systems. Electric resistance heating has a nominal 
seasonal efficiency of one (100%), although there are losses due to radiation and convection in an electric 
furnace (~2%), and duct efficiency will impact seasonal efficiency.  

Local weather will impact actual seasonal efficiencies, especially for heat pumps. Energy simulation 
programs calculate the efficiency performance of heating equipment based on local weather, so weather 
impacts can be evaluated by energy modelers using software with that capability. A study on climate 
variations conducted by the Florida Solar Energy Center [5] offers a detailed discussion of efficiency and 
climate impacts for heat pumps. 

Managing efficiency conversion is challenging. The decimal fractions for efficiency in Table 10.3 are 
multiplied by 100 to represent the same values as percentages. AFUE is expressed as a percentage. HSPF 
is calculated as Btu/W·h, so it must be divided by 3.412 and multiplied by 100 to be expressed as a 
percentage. (Decimal fractions for heat pumps in Table 10.3 must be multiplied by 3.412 to arrive at 
HSPF.) 

SSE (steady state efficiency) evaluation in the field is possible for gas- or oil-fired furnaces but difficult 
for heat pumps. SSE is only one part of the efficiency determination; so it has value, but the value may be 
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limited. Efficiency cascades from steady-state, to steady-state plus duct efficiency, to seasonal efficiency. 
If there is no ductwork, duct efficiency is not a factor.  

Seasonal efficiency is affected by cycling losses. Values for AFUE and HSPF are based on specific 
cycling patterns, but different patterns can change the effective seasonal efficiency in a specific dwelling. 
For multifamily buildings, variation in thermal loads from unit to unit will also impact cycling patterns 
and resulting seasonal efficiencies. 

Sampling of dwelling units is often required (see Sect. 4), as access to all units is usually difficult. Energy 
modeling is usually needed to determine the best values to use for efficiency, since multifamily buildings 
contain multiple dwellings and an average for all similar units is needed. AFUE does not include electric 
fan energy, but HSPF does include it. 

10.3.4 Cooling Efficiency 

Table 10.4 indicates rough starting points for unitary air conditioner or heat pump cooling efficiency. 
Typically, software packages are used to model energy use; they require specific efficiency inputs. SEER 
is divided by 3.412 to obtain nominal seasonal efficiency as a decimal fraction (and is then multiplied by 
100 to obtain a percentage). The energy modeler will evaluate the best efficiency inputs to use for local 
cooling systems. Sampling of units to evaluate age and condition is often necessary (Sect. 4). Air-source 
heat pump cooling efficiencies are similar. 

Table 10.4. Unitary air conditioner or heat pump cooling efficiency 

Air conditioner age and condition SEER Efficiency 

20+ years old—not well maintained 6.0 1.5–1.8 

20+ years old—well maintained 6.5 1.7–2.0 

10–20 years old—not well maintained 7.0 1.9–2.1 

10–20 years old—well maintained 8.0 2.1–2.4 

5–10 years old—not well maintained 7.5 2.0–2.3 

5–10 years old—well maintained 8.5 2.2–2.6 

Less than 5 years old 9.0 2.4–2.7 

Recently installed and meets minimum standard 10.0 2.6–3.0 

High-efficiency unit 14.0 3.9–4.1 

Source: based on http://www.coloradoenergy.org/procorner/stuff/ac_seer.htm  

Old through-the-wall units and window units tend to have slightly lower efficiencies, but newer units may 
have efficiencies in the same range as shown in Table 10.4. Calibrating an energy model of a building to 
actual energy use data is usually the best way to determine the average efficiency of all units together in a 
building. 

Evaporative cooling units, either direct or indirect, may be appropriate in a few locations, but they 
introduce water control and use issues, as well as airflow issues. Energy use of evaporative cooling units 
is typically less than half that of an electric air conditioner. 

10.3.5 Duct Efficiency 

Air duct systems in multifamily dwelling units may be small or may be similar to residential-size systems. 
Smaller duct systems usually mean less opportunity for inefficiencies, but potential leakage to 
unconditioned spaces or duct exposure to attic or outdoor temperatures always should be checked. 
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Building cavities used for air distribution are a potential problem. Any multifamily building with complex 
air distribution systems should be evaluated at least to the level of single-family dwellings. Interactions 
with any ventilation or exhaust systems must be evaluated (see Sect. 8 for coverage of ventilation, 
exhaust, and ASHRAE Standard 62.2).  

The primary efficiency concerns are lack of insulation on ducting exposed outside the thermal boundary 
of a dwelling (see Sect. 7 for more information on thermal boundary) and air leakage from ducting to the 
outside. Duct sealing saves approximately 20% of heating and cooling energy, on average, in single-
family homes. ASHRAE Standard 152, Method of Test for Determining the Design and Seasonal 
Efficiencies of Residential Thermal Distribution Systems, provides a standard method of estimating 
energy savings for changes in duct systems and is the basis for most duct sealing savings calculations. 
Leakage testing for ducts must be coordinated with leakage testing of the building enclosure and depends 
on the methods used for both. 

In many multifamily dwellings with duct systems, the duct systems are in the conditioned space and are 
minimal in length (to save on installed cost). But when duct runs are longer, and especially if ducts run 
through unconditioned space or outdoors, insulation and sealing of leaks are more important. However, 
leakage between dwelling units confounds the testing methods and results, so some adaptations of testing 
methods and leakage calculation methods are needed for multifamily buildings. 

The WAP training curriculum for distribution systems indicates for duct efficiency: 

 Ducts located in unconditioned spaces should be sealed with mastic 
 Ducts in unconditioned spaces should be insulated to recommended levels 
 Duct returns in spaces where atmospheric fossil fuel appliances are located must be sealed 

Supply and return air plenums at the air handler, and connections to any plenums, should be considered 
part of the duct system and be carefully inspected for leaks. 

Ductwork in attics may affect only a top floor (Fig. 10.5). Differences between floors may complicate the 
selection of needed duct improvements. Elimination of ducts may be an option if separate ventilation 
systems or system measures are to be installed (see Sect. 7 on ventilation and ASHRAE Standard 62).  

It may be appropriate to consider replacing single-package air conditioners or heat pumps that have 
ductwork running from the outdoors to the dwelling units, because the duct losses may be high. [6] 

Duct leakage testing should follow methods used in single-family residences, except that leakage between 
dwellings is typically handled through guarded blower door tests. Sampling of multifamily units may be 
needed because testing of all units may be cost-prohibitive. Testing of larger buildings is difficult. 

Guarded blower door testing equalizes pressures to adjacent spaces and allows better determination of 
how much air leaks to the outside, but blower door testing methods are difficult for multifamily buildings 
and are still in the development stage (for example, see  
http://homeenergypros.lbl.gov/group/multifamilybuildings/forum/topics/lowrise-residential-favored ). 

If building structural elements such as soffits or drywall riser ducts are found, extra care is needed in 
evaluating edge and joint sealing (Fig. 10.6). Sealing of duct boots or other ends to wall, ceiling, or floor 
penetrations must also be examined carefully. 
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Whether duct cleaning is needed is also a 
consideration, depending on duct condition 
and local requirements.  

Duct insulation savings are difficult to 
evaluate using energy audit or energy 
simulation tools. Ducts that provide cooling 
often require insulation to prevent 
condensation on the outside. The most 
straightforward means of evaluating duct 
insulation needs is to use the economical 
thicknesses recommended for different types 
of spaces and heating/cooling ductwork 
configurations in ASHRAE Standard 90.1-
2010 (Tables 6.8.2A and 6.8.2B). These 
tables provide recommended duct insulation 
levels for eight climate zones; locations in 
various types of spaces; and uses for heating 
only, cooling only, or both. Side calculations 
are typically needed to estimate savings. 

Climate zones are the ASHRAE climate 
zones as defined in Appendix B of Standard 
90.1-2010, which has both a map and a 
listing of locations by state and county for 
the United States. A useful version of this 
map can be found at 
www.tsib.org/pdf/PWA/maps/national-
climate-zone-map.pdf. The space type 
locations are 

 Exterior 
 Ventilated attic 
 Unvented attic above insulated ceiling 
 Unvented attic with roof insulation 
 Unconditioned space 
 Indirectly conditioned space 
 Buried 

For many space type/climate combinations, no duct insulation is recommended. 

10.3.6 Fan and Motor Efficiency 

The typical fan motor in a furnace or heat pump is a permanent split capacitor (PSC) air handler fan 
motor. Most motors are multi-speed, but many are wired at a fixed setting. Electronically commutated 
motors are much more efficient than PSC motors, especially at low speeds. An electronically commutated 
motor is a permanent magnet brushless dc variable-speed motor with a programmable control. Using an 
electronically commutated motor to run a furnace or heat pump fan can save half or more of the fan 
electricity, especially in homes with ventilation requirements that cause the fan to run continuously. Fans 
driven by these motors are typically programmed to provide constant airflow under changing pressures. 
Similar motors that are designed specifically for retrofit applications (different programming) are also 
available but are designed to run at a specific speed. 

 

Fig. 10.5. Exposed ductwork in an attic. 

Fig. 10.6. Duct that has been repaired and resealed with 
mastic. 
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The most important information for evaluating potential fan motor upgrades is the size and type of the 
motor and an assessment of factors that affect how many hours the motor runs during the year. 

Cleaning fans can also be beneficial to improve airflow. 

10.3.7 Thermostat Control Impacts 

Savings of as much as 10% a year on heating and cooling can be obtained by simply turning the 
thermostat back by 7–10°F for 8 hours a day from its normal setting. Programmable thermostats can store 
multiple daily settings that can do the setback/setup of the temperature automatically, with manual 
override as needed. Determination of likely thermostat settings is one of the most important factors to 
evaluate to model energy use.  

Although programmable thermostats offer attractive potential savings, they depend on people using them 
correctly to obtain the savings. Research has indicated that most people simply do not understand how to 
make correct use of programmable thermostats, and they usually do not end up saving enough energy to 
be measured in a research study (some dwellings save energy and some use more, so savings are hard to 
detect). The ENERGY STAR program proposed trying to find a way to correct the problems with 
programmable thermostats in 2006, but no concrete recommendations have emerged. A table 
summarizing the programmable thermostat field study results cited by ENERGY STAR can be found at 
http://www.energystar.gov/ia/partners/prod_development/revisions/downloads/thermostats/Proposal_011
106.pdf . Local policies may drive what types of thermostat retrofits can be considered. 

10.3.8 Other Control Options 

Several other control-related efficiency measures are possible, although they typically cannot be handled 
by a direct installation program like WAP. Manual setup and setback of thermostats by occupants either is 
already happening or is unlikely to happen. Existing behavior is unlikely to change. 

On a larger scale, cases have been documented in which control devices failed and the introduction of a 
centralized control system provided both energy savings and improvement in temperature control. [7] In 
addition, there is a potential for cost savings in large complexes if the site is master-metered for 
electricity. [8] Research has indicated energy savings of 20% or more from centralized control of heating 
and cooling systems in multifamily buildings, although centralized control introduces potential issues 
with occupants. [8] Research in New York has indicated submetering combined with direct billing of 
occupants for their individual electric use can save 18–26% over master metering and no direct billing of 
occupants, but there may be significant regulatory hurdles. [8] 

10.4 Data Gathering 

Data gathering effort may have to follow a sampling plan (see Sect. 4), as it is difficult to obtain access to 
all dwelling units. Alternatively, if efficiency data for all equipment can be determined, that is preferable. 
The auditor must approach data gathering using a framework responsive to any required sampling plans. 
Energy modeling will depend on factors like space type and utility metering arrangements, so the auditor 
should understand how the data on heating and cooling equipment should be arranged to best meet the 
requirements of the sampling plan and the needs for energy modeling. Issues related to duct leakage 
testing may be problematic if increased accuracy of measuring duct leakage to the outside of the thermal 
boundary is important. 

The split between dwelling unit energy and common space energy is the most typical factor affecting 
energy modeling requirements. Sampling requirements for dwelling units are often different than for 
common spaces. 
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Pictures should be taken of nameplate data, where visible, for specific types of equipment and for 
individual components considered for replacement. 

10.4.1 Fan Motors 

In some cases, usually when heating or cooling fans must be run continuously or often, replacement of 
fan motors with higher-efficiency dc motors may be considered. Since this type of replacement may void 
warranties, policies must be established to determine if this type of replacement is allowed by specific 
programs or will be allowed by the entity performing the final energy upgrades.  

If fan replacements are to be considered, data to be collected should cover the following, usually in detail: 

 Motor types and identification information 
 Fairly detailed dimensional data on motor length and diameter, shaft size, wiring placement 
 Wiring setup and fan speed information 

In addition, a good estimate is needed of the number of hours for which individual fans run annually. The 
retrofit motors will usually run at a constant speed, but if multiple speeds are to be used, an estimate of 
the h/year at each speed is needed. Savings may need to be estimated outside the energy modeling 
program, so the h/year will feed directly into these side calculations. A separate evaluation of the hours 
for which each fan runs per year is usually necessary. Replacement motors tend to be expensive, so they 
will affect the cost-effectiveness of a retrofit. 

10.4.2 Ducts 

The total airflow of systems with fans should be evaluated to determine whether improper airflow may be 
impacting heating or cooling efficiencies. If airflow is considered to be too high or low, a direct 
measurement or indirect assessment of airflow may be required to understand potential impacts on system 
effectiveness or efficiencies. It may be necessary to sketch duct layouts if extensive work on the duct 
systems is anticipated. 

Decisions about the importance of duct testing should be guided by established guidelines or rules 
regarding when and how duct testing should be performed. These guidelines may vary from one energy 
auditing program or organization to another. If ductwork is minimal, duct testing may not be justified. 
Quantification of flows to the outside is made difficult by complicated leakage paths in multifamily 
buildings. 

Guarded blower door testing can allow estimation of duct airflows to the outside. It may be necessary to 
modify the methods from the standard protocols to implement either full or partial, adapted guarded 
blower door testing.  

For reference, a simplified summary of the single-family methodology is as follows. 

Testing for total duct leakage 

1. Open a window or door to the outdoors. 
2. Install duct blower to the air handler compartment or return grill. 
3. Temporarily seal all supply registers and return grills. 
4. Insert manometer hose into a supply duct. 
5. Open up rooms containing ducts. 
6. Pressurize the ducts to 25 Pa. 
7. Record the airflow at the duct blower. 
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Testing leakage to the outdoors 

1. Close all exterior windows and doors. 
2. Set up blower door to pressurize the house. 
3. Connect duct blower to air handler compartment or return grill  
4. Temporarily seal all supply registers and return grills. 
5. Insert manometer hose into a supply duct. 
6. Pressurize the house to 25 Pa. 
7. Pressurize the  ducts until the pressure difference of the house and the ductwork is 0 Pa. 
8. Record the airflow at the duct blower. 

Blower door tests in multifamily buildings must attempt to maintain a pressure difference of 0 Pa between 
the dwelling unit being tested and all adjacent units (guarded test). How important is leakage between 
units? The primary question is how much leakage is to the outside. If obtaining the leakage to the outside 
is a priority, then the extra effort to perform guarded blower door testing (or adapted testing) to obtain 
leakage flows to the outside may be necessary. However, total duct leakage is easier to determine; so the 
simpler approach of using an educated estimate of percentage of leakage to the outside may be a more 
reasonable choice, depending on audit requirements. 

Total duct leakage should always be obtained for use by the energy modeler. Duct leakage testing might 
only be performed in spaces covered under the sampling plan, if there is one. The ducting locations that 
need to be sealed should be noted for establishing the sealing work scope. Connections at or near the air 
handler and at the terminal registers, grilles, or diffusers should have the highest priority. If duct leakage 
results indicate duct disconnections, the work scope should expand to include possible corrections of duct 
disconnections. 

Appropriate duct insulation levels for different space-type locations and the local climate should be 
determined and known before an audit, from ASHRAE Standard 90.1-2010 (see Sect. 10.3.3). Duct 
insulation that does not meet these minimum values should have the duct space-type location and 
dimensions, including length, noted for calculation of potential savings. 

10.4.3 Furnaces 

Evaluation of gas- or oil-fired furnaces may be limited to determining the age and condition of the sample 
required in the sampling plan. Combustion efficiency testing can also be conducted for such units, 
although possibly not for all units in the sampling plan. Energy modeling of heating system performance 
is strongly recommended; and the energy modeler must determine the most appropriate efficiency values, 
in combination with duct efficiencies, to match the seasonal performance of all furnaces to actual energy 
use. 

Combustion efficiency testing can help indicate the potential need for a system tune-up. The need for 
cleaning of heat exchanger and fan surfaces should also be assessed. 

Nameplate data, possibly including model numbers and heating capacities of furnaces, should be obtained 
to provide energy modeling inputs. 

Electric furnaces need not be tested for efficiency, although energy modelers should be aware that 
efficiencies may be below 100%. 

Duct efficiencies are determined separately but may need to be applied to modeled heating systems to 
enable the energy modeling software to calculate savings and heating loads. 
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If more than one type or vintage of unit is installed, sampling must address all types of units to enable the 
energy modeler to make the most informed decisions. 

10.4.3.1 Safety Testing 

Testing related to safety issues is not a focus of this report, but combustion appliance safety testing is a 
major part of the audit in some energy audit programs. Combustion appliance zone (CAZ) testing is 
conducted to ensure that home weatherization improvements do not cause potentially hazardous 
conditions (combustion appliance safety testing). CAZ testing helps ensure that open combustion 
appliances are not leaking carbon monoxide or other combustion gases into the dwelling.  

Combustion appliance safety testing for multifamily buildings is complicated by the presence of multiple 
dwelling units and the potential need for sampling of these units, which may mean not all combustion 
appliances are tested. Appropriate standards for safety testing should be determined for the local 
governing bodies, as adopted by the entity responsible for conducting the energy audit, or as required by 
the entity sponsoring the energy audit. Safety issues are not covered further in this report. 

10.4.4 Heat Pumps 

Evaluation of electric heat pumps will typically be limited to determining nameplate model numbers, 
heating capacities, and ages and conditions for the sample required in the sampling plan. Measurement of 
heat pump performance is complex and not easily attempted in the field. The energy modeler may need to 
integrate duct efficiency results into energy model inputs. 

If more than one type or vintage of unit is installed, sampling must address all types and vintage of the 
units to allow the energy modeler to make the most informed decisions. 

10.4.5 Other Heating Equipment 

Other electric heating equipment will usually be treated as electric baseboards by energy modelers, and 
the primary data needed are the total heating capacity, in kilowatt, of each piece of equipment, by space 
type used by the energy modeler. 

Other unvented combustion heating appliances within the space may present safety issues for an energy 
audit. Some energy audit programs do not allow energy improvements in spaces heated by unvented 
space heaters. ANSI/ACCA Standard 12 QH-2011, Existing Home Evaluation and Performance 
Improvement, although it only applies to one- and two-family dwellings not more than three stories above 
grade, allows unvented combustion appliances to be retained in a dwelling if the appliances are listed 
according to ANSI Z21.11.2, Gas-Fired Room Heaters, Volume II, Unvented Room Heaters. ACCA 
Standard 12 also requires the installation of CO detectors outside all bedrooms in homes that use 
combustion appliances. 

If these other unvented combustion appliances are allowed, and development of energy audit results is 
allowed for a building in which they are installed, then the auditor must obtain nameplate model numbers 
and heating capacities for each type of unit by space type used by the energy modeler. 

10.4.6 Cooling Equipment 

Similar to data gathering for heat pumps for heating, data for air conditioners or electric heat pump 
cooling will typically be limited to determining nameplate model numbers, cooling capacities, and ages 
and conditions for the sample required in the sampling plan. Measurement of cooling equipment 
performance is complex and not easily attempted in the field. The energy modeler may need to integrate 
duct efficiency results into energy model inputs. If more than one type or vintage of unit is installed, 
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sampling must address all types and vintage of units to allow the energy modeler to make the most 
informed decisions. 

10.4.7 Indoor Temperatures and Thermostats 

An understanding of indoor temperatures is important for energy modeling. Thermostats that are 
improperly located or difficult to access should be noted for possible relocation or modification. 
Temperatures measurements should be taken at different locations in each dwelling unit sampled. 
Temperatures should typically be taken at a height of 5 ft, at the following locations: 

 next to each thermostat 
 for each outside wall, 0.5 ft from the wall 
 for walls next to adjacent spaces, 0.5 ft from the wall 
 in the middle of each major room (not closets or other small spaces) 

In addition, outdoor conditions at the time of temperature measurements should be noted, including 

 time of day and date 
 outdoor temperature 
 approximate wind speed or wind conditions 
 which surfaces of the dwelling or space receive direct sunlight 

Temperatures in other space types may need only one average value, depending on the percentage of total 
floor space represented. Space types that account for less than 10% of total floor area need only one 
value. Space types accounting for more than 10% can be measured in multiple locations similar to the 
locations for dwelling units. 

If thermostat retrofits are to be considered, the thermostat types and wiring configurations should be 
recorded. If centralized control is to be considered, the number and location of control points must be 
determined to allow costs to be evaluated and the work scope to be developed. 

10.5 Challenges, Issues, and Pitfalls 

The primary challenge for local heating and cooling systems is to have a reasonable sample of unit types, 
with their ages and conditions. If safety testing is being conducted on all units, then the unit information 
can be gathered from all units during the safety testing. 

If sampling of units is needed, the sampling plan and requirements for number and types of units to be 
sampled (e.g., end units, middle units, top floor, ground floor), must be understood and applied. Obtaining 
access to dwelling units may be difficult, so procedures for gaining access must be in place and any staff 
assistance agreement secured before the audit. 

Although steady-state combustion efficiency testing is useful for gaining an understanding of appropriate 
inputs to use for energy modeling, some estimation of factors affecting cycling times of combustion 
equipment can be more important. An important factor affecting cycling is the degree to which the 
heating or cooling equipment is oversized. Testing of heat pumps or air conditioners in the field is usually 
not practical. It is important to obtain model information, along with some evaluation of sizing of 
equipment relative to loads. 

Duct efficiency testing in tall multifamily buildings for local heating or cooling systems can be 
complicated by vertical stack effects and ventilation system pressures that induce flows in duct systems. If 
a building has a central ventilation system but local heating and cooling systems, duct and pressure testing 
of both systems must be coordinated and conducted together. 
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If motor replacement is being considered, careful attention to motor dimensional and wiring details is 
needed. Descriptive details regarding required duct insulation, sealing, or repairs should also be a priority. 

If extensive wiring is needed for an upgrade, such as for a centralized control system, potential wiring 
paths should be scouted and pictures taken of the building areas where wiring pathways are expected. 

If a building has a centralized fire or smoke control system, care must be taken to ensure no planned 
retrofits will interfere with operation of these system components or control. 

10.6 Energy Audit Process 

The audit process begins with any analysis of heating and cooling energy possible from billing data. Pre-
analysis of expected heating and possibly cooling energy and benchmarking of energy use (see Sect. 4) to 
inform the on-site inspection are important. Preliminary data on expected types of heating and cooling 
systems are also helpful. Pre–site visit analysis results and expectations for verification of findings should 
be understood. 

The sampling plan and requirements must be developed and understood. If all units are to be evaluated, 
the sampling requirement is 100%. Nameplate data should be collected for heating and cooling units, and 
model numbers, heating or cooling capacities, and efficiency ratings are most important. The potential 
need for tune-ups or cleaning should be noted. Pictures should be taken of all units. Units that do not have 
nameplate data should have dimensional data recorded. Units with fans should have fan motor ratings 
recorded. Total indoor airflow of systems with blower fans should be evaluated and may have to be 
measured if airflow appears inadequate or excessive, since improper airflow can impact efficiencies.  

Combustion appliance safety testing or safety assessment should be conducted in parallel with data 
gathering for heating or cooling equipment. Duct leakage testing may need to be coordinated with 
building enclosure leakage testing. 

Resident interviews should include questions on comfort, handling of thermostats, deliberate blocking or 
redirection of airflows, noise, and humidity, by room if needed. Manager and staff interviews should 
evaluate maintenance practices and potential need for changes to equipment or maintenance methods. The 
potential interest in equipment upgrades should be gauged.  

Typical building construction varies by location and, depending on the types of building configurations 
expected to be found, standard protocols for handling the following can be helpful: 

 Coordination of building and duct leakage testing 
 Coordination of central ventilation system and duct leakage inspections and testing 
 Extent of combustion appliance safety testing  
 Methods for satisfying sampling plan requirements 
 Diagnostic methods or locally developed tables based on climate for estimating sizing of equipment 

compared with loads, especially if breakdowns by extent of wall, roof, and floor exposures are 
developed 

 Motor replacement options and data requirements for replacement 
 Heating and cooling unit model, capacity, and fan data formats 
 Duct leakage data formats  

Effectiveness of thermostat control should be evaluated, together with all factors potentially affecting 
equipment cycling times, including sizing of equipment relative to loads. This assessment should be 
specific to the types of building exposures for different spaces, e.g., end units, middle units, top floor, 
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ground floor. If thermostats are not being used properly because of difficult access, consideration can be 
given to installing more functional, readily accessible devices. 

If extensive commercial or other space types are present, means of separating the analysis of these other 
spaces should be carefully evaluated. 

Items from the baseline analysis needing verification should be evaluated on site as needed. 

10.7 Codes and Standards 

There are many codes and manuals that could apply to the equipment covered in this section. Readers 
may wish to examine Chap. 52 of the Systems ASHRAE Handbook [9], which provides an extensive list of 
codes, standards, and guides related to heating and cooling systems. It lists all the Air Conditioning 
Contractors of America manuals, ASHRAE Standards 62.1 and 62.2, and the many ANSI Z21 series 
standards. 

Specialized standards related to multifamily energy use can also be found at the BPI website, 
http://www.bpi.org/standards.aspx. This BPI website also has information on multifamily training and 
certification programs. 

10.8 Other Resources 

The WAP program standardized training curricula can be helpful on many topics related to multifamily 
energy audits and local heating and cooling systems, including 

1. Mechanical Systems—Multifamily, http://www.waptac.org/WAP-Standardized-
Curricula/Mechanical-Systems-002D-Multifamily.aspx 

2. Heating Systems for Energy Auditors and Inspectors, http://www.waptac.org/WAP-Standardized-
Curricula/Heating-Systems-for-Energy-Auditors002FInspectors.aspx  

The Multifamily Weatherization Resource Guide from the Association for Energy Affordability also has 
extensive useful information. [10] 

Additional reference information on duct systems can be found in a presentation from the 2010 Building 
America technical meeting, “Residential Duct Systems for New and Retrofit Homes”: 
http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/ns/b21_duct_systems.pdf 

Additional important recent research results can be found in a Building America project study of energy 
retrofits in a Maryland building [11]; a DOE study of multifamily retrofits and cost optimization of 
retrofits in Georgia, [12] where savings optimization was analyzed using DOE’s new Multifamily Tool 
for Energy Audits (MulTEA) modeling system [13]; and a cold-climate study that examined replacing a 
gas furnace with MSHPs [14] to increase heating efficiency and add air conditioning. 
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11. Domestic Hot Water 

DHW is an important energy end use for multifamily buildings, accounting for about 20% of all 
multifamily energy use in the United States. Water heating systems have one or more water heating 
devices, a piping distribution system to deliver water where needed, and terminal devices with on/off or 
flow control valves to deliver the water for washing or other needs. Laundry equipment is covered in 
Sect. 6. Water conservation is covered in Sect. 12. 

Heat may be delivered by fuel combustion, electricity (including heat pumps) or, in some cases, solar or 
geothermal energy or recovered heat from an engine or other source. Systems can be local or centralized. 
Local systems are typically located in the dwelling units. Centralized heat systems can have different 
configurations, including a heat exchanger added to a central space heat steam boiler, heat exchanger 
tanks that use hot water or steam to heat DHW, or groups of water heaters in mechanical rooms serving 
groups of dwelling units. Table 11.1 shows measures for these systems. 

Table 11.1. Measures table for domestic hot water systems 

Subcategory 
Eligibility 

Measures 
 HUD WAP 

      
Domestic water heating system (also see Controls 
section) 

Individual 
systems 

Central 
systems 

Boiler or 
water heater 

  Replace boiler/water heater(s) X X 

   Implement fuel switching X X 

   Replace /upgrade burner X X 

   Clean and tune up burner X X 

   Adjust  air to fuel ratio X X 

 
Convert to electronic ignition/ignition interlock 
device 

X – 

   Repair combustion chamber X X 

  Insulate boiler/water heater tank X X 

   Replace water heating elements X X 

   Replace heat exchangers,  X X 

   Clean heat exchanger  X X 

 ? Install summertime DHW boiler – X 

Hot water 
demand 
reduction 

 ? Convert laundry to cold rinse – X 

  Install low-flow shower heads X – 

  Install faucet aerators in kitchen and bathrooms  X – 
Note: A question mark indicates it is uncertain whether a measure is eligible. 
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Table 11.1. Measures table for domestic hot water systems (continued) 

Subcategory 
Eligibility 

Measures 
 HUD WAP 

      Distribution system (also see Controls section) 
Individual 

systems 
Central 
systems 

Water heating 
system 

  Install or upgrade pipe insulation    X 

   Repair pipe or other leaks   X 

  Install high-efficiency pump motors   X 

 
Install trace heating on pipes prone to freezing to 
allow temperature reductions 

  X 

   Recirculation system balancing   X 

      Controls/scheduling 
Individual 

systems 
Central 
systems 

Water heating 
system 

   Supply temperature reduction X X 

  Install DHW off-peak controls – X 


 Recirculation loop flow control   X 

   Other control improvements X X 

 

11.1 Hot Water Loads 

According to data from the 2009 Residential Energy Consumption Survey (Table CE3.1, end uses), the 
annual energy use for DHW use in multifamily buildings with five or more units is nine million Btu/year 
of energy per household. Total average energy use is 46 million Btu/year, so DHW energy is about 20% 
of the total, on average. Section 4 of this report gives more information on end uses. 

The energy required to heat water equals the mass of water heated (lb) times the enthalpy change, Btu/lb. 
The specific weight of water (lb/gal) can be found in the Engineering Toolbox at 
http://www.engineeringtoolbox.com/water-density-specific-weight-d_595.html. At 60°F, a gallon of 
water weighs 8.3 lb (the mass is 8.3 lb also). If a household heats 40 gal of 60°F water a day on average 
for 365 days/year, the total mass of hot water for a year is (40)(365)(8.3) = 121,000 lb/year. If the water is 
heated from an average of 60°F up to 120°F, the annual energy used to heat the water is (121,000 
lb)(120–60°F)(1.0 Btu/lb·°F) = 7.26 million Btu/year.  Water heaters fired with gas, oil, or propane will 
also have some additional energy lost out the vent (not 100% steady-state efficiency), and all water heater 
tanks will have some jacket losses also.  These losses are additional energy beyond the calculation here. 

Note: The specific heat of water determines the enthalpy change based on mass and temperature change 
and is 1.0 Btu/lb·°F. 

Annual energy savings for reducing DHW use = lb/year saved × enthalpy change saved. 

11.2 Water Heating Systems 

The hot water heat generation and distribution method for a building will determine how much has to be 
done to evaluate the systems and opportunities. The major determinant is whether the systems are local or 
centralized. Local water heaters will be evaluated according to sampling plan requirements, since access 
to all dwelling units is difficult. Centralized systems tend to be part of a larger centralized space-heating 
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and DHW plant, which will usually be evaluated using the methods and principles for steam or hot water 
heating plants provided in Sect. 9 on centralized heating and cooling. 

Although RECS data are difficult to interpret, the detailed microdata indicate—out of an estimated 
population of 19 million housing units in 2009 in buildings with 5 or more units—about 9.4 million units 
have local storage water heaters and 9.2 million have centralized systems. Another 0.4 million have 
tankless local or localized heaters. About 50,000 units with centralized systems are solar-heated (see 
Sect. 12 for more on solar water heating). 

Of the local storage heaters, 6.4 million use electricity, almost 3 million are fired with gas, and some use 
fuel oil or propane. For tankless heaters, about half are fired with gas, about 40% are electric, and the rest 
use fuel oil. About 75% of the tankless heaters serve more than one dwelling unit. 

11.2.1 Heat Generation and Distribution 

Local water heaters (Fig. 11.1) are similar to those found in single-
family homes and are usually evaluated in the same manner. These 
local heaters are actually boilers, in that they are closed vessels that 
heat water. If the heater is fired with natural gas or oil, then 
combustion testing and safety testing can be performed. Efficiency 
issues for fuel-fired units are similar to the efficiency issues for 
central space-heating boilers (see Sect. 9.2), but the distribution 
“system” is the local hot water supply piping. 

Centralized systems can take several forms, including 

 Some type of centralized heat exchanger and storage tank 
system heated by a central space heating boiler. There are many 
possible ways the thermal connection from boiler to heat 
exchanger can be designed. 

 Central hot water boilers specifically for DHW (see Sect. 
9.4.2.2 for one example). 

 Distributed DHW boilers in mechanical rooms that serve 
groups of dwelling units (where the “boilers” may be a large 
commercial water heater, a ganged group of typical local water 
heaters, or a large tankless heater). 

For central systems, the distribution system will be more complex and will be evaluated in a fashion 
similar to a central space heating hot water distribution system (see Sect. 9.4.2.4). 

11.3 Energy Audit Process 

The DHW energy-saving opportunities depend on the type of system. For local storage tanks, the 
opportunities are similar to those for single-family dwellings. For centralized systems, savings 
opportunities can be large and require careful evaluation, similar to evaluating the complexities of a 
central space heat hot water boiler and hot water distribution system. 

For local systems, the generalized process involves 

 

Fig. 11.1. A typical water heater. 
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  According to the sampling plan, determine which dwelling 
units will be inspected 

 Interview the property manager or staff and occupants, if 
possible, about any DHW operational or maintenance issues 

 Assess condition of appliance 

 Perform safety inspection and testing as needed, and identify 
safety issues and corrections needed 

 Measure supply temperatures and determine if temperature set 
point adjustments are needed, appropriate, and possible to 
implement (Fig. 11.2) 

 Evaluate and record factors needed to model energy use and 
potential savings for insulation, replacement, or other measures 

 Measure and/or record water fixture flow rates and record 
factors needed to model hot water and energy use and potential 
savings for water flow reductions 

For multifamily buildings, a sampling protocol or plan is needed 
that defines requirements for how many dwelling units (and 
possibly how many buildings at multi-building sites) will be inspected during the site visit. The data 
shown to be collected for DHW must be used to develop estimates (a model) of DHW use for the entire 
building or the entire site. Estimates must be compared and evaluated against any metered data on water 
use to ensure the estimates are reasonable and provide an acceptable basis for savings calculations. 
Usually the energy modeler will handle development of the estimates and comparisons with metered data 
or more generalized survey-based data from other sources. 

For centralized systems, the audit process will depend on the nature of the components in the system. 
DHW heat generation and distribution will be more complex and require careful inspection of 
components to determine the appropriate analysis protocol; but the dwelling unit inspection, 
measurement, and evaluation will be the same as for local systems discussed earlier, less the items related 
to the local water heater itself. The nature of the DHW systems should be determined to the extent 
possible before the site visit to ensure the audit team has the expertise needed for the types of systems. 

Systems that use the space-heating boiler to generate hot water should have the heat generation aspects 
analyzed as part of the central boiler plant analysis (space heat and DWH heat generation must be 
analyzed together); the DHW heat exchanger and storage system evaluated separately as part of the DHW 
analysis; and the DHW distribution system analyzed separately, but based on the same guideline 
information as presented in Sect. 9.4.2.4 for space-heating hot water distribution systems. If the space-
heating boiler is used only part of the year for DHW heat generation, that part of the year must still have 
both space heating and DHW heat generation analyzed together. 

Systems that have dedicated centralized hot water boilers should be evaluated similarly to hot water boiler 
plants for space heating (Sect. 9.4). For multiple distributed mechanical rooms having water heating 
equipment serving multiple dwellings, possibly only a sample of the rooms need be inspected; but all the 
equipment in each room should be inspected and evaluated similarly to other centralized DHW heat 
generation systems. For these same distributed mechanical room systems, the DHW distribution system 
associated with each mechanical room should also be evaluated carefully. 

The generalized process for centralized systems involves 

 

Fig. 11.2. Measurement of the water 
supply temperature from a kitchen 

faucet. 
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 Scope of plant and issues (interviews with staff) 
— Heat generation equipment history 
— Modification history 
— Maintenance and logging 
— Operational issues 
— Heating effectiveness issues 
— Locations of equipment, controls, sensors 
— Control methods and practices 
— System diagram (add temperatures as they are measured) 

 DHW boiler or heat exchanger efficiency 
— Hot source water supply and return temperatures at the boiler or heat exchanger (heat source 

temperature also for heat exchanger) 
— Combustion efficiency measurement for hot water boilers 
— Heat exchanger effectiveness 
— Jacket losses for tank or boiler 
— Cycling and standby losses for a boiler 
— Water leak issues and potential water treatment issues 
— Possible control system issues 
— Match of boiler or heat exchanger size to loads 

 Distribution system effectiveness 
— Nature of system (loops, legs, branches, node structure, diagram) 
— Leaks 
— Insulation 
— Pump and motor systems efficiency and match to requirements 
— Balancing of loops and legs and matching to loads 
— Pressure drop or unbalanced pressure issues 
— Control, sensor location, and related issues impacting boiler cycling 
— Issues related to underground piping 

 Potential distribution system and control improvements 
 Safety issues and improvements 

The audit team should take many photos and possibly some infrared images. The audit team should also 
consider possibly switching from a combined space heating/DHW system to a dedicated DHW system. 

11.4 Evaluation and Opportunities 

Evaluation should proceed from end-use back to heat generation. For saving energy in DHW end-uses, 
the opportunities are well known: reduce fixture flows, eliminate leaks, and reduce hot water temperature, 
if possible. To address behavior related to end-uses, tenant education can be provided through simple 
means, and some energy programs may require a medium for providing information to tenants. However, 
it may or may not be possible to provide tenant education, depending on the particular circumstances for 
the building. 

For local systems, the DHW piping in the dwelling units can be checked for insulation and leaks. For 
centralized systems, distribution system evaluation is complex and involves evaluation of the potential for 
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 Reduction of heat losses from piping 
 Elimination of leaks 
 In addition, for pumped systems: 
— Pressure drop reduction 
— Flow reduction 
— Temperature reduction 
— Pump and motor efficiency improvements 
— Elimination of pumps 
— Time-of-day shutdowns (non-pumped pressure only) 
— Other control improvements 

The state of California released a major study of multifamily DHW centralized distribution systems [1] in 
2013 that indicates the major energy losses from these systems. Figure 11.3 shows the average energy 
flows for 28 multifamily buildings that had extensive metering installed specifically to study hot water 
distribution systems. 

 

Fig. 11.3. Average energy flow for extensively metered hot water distribution systems in a group of 
multifamily buildings. 

Distribution (recirculation) system heat loss was about equal to delivered hot water energy, meaning the 
distribution system efficiency, on average, was about 50% (but there was a range of 40–75%). The study 
found many types of distribution piping design, including simple recirculation loops for each floor with 
long branch lines to each hot water fixture, and complicated designs intended to minimize branch lengths 
between recirculation pipes and dwelling units. According to the study, “Interviews with several 
recirculation system designers found that there was no consensus on design guidelines for central DHW 
recirculation systems.” [1] 

Several energy-savings methods were investigated in this study to reduce distribution system losses. The 
methods centered on reducing heat losses by turning the circulation pumps off for 6 h per day at some 
sites, reducing hot water temperatures at certain times of day when hot water use is expected to be low at 
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some sites, and turning off the circulation pump at all times when hot water flow is not detected at other 
sites. The savings achieved are presented in the report. 

DHW distribution systems that use pumped recirculation can be expected to have efficiencies in the range 
of 40–75%. This efficiency is multiplied by the DHW heat generation (boiler) efficiency to obtain overall 
DHW heating efficiency. 

Heat generation by independent central DHW boilers can follow the technical guideline information 
found in Sect. 9.4. 

11.5 Data Gathering 

Data gathering will usually derive from 

 taking many pictures 
 interviewing the building manager or staff 
 developing diagrams for primary systems 
 combustion and safety testing of combustion appliances 

In addition to the total number of dwelling units for the building, a characterization of the number of 
people living in the building, as well as how many are at home during the day, is important for 
understanding and modeling hot water energy use. An approximate distribution by age categories can also 
be helpful: 

 % aged under 14 
 % ages 14–21 
 % ages 21–65 
 % over 65 

Ethnicity may also have an impact on DHW use, so approximate ethnicity percentages of the building 
occupants may  be important in some cases. 

11.5.1 Interviews 

Interviews with staff or tenants can be used to gain a sense of potential issues affecting hot water systems. 
Do tenants complain of not enough hot water at certain times of the day? How much leak repair is 
needed? How often is maintenance required on water fixtures? How new are the fixtures?  

For local DHW heaters, when only a sample of dwelling units will be inspected, if a range of DHW 
heaters are known to be installed, an estimate is needed of how many units of each type are found at this 
location. If there is a wide range of heater ages and types, the sampling methods may need to be altered to 
try to capture the range of systems found. See Sect. 2.5 on sampling methods. 

For centralized systems, interview questioning should follow the energy audit process items in Sect. 11.3 
for staff interviews, and perhaps items listed in Sect. 9.4.1. 

11.5.2 Safety Issues 

Safety Testing: See 10.4.3.1 on Combustion Safety testing 
 
Outlet water temperature: see 11.5.3 
Ensure Temperature/Pressure Relief Valve is in place and has down piping installed. 
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11.5.3 Outlet Water Temperature 

The outlet water temperatures at faucets in the dwelling units are measured as part of the dwelling unit 
inspection, and should comply with safety requirements in local codes. If  a sample of units is inspected 
and a wide range of temperatures are observed, a request should be made for access to additional units 
just to take hot water temperature measurements (about a 5 minute intrusion). See Sect. 2.5 on sampling 
methods. 

11.5.4 DHW Generation Source and Centralized Devices 

For local systems, nameplate information should be collected from the DHW generation source, including 
make, model, input capacity, output capacity, year manufactured (if available), insulation, rated efficiency 
or efficiency factors (if available), and storage capacity (gallons) for local units. If sampling is needed and 
most DHW heaters are similar, the sample can be obtained from the dwelling units to be inspected 
overall. If a wide range of DHW heater types is present, access to additional dwellings should be 
requested to obtain just the data items for DHW heaters, especially where the range of heaters might be 
captured. 

Where only a sample of dwellings will be inspected, combustion testing will typically be possible only for 
those units.  

Pictures of local systems should usually provide enough information for developing the work scope, 
although some diagrams may be needed to supplement them.  

For central systems, additional information can be extensive. If the space-heating boiler provides DHW 
generation, that boiler data gathering should be done as part of the space-heating boiler inspection. For 
dedicated hot water central boilers, data collected should cover the boiler and hot water distribution 
system. For separate heat exchanger/storage tank systems, data are typically not available for the heat 
exchanger, so temperatures should be measured (using infrared devices on exposed metal) for the DHW 
inlet and outlet and the heat source inlet and outlet at five different times during the site visit. 

For central systems, it is useful to record a rough system piping diagram, including the locations of DHW 
generation, storage tanks, pumps, temperature gages (including readings), and mixing valves and the pipe 
diameters of supply, return, and city water lines. The temperature gage readings should be supplemented 
with IR thermometer readings at key locations to characterize the supply and return DHW temperatures. 
A large selection of pictures should supplement the diagram. 

Separate DHW boilers should be inspected and data taken to support the evaluation and analysis 
requirements of Sect. 9.4 for hot water boiler systems. 

Systems and piping should be inspected for any leaks, and leaks should be recorded according to the 
diameter of the leak and the pressure forcing it (e.g., 1 mm hole in pipe at 35 psig). For small leaks, the 
number of drops in a 10 s period should be recorded. 

Assessment of the need for insulation on pipes, heat exchangers, boilers, or other devices should follow 
the data/analysis guidance in Sect. 9.3.2.1.2 on steam boiler jacket losses and Sect. 9.3.2.5.1 on under- or 
uninsulated pipes. 

11.5.5 Centralized Distribution Systems 

Distribution systems should be characterized as to piping configuration and approximate piping lengths. 
A simple diagram indicating the length and diameter of piping for loops and branches is usually 
sufficient. 
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Extensive development of distribution system modeling was conducted for the California Energy 
Commission Public Interest Energy Research project on multifamily hot water distribution systems. [1] 
The data and information in this report can be used by energy modelers to estimate heat losses from hot 
water distribution systems and to develop data collection protocols for characterizing these systems. 

11.6 Challenges and Special Issues 

The major challenges for DHW evaluation relate to 

 characterizing hot water use, delivery temperatures, and potential safety issues from a small sample, if 
only a sample of units can be inspected 

 evaluating centralized hot water plants 
 evaluating central hot water distribution systems 

The guidance provided in this report identifies the needs and indicates aids for the evaluation, but 
significant experience with typical usage rates for different population types and with centralized systems 
evaluation is needed to handle these challenges well. These challenges are best met by using experienced 
modelers, good data collection protocols, and diligent site auditors to obtain the relevant data and 
information needed by the modeler and work scope developers. 

Special issues include the following. 

Crossover. Complaints of intermittent hot water followed by short periods of cold water may indicate a 
crossover leak issue. If interviews indicate there are issues with lack of hot water, and there are parallel 
complaints of intermittent hot water followed by short periods of cold water, ask additional questions to 
determine if there is a pattern (consistent locations or times). Seemingly random periods of hot and cold 
water can sometimes be attributed to crossover, which means hot or cold water entering the wrong line 
through faulty connections and differences in water pressure (often faulty mixing valves or laundry 
equipment). Crossover often has little to do with the DHW generation equipment. Installation of 
appropriate at-fixture mixing valves or installation of check valves can often eliminate the problem.  

If any mixing valves for any handle/lever type fixtures in shower or sink have been replaced recently, that 
may be an indicator of crossover. Recent changes to any clothes washers in the dwelling units may also 
need investigation. A well-qualified plumber will usually be needed for appropriate diagnostics on the 
plumbing to fix crossover issues. 

System imbalances. An imbalanced system can often lead to wide swings in recorded hot water 
temperature and complaints of lack of hot water from one unit while another unit has more than enough 
hot water. Proper balancing of a system can be challenging and diagnosing it will often require a well-
qualified plumber. 

11.7 Evaluation Resources 

Residential Energy Dynamics (http://www.residentialenergydynamics.com/) has resources for individual 
system water and energy usage calculations. 

The Association of German Engineers has developed a figure [2] giving leakage rates per hour, per day, 
and per year, in Characteristic Values of Water Consumption Inside Buildings and on Adjacent Ground, 
VDI 3807 (Part 3, Fig. 16, p 35). This figure has also been reproduced with permission in some ASHRAE 
publications. A leak with 10 drops in 10 s is about 1,600 gal/year, and ratios can be calculated up and 
down from that value for leaks measured in drops per 10 s. The same standard also has a table of leakage 
rates for larger pipe leaks at 75 psi and adjustment factors for other pressures. 
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Interesting, useful information on single-family hot water systems and hot water distribution, which 
applies partially to local storage systems in multifamily buildings, can be found at 
http://www.allianceforwaterefficiency.org/Residential_Hot_Water_Distribution_System_ 
Introduction.aspx 

The Northwest Energy Efficiency Alliance recently released the results of a survey of multifamily 
buildings that has information of interest for that part of the country, including information on DHW. [3] 

The 2011 ASHRAE Handbook chapter on water heating [4] has extensive information on water heating 
energy use calculations. This handbook chapter also provides hot water use estimates for apartment 
buildings. It also indicates that heat loss from piping buried in dirt can be several times higher than heat 
loss in air if the ground is wet. 

Overall water use (water conservation), irrigation systems, swimming pools, and solar water heating, are 
covered briefly in Sect. 12. 

11.8 Codes and Standards 

The usual relevant safety standards apply to local water heaters (e.g., National Fire Protection A 54, the 
National Fuel Gas Code for fuel-fired DHW heaters), but for centralized systems, auditors need to be 
aware of local code requirements, which vary significantly. 

An extensive list of codes and standards (and also some training and certification items) related to 
systems and equipment is provided in the 2012 ASHRAE Handbook. [5] 
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12. Special Topics 

This section covers system types requiring more advanced inspection and analysis to provide information 
on other resources and methods of approaching an energy audit assessment. Some of the topics discussed 
are less directly related to energy. Issues associated with energy auditing of historical buildings are 
covered in this section. 

12.1 Water Conservation 

Potable water is an important resource, but both overall US water sales and water-related revenues are 
falling on a national level as a result of successful water conservation programs, improved water-saving 
fixtures and technology, and a number of other factors. The big drivers are code changes, more efficient 
fixtures, and landscaping changes, although regional differences in these improvements are dramatic. 
Cultural changes may also be having an impact (who needs a green lawn?), but the dramatic decline in the 
economic well-being of middle-class families over the last decade may be key.  

If water use is declining, is water conservation still important? In some areas it is still very important. In 
areas where it is less important, there is still typically an economic incentive to implement water 
conservation measures. With water costs high, energy audits will still likely include water conservation 
measures. 

Supplying potable water requires significant energy in a municipal setting, so water use has additional 
energy impacts for water treatment and pumping. Wastewater also requires energy for transport and 
treatment. Conserving water provides a double savings, in both water and energy. Reduction of DHW use 
is also important, since the energy required to heat the water is also reduced. 

Water may be used at multifamily properties for potable water, landscape systems, or mechanical systems 
(Fig. 12.1) Reducing water use involves 

 Repairing leaks 
 Using low-flow plumbing fixtures for both cold and hot water flows 
 Reducing cooling loads and improving cooling tower (heat rejection device) management 
 Managing boiler water, including improving condensate return and reducing blowdown and makeup 

water requirements 
 Reducing swimming pool makeup water 
 Improving management of any irrigation systems and landscape practices 
 Possibly harvesting and reusing rainwater 
 Possibly other actions for more complicated systems 

Management of water use can benefit from regular reading of water meters and monitoring of water use 
over time. If water conservation measures are introduced, tracking meter readings can verify 
improvements made. For multifamily buildings, water use per dwelling unit could be tracked over time to 
monitor progress and possibly compare with other buildings and water use standards. 

Many different water use standards are in effect, but they vary from location to location. Local 
requirements should be understood relative to any water fixture improvements to be offered for a 
building. 

Water flow rate bags allow measurement of gallons per minute usage of showerheads, faucet aerators, and 
kitchen aerators for verification against local standards or recommendations. 
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Water leaks can be quantified using data from the Association of German Engineers (VDI) [1] where 
leakage rates are quantified based on minimal data. 

Water conservation measures may include new plumbing fixtures or devices, flow control devices, and 
fixing leaks, among many possibilities. For more complicated mechanical systems, special expertise may 
be needed. 

Energy use associated with DHW is covered in Sect. 11, and electricity use of other appliances that use 
hot water is covered in Sect. 6 on appliances. 

It is important for auditors to understand different tenant occupancy types and the potential impacts 
occupant needs may have on available water conservation options. Maintenance staff or contractor 
practices may also need to be evaluated. A concern is whether tenants or maintenance staff are likely to 
circumvent or replace new fixtures or devices. 

Some multifamily programs use tenant engagement strategies to help tenants understand their energy and 
water use and costs and how to reduce costs. Enterprise is one source of information and resource 
materials on resident engagement strategies (http://www.enterprisecommunity.com/solutions-and-
innovation/enterprise-green-communities/resources/resident-engagement), including information on water 
use. Figure 12.1 is from an Enterprise presentation on water use. 

 

Fig. 12.1. Primary uses for water. 

12.1.1 References 

1. Verein Deutscher Ingenieure 2000. Characteristic Values of Water Consumption inside Buildings and 
on Adjacent Ground, Issue German/English, VDI 3807, Part 3. Düsseldorf: VDI. (Duplicated in 
ASHRAE 2010, Performance Measurement Protocols for Commercial Buildings, p 109.) 

12.2 Cold Water Supply 

To assess the cold water supply in a building, the audit team should identify whether the building has a 
booster pump system. Booster pumps are needed when supply water pressure to the building does not 
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provide adequate water pressure to the top floors. Water requires a pressure increase of 1 psi for every 2.3 
ft of height  of water column, and a column of water puts the same amount of pressure on the bottom of 
the column (e.g., a column of water 23 ft high exerts 10 psi of pressure on the bottom of the column 
because of the weight of the water). Therefore, water pressure in taller buildings may be a source of 
problems (if there are 10 ft per story, a 10-story height of water requires over 40 psi of extra pressure at 
the bottom to pump the water to the top floor). Booster pumps are often needed in taller buildings to 
maintain adequate water pressure on upper floors, and pressure storage tanks are sometimes used to 
reduce booster pump flow (and resulting energy) requirements. 

If booster pumps are used, the audit team should take many photographs of them and collect data 
including 

 pump horsepower, voltage, phases, amperage 
 number of pumps 
 readings from any pressure gages 
 pipe sizes and lengths of water risers 
 simple diagram of expected loop and branch configurations, with likely lengths and any dimensions 

known 
 estimates of water flow rates and basis for estimates 

Identify the control strategy, such as 

 always on, with a pressure-reducing valve 
 pumping into an expansion tank/bladder or other storage system 
 multiple pumps on staged automatic control (or manual override) 
 multiple pumps on variable-frequency drives 

If a water storage or bladder tank system is used, calculate the storage capacity and determine or estimate 
pressure ratings. 

If tenants or building staff complain of water pressure issues, ask questions to identify whether there are 
trends regarding times of day or location in building. 

The energy modeler will need all of this information for pumped systems to determine potential savings 
from changes in pumps, control strategy, or use of tanks. 

Consult Sect. 9.4.2.4.2 on water leaks and Sect. 9.4.2.4.3 on pump systems and motors. 

12.2.1 Water Quality 

Some buildings will have hard water or water with high levels of sediment, depending on their water 
sources. Water hardness, the amount of dissolved minerals in water, is measured in grains per gallon or in 
milligrams of calcium (equivalent) per liter (there are 7,000 grains in a pound). It may also be expressed 
in parts per million (ppm), which is what simple conductivity (total dissolved solids, or TDS) meters will 
usually measure. One grain per gallon is about 17 ppm (ppm and mg/L are the same). Soft water is 1 grain 
per gallon or less, or 17 ppm or less. Hard water is defined as 121–180 ppm. Water out of the tap is likely 
to be 100 ppm or more. Very hard water is > 180 ppm.  

The degree of water hardness can be checked with a simple conductivity meter before any water softening 
or other treatment/filtration system is installed. TDS meters are fairly inexpensive and fairly small (up to 
~1 in2 by ~5–6 in long). 
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Hard water can damage and reduce the effective life of all water-using equipment, including DHW 
generation, pumps, piping, and end-use fixtures. Water treatment is usually needed for energy equipment 
like steam boilers that are continuous consumers of at least some water. Water treatment issues are 
evaluated for each equipment type, as indicated in those sections of this report. When water treatment 
issues cause major items of equipment like boilers or chillers to fail, water treatment usually receives 
adequate attention. 

Multiple water treatment options are available, including newer non-chemical approaches. 

12.3 Landscape, Irrigation, and Outdoor Water Use 

Water use for irrigation and landscape watering may be significant percentages of the total water use at a 
site. Potential means of reducing this water use are important to recommend in some cases; however, for 
modeling water use in a building, it is important to know how water is metered and whether landscape or 
irrigation water use is on the same bill as other uses. 

Evaluation of an irrigation system should include 

 type of controller 
 types of soil layers present 
 possibly soil moisture measurement, depending on recent weather (to assess overwatering) 
 condition of sprinkler heads 
 watering the building or sidewalk, ponding, etc. 

Soil moisture sensors have been shown to provide important water use reduction potential. [1] Evaluation 
of typical turfgrass watering practices indicates overwatering is common. [1] 

Rainwater capture and use may be important in some areas. Similarly, it may be possible to reuse water 
runoff or wastewater from uncontaminated sources for irrigation. 

Xeriscaping is a combination of “landscape” and the Greek word “xeros,” which means “dry.” 
Xeriscaping is a systematic approach to saving water in landscaped areas. Xeriscape principles relate to 
all aspects of landscaping, from design to planting methods, mulching, ground cover methods, and 
maintenance. 

More information on outdoor water use conservation, xeriscaping principles, and other water-saving 
methods and ideas can be found at the Alliance for Water Efficiency: 
http://www.allianceforwaterefficiency.org 

A treatise on soil moisture measurement science and devices can be found at 
(http://www.allianceforwaterefficiency.org/soil_moisture_sensor-intro.aspx). 

12.3.1 References 

1. M. D. Dukes et al. 2008. Evaluation of Soil Moisture-Based on-demand Irrigation Controllers, 
Southwest Florida Water Management District report. www.swfwmd.state.fl.us/files/database/site_ 
file_sets/13/SMS_Phase_I_Final_Report-FINAL_8-5-08.pdf  
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12.4 Solar Systems 

12.4.1 Background and Scope 

Solar systems for building application include solar thermal systems that collect the sun’s heat to provide 
space heating and water heating (and other possible uses of heat) and solar electric systems (or 
photovoltaic [PV] systems) that convert sunlight into electricity for electric end-uses in the building. In 
residential applications, the collected heat can be used for domestic water heating, space heating, 
preheating ventilation air, absorption cooling, or dehumidifying in the building where it is collected.  

Climate, surroundings, building end-use, and financing drive the feasibility of installing solar systems in 
new and existing buildings. For existing buildings, suitability of the building structure, availability of 
space, and the type of HVAC and domestic water heating systems are additional determining factors. For 
economic feasibility and increased system utilization throughout the year, solar systems are most often 
sized to provide part of the daily total loads. They typically require a supplementary heat source in 
addition to the solar thermal system and a grid connection (or generator and battery backup) in addition to 
the solar electric systems for the remaining loads to allow for times of increased demand and overcast 
days. 

This chapter provides a general description of solar thermal and PV systems, discusses the opportunities 
for installing a new system or evaluating an existing solar system, and summarizes financing options. 

The use of solar water heaters in the WAP was approved in 1994. [1] For other applications of solar 
measures, several weatherization agencies are exploring the possibilities through pilot projects and by 
leveraging funds to provide solar measures in conjunction with weatherization work. Sustainable Energy 
Resources for Consumers  grants were created in 2010 through funding from the American Recovery and 
Reinvestment Act of 2009 to allow local weatherization agencies to install weatherization materials and 
technologies—including solar electricity, wind energy generation, various water heating technologies, in-
home energy monitors, heat pumps, and cool roofs. [2, 3]  

12.4.2 Solar Thermal Systems 

Solar thermal systems include 

 passive solar buildings, which utilize the form and fabric of the building to collect, store, distribute, 
and reject solar energy for space heating and cooling without using mechanical devices 

 passive solar hot water systems, which rely on heat-driven convection or heat pipes to circulate water 
or heating fluid in the system 

 active solar hot water systems, which require one or more pumps to circulate water and/or heating 
fluid in the system 

 hybrid systems, which combine elements of all the above 

The main components of a solar thermal system (passive and active) include  

 solar collectors (solar-facing building façade, glazing, flat plate collectors, evacuated tube collectors) 
 thermal storage (e.g., hot water, high-density building materials or phase-change materials) 
 a heat transfer fluid (e.g., air, water, or an anti-freeze solution) 

Active solar thermal systems require circulating pumps/fans, piping/ducts, controls, valves, and gages. 
Heat exchangers are commonly used in an indirect-type active system to deliver collected heat to thermal 
storage.  
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For combined space-heating and DHW applications in residential buildings, flat plate or evacuated tube 
collectors with a hot water storage tank, or integral collector-storage can be used. Flat plate collectors can 
supply hot water or air at temperatures of up to 200°F, although the relative efficiency diminishes rapidly 
above 160°F and during cold ambient conditions. Flat plate collectors operate more efficiently than 
evacuated tube collectors for low-temperature applications in which the temperature difference between 
the collector inlet temperature and the ambient temperature is less than 70°F (e.g., swimming pools). 
Evacuated tube collectors can operate at higher temperatures and are suitable for applications requiring 
very high temperatures (over 160°F), for very cold climates, and for climate locations with overcast 
conditions.  

The sizing of a solar thermal system depends on the available solar energy, collector efficiency, local 
climate, and DHW loads and space-heating requirements. For domestic water heating, the sizing is 
determined to meet the daily hot water needs. For a space-heating application, the sizing is optimized to 
meet the nighttime winter heating loads. A solar thermal system for space heating requires a much larger 
collector area than does a DHW-only system, significant storage volume, and a highly efficient building 
enclosure. In multifamily buildings, the most typical thermal solar application is for DHW. 

For the best performance, the thermal storage tank should be well insulated. The delivery temperature 
from the collector, flow rate through the storage tank, and position of the inlet and outlet should be 
determined to take advantage of thermal stratification in the tank. Storage volume should be determined 
based on an accurate estimation of heating loads and the hot water usage schedule. Oversized storage may 
result in an unacceptably low storage temperature that would then require auxiliary heating to reach the 
desired supply temperature. Undersizing the storage can limit the collection and use of available solar 
energy during periods when the storage is fully charged. Storage tanks are usually sized at 1–2.5 gal per 
ft2 of collector area. Typically, a storage volume of 1.8 gal per ft2 of collector area provides enough heat 
for a one day sunless period. For improved performance of the system, differential controllers should be 
set to ensure that the collector circulation pump turns on when the collector is hotter than the storage tank 
by a set amount, generally 12°F (factory settings), but up to 17°F in colder climates. 

12.4.3 Photovoltaic Systems 

The main components of a PV system include  

 PV panel array 
 mounting structure 
 electrical safety gear, usually including special disconnect switching 
 electrical system interconnect and wiring 
 inverter system to switch from dc to ac power and match voltage 

The sizing of the PV array may be determined from many factors, but it usually is sized to obtain most 
economic benefit from the utility pricing structure.  

Solar panels should be installed for uninterrupted solar access, avoiding shading and shadowing from 
nearby structures, trees and other panels. To achieve higher efficiency and maximum output, an optimum 
orientation and tilt or tracking hardware should be used. The tilt of the panels can be optimized for 
summer-only, winter-only, or annual energy production using low-tilt, high-tilt or latitude-tilt angles, 
respectively. For heavy overcast conditions (with decreased direct-beam radiation), low-tilt angles better 
utilize diffuse radiation from the sky. Typically, multifamily buildings will have grid-connected (net-
metered), roof-mounted (over the building or carport), stationary PV arrays sized for yearlong optimum 
performance. For this configuration, a latitude-tilt angle is most suitable. 
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12.4.4 Evaluation and Opportunities 

Solar system economic viability usually depends on economic incentives. For example, in a low-income 
housing development in California called Solara, about 80% of the entire project was financed through 
the sale of low-income tax credits (70%) and grants. Grants, rebates, or utility incentives are usually 
needed (see Sect.12.4.4.2). 

For solar systems to be economically viable, it is advisable to involve solar system professionals at an 
early stage (during energy audit). For new systems, the involvement of specialists helps ensure that the 
installation goes hand in hand with energy improvements. For existing solar systems, early involvement is 
important to determine potential improvements to the control of the system due to any changes in the 
building and its systems, as well as reduced loads after weatherization. 

For candidate projects, auditors should perform a conceptual analysis based on utility bills, general site 
conditions, and simplified scoping evaluation tools such as RETScreen (http://www.retscreen.net/ 
ang/home.php). In some cases, the solar professionals are willing to do this work. Based on site scoping 
and sketching, auditors can then work with solar system designers on more detailed feasibility analysis 
and design. Conceptual analysis includes load identification, preliminary load estimates, identification of 
physical constraints, conceptual system selection, and conceptual performance and cost study. Detailed 
feasibility analysis includes the use of simulation software for sizing and performance analysis, as well as 
economic evaluation considering the design and engineering cost, equipment and installation cost, annual 
operating and maintenance costs, and annual credits (e.g., fuel savings, tax credits, utility incentives, 
grants). 

12.4.4.1 Evaluating Performance of Existing Systems 

For buildings with existing solar systems, auditors should ensure that  

 a designated individual is responsible for system operation 
 the operator has an operations and maintenance manual specific to the installed system and is familiar 

with the maintenance and repair procedures 
 the system is inspected regularly and system efficiency tests can be and are being performed 
 energy delivered is measured and tracked and annual energy production is known 

If these conditions are not met, system production and reliability are probably in question. 

A comprehensive list of routine maintenance and repair items for solar DHW systems is available [4] that 
can be used as an inspection checklist during the audit. Adjustments to the system and control for any 
changes in the loads must be made after consulting with a solar system professional. PV system 
performance can be judged based on production or net billing records, although the DHW system 
maintenance items [4] related to the collectors can also be used to inspect the PV arrays. 

12.4.4.2 Solar Power Purchase Agreements 

In addition to the direct use of grants, tax credits, and other incentives, a solar power purchase agreement 
(SPPA) allows a third party to handle the financing. An SPPA is a financial arrangement under which a 
third-party developer owns, operates, and maintains the solar system. The host customer agrees to site the 
system on its roof or elsewhere on its property and purchases the system output from the developer for a 
predetermined period. This financial arrangement allows the host customer benefits from the solar 
system, while the developer acquires the financial incentive benefits. An SPPA allows the host customer 
to avoid the high up-front capital costs, system performance risk, and complex design and permitting 
processes. SPPA arrangements can be cash-flow-positive for the host customer from the day the system is 
commissioned. 
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12.4.5 Challenges, Issues, and Pitfalls 

The inherent challenges in using solar radiation include the intermittent nature of solar radiation that is 
subject to unpredictable interruptions. Apart from the high system cost, for retrofit projects, the most 
challenging issue is that existing buildings are not always solar-ready, and the cost of retrofitting existing 
structures may be high. 

12.4.6 Codes, Standards, and References 

12.4.6.1.1 Policy 

[1] WPN 94-6: Approval to use Solar Water Heaters in the Weatherization Assistance Program. 
http://www.waptac.org/data/files/website_docs/government/guidance/1994/wpn%2094-6.docx 

[2] DOE. 2011. Sustainable Energy Resources for Consumers (SERC) Grants. 
http://www1.eere.energy.gov/wip/serc.html 

[3] SERC Grants Expand Weatherization Technologies. 
http://www1.eere.energy.gov/wip/pdfs/serc_factsheet.pdf 

[4] DOE 2012. “Solar Water Heating System Maintenance and Repair.” 
http://energy.gov/energysaver/articles/solar-water-heating-system-maintenance-and-repair 

12.4.6.1.2 Solar Wall Type Systems 

[1] SolarSheat™. Solar Heating and Ventilation. 2007. 
http://waptac.org/data/files/Website_Docs/Technical_Tools/2007%20NWTC%20SolarSheat%20Sola
r%20Heating%20and%20Ventilation.pdf  

[2] SolarWall. http://solarwall.com/en/home.php 

12.4.6.1.3 Installation 

[1] Florida Solar WAP report. http://www.fsec.ucf.edu/en/publications/html/FSEC-CR-1028-
98/index.htm  

[2] Solar Hot Water Checklist. http://www1.eere.energy.gov/wip/docs/solarhotwater_checklist.xlsx  

[3] Solar Hot Air System Post Evaluation Checklist. 
http://www1.eere.energy.gov/wip/pdfs/solarhotair_checklist.pdf  

[4] SERC Solar PV System Field-Inspection Checklist. 
http://www1.eere.energy.gov/wip/pdfs/solarpv_checklist.pdf  

[5] Solar Radiation Data Manual for Flat-Plate and Concentrating Collectors. 
http://rredc.nrel.gov/solar/pubs/redbook/HTML/redbook_HTML_index.html  

[6] U.S. Solar Radiation Resource Maps: Atlas of the Solar Radiation Data Manual for Flat-Plate and 
Concentrating Collectors. http://rredc.nrel.gov/solar/old_data/nsrdb/1961-1990/redbook/atlas/ 

[7] Database for State Incentives for Renewable Energy DSIRE is the most comprehensive source of 
information on incentives and policies that support renewables and energy efficiency in the United 
States. DSIRE Solar provides comprehensive information on state, local, utility, and federal 
incentives and policies that promote solar energy. 
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[8] Solar Rating and Certification Corporation. http://www.solar-rating.org/index.html 

[9] PVWatts analysis program, version 1. http://rredc.nrel.gov/solar/calculators/pvwatts/version1/ 

ASHRAE and Related Solar Heating Systems Guidelines. The three ASHRAE solar system guideline 
documents listed below are the most comprehensive commercial solar system guidelines available. All the 
documents listed here deal with both water and space heating. http://www.solar-rating.org/commercial/ 

1. ASHRAE 1988, Active Solar Heating System Design Manual, ISBN 0-910110-54-9: This manual is 
intended for use in designing and installing commercial and industrial solar energy systems for 
service water heating. The manual consists of five sections. Numerous forms and checklists are 
provided which can be used in the actual design development process. Chapters include conceptual 
analysis, feasibility study, and detailed design. 

2. Active Solar Heating Systems Installation Manual: This manual provides guidelines for the 
installation of large commercial and industrial solar energy systems for water heating. The installation 
practices discussed include pre-construction, construction, system checkout, and startup 
recommendations. Numerous forms and checklists are provided. 

3. Guide for Preparing Active Solar Heating Systems Operation and Maintenance Manuals: The 
purpose of this manual is to assist system designers in the preparation of operation and maintenance 
manuals. It also describes the procedures that represent full coverage of the major elements in 
operating and maintaining solar systems. 

4. FSEC. 1990. A Survey of Solar Water Heating Systems on Florida Schools, Findings, Conclusions, 
and Recommendations. FSEC-CR-314-90. Available at: http://www.solar-
rating.org/commercial/fsecdocuments/FSECRecommendations.pdf 

5. System efficiency test. http://www.solar-rating.org/commercial/installationmanual/Appendix.pdf, 
Appendix F 

6. Energy collection test. http://www.solar-rating.org/commercial/installationmanual/Appendix.pdf, 
Appendix G 

12.4.6.1.4  Financing 

[1] Financing Photovoltaic Systems for Multifamily. 
http://www.builditgreen.org/attachments/wysiwyg/22/Solar-Financing.pdf  

[2] Multifamily Affordable Solar Housing. http://www.solarcity.com/commercial/multifamily-
affordable-solar-housing.aspx  

12.4.6.1.5 Case Studies 

[1] Florida Solar Weatherization Assistance (SWAP) and Front Porch Programs. 
http://waptac.org/data/files/Website_Docs/Technical_Tools/2007%20NWTC%20Florida%20Solar%2
0Weatherization%20Assistance%20Program.ppt 

[2]  http://www.fsec.ucf.edu/en/publications/html/FSEC-CR-1028-98/index.htm  
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[3] Community Environmental Center Brooklyn hot water.  
http://www.cecenter.org/2010/02/community-environmental-center-honored-by-state-local-energy-
report/   

[4] California Multifamily PV project. 
http://www.opportunitystudies.org/repository/File/Solar_For_All_California.pdf   

[5] San Francisco DHW project ,http://sunwatersolar.com/wp-content/uploads/63-Unit-
Building_CS_1107083.pdf 

[6] California’s Renewable Energy Pilot Projects, Southern California Forum Solar Water Heater Pilot. 
http://waptac.org/data/files/Website_Docs/Technical_Tools/ 
2007%20NWTC%20Californias%20Renewable%20Energy%20Pilot%20Projects.pptx  

12.5 Swimming Pools 

A swimming pool can consume a large amount of energy and water. Water evaporation is often the single 
largest source of energy loss, accounting for 70% of the total energy lost in both outdoor and indoor 
pools. Every gallon of water that evaporates removes over 8,500 Btu from the pool water (8.3 lb of water 
per gallon times 1060 Btu/lb for evaporation at the partial pressure of water in air). A typical pool loses 1 
to 1.5 in. of water a week. For a 1000 ft2 pool, an inch equals 625 gal, meaning over 5 million Btu per 
week lost to the air.  

Pool covers can be an important energy saving measure, cutting evaporation to about zero for the times 
the pool is covered. High-efficiency pool heaters, electric heat pumps, and properly sized or high-
efficiency pumps and motors can all save utility costs. Gas-fired pool heaters can be evaluated similarly 
to boilers (see Sect. 9.4); heat pumps can be evaluated just as hydronic heat pumps (Sect. 9.5); and pumps 
and motors can be evaluated as indicated several times in this report (e.g., Sect. 9.4.2.4.3). 

12.6 Cogeneration Systems 

Combined heat and power (CHP) (or cogeneration) is the production of electricity and use of the heat 
created in that process.  Putting heat recovery together with power generation can provide essentially free 
energy in the form of hot water or steam.  In residential applications the heat can be used for DHW, space 
heating, absorption cooling, or dehumidification at the building where it is produced.  A CHP system 
consists of a package of equipment with a prime mover (for apartment buildings, most often a 
reciprocating engine or microturbine) driving an electric generator.  If all of the recoverable heat is used, 
CHP systems can achieve overall efficiencies of about 80%, in contrast to the 33% average of more 
typical systems that produce electricity at central power plants.  CHP avoids transmission losses and 
reduces environmental impact. 

WAP does not consider CHP systems, but the US Department of Housing and Urban Development 
(HUD) has promoted the installation of CHP systems in existing multifamily buildings. [1] 

CHP is also used to designate combined cooling, heating, and power systems for multifamily buildings. 
Consideration of CHP for multifamily starts with the answers to a few simple questions: 

 Is it a single building with 100 or more units? (There are examples of installations in smaller 
buildings.) 

 Is it master metered for electricity? (If not, there is the possibility of switching to master billing from 
the utility, possibly also with advanced sub-metering.) 
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 Is there a central DHW system rather than a unit in each apartment? 

 Is it an all-electric building?  Is natural gas available?  CHP may be attractive in some locations, even 
for all-electric buildings, if the DHW system is a central system. 

 Is the spark spread sufficient?  For a CHP system, spark spread is the difference between the cost of 
gas to produce power and heat on site and the cost of electricity purchased from the grid.  A common 
rule of thumb is that a spread of no less than $12 per million Btu (MMBtus) is needed for CHP to 
work economically, but it can vary.  Spark spread is highly dependent on the efficiency of conversion. 
It is expressed in terms of the maximum cost differential between electricity and fuel cost in dollars 
per MMBtu. What works in New York may not work in California. (See the CHP Resource Guide 
[2], Table 3-1, for guidance on how to calculate spark spread.)  In addition, some utilities have rate 
structures that discourage CHP, so local rate issues must be understood. 

CHP economics depend highly on a central DHW system. Also, as indicated in Sect. 9 of this report, 
central cooling systems are not common, so usually the consideration is for generation of electricity in 
combination with heat recovery for use in a central hydronic heating system and central DHW system. 
Spark spread goes up and down over time, so care is needed in considering longer-term economics. 

EPA’s Combined Heat and Power Partnership describes a project development process that has stages of 
project development and levels of analysis.  If a building appears to be a potential candidate for CHP 
(qualification stage), an initial feasibility analysis (level 1 analysis) can determine whether to proceed to 
the next stage  (http://www.epa.gov/chp/project-development/index.html). 

HUD and DOE have developed a CHP Feasibility Screening Tool for determining the feasibility of CHP 
specifically for multifamily housing [3] with free, downloadable PC installation file and user manual for 
level 1 screening. The user manual also has extensive information on technologies. 

In the EPA process, a level 2 feasibility analysis is more detailed (stage 3 in the project process). HUD 
has also developed a beta tool for conducting level 2 analyses of CHP for multifamily buildings [4] that 
has a free, downloadable PC installation file and user manual.  This beta 3 tool is also of interest in that it 
can simulate the energy use of multifamily buildings with limited input data. 

If a CHP project proceeds to engineering development, additional resources will be needed. 

12.6.1 References 

1. HUD no date. Energy Action Plan. http://www.hud.gov/energy/energyactionplan.pdf 

2. Midwest CHP Application Center 2005. CHP Resource Guide. 
http://www.midwestcleanenergy.org/Archive/pdfs/Resource_Guide_10312005_Final_Rev5.pdf 

3. HUD/DOE 2008. HUD CHP Screening Tool, version 2.1. 
http://eber.ed.ornl.gov/HUD_CHP_Guide_version_2.1/ 

4. HUD/DOE 2010. MF CHP Level 2 Tool, Beta 3. http://eber.ed.ornl.gov/MF_CHP/ 

12.7 Central Campus Systems 

In cases where there is a need to evaluate aggregate energy loads from multiple buildings, and possibly 
multiple building types, to analyze the potential performance of a central utility plant and/or CHP options, 
a tool related to the multifamily level 2 CHP analysis tool has been successfully used to perform such 
analyses for laboratory complexes and military bases. [1]  
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The BCHP Screening Tool [1] was originally developed by DOE’s Distributed Energy Program (now 
under the rubric of Industrial Distributed Energy). An extensive user guide is available. [1] 

The multifamily level 2 tool [2] could be used for similar analyses of multifamily campus building loads. 

12.7.1 References 

1. DOE 2007. BCHP Screening Tool Program. http://eber.ed.ornl.gov/bchpsc/  

2. HUD/DOE 2010. MF CHP Level 2 Tool, Beta 3. http://eber.ed.ornl.gov/MF_CHP/ 

12.8 Historical Buildings Issues 

Comprehensive rehabs or adaptive reuse projects may be required to keep existing architectural elements 
of a historical building either because of the designation of the building (National Registered Historic 
Building) or as required by a local planning department. If a building is determined by the planning 
department to be historical, the department will typically ask that the project maintain the appearance of 
exterior facing elements such as facades, doors, and windows.  

Retrofitting a historical building to be more energy-efficient is possible; and because of increasing 
awareness surrounding building energy efficiency, it may be easier to do than in the past. However, 
projects that address historical aspects of the building (windows and façade) should expect to spend 
significantly more on replacement custom (energy-efficient alternative) replicas. In some special cases, 
the building may be required to keep existing historical elements such as single-pane windows. Custom 
interior storm windows are available. 

Extensive federal, state, and local laws and regulations impact activities that might make changes to 
historical properties. The Whole Building Design Guide website has information related to some of the 
laws and regulations (http://www.wbdg.org/design/historic_pres.php). And the Secretary of the Interior 
has published standards and guidelines in a book related to historical buildings. [1] According to the front 
matter of that book  

The Secretary of the Interior is responsible for establishing professional standards and 
providing advice on the preservation and protection of all cultural resources listed in or 
eligible for listing in the National Register of Historic Places. The Secretary of the 
Interior’s Standards for the Treatment of Historic Properties, apply to all proposed 
development grant-in-aid projects assisted through the National Historic Preservation 
Fund, and are intended to be applied to a wide variety of resource types, including 
buildings, sites, structures, objects, and districts. They address four treatments: 
Preservation, Rehabilitation, Restoration, and Reconstruction. The treatment Standards, 
developed in 1992, were codified as 36 CFR Part 68 in the July 12, 1995 Federal Register 
(Vol. 60, No. 133). They replace the 1978 and 1983 versions of 36 CFR 68 entitled, “The 
Secretary of the Interior’s Standards for Historic Preservation Projects.” The Guidelines 
in this book also replace the Guidelines that were published in 1979 to accompany the 
earlier Standards. 

Please note that The Secretary of the Interior’s Standards for the Treatment of Historic 
Properties are only regulatory for projects receiving federal grant-in-aid funds; otherwise, 
the Standards and Guidelines are intended only as general guidance for work on any 
historic building. 
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Potential issues related to historic preservation are too extensive to summarize. An energy audit of 
potentially historical buildings will require some knowledge of allowable renovation methods related to 
energy efficiency upgrades. 

12.8.1 References 

1. K. D. Weeks and A.E. Grimmer, 1995. The Secretary of the Interior’s Standards for the Treatment of 
Historic Properties with Guidelines for Preserving, Rehabilitating, Restoring & Reconstructing 
Historic Buildings, US Department of the Interior, ISBN 0-16-048061-2. 
http://www.nps.gov/tps/standards/four-treatments/treatment-guidelines.pdf 

 


