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Objectives 
 
!  Understand principles of Integrated Design 
 
!  Understand the technologies systems for designing & 

building ZE/Ready homes. 
 
!  Understand water management principles 
  
!  Select the best enclosure-insulation and air barrier systems 

& products to offset PV demand. 
 
!  Understand new approaches to advanced framing 

techniques.  

!  Understand the latest window technologies. 
 
!  Understand LED Lighting metrics and options 
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Integrated Design 
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!  Design Fundamentals 
!  Integrated Project Delivery 
!  Enclosures & Assemblies  
!  Mechanical Systems 
!  People and Plug Loads 
!  Renewable Energy 

ZE Homes Class Principles 
Overview 
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Top 8 reasons Homes 
Don’t Perform as Expected 

!  High window to wall area ratio 
!  Wrong glazing choices 
!  High framing factor, thermal bridging 
!  Ineffective air barrier system 
!  Poorly installed insulation 
!  Focus is primarily on cavities 
!  Poorly designed/installed HVAC 
!  DHWH & Lighting is an afterthought 



Or – the Future of HP Housing 

!  Integrated Design 
! HVAC & Fresh air ventilation  
!  Fenestration & Design 
! DHW & Plumbing 

!  Ducts in conditioned space 
!  Pay for Performance, Better Q/C 
!  Reduced thermal bridging 

!  Advanced framing, Cont. Insulation 
!  Lighting, Plug loads and green switches   
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Building Science Fundamentals 

Building Science, a definition: 
�The understanding of the interworking relationships between 
climate and the various systems in a home and how those 
relationships impact energy use, comfort, indoor air quality and 
building longevity� 
 Steve Easley 

•  Systems in a Home: 
•  Building or structural systems  
•  Space conditioning system 
•  Water heating and plumbing system 
•  Electrical and lighting system 



Having'Building'Science'Knowledge'Can:'

!  Help%you%select%the%most%cost%effec/ve%

products.%Sort%through%product%hype.%
!  Reduce%your%mistakes,%helps%you%make%good%

choices%

!  Helps%you%match%the%right%products%%to%the%

applica/on%

!  Helps%you%create%a%house%that%works%%
!  Helps%achieve%be=er%IAQ,%&%comfort%

!  %you%communicate%with%informed%customers%



Heat Transfer 

! Conduction 
! Convection 
! Radiation 
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Mechanical 
Pressure 
(HVAC) 

Stack 
Pressure 

Cause of  Air Infiltration in Buildings 

Wind 
Pressure 
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! Reduces the heating and cooling system 

energy use, size and costs 
!  Is likely to last for the life of the structure 
!  Energy savings do not diminish with age 
! Reduces the loads thus reduces design 

risk factors for HVAC 
! Can manage moisture and increase 

building durability 
! Can enhance occupant comfort and 

building IAQ 

Why Focus on the Building  
Enclosure First 
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 4 - Enclosure Control Layers 
!  Water-  WRB’s & Rain Screens 

!  Air-  Air barriers, building wraps, air 
sealing 

!  Thermal-  insulation or exsulation 

!  Vapor- vapor retarders 
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Green House Gas Emissions 
!  1 kWh = 1-1.5 lbs 

!  1 Therm 100,000 BTU’s = 11.7 lbs. 
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!  Now, John Jones in the School of Engineering, at 
the University of Aberdeen, UK, suggests that the 
figures cited by Istvan Lakatos and Julianna 
Lakatos-Szabo for which they give no references 
grossly underestimates how much oil we have 
used already. Jones says that we have used at 
least 135 billion barrels of oil since 1870, the period 
during which J.D. Rockefeller established The 
Standard Oil Company and began drilling in 
earnest. 
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! 135 billion barrels of oil since 1870 
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Is this wall really R-20.5? 
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Impact of Windows 

Courtesy fp innovations 
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Insulated 
Glass unit 
(IG) 
(Glazing) 

Frame 

Edge 
spacer 

  

Alum. cladding 

Anatomy of a Window 
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Heat 
Loss 

Heat 
Gain 

Daylight Infiltration 
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Standard Glass Lets in 
90% of the Suns Heat 
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Properties of  Windows 
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Cardinal Glass Spacer 



Cavity Fills:
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Building Enclosures Manage 

!  Water flow 
!  Air flow 
!  Heat flow & surfaces 

temps 
!  Moisture as a vapor 
!  Sound Control 
!  Fire separation 
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Thermal Performance Factors 
!  Framing factor 25%+ (“ opaque whole” 

wall R-value frame & studs) 
!  Thermal bridging @ Frame and Studs 
!  Wind washing  
!   Gaps in insulation  
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Enclosure Thermal 
Performance 

!  Thermal performance is a 2 component 
process 

!  Conductive losses…Solution…Insulation 
!  Convective losses….Solution…Air sealing 

!  High performance enclosure = less loads 
= lower costs…purchase, operation, 

maintenance….forever 
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Typical Framing Factors @ Spacing -Wood  

Courtesy fp innovations 
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Typical Framing Factors @ Spacing- Steel  
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Framing Factors 
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Framing Factors 
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Typical Framing Factors –Wood + CI  

Courtesy fp innovations 
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Offset Interior Wall 
Intersection 
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Concrete Wall Systems 



Above Grade Concrete Wall 
Systems 

!  Conventionally Formed 
!  Concrete Masonry 
!  Precast Concrete  
!  Insulating Concrete Forms 

 

 
 

 



Foundations 

! All four systems 
commonly used for 
below grade 
foundations  



Above Grade Concrete Wall 
Assembly 

! Monolithic Wall 
! Air Barrier/Thermal Barrier 
! Contiguous 
! Continuous 

! Fewer gaps 
! Fewer seams 
! Less demand on labor 
! Simpler high performance 
    assembly 

 



Above Grade Concrete Wall 
Systems 

•  Conventionally Formed 
•  Site Assembled 
•  Removed once concrete 

hardens 
•  Clips/pins for insulation  
•  Form liners for finish textures 

 

 
 

 



Sandwich Wall 

Integral Insulation 
Systems 

Exterior 



Above Grade Concrete Wall 
Systems 

!  Concrete Masonry 
•  Long used for residential 

construction 
•  Insulation within cores or outside 

surface 
•  Prefinished textures, colors 
•  Site applied finishes 

 

 
 

 



Above Grade Concrete 
Masonry 



Concrete Masonry Systems 

•  Individual units (block) 
assembled with mortar 
by masons 

•  Reinforcement and grout 
can be used in cavities to 
make system taller, 
thinner, stronger 



Masonry Systems  (CMUs) 

•  Split Face 

•  Ground Face 

•  Ribbed 

•  Sandblasted 

•  Glazed 

•  Offset Face 

•  Color 



Continuous Insulation 
Strategies 



Continuous Insulation 
Strategies 



Continuous Insulation 
Strategies 



Non-Continuous Insulation  



Non-Continuous Insulation 



Above Grade Concrete Wall 
Systems 

!  Precast Concrete 
•  Larger panels 
•  Fabricated off site or site cast 

and tilt up 
•  Insulation incorporated within 

“sandwich” of concrete 
•  Form liners for exterior finishes 

and textures 
 

 
 

 



Precast Concrete 



Precast Concrete 

•  Fast Assembly 
•  Minimal Site Waste 
•  Design Flexibility 



Above Grade Concrete Wall 
Systems 

!  Insulating Concrete Forms 
•  Stay-in-place formwork 
•  Insulating formwork 
•  Form ties have attachment 

surfaces 
 

 
 

 



Face Shell 
2” or greater 
R- 18 to R-22 
EPS or XPS 
Interlocking edge 
Withstands internal  
pressure of concrete  
(600 psf) 
 

Components 



 
Specialty 
Blocks 
-  90/45 corners 
 - Brick ledge  
 - T - Blocks 

Components 



Reinforced Concrete Core 
4”, 6”, 8”, 10”, 12” thick 
Monolithic, 
2,500 to 4,000 psi 
6”slump 
3/8” aggregate 
 
Rebar = 40 or 60 ksi  

Components 



Handling/Fabrication 

Lightweight  

Common Hand-
tools 

Versatile 



Assembly  



Concrete Placement 



ICF Floor Systems 



Insulating Concrete 
Forms 

! Monolithic Structure 
! Insulation 
! Integral Furring 
! Chase Cavity 
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Concrete Wall Systems Performance 



Sustainable High 
Performance 

High R- values R-18 to R-22 

Thermal Mass 
benefits 

Varies by climate. 

Low Infiltration Virtually none 
through the wall. 

Three Major Influences 
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Concrete Wall System Innovations 



R-100 

R-50 

R-36 
Wall Section 

ICF Innovation - Passive 
House 



Top of Wall Continuous 
Concrete Bond Beam   

Horizontal Rebar(2) 

EPS Foam Shell 
High Efficiency Insulation to 
R-32 

6”, 8” or 9”  Wall Profile 

Continuous Concrete Base 

ShearStrip® 
Technology 
Eliminates Vertical Rebar 

Concrete Stud 

Metal Top Caps 

ShearStrip® 
Steel Stud Mounting 
Surface 

•  Precision Engineered 
•  Automated Fabrication 
•  Faster Construction 
•  Air Barrier/Insulation 
•  Stronger Structure 
•  Rot/Mold Resistant 
•  More Durable 
•  Tighter 

Innovation – Insulated Concrete 
Panel 



Prefabricated Light 
Weight Panels 



Formed Concrete Stud 
Wall 



 Erection Time: 36 SF Per 
Minute 



 Ready for Trusses – One Day 



Conventional Interior Partitions 



Fast Window and Door Installation 



Factors Affecting  Insulation Performance 



Keys to a high performance  system 

!  Stops air flow 
!  Not affected by moisture 
!  Stable R value 
!  Protects structure 
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R-value Comparison 

Insulation Type ' R-Value Per 
Inch '

Fiberglass loose-fill ' 2.5 – 3.7%
Cellulose ' 2.8 – 3.5 %
Rockwool or mineral wool ' 3.2 - 3.7 %
Fiberglass batt ' 3.1 – 4.3%
Expanded polystyrene  (EPS)' 3.6 – 4.7%
Extruded polystyrene  (XEPS)' 4.2 – 5.4%
Polisocyanurate''(PIR)' 4.3%–%8.3%

Polyurethane (PUR)' 5.0 – 8.0%



Installed R-Values of 
Fiberglass 
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Specification Tips 

!  Insulation 
!  No voids/spaces, 

complete alignment 
with air barriers 

!  No compression 
!  Cavities filled  

!  Air sealing 
!  All Penetrations sealed 
!  Air testing 



RESNET Specifications 

Copyright Steve Easley, 2014 



The Goal 
!  Conductive losses (solved by proper 

insulation) 
!  RESNET Grade 1 
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Insulation Grades 
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Insulation Grades 
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Resources 
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Resources 

Copyright Steve Easley, 2014 



ENERGY STAR Qualified 
Homes 
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Safety 1st!!! 
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Air Leakage along the corner joint 

Air Leakage 
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Courtesy fp innovations 
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Getting the Envelope Right 



Mechanical 
Pressure 
(HVAC) 

Stack 
Pressure 

Cause of  Air Infiltration in Buildings 

Wind 
Pressure 





Steve Easley 



www.woodworks.org%

NOTE: 
Perm is a 
unit of water 
vapor 
transmission
, expressed 
in grains of 
vapor per 
one square 
foot per 
hour per 
inch of 
mercury 
difference 

INSIDE OUTSIDE 

70 Degrees F 
30% Relative 
Humidity 

Dew Point Location 

Dew Point 

0 Degrees F 
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Can-Less Down Lights 
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Basements are Usually Wet 
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Basement Moisture Loads 

!  Bulk Water 
!  Capillary, Wicking  
!  Vapor Diffusion (exterior or interior) 
!  Plumbing Leaks 
!   Occupant Generated Moisture 
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Basement Moisture Loads 
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Basement Moisture Loads 
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Basement Moisture Loads 
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Basement Moisture Loads 

Moisture from concrete 

Capillary  from soil 

Moisture from interior  

Courtesy Building Science Corp. 



Basement Moisture Loads 
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Concrete Wall R-value 

!  8” wall R= .44 - .82 
!  Codes require basement insulation 
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Basement Insulation Strategies 
Assesment: 

!  Structural integrity 

!  Water and moisture management  
 

!  Insect and pest management  

!  Combustion safety 
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Basement Insulation Strategies 
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Basement Insulation Strategies 
Exterior Insuation 

!  Usually only practical for new construction  
!  Protecting the insulation at and above grade  
!  Insect and pest management  
!  Transitions between foundation insulation and 

above-grade walls  
!  Achieving higher R-values can be more difficult 

than with interior insulation (though a 
combination of both interior and exterior 
insulation is possible).  
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Basement Insulation Strategies 
Exterior Insulation 
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Basement Insulation Strategies 
Exterior Insulation 
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Water Management and High R Walls 



Barrier'Wall'

'
• Surfaces'are'face'sealed'
• Have'no'path'for'drainage'



Drainable'Walls'
• Walls'are'not'face'sealed'

• Have'secondary'barriers'to'reduce'water'
penetraCon'

• Ideal'to'have'drainage'gap'



Rain'Screen'Walls'
• Rain'screens'provides'air'space'for'drainage'
and'a'capillary'break.'Min'¼'“'

• Idea'1”''
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Whole House Fans 

Copyright Steve Easley, 2014 

12- 20 CFM/Watt 



Basic Whole House Fan Operation 





HVAC Problems & Green 
Solutions 
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High Efficiency Equipment is part of the Solution  
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Proctor Engineering Group Copyright Steve Easley, 2014 



Proctor Engineering Group Copyright Steve Easley, 2014 
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2.  Duct Conduction (H/C)  
!  Duct conduction can be 

calculated with the 
formula  
  Q=(A* ΔT)/R 

!   Duct surface area 
typically equals 40% of 
the floor area 

Copyright Steve Easley, 2014 Courtesy Rick Chitwood. 



2.  Duct Conduction (H/C)  
!  If a 2,000 square foot house has an attic 

temperature of 140oF what is the duct 
conduction when the system is running and 
the duct insulation is R-2.1? 

1.   Q = (A* ΔT)/R 
2.   Q = ((2,000 sq.ft. * 0.4) * (140oF – 60oF)) / 

R2.1 
3.   Q = 800 * 80oF / R2.1 
4.   Q = 30,500 BtuH  (2.5 Tons) 

Courtesy Rick Chitwood. 



R-8.0 + Buried Ducts = R-20.0 (or more) 
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2.  Duct Conduction (H/C)  

!  Same example.  …but with reduced surface 
area and buried R-8 ducts 

1.   Q = (A* ΔT)/R 
2.   Q = ((2,000 sq.ft. * 0.2) * (140oF – 60oF)) / R20 
3.   Q = 400 * 80oF / R20 
4.   Q = 1,600 BtuH  (0.13 Tons) 

Copyright Steve Easley, 2014 Courtesy Rick Chitwood. 
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Duct Installation 

!  Duct runs straight with no kinks or crushed 
areas. 

!  Ducts to have no more than 90° angle turns. 
!  Ducts sealed with mastic sealant. 
!  Flex duct connections to boots fastened with 

duct ties 
!  Duct leakage to be no more than 6% of fan 

flow @ 25pa 

Copyright Steve Easley, 2014 
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Total Connect Comfort = Total Control

•  Visit the portal or app:
!  View%and%change%their%HVAC%system%seJngs%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

!  View%and%change%the%temperature,%fan,%humidity%

!  View%and%change%the%schedule%
!  View%outdoor%condi/ons%and%forecast%
!  Access%mul/ple%thermostats%if%their%system%is%zoned%

!  Access%all%loca/ons%if%mul/ple%systems%are%registered%



Lyric key features

•  Geofencing
•  Fine Tune
•  Shortcuts
•  Smart Cues



Lyric makes it simple.

•  Your customers are in. They�re out. They�re all over the 
place, even when they�re home. 

•  Lyric can use their smartphone to know when they�re away, 
and save energy. It senses their return and helps make them 
comfortable when they are home.

•  There�s no learning curve. No elaborate programming. 



Controlling Interior Moisture 

Bath fans >50 cfm, vented 
thru roof 
 
 
 
 
Automatic controls 
 
 
 
 
Kitchen exhaust fans 
vented to outdoors 
 
 



Clearing the Air: 
Fresh Ideas in Bathroom Ventilation 



The Need for Bathroom 
Ventilation 

!  Excess moisture – 
supports mold growth, 
leads to aggravating 
steamed mirrors and 
destroys paint 
and wallpaper 

 

Problems 



Calculating CFM for 
Proper Ventilation (cont.) 

Ceiling Height: 



Calcula&ng)CFM)for)Proper)
Ven&la&on)(cont.)


How Critical is the Ductwork - Example: 



Calcula&ng)CFM)for)Proper)Ven&la&on)(cont.)


How Critical is the Ductwork - Example: 



)


%%

It is all about Measured 
Performance 

%

%

%

•  %Measured%ven/la/on%rate%is%within%100O120%%of%HVAC%

contractor%design%value%

%

•  Rater%shall%measure%ven/la/on%and%exhaust%air%flow%

using%a%flow%hood,%flow%grid,%anemometer%or%

substan/ally%equivalent%method%in%accordance%with%

AABC,%NEBB%or%ASHRAE%procedures%

%

•  IntermiLent'bath'fan'measured'air'flow'requirement'≥'

50'CFM%

%

•  Con/nuous%supply%and%exhaust%fans%rated%at%1.0%sones%

or%less%

%

•  ExhaustOonly%wholeOhouse%mechanical%ven/la/on%

system%must%be%verified%that%the%fan%turns%on%

automa/cally,%without%homeowner%interven/on%

%

•  All%ven/la/on%fans%must%be%verified%as%ENERGY%STAR%

cer/fied%

%

Compliance'with'ASHRAR'62.2'the'naConal'venClaCon'

standard,'is'now'required'for'ENERGY'STAR ®'for'Homes'3.0'

EffecCve'date'July'1st'2013'



Don’t)Trust)…..)Verify)

Here%is%a%story%of%two%Ven/la/on%fans%on%the%surface%they%are%

equal%

•  Both%fans%are%Energy%Star%qualified%
•  Both%fans%are%70%CFM%cer/fied%from%HVI%

•  Both%fans%are%in%the%same%cost%category%

But%these%fans%are%not%equal….%

•  Fan%A%is%being%widely%used%by%Na/onal%Estar%Home%Builders%%

•  Installed%Performance%under%(sta/c)%pressure%is%a%deciding%

factor%

Let%us%see%how%Fan%A%and%Fan%P%both%perform%



Whole-House Ventilation 

!  Whole-House Ventilation or continuous 
refers to providing a consistent level of 
ventilation throughout the day in order to 
remove indoor air pollutants of all types. 



Natural vs. Mechanical Ventilation Rates 



ASHRAE 62.2 

!  American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE) 

!  It is the only nationally recognized indoor 
air quality standard developed solely for 
residences. 

!  62.2 2010 for 2012-15 codes 

What is ASHRAE 62.2? 



ASHRAE 62.2 

!  Top Green building Programs 
! U.S.G.B.C.  LEED® Program for Homes 
! NAHB Green Home Building Guidelines 
!  EPA Indoor Air Plus 

!  Proposed for International Residential 
Code (IRC) 

Where is ASHRAE 62.2? 



ASHRAE 62.2 

!  Building codes written to meet 62.2 require two types of 
ventilation in every home 
!  Intermittent ventilation for every kitchen and 

bathroom. 
! Bathroom = minimum 50 CFM, 3 Sones or less. 
! Kitchen = minimum 100 CFM, 3 Sones or less. 

!  Continuously operating mechanical ventilation 
system  
! High-rise residential – More than 3 stories (slightly 

higher ventilation rate) 
! Low-rise residential – 3 stories or less 

! Ventilation air requirements are based upon 
size of the home (ft2) and the number of 
bedrooms. 

! Sound level to be equal to or less than 1 Sone. 



ASHRAE 62.2 Continuous Low-rise Ventilation Rate (CFM) 

Floor Area 
(ft2) 

Bedrooms 

0 - 1 2 - 3 4 - 5 6 - 7 > 7 

< 1500 30 45 60 75 90 

1501 - 3000 45 60 75 90 105 

3001 - 4500 60 75 90 105 120 

4501 - 6000 75 90 105 120 135 

6001 - 7500 90 105 120 135 150 

> 7500 105 120 135 150 165 

A 4500 square foot home with 5 bedrooms requires an 
average of 90 CFM of continuous ventilation 
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Improve the Air Quality Throughout the Home 

A new system of ventilation fans that once 
worked independently now work together as 
an integrated ventilation system.  Because 
these fans can ventilate from different 
locations, you’re assured of ongoing fresh 
air distribution throughout the home. 

Automatically and Efficiently 



A Special Consideration 

!  The whole-house automatic 
ventilation system also works 
with make-up air dampers to 
allow outside fresh air into the 
return air system, whenever a 
fan is running. 

!  This may be desirable in 
extremely tight homes and for 
those with naturally vented 
combustion appliances. 
 

Make-Up Air 



Fresh Air Ventilation 
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Types of Ventilation – Pro’s 
& Con’s 

Exhaust Only Supply Only HRV ERV 

Pro’s • Inexpensive Install 
• Easy to Retrofit 
• Low Maintenance 
• Low Energy Fan 

• Inexpensive Install 
• Easy to Retrofit 
• Low Maintenance 
• Air is filtered 

• High Energy 
Savings 
• Low Maintenance 
• Air is filtered 
• Balanced 
pressures 

• High Energy 
Savings 
• Air is filtered 
• Humidity Control 
• Balanced 
pressures 

Con’s • No heat recovery 
• Can pull humid air 
into building 
cavities 

• Use furnace fan – 
high energy use 
• No heat recovery 
• Could push humid 
air into building 
cavities 

• Expensive Install 
• Hard to Retrofit 
• Higher Energy 
Use Fan 
• Condensate Drain 
Needed 

• Expensive Install 
• Hard to Retrofit 
• High Maintenance 
• Condensate Drain 
Needed 

Best 
Use 

• No outdoor 
pollutants  
• Outdoor humidity 
is not a problem 

• High outdoor 
pollutants – 
incoming air 
should be filtered 

• Areas where 
indoor humidity is 
too high 
• Areas where 
humidity is not a 
concern 

• Areas of high 
outdoor humidity 
• Areas with low 
indoor humidity 



Clearing the Air: 
Fresh Ideas in Kitchen Ventilation 



Key to Good Kitchen Ventilation: 

The Range Hood 

! Because the kitchen is a major source of pollutants, 
remove them at the source. 

Photo Credit: Ellen Cheever, CMKBD, ASID, Ellen Cheever and Associates 



The Concept of a Canopy “Capture Area” 

Photo Credit: Mark Thomas White, CKD, Kitchen Encounters 



Range Hood Option #1 
Conventional Overhead System 24” Off the Cooking Surface 

!  Minimum 21” 
deep canopy 

!  Assume average 
users eye level 
3” below individual’s 
height 

!  Plan a minimum  
100 CFM per  
linear foot of 
hood width 

Note: Minimum recommendation 
 for gas appliances 



Range Hood Options: 
Downdraft Ventilation System 
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Domestic Hot Water 
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Water Heating Facts 

!  Water heating accounts for 14-25% of home 
energy use 

 
!  2nd or 3rd largest energy user in the home 
 
!  As enclosures become more efficient water 

heating costs become more important 



Water Heating Use & HERS 



Terminology… Tankless 
Condensing, Non Condensing 



Terminology…  Storage, 
Condensing, Direct Vent  
 



Terminology… Direct Vent  
Non-Condensing 



Terminology… Power Vent  



Terminology… Heat Pump  



New DOE EF Requirements 



New DOE EF Requirements 



Energy Star Water Heating 
Requirements 



Energy Star Water Heating 
Requirements 



Energy Star Water Heating Requirements  
for Resistance Heaters 



EPA Water Sense, DOE NZE 
Ready Spec’s 



Energy Factor & COP are 
Not the Same 

!  EF is a DOE rating under specific federal 
specified testing criteria 

!  EF is not representative of typical actual 
HW water usage  

!  COP is a efficiency rating that can very 
by environment 



COP 

!  A COP of 3 means 1 KWH of electricity 
yields 3 KHW of heat 

!  Out door air already contains heat 



How does a Heat Pump Water 
Heater Work?   
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Steve Easley 



How does a Heat Pump 
Work? Cont’d 

Copyright Steve Easley, 2014 



How Much Energy & Money Will a 
Heat Pump Water Heater Save?  

!  Substantial savings by replacing electric-
resistance water heaters with heat pump 
varieties 
! Up to 2.5 times more efficient  

!  Savings are dependent on: 
!  Fuel prices 
!  Life style, hot water demands, continuous or 

intermittent demand 
! Climate  
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Costs 
!  Basic Unit 

!  Retail Range -$1100 to $2500 
  

!  Installation Costs Depends on 
!  Plumbing requirements 
!  Electrical Req’s 240 volt 
!  Condensation drains 
!  Condensation Pump 
!  Ventilation requirements 

 
!  Operating Costs are variable: 

!  Climate 
!  Water inlet temps 
!  Life style & demand  
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Location Requirements 

!  HPWHs need adequate space to operate 
properly 

!  Depending on make and model, HPWH’s 
typically needs between 750 ft3 and 1000 ft3 
!  Equivalent to a 10’x10’ room with 8’ceilings 
!  Some models  can be installed in smaller, 

confined spaces following manufacturer’s 
ventilation requirements  

•  Appropriate spaces 
include Basements, 
Garages & Storerooms 
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Location Requirements 
Cont’d 
!  Installation is permitted in smaller spaces: 

!  Venting for smaller spaces – Maintain 750 CuFt 
equivalence  

!  Spaces as small as 4ft x 4ft x 8ft – 128 CuFt 
! With appropriate ventilating  (louver) doors  
! Meeting manufacturer’s intake volume air requirements 
! Meeting manufacturer's exhausts volume air 

requirements  
!  Exhaust kits available for certain makes & models  

!  Some Codes might require water heater to be on 
an 18-inch platform 
!  Check for height clearance  
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Intake air 
from a 
minimum 
750 Cu Ft 
Space 

Exhaust air to 
a minimum 
750 Cu Ft 
Space 
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Location Requirements, 
Cont’d 
!  HPWHs operate more efficiently in humid and 

warm places: 
!  Ambient air temperature operating ranges - 

45°F and 120°F 
!   HPWHs exhaust cooler dehumidified air as a 

by-product 
!  In warmer climates this will increase overall 

building efficiency by reducing space cooling 
load in summer months 
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Energy Efficient 
Appliances & Plug loads 
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www.toptenusa.org 
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LED Lighting 

!  2-4 years ago 30 LPW 
!  Today 90 LPW 
!  Soon 200 LPW 
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Current LED Lighting Fixtures 

!  Technology in LEDs for lighting is changing so fast, 
most fixtures designed  into a commercial building 
today will be outdated when they are installed. 

!  LED fixtures, depending on the application, reduce 
input watts 50-80% when compared to the �old world� 
fixtures they replace. 

!  This input watt reduction is helping to drive the entire 
Solar energy production industry.  

!  A typical LED fixture is currently twice as efficient as 
the most energy efficient lighting fixtures used just 6 
years ago. 



LED Lighting – A few Quality 
Measures 

!  Fixtures shall meet local code, IECC, ES, T24 
!  Fixtures shall have at least 5 year warranty on system 

– not just LED array. 
!  Fixture performance shall be determined measuring 

lumens exiting the fixture, not just lumens exiting the 
Led array. 

!  Fixture shall offer color options including 80+ and 90+ 
CRI in at least four Kelvin temperatures. 

!  Fixtures shall be tested and data published using the 
IES LM79, LM80, TM-21 measuring standards. 



Typical Lighting-class LED Package 

Phosphor 

ESD protection 

Wire bond 
Reflector 

Lens (glass, 
silicone), RI ~1.4 

Substrate/Lead 
Frame 

Encapsulant 
RI ~1.5 

Air, RI = 1.0 

LED chip RI~2.2 
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POOLS  

An Overlooked Energy Saving 
Opportunity  



Typical Home Energy Use 
Homes with Pools 
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A National View of  
Pool Energy Use 

!  $1.1-1.6 billion spent per year in energy 
!  9 to 14 billion kWh per year for pumps 
!  36 to 63 million therms per year, heating 
!  CO2 emissions =10 million tons per year 
!  Use the equivalent of 24 medium sized (500 

MW) power plants 
!  Emissions of 1.3 million cars 
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Residential Inground Swimming 
Pool Installed base by State 
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Estimated Residential Inground 
Pools 
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Retrofit Case Study 

!  Northern California 
!  20,000 gallon pool, 

built 2002 
!  Tiered Utility Rates $.

12 - $.40/kWh 
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!  1 ½-horsepower single speed pool pump  
(for filtration and solar heating) 

!   Sweep-style pool cleaner with a ¾-hp 
booster pump 

!   2-hp single speed waterfall pump 
!   500 watt incandescent light 

Retrofit Case Study, 
Before 
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!  Variable-speed pump (for filtration, solar 
heating and pool cleaner)  

!  Over-sized Cartridge filter 
!  External Heater Bypass 
!  2nd variable-speed pump for waterfall 
!  LED Color lighting 
!  NO booster pump for Cleaner 

Retrofit Case Study, After 
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Retrofit Case Study, Summer, No 
Solar 
!  Original pump 6 hrs/day total run time 
!  Pump, 2,092 W x 6 hrs/day = 12.5 kWh/day  
!  Cleaner, 1,372 W x 2.5 hrs/day = 3.4 kWh/day 
 Total energy 15.9 kWh/day 

!  New pump, 10 hrs/day total run time 
!  Pump =221 w X 7 hrs/day = 1.6 kWh/day 
!  Pump & cleaner, 650 w @ 3 hrs/day = 2 kWh/day 
Retrofit total energy = 3.6 kWh/day 
 
!  Savings = 15.9 – 3.6 = 12.3 kWh/day  
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This concludes The American Institute of Architects 
Continuing Education Systems Program 
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