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Solar Power
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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




’ HERS

INDEX

Over 146,000 Homes in the U.S. were HERS
Rated and issued a HERS Index Score in 2014

Average HERS Index Score was 63

in 2014 there were 146,860 homes in the United States that were energy rated
by certified RESNET HERS Raters and issued a HERS Index S<ore, According to
the data from the U.S. Census Bureau this represents over 33.8% of all new
homes s0ld in the nation, The average HERS Index Score of the homes rated
2014 was 63,

The five leading states in terms of homes receiving a HERS Index were:

Texas 28,784

Florida - 14,994

North Carclina - 10,271
Colorado - 8,315
Indiana 8,007




Integrated Design

Functional &
Comfortable

Attractive

Measurement
Commissioning
Feedback

Healthy and
Safe to Live
in

High
Performance
Home

Energy
Efficient ZNE

Cost Effective

Durable &
Long-lasting

Simple to
Operate
Low
Maintenance




ZE Homes Class Principles
Overview

Design Fundamentals
Integrated Project Delivery
Enclosures & Assemblies
Mechanical Systems
People and Plug Loads
Renewable Energy

Copyright Steve Easley, 2014




Top 8 reasons Homes
Don’t Perform as Expected

= High window to wall area ratio
= \Wrong glazing choices
= High framing factor, thermal bridging
= |neffective 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
—enestration & 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

Copyright Steve Easley, 2014




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 effective
oroducts. Sort through product hype.

Reduce your mistakes, helps you make good
noices

elps you match the right products to the

elps you create a house that works
elps achieve better IAQ, & comfort

you communicate with informed customers

C
I_
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|_
|_




Heat Transfer

= Conduction
= Convection
= Radiation

Copyright, Steve Easley




Cause of Air Infiltration in Buildings

1=
Wind Stack Mechanical
Pressure Pressure Pressure

(HVAC)




3 seranmenrer | Eneegy Efficiency &

ENERGY : Renewabie Energy

Mandatory Requirements

Exhibit 1: DOE Challenge Home Mandatory Requirements for All Labeled Homes

1. ENERGY STAR for
'E‘ . ?B‘S““ O Certfed under ENERGY STAR Oualfied Homes Version Y
2. Erwelope’ O Fenestration shall meet or exceed latest ENERGY STAR reguirements '

Cohng wall foor, and slab inscialion shal meet o exceed 2012 1IECC levels'

3. Duct System
4. Water EMclency

Ducts ‘acated wInAthe home sTherm s and 81l Darti e DOundaary

)

Mot mater Gelivery systems shal meet efoent Sesgn regurements

All instalied refngentars. Gshwashers and clothes washers are ENERGY STAR qualifed

S Lghting & 0% oflighting fudures are ENERGY STAR qualited o ENERGY STAR lamps (Duits )i
Apptances™ mrmmum B0% of sockets

All INS2Nd DaNr 00Mm v eriabon and celind fans e ENERGY STAR quaified

0

EPA Indotr L US Verficaton Cred i ang Cominection Soecfcatonm *

6. Indoor Air Quaity

EPA Renewabie Energy Reacy Home Solar Dlectrc Checkist and Specfcatiors™
EPA Rerenalie Ener gy Ready Home Solar Themal Creckial and Spechcatons

0ola

7. Remowabie Reacy™

Encouraged:

« WaterSense Label (indoor and outdoor)
» Disaster Resistance (IBHS Fortified Home)
« Quality Management




vy

ZERO

ENERGY READY HOME

For More Information:

www.buildings.energy.gov/zero/

Copyright Steve Easley, 2014




Why Focus on the Building
Enclosure First

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
bUiIding IAQ Copyright Steve Easley, 2014




4 - Enclosure Control Layers
= \Water- WRB’s & Rain Screens

= Air- AIr barriers, building wraps, air
sealing =

= Thermal- Insulation or exsulation

= \/apor- vapor retarders

Copyright Steve Easley, 2014




Green House Gas Emissions

* 1 kWh =1-1.5 Ibs

= 1 Therm 100,000 BTU’s = 11.7 Ibs.

Copyright Steve Easley, 2014




= 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.

Copyright Steve Easley, 2014




= 135 billion barrels of oil since 1870

Copyright Steve Easley, 2014




Is this wall really R-20.57?
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Overall EMective R-value of Vertical Bullding Enclosure vi Window to Wall Ratio

§
3
:
s
:

30% am SO% 6% 0% B 9W0% 100%
Window to Wall Ratio (% Glating Area)

Fig. 3.2.9 Overall effective R-value of building enclosure versus window-to-wall ratio, for R-30 wals and R-2, R4, and R-6
wincows. .

Courtesy fp innovations




Anatomy of a Window

Insulated
Glass unit
(1G)
(Glazing)

Edge
spacer

Alum. cladding




, us seraarwent ot | Energy Efficiency &
Good, Better, Best Windows ENERGY | renewasis Enorgy
Hot Climates Mixed Climates Cold Climates
IECC CZ 34 IECC CZ 5-8
OO0 GL 12 except Marine and 4 Marine
SHGC | U-value | SHGC | U-value | SHGC | U-value
Mandatory: Any 0.30
ENERGY 027 0.60 ‘;’83‘8 ‘Zlg'gg >0.35 0.31
STAR PIV-OU BIVSY. 5040 0.32
Performance:
Target 0.25 04 0.27 0.3 Any 0.27
Home
Encouraged:
R-5 0.22 0.21 0.25 0.21 Any 0.21

151 | INNOVATION & INTEGRATION: Transiorming & Energy Eficiency Marked




quld's Best
E@ Window Co.
Millennium 2000

Natioral Fenestration Vinyl-Clad Wood Frame

Rasing Counci™ Double Glazing * Argon Fill  Low E
CERTIFIED Product Type: Vertical Slider

ENERGY PERFOR_MANCE RATINGS
U-Factor (U.S./I-P) Solar Heat Gain Coefficient

0.35 0.32

DDITIONAL PERFORMANCE RATINGS
Visible Transmittance Air Leakage (U.S./I-P)

Daylight O. 51 0 .2 Infiltration

\lmu!:,;!uw 5!m ales that uh m !.1.3“,1..»‘ ¢ 'lr RC proodures for determining whole
product pest ¢. NFRC ratngs are d' ned for 3 foced Set of e uonn rial conditons and 2

SpECEC n‘u 2. NFRC does not récom vh “._z:! does not watrant the ,ux abisty of any
|

product for any ':;‘if ¢ use. Consull maness ;). ﬂjﬁ RSB, ‘,_3 E ,J/ od‘};mv imance mforrmation
b1 000

\J




Distribution of Sunlight Through a Window

Copyright-Steve Easley,; 2014




The Solar Spectrum
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Standard Glass Lets in
90% of the Suns Heat

Copyright Steve Easley, 2014




Dark lints Absorb Heat
and Block Light

Copyright Steve Easley, 2014
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Properties of Windows

How Spectrally Selective Low-E Works

“Typical” Window Properties
| e o SHGC Vit
None (clear glass) 81% 0.55 0.60 0.60
Double Pane High Solar Gain 15% 0.33 0.52 0.56
Insulating Glass | Medium Solar Gain 10% 0.32 032 0.53
Low Solar Gain 66% 0.31 0.22 0.50

Copyright Steve Easley, 2014




Transmission Comparisons
90%
80%
70% |
60%
5 w—2ollear
5 S0% | w—2pE180
; E w—2pE272
g o w—2pE366
= 2pE240
|
0% |
20% |
10% |
m —— ——
300 380 780 2500
uv | V&Wr ight Steve Easley, ?IO‘l i Near Infrared




Residential Tinted SHGC - 0.62
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High Solar Gain Low-E SHGC - 0.68
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IGUNIT U-FACTOR

Double-Pane, Clear, Ait 048
Double-Pane wiLoE*366, Argon 0.24
Double-Pane wiLoE*366 and LoE-189, Air 023
Double-Pane wiLoE*-366 and LoE-89, Argon 020

Copyright Steve Easley, 2014




Cardinal Glass Spacer




Cavity Fills:
Center of Glass U-factor
1/2" Gap

Argon Krypton

Copyright Steve Easley, 2014




Building Enclosures Manage

= \Vater flow
= Air flow

= Heat flow & surfaces
temps

= Moisture as a vapor
= Sound Control
= Fire separation

Copyright Steve Easley, 2014




Thermal Performance Factors

= Framing factor 25%+ (" opaque whole”
wall R-value frame & studs)

= Thermal bridging @ Frame and Studs
= \Wind washing \ Vo

= Gaps in insulation

Copyright Steve Easley, 2014




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




Thermal bridging

Y
\\,
D

BY MARTIN HOLLADAY

/4 =
n pp. 48-53, Jefferson Kolle takes an in- y/ :
depth look at the Passive Mouse standard &
Houses certified by the Passive Mouse Institute are .

50 tight and so well insulated that they use 90%
less energy than code-buillt homes. Many design
practices must be included when building such a

hgh-performance home. One requirement is THE FLAW IN A foce =
significantly reducing thermal bridging, which CONVENTIONAL WALL
is a major cause of heat loss. Before you reduce 'Shl:: are tho' "ehhlhk in cvuy J‘nmc: wall. |
bridging hough noed nderst n case of a wall cavity, heat travels thro jess—

}h« mol' sy X e e ol bullding components with a high thermal co:gmlvltr-
it. Here's how it works. framing mambers like study, plates, and hesders—at

" gre (;t rnT than thfooghn!;:adl c::pgncnu with

2 Jow thermal conductivi n. Because
THERMAL BRIDGING REDUCES THE conventicnal wall asvemblies effectively link intericr and —
EFFECTIVENESS OF INSULATION sxterior avironmants, they contribute to heat loss.

I a typical stick-frame house, lumber occupie
27% of the 3 @ ving little room for in:

S Sema

Copyright Steve Easley, 2014



Typical Framing Factors @ Spacing -Wood

Table 4.2.2 Effective R-values for 2x4, 2x6, 2x8, and 2x10 stud walls, by framing factor.

Framing factor
Wood
25% (16 inches o0.c.) 22% (24 inches o.c.)
[R-value/inch (RSI/cm))

R-3.4/inch [R-12] 10.7 11.0
- (0.24/cm [RSI12.1)) (1.9) (1.9)
R-4.0/inch [R-14) 115 11.8
(0.28/cm [RSI 2.5]) (2.0) (2.1)
R-3.4/inch [R-12] 155 16.1
a6 (0.24/cm [RSI12.1)) (2.7) (2.8)
R-4.0/inch [R-14] 16.6 174
(0.28/cm [RSI 2.5)) (2.9) (3.1)
R-3.4/inch [R-25] 19.6 21.1
e (0.24/cm [RS! 4.4)) (3.5) (3.7)
R-4.0/inch [R-29] 21.1 22.8
(0.28/cm [RSI 5.1)) (3.7) (4.0)
R-3.4/inch [R-25) 24.4 25.4
210 (0.24/cm [RSI 4.4)) (4.3) (4.5)
R-4.0/inch [R-29] 26.3 27.5
(0.28/cm [RSI 5.1)) CooyrigniSdys Ezslay, 2014 (4.8)

QUTIIESY TP OVdliC



Typical Framing Factors @ Spacing- Steel

Impact of Thermal Bridging
on Effective Installed R-Value for Steel-Framed Walls

Actual Cavity Rated R-Value | Effective R-Value
Depth, inch
R-11 R-5.5
3.5in. depth R-13 R-6.0
R-15 R-6.4
: R-19 | R-7.1
0O
r~ ol.o mn. dep‘h _ | _“
R-11 R-6.6
3.5 in. depth R-13 R-7.2
R-15 R-7.8
= R-19 R-8.6
~ a6.0 in. depth R.21 . R0 0

Sowrce TABLE AdJ Assambly 4"%&}?@%@@5@3@%@0‘}'4! 20T



Framing

Table 3 : R-values for analyzed wall systems

Whole Wall Rim Clear Wall Framing
Case Description R-value Joist R-value Top Plate  Fraction
fa 2x6 AF, 24%0c, R19FG + 0SB 152 123 16.1 125 16%
fall  2x6, 16%c, R19FG + OSB (25%f1) 137 123 141 125 25%
1b  2x4 AF, 24%0¢, R13FG + OSB 14 08 115 08 16%
bl 2x4, 16%¢, R13FG + OSB (25%ff) 10.0 98 10.1 98 25%
2a 2x6 AF, 24%oc R15FG + 1" R5 XPS 20.2 185 206 203 16%
2b  2x6 AF, 24"0¢c R19FG + 4" R20 XPS 345 290 356 54 16%
3 2x6AF, 24%cc, 23 R19+RB FG 215 134 235 184 16%
4  Double stud wall 9.5° R34 celulose 301 144 338 288
§  Truss wall 12° R43 celulose 36.5 186 408 M4
6a SIPs(3.5"EPS) 141 123 145 1086
6b SIPs (1125 EPS) 382 14 416 282
7a ICF - 9" foam ICF (5" EPS) 20.2 202
7b  ICF - 15" foam ICF (5" EPS) 206 206
7c  ICF - 14" cement woodfiber ICF with Rockwool 174 174
8a 2xBAF, 24"oc, 5" 2 pcf R29 SPF, OSB 191 136 203 195 16%
8b 2x6 AF, 24" o.c, 55" R21 0.5 pef SPF, OSB 165 131 17.2 166 16%
9  2x6 AF, 24%oc, 2° SPF and 3.5° cellulose 175 13.2 18.4 177 16%
10 Double stud with 2° 2.0 pcf foam, 7 5" cell, 324 159 362 285
11 Offset frame wall with ext spray foam 374 188 406 419 16%

12 2x6 AF, 24"cc, EIFS - 4" EPS
"AF « Advanced Framing

Copyrighni Ste’ﬂ!?Easley, 288 Ha 31 s




Factors

Table 3034.1.3, Default Framing Fractions for Enclosure Elements

Enclosure Element

Walls (standard):
@l6® o.c
 @24" o.c.
Walls (advanced):
@16” o.c.
@24" o.c
Structural, Insulated Panels
Floors (standard):
@16® o.c
@24 o.c
Floors (advanced ):
@16” o.c.
@24 o.c
Ceilings (standard trusses):
@16” o.c
@24 o.c
Ceilings (advanced trusses -~ “raised heed” ):
@W16® o.c
@24" oc

Ceilings (conventional framing):
@16” o.c
@24" o.c.

Frame
Spacing
(in o.c.)

16
24

16
4

48

Default
Frame Fraction
(% area)

~S 20/
23%

20%

19%
16%
10%




Typical Framing Factors -Wood + CI

Tabled,1.2 Effective R-values for assembly of wood-frame walls with R-5/inch exterior spiit insulation (rigid XPS) and
screw fasteners (#12 at 12x16 inches 0.¢,) though the insulation, by thickness of insulation, Stud wall
consists of standard framing at 16 inches o.c. (25% framing factor) with insulation as shown.

Exterior insulation
Wood  Nominalstud-  None RS R-10 R-15 R-20 R-25 R-30
framing  space R (linch) (2inches) (3Inches) (4inches) (SInches) (6 Inches)

insulation value [Rvalue [Rvalue  [Rvalue  [Rvalue  [Rvalue  [Rvalue
[Rvalue (RSI]  (RSI)]  (RSI)] (RS1)] (RS1)) (RSI)) (RS1)] (RS1)]

R-12 107 | 159 206 25.1 296 339 38.1
w21 (19) | (28) (3.6) (4.4) (5.2) (6.0) (6.7)
R-14 115 | 167 214 25.9 304 3.7 38.9

(25) (20) = (29) (3.8) (4.6) (5.4) (61 | (69

R-19 155 207 255 29.9 344 387 430

ne 33 27)  (36) 45 = (53) (6.1) (68 (7.6
R-22 166 219 266 311 356 39.9 a4.1

(39) (29)  (39) (4.7) (5.5) (6.3) (7.0) (7.8)

Copyrignt Stava zaslay, 20714

Courtesy fp innovations



Conventional Framing
16"0.c. Member Spacing
CONVENTIONAL 2x4 Studs at 167 0.c., Doubie 1op plate, 3-Stud comers,

FRAMING: 2-Stud T junctions, Double 2x12 header on jack studs,
Redundant crigples at ends of wincow sl plate

APA

Copyright Steve Easley, 2014




l Advanced Framing l

24"o.c. Member Spacing

ADVANCED 2x6 Studs at 24%0.c., Single top plate, 2-Stud comers,
FRAMING: Ladder junctions, Wood structural panel headers,
Single studs at sides of openings, Redundant cripples omitted

1
I

APA

Copyright Steve Easley, 2014




i X~
Framing: Advanced Design

Typical Wall
» Stud Count: 52
» Framing: 20%

Energy Efficient Wall

= Stud Count: 37
s Framing: 13%

e e —

Cioovricifit Siava Fzislay 2074
- R— Copyrignt Sizve 1-&,:13 Y, l:Jl ' -




Two-stud Corners

Two-stud Corner

(with Drywall Clips)
Outside comer

Drywall clip
0 hold drywall
in place

Alternatives
2012 IRC,
Figure R602.3(2)

FRAMING DETAILS
Note: A third stud ana'or
partition baciing stud shall be
permitted 10 be omitted through
the use of wood back-up cleats,
maetal drywall clips, or other
approved devices that will serve
as adequate backing for facing
materials.

Copyrignt Stavs Faslay, 2074

AFA



Two-stud Corners

Comar stud

2x Ladder Blocking at 24"o.c,
or Drywal Clips
Quitside comer

.

 —)

2x Ladder Blocking at 24%0.c.




Three-stud Corners

Insulated Three-stud Corner Traditional Corner
(California Corner)

Cooyrignt Stava =aslay, 20704




Openings

— Cripple studs as required

Opening top piate may be coubled for
openings wider than &'

* Single opening top plate

Cooyrignt Sisva =aslay, 2004




Engineered Wood & Lumber Headers

Single-Ply Header
at Top Plate

Outside of wall

Top plate

Single-ply load-bearing header
{Nush outer face of haader with outer edge of studs)

- Cavity insulaton space

(to stud depth less single header thickness)

Header botiom plate
(to compiete rough opening at header)

For many openings 4 feet wide or less in cne-story
buildings, single studs at sides of rough openings
may be adequate. 2012 IRC Table R502.5(1)

Jack stud or approved framing connector
2012 IRC Tables R502.51) & RS02.5(2)




Engineered Wood & Lumber Headers

Large Opening Single Headers
Top plate

Caviy insulaton space

- 318" or 31T glued laminated Smbers (glutams),
or multiple-ply structural composite lumber (SCL ),
or sawn lumber header

Jack studs as required

Cogyrignt Siava =zislay, 20104




Engineered Wood & Lumber Headers

Approved Framing Connector Option
Single or Double-ply Headers

—— e B Header hanger
-~ \"—. /

- Cavity nsulation space

(wch as Simpson Strong-Tie MM or equivalent)

_ Single stud at sides of rough openings
outside {most openings up 10 48" wide)

of wall

Alermate Meader Connecion: Whare the nomber of segured Jack s9uds squ one,

e PORON & DOTARIEd 10 DE SLOPONed Dy BN aREroved famng anchor aached
10 e NGO Wil Sud and 10 e hoader. e

APA
&I N Sl WKQ T ———

Cooyrigni Sisva =zislay, 2014




Single Top Plate Connections

Longitudinal Top Plate Splice
Prescriptive Connection

J"x 127 x 0.036° Galvanized steel plate
12- 8d (2-1/2" x 0.113") Nails each side*

*Pate sze and number of fasieners reQuired &
greater than 2009 Nematonal Residentid Code

Exception: A single top plate may be installed in stod
walls. provided the plate is adequately Bed ot joimts, cos
ners and istersecting walls by a mindmum S-inch by
b-inch by a 0036-inch-thick (76 man by 152 mn by
0914 mm) galvamazed steel |ll.|h' that &s natled 1o each
wall or segment of wall by six 8d nalls on each side, pro

vidhed the ralters or joists are contervd onver the studs with,

a tolerance of o mose than | inch 125 man)




Single Top Plate Connections

Longitudinal Top Plate Splice _ Spice Jont

Ahernate Connection: [/ -
Wood Splice

8-16d (3-1/2" x 0.135%) nadls
each side of splice.

Cooyrignt Sty =zislay, 20104




Single Top Plate Connections

Corner Framing

Prescriptive Connection Alternate Connection

3" x 6" x 0.036" galvanized steel plate  2x6 lumber spice
6-80 (2-1/2°x 0.113") nalls each side  2-10d (3" x 0.128%) naids each side
2012 IRC, Section R802.3.2 2012 IRC, Table R602.3(1), tem 19

“ L,

Cogyrignt Siava =zislay, 20104




Offset Interior Wall
Intersection

Wall
Intersection

O VIO




Single Top Plate Connections

Intersecting Wall Connection

Prescriptive Connection Alternate Connection

3" x 6" x 0.036" galvanized steel plate  2x6 lumber splice
6-80(2- 192" x 0. 113" ) nals each side  2-10d (3" x 0.128°) nails each side
2012 IRC, Section R602.3.2 2012 IRC, Table R602.3(1), tem 19

. 4
. o -

.

Copyright Steve Easley, 2014




Insulated 3-Stud Corner

=0

ah.
L s

mvm

o *F
3 3 Insulated Cormner

w/ Vinyl Siding

Copyrigni-Siave Easlay, 20714
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Concrete Wall Systems




Above Grade Concrete Wali
Systems

Conventionally Formed
Concrete Masonry
Precast Concrete
Insulating Concrete Forms




Foundations

= All four systems
commonly used for
below grade
foundations




® Monolithic Wall

" Air Barrier/Thermal Barrier
" Contiguous
" Continuous

-ewer gaps

-ewer seams

_ess 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




Integral Insulation

&

.

Sandwich Wall

Exterior




Above Grade Concrete Wa
Systems

Concrete Masonry

| ong used for residential
construction

Insulation within cores or outside
surface

Prefinished textures, colors
Site applied finishes

e b e il B R A
A -,
- .

-y *-







Concrete Masonry Systems

 |ndividual units (block)
assembled with mortar
by masons

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




* Ground Face
* Ribbed
» Sandblasted

» Glazed
» Offset Face

» Split Face
 Color

"
=
—
J
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&
Q
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>
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Continuous Insulation
Strategies

now
NOULATION

P Bt A
LIPANDED
METAL LATH

NE* . U SY
aS1eclo

3 173" MASO
CELTE SOxEwW
WASHIF 2
WALL AREA




ontinuous Insulation
trategies

4'4¢444'a44-4444o




Continuous Insulation
Strateg)
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Non-Continuous Insulation

Extenor Face of Wall
Space for Chases

Wood or Metal Studs

Wallboard, Panelling or Plaster Batt Insulation
Interior Face of Wall

Figure 1 Typical Interior Insulation




Non-Continuous Insulation

Loose Fill or Foam Insulation

2272

Polystyrene Inserts

Figure 2 Typical Integral Insulation




Above Grade Concrete Wa
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 555 8
* Design Flexibility

“”C""ﬁ@‘f@te.




Above Grade Concrete Wa
Systems

Insulating Concrete Forms
Stay-in-place formwork
Insulating formwork

Form ties have attachment
surfaces




Components

Face Shell

2" or greater

R- 18 to R-22

EPS or XPS
Interlocking edge
Withstands internal
pressure of concrete

(600 psf)




Components

k

Specialty

- Brick ledge
- T - Bl

Blocks = B
- 90/45 corners /




Components

Reinforced Concrete ®
4”67, 87, 107, 127 thiclg
Monolithic,

2,900 to 4,000 psi
6°slump

3/8” aggregate

Rebar = 40 or 60 ksi




Handling/Fabrication

Common Hand-
tools

Versatile




Assembly

:9,.




Concrete Placement




ICF Floor Systems




® Monolithic Structure
" |nsulation

" Integral Furring
" Chase Cavity

.
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crete Wall Systems Performance




Performance

Three Major Influences
R-18 to R-22

Varies by climate.

Virtually none
through the wall.
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oncrete Wall System Innovations




nnovation -




Innovation - Insulated Concrete
Panel

Precision Engineered i
Automated Fabrication

Faster Construction

Air Barrier/Insulation

Stronger Structure

Rot/Mold Resistant

More Durable

Tighter

Top of Wall Continuous
Concrete Bond Beam

Metal Top Caps

Horizontal Rebar(2)

ShearStrip®

Technology

Eliminates Vertical Rebar
EPS Foam Shell

High Efficiency Insulation to
R-32

Concrete Stud

6”7, 8” or 9 Wall Profile

ShearStrip®
Steel Stud Mounting

Surface
Continuous Concrete Base













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

Copyright Steve Easley, 2014




R-value Comparison




Installed R-Values of
Fiberglass

—

Laboted Porfectly Installed  omminy
rstaded

28% loss of R-Value found in

> - A - l - - - -
Commanly dnsteliedt, ingyjation




Specification Tips

No voids/spaces, = All Penetrations sealed
Complete alignment s Air testing
with air barriers

No compression
Cauvities filled




RESNET Specifications
Insu

lation

Table. Summary of Insulation Standards

Criteria

Grade Il

Gaps in insulation coverage:

Minimal, occasional

Up to 2%

More than 2%,
up to 5%

Compression or incomplete
fill (up to 30% of intended

Up to 2%

More than 2%,
up to 10%

More than
10%

Walls, rim or band joist
between floors:

Enclosed on all
6 sides

Enclosed on all
6 sides

Open on one
side

In contact with interior
or exterior sheathing

In contact with interior
or exterior sheathing

“Floating” in
the middle of
the cavity

Ceilings:

In contact with interior
sheathing (drywall)

Requires eave baffles

Floors:

[ Floors over outdoor air
or vented:

In contact with interior
sheathing (subfloor)

Copyrignt Sie

Enclosed on all 6 sides




The Goal

= Conductive losses (solved by proper
Insulation)

= RESNET Grade 1

Copyright S




Insulation Grades

Figure 1 Grode | bovnda cqnd:} don: minimal gaps.

Cooyrigni St




Insulation Grades

e W— ‘L 4

Figure 3 Grade Il boundary condition: 2% gap area.

Copyrigni Sitave Ezslay, 2074




Resources
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ENERGY STAR® Qualified Homes

THERMAL ENCLOSURE SYSTEM
RATER CHECKLIST

< EPA




| THERMAL ENCLOSURE SYSTEM
2 FULLY-ALIGNED AIR BARRIERS

CEILINGS
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Compression and RESNET Grade | installation of
misalignment because blown insulation.
insulation is not split

around plumbing.

opyrig eve Easley, 20714



Compression and Batt was properly split around wires

misalignment because to achieve RESNET Grade |.
insulation is not split

around wires.

Copyright Steve Easley, 2014




Safety 1s!!
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Climate Based Recommendations

CertainTeed Hybod Insulation Winter Season Closed-Cavity Surface Condensation Analysis

& Wood S8 Wl 204 Woos Sud Wal
No 233tra A358003 Vap ‘a3
Pekrn Layer TNONEss IrA300n Layer Thiakress
Cimate | CertaSpray | FignDensty | Hyond | CeraSpray | FighDensty | Fytrd | Vapor Retander
Zone | CCSPF | FberGuass | imsdason | OCSPF | FberGlass | isubson |  Requrement
nch) inch) | Caviy Rvaue|  finch) ) | Cavity Rvale

7 12 3 155 2 3 55 Urtaced

% 12 3 155 2 3 155 Untaced

» 12 3 155 i, 3 155 Untaces
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% 12 3 155 12 3 155 e

& 1 212 %3 . 3 155 | Ctass il o MemBran
P { 212 %3 0, 3 %55 | Class i or Menran
& 1 2112 %3 2 3 155 | Class i o MenBran
5% 112 2 71 0, 3 155 | Class i or MemBran
& 12 2 1 0, 3 155 | Class il or MemBran
& 2 12 179 . 3 155 M Bran

e 112 2 71 v, 3 15 MeaEran

72 2 12 173 0, 3 155 MeEran

rc 112 2 171 2 3 155 Mer-Eran

3 Renures custom hygomemal andy s Requres cusom hygromenmal anasis. | NA




Climate Based Recommendations

CentainTeed Hybrid Insulaion Winter Season Closed.Cavity Surface Condensation Analysis

J'll “w w1 .'l"
13 .
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& 112 4 55 1] 5 49 Class § or MemBean
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fa 212 3 21 2 5 239 MerrBran
&0 2 N 53 7 5 239 MemBran
7a 3 21R A7 12 5 239 MerrBean
b 212 3 21 iR 5 39 MermSran
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COMMON PROBLEMS:

* Un-insulated / under-insulated
Missing, compressed or poorly-fitted
fiber glass batts

No air sealing
Air leaks through common joint for

framing and sheathing

Improper moisture control

Missing or reversed vapor retarder
can result in condensation, especially
in moist interiors

Copyright Steve Easley, 2014




COMMON PROBLEMS:

* Uncomfortable rooms
Floor cantilevered is too hot in
summer, too cold in winter

Caused by air movement between
settled/undersized insulation and
subfloor

* Plumbing and duct problems
In extreme cases, supply and drain
lines freeze

Ducts effectiveness reduced

Copyright Steve Easley, 2014







* Permanent contact
Insulation remains in place and pro-
vides superior effective performance
through all conditions

Air barrier and insulation always in
contact

Completely encloses plumbing
and ducts

Offers continuous thermal protection
and air sealing to prevent cold, moist
area from impacting utilities

Copyright Steve Easley, 2014




Air Leakage

T~ ST ST aTYEREW. TR

Air Leakage along the corner joint
Copyright Steve Easley, 2014




Regression results of air leakage

by IECC climate zones

» ACHS50 predictions for a

200 m?, 1-story house
built in 1980s

5
A N
Air Leakage Predictions B pammae
15 :’_:' ===
| - In CA,
estimates
range from |
| to 11.3ACH
o g BRI s i i ool B T sl B ol B S B B
X - ' O N : ' '
<C <C < <|( & & - v v z 3(‘

Marnine Alaska

14 Error bars show the 95% confidence
interval of the parameter being compar




= o | Energy Efficiency &

Target Home Air-Tightness ENERGY | roeuobie Enevey

Zero
e G UMW wweo D
Home
1-2 3.0 6.0 5.0 0.6
34 2.5 5.0 3.0 0.6
5-7 2.0 4.0 3.0 0.6
8 1.5 3.0 3.0 0.6

107 | INNOVATION & NTEGRATNON: Transiotmung the Enetgy £ Bcency Market
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Air Leakage Distribution ENERGY | feenatio Ermey

Cathedral ceiling p
¥
Shesthing / o ot | =5
1L11dmM @0 Py —*
a
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830 0 ks
8 Top ohes

—— 2-Story house (Foor area = 2,000 )
Sheathing/ roof jont unsealed = 05ACH,,
DOE Challenge Home IECC 2012
LConinbubon
© cConinbuton 1o

Requitermen! Regurement
rneguirement requeoment (%)
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Getting the Envelope Right




Cause of Air Infiltration in Buildings

1=
Wind Stack Mechanical
Pressure Pressure Pressure

(HVAC)
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Air carries moisture vapor which can condense on cooler
surfaces

100 9080 70 60 50 40 30

0.03
Condensation: \é,i‘“ / =
LR TDew Point QQS / / g
SLL/ 4 .3
/ / 0.02 9
=
Jr 3
]
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INSIDE . OUTSIDE

NOTE:
Perm is a
unit of water
vapor

www.woodworks.org
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Air Sealing
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Can-Less Down Lights

Swrface LED Downlight L

e U0 Sortece
— Ovars Lusivai

Cooper Lighting

by WT-N




Maximum Versatility

focanind



Copyright Steve Easley, 2014




Basements are Usually Wet

Copyright Steve Easley, 2014




Basement Moisture Loads

= Bulk Water
= Capillary, Wicking
= \/apor Diffusion (exterior or interior)

= Plumbing Leaks
= Occupant Generated Moisture

Copyright Steve Easley, 2014




Basement Moisture Loads

> -
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Basement Moisture Loads

Courtesy Building Science Corp.




Basement Moisture Loads

l

Copyright Steve Easley, 204




Basement Moisture Loads

e s i ikt Moisture from interior

Capillary from soil

Courtesy Building Science Corp.

Moisture from concrete




Basement Moisture Loads

-~
- N

S
20

D=0 -~-0=

Coarss gravel

(MO Bnes )

Patior ated
ramn poe
Concrete footing

Figure 9 : Cagitlary rise through basement footing

Courtesy Building Science Corp.
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Concrete Wall R-value

= 8" wall R= .44 - .82
= Codes require basement insulation

Copyright Steve Easley, 2014




Basement Insulation Strategies
Assesment:

= Structural integrity

= Water and moisture management

= |nsect and pest management

= Combustion safety

Copyright Steve Easley, 2014




Basement Insulation Strategies

Courtesy Building Science Corp.
Copyright Steve Easley, 2014




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
iInsulation is possible).

Copyright Steve Easley, 2014




Basement Insulation Strategies
Exterior Insulation

Figure & Beck Vienesr Therma! Brdoe
+ Thommal Drdge ass00ated with bick veneer reduces effectveness of the insciaton at 1op of wall
Courtesy Building Science Corp.
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Building America Special

Research Project: High-R
Foundations Case Study
Analysis

Building America Report - 1003
20 Aupust 2010

Joaathan Smaogal and John Straube
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Basement Insulation Strategies
Exterior Insulation

D.Conclusions

Heating energy loss calculations for all of the assemblies were calculated using Basecalc and the summary is
shown in Table 5 below, The heating energy losses were conducted for a basement in Minneapolis (DOE
climate zone 6), with an arca of 1614 R%,

Table 5 : Summary of Basecalc Results
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p 4 2 Polynacyanarste. 2T 205 e 2 J14 Y 1%3
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14 27 X5 206 wood frammed, R19 TDecgiam bate Ly N A7 Y 41
15 A" C, Dol woidd framed. R19 Thevgtas bant WL 15 45 YR 113
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Table 6 : Comparison Critoria Matrix with Scoring Resuits

y {wetting/deying)

Buikdability

‘.
= Lost

= Thermal Control

"
—e——— — o

s Drabe
= Material Use

Cnteria \‘ngrrm‘r&

Case 1: uninsulated
’

| Case 2: R10 continuous with poly (roll batt)

*
!

et

| Case 3: R13 batt, 2x4 wall with poly

e ——————————————————— e ———

Case 4: 1" XPS, 2x4 framed wall with fgb

| Case 5: 27 XPS, 2" PXC

—————

| Case 6: 3.5" 2.0pcf cc spuf

2

|

*
| | |
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|
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- |
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| Case 7: 6" 0. 5pcf oc spuf

’

| Case B: 2" XPS, 2x4 framing with 1gb

W W

| Case 9: 2" PIC, 2x4 framing with cellulose
’

| Casell: 257 0.5 oc spuf 25-3 framing with same foam

>

»

| Case 11 47 XPS on 1he exterior

!

|
LR

| - —— ——

| Case 12: 4" XPS in the centre of foundation wa

»

i

| Case 13:ICF - 27 XPS mtenor and extenor
| Case 14: 27 XPS, 2x6 framing with 1gb
| Case 15: 4" PIC, 2x6 framing with fgb

*

w

W
) C——
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Water Management and High R Walls




Barrier Wall

eSurfaces are face sealed
eHave no path for drainage




Drainable Walls

e\Walls are not face sealed

eHave secondary barriers to reduce water
penetration

e|deal to have drainage gap

T




Rain Screen Walls

eRain screens provides air space for drainage
and a capillary break. Min 4 “

eldea 1”




Wood Frame Wall Designed as a Rain Screen
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Cement Board







NOTE
WRB (WATER-RESISTIVE BARRER) TO BE
INSTALLED AS PER MANUFACTURER'S

SPECIFICATIONS
Manulactured Option 1
$009
Mortar b
Wire lath wih B
scratch coat . —
2 ;,\- e
Fabnc mortar screen . fz. s —
v 'l | _:
v N oo~ ~
DELTAR-DRY STUCCO & STONE 3 ‘)' — ]
{ -
AN
WRE - 21,' \—_1
AN | N :
J-rimy 7 L_a_._\. __.—
(metal preferred) —
DELTAR-BUG SCREEN

M 13" gap between flashings
for ventiaton

Flashing w' drp edge
(metal preferred)
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DELTAE-DRY STUCCO & STONE RAINSCREEN APPLICATION WITH
MANUFACTURED STONE BOTTOM OF WALL DETAIL OPTION 1
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Whole House Fans

12- 20 CFM/Watt

Copyright Steve Easley, 2014




Basic Whole House Fan Operation

SLASH YOUR A/CCOOLING COSTS BY 50-90%
COOL YOUR HOME, ATTIC, AND GARAGE 24 HOURS A DAY

OFTIONAL FULLY- AUTOMATED
CLASHE. TROSNT FCONOCOOL PACXACE

ATTIC/GARACE FAN SAVINCS COMPARISON

ow 1N LR L
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HVAC Problems & Green
Solutions

% %
/""l [“ »;
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High Efficiency Equipment is part of the Solution

1t Steve




e
Exhibit 2: DOE Zero Energy Ready Home Target Home

HVAC Equipment”
Hot Climates Mixed Climates Cold Chmates
(2012 IECC Zones 1,2) @ (2012 IECC Zones 3, (2012 IECC Zones
4 except Maring) 4 Marme 56,7 8)
AFUE 80% 90% 94
SEER 18 15 13
HSPF 82 g 10°
Geothermal Heat Pump ENERGY STAR EER and COP Critena
ASHRAE 62 2 Whole-House 1.4 cimW 1.4 dmW 1.2 cmAW,
Mecharical Ventiation System no heat exchange no heat exchange heat exchange with 60% SRE
Insulation and Infiltration
o Insulation levels shall meet the 2012 IECC and achieve Grade 1 installation, per RESNET standards
o Infiltrafion™ (ACHS0) 3inCZs12 | 25nCZs34 | 2inCZs5T | 15nCZ8

tffective for Homes
Permitted Starting 6/21/2014

Revised Apeil 21, 2014

Page 209
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Existing Technicians Fail to Follow
Standard Recommendations

National Training Directors’
Estimates

* Courtesy of Philip Wemhoff

B Failure to use Recommended Evacuation Method
(Refrigerant Lines and Coil)

72%

® Failure to Confirm 350 to 450 CFM/Ton
12%

® Failure to Use Recommended Charging Method
74%

i : Copyright Steve Easley, 2014
Proctor Engineering Group opyright Steve Easley




Charge Incorrect 62% of Time
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Proctor Engineering Group

62% of Population Mischarged

——

- Comrect Charge

Undercharge I Overcharge
L — — — ‘..lIA o l.o-u—o-s—b—J
05 0.9

02 03 0.7 1.1 1.3 15 1.8

Refrigerant Charge
(fraction of cormrect charge)
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QMS Strategies for ZERH

Example coordination drawing for framing and ducts

(=

Home Innovation




Duct layout in 3-D plan 10 assure
accurate and consistent installation

41




2. Duct Conduction (H/C)

= Duct conduction can be
calculated with the
formula

Q=(A*AT)/R
= Duct surface area
typically equals 40% of
the tloor area

Courtesy Rick Chitwood.




2. Duct Conduction (H/C)

= |f a 2,000 square foot house has an attic
temperature of 140°F what Iis the duct
conduction when the system is running and
the duct insulation i1s R-2.17

1. Q= (A*AT)R
2. Q= ((2,000 sq.ft. * 0.4) * (140°F — 60°F)) /
R2.1
Q = 800 * 80°F / R2.1

3.
4, Q= 30,500 BtuH (2.5 Tons)

Courtesy Rick Chitwood.




R-8.0 + Buried Ducts = R-20.0 (or more)

/ Blown insulation
Buned duct

Blown insulation
r~ Deeply buried duct

Buried Duct

Deeply Buned Duct

Courtesy Rick Chitwood. Copyright Steve Easley.




2. Duct Conduction (H/C)

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

Q=A"AT)/R

Q = (2,000 sq.ft. * 0.2) * (140°F - 60°kF)) / R20
Q = 400 * 8%k / R20

Q = 1,600 Btull (0.13 Tons)

Courtesy Rick Chitwood. Copyright Steve Easley, 2014




. 2

Effectlve R-values

CHALLENGE

R-4.2

Traditional hung ducts

Hung ducts encapsulated in 1.5" of ccSPF 11.3
Partially-buried 8.1

Fully-buried 12.0
Deeply-buried 20.7

Encapsulated in 1.5” of ccSPF and partially-buried 18.4
Encapsulated in 1.5" of ccSPF and fully-buried 22.6
Encapsulated in 1.5” of ccSPF and deeply-buried 29.6

“ Steven Winder Associates. Inc
S hadd Sewe 1917 © 2007 Mewne Winler Avsinintod, W AR g reserved

12.0
10.2
14.1
22.1
19.7
23.8
30.3

12.7
12.3
16.2
21.0
25.0

[314]
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Measure Guideline:
Buried and/or Encapsulated
Ducts

C. Shapro, W. Zodller, and P. Mantha
Consortium for Advanced Residentisl Buldings




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




Effects of Charge on SEER

10

5
80 90 100 110
% Refrigerant Charge

Source: Home Energy Magazine, May/Juesp f¥isht Steve Easley, 2014




Effects of Refrigerant Charge on

Capacity and Power Input (simulated)

9% Air 100
Conditioner 95
Rated

Capacity g9

85

b 100 110
% Refrigerant Charge

Source: Home Energy Magazine, Mﬂ}'ﬂ“&%;{;?n%%t Steve Easley, 2014

110

105

100 9% Air
95 Conditioner

Rated

90 Power




System 2: HVAC System Energy Eficiency &
Basic Concepts

Renewable Energy

Heating, Cooling
& Ventilation
Design:

1. Calculate Heating/Cooling Loads

2. Select Equipment that Meets Loads HVAC QI
3. Design Duct System that Gets Air Contractor
from Equipment to Rooms and Back Checklist

Commission: HVAC Ql
A. Check Airflow at Air Handler A

, Checklist
B. Check Refrigerant Charge
C. Measure Airflow at Registers/Exhaust

B7 | NNOVATION & NTEGIRATION: Tearmformung tte Enecgy Efcency Narke!




- Visit the portal or app:

= View and change their HVAC system settings

= View and change the temperature, fan, humidity

= View and change the schedule

= View outdoor conditions and forecast

= Access multiple thermostats if their system is zoned
= Access all locations if multiple systems are registered




C

Geofencing
Fine Tune
Shortcuts
Smart Cues

C

C

C




- 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.

LyriC

Life in tune.



Controlling Interior Moisture

Bath fans >50 cfm, vented
thru roof

Automatic controls

Kitchen exhaust fans
vented to outdoors




<
—
K —\, » - - -

‘ng the Air:

iesh ldeas in Bathroom Ventilation
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The Need for Bathroom
Ventilation

WENS

= Excess moisture —
supports mold growth,
leads to aggravating

steamed mirrors and
destroys paint
and wallpaper




Calculating CFM for
Proper Ventilation (cont.)

Celline rlelcrnt:




Vent

Calculat

lat]

ng CFM for Proper
on (cont.)

How Critical is the Ductwork - Example:




Calculating CFM for Proper Ventilation (cont.)

How Critical is the Ductwork - Example:




Compliance with ASHRAR 62.2 the national ventilation
standard, is now required for ENERGY STAR ® for Homes 3.0

Effective date July 15t 2013
e Measured ventilation rate is within 100-120% of HVAC

contractor design value

e Rater shall measure ventilation and exhaust air flow
using a flow hood, flow grid, anemometer or
substantially equivalent method in accordance with
AABC, NEBB or ASHRAE procedures

Intermittent bath fan measured air flow requirement 2
50 CFM

e Continuous supply and exhaust fans rated at 1.0 sones
or less

e Exhaust-only whole-house mechanical ventilation
system must be verified that the fan turns on
automatically, without homeowner intervention



Don’t Trust ..... Verify

Here is a story of two Ventilation fans on the surface they are
equal

* Both fans are Energy Star qualified
* Both fans are 70 CFM certified from HVI
* Both fans are in the same cost category

But these fans are not equal....
* Fan A is being widely used by National Estar Home Builders

* Installed Performance under (static) 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

Natural ventilation rate in leaky
/ homes without a ventilation system

Ventilation rate in tight homes
with a ventilation system




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

= |t is the only nationally recognized indoor

alr quality standard developed solely for
residences.

= 62.2 2010 for 2012-15 codes




ASHRAE 62.2

Wriere 13 ASHIRAE 62.27

= 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)




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 CEM, 3 Sones or less.
= Kitchen = minimum 100 CEM, 3 Sones or less.

Continuously operating mechanical ventilation
system

= High-rise residential — More than 3 stories (slightly.
higher ventilation rate)

= | ow-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)

Bedrooms
Floor Area

(ft?) 4-5
<1500

1501 - 3000

3001 - 4500
4501 - 6000

6001 - 7500

> 7500

A 4500 square foot home with 5 bedrooms requires an
average of 90 CFM of continuous ventilation




Example:

2,500 sq. ft. house with 3 bedrooms,
4 occupants = [2500 X 0.03] + [(3+1) X
1.5] = 105 CFM

The ASHRAE 62.2 2010 standard
would have required 55 cfm of fresh
air for the same exact house. This is due
to the assumption that a leaky house
had some natural ventilation that helped
dilute pollutants.




Improve the Air Quality Throughout the Home

Autornatically and =fficiently

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.




A Special Consideration
Meire-Uo Alr

= 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.




Fresh Air Ventilation

Copyright Steve Easle
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Whole-House Ventilation

Three main types {l
» Exhaust only m
* Supply only

* Balancea é}




Types of Ventilation - Pro’s

& Con’s

*Inexpensive Install
*Easy to Retrofit
*Low Maintenance
*Low Energy Fan

*No heat recovery
*Can pull humid air
into building
cavities

*No outdoor
pollutants
*Outdoor humidity
is not a problem

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

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

*High outdoor
pollutants —
incoming air
should be filtered

*High Energy
Savings

Low Maintenance
*Air is filtered
*Balanced
pressures

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

*Areas where
indoor humidity is
too high

*Areas where
humidity is not a
concern

*High Energy
Savings

*Air is filtered
*Humidity Control
-Balanced
pressures

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

*Areas of high
outdoor humidity
*Areas with low
indoor humidity
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Key to Good Kitchen Ventilation:

- 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

Converitional Ovarnasacd Systern 24” Off trne Cooxking Surface

= Minimum 21°
deep canopy

= Assume average
users eye level
3" below individual
height

= Plan a minimum
100 CEM per

linear foot of
hood width




Range Hood Options:

Dowrndraft Ventlation Systerr







Domestic Hot Water




Water Heating Facts

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

= 2nd or 3™ |argest energy user in the home

= As enclosures become more efficient water
heating costs become more important




Water Heating Use & HERS

PEfrac x 100 x (Eheating + Ecooling + Ewh + Ela) rated home
(Eheating + Ecooling + Ewh + Ela) reference home

HERS Index

Legend: E=energy consumption, wh=water heating, la=lights and some appliances,
PE=purchased energy (fraction).

Basically, the way it works is the energy use of the rated home is compared to the energy use of
the reference home. If the energy use for both works out to the same amount, then the fraction
part of the equation (PEfrac) equals 1. Multiply 1 by 100 and in this case, you get a HERS Index
Score of 100.

Now, if the rated home's energy use works out to half of that for the reference home, its HERS
Index Score would be 50. However, if the rated home uses twice as much energy as the reference
home, then its HERS Index Score would be 200.

The Purchased Energy or PEfrac is a multiplier that can reduce the HERS Index Score for those
homes that produce some or all of the energy they use over the period of one year. There's a
separate equation to achieve this number, which breaks down to something along these lines:




Terminology... Tankless
Condensing, Non Condensing




Terminology... Storage,
Condensing, Direct Vent |




Terminology... Direct Vent
Non-Condensing




Terminology... Power Vent
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New DOE EF Requirements

Gas Storage Water Heaters

Volume Current Federal
Federal Minimum
Minimum from 2015

114L (30gal) 61 .63
151L (40gal) .59 .62
190L (50gal) .58 .60
246L (65gal) .55 .75
284L (75gal) .53 74

Gas Tankless Water Heaters

Federal Minimum from 2015 0.82

{ Current Federal Minimum 0.62 J




New DOE EF Requirements

SHCinC SNorage Water Heaters
Comert Feders Feders Mewmum Yo

l.' T




Energy Star Water Heating

Requirements

C. Product Performance Requirements for Gas Water Heaters:
a. Gas Storage Units:

Table 2: Criteria for Qualified Gas Storage Water Heaters

Criteria ENERGY STAR Requirements
< 55 gallons | EF 20.67
Energy Factor > 55 gallons EF20.77
First Hour Rating FHR 2 67 gallons per hour
Warranty 2 6 years on system
Warranty (including parts)
Safety ' ANSI Z221.10.1/CSA 4.1



Energy Star Water Heating

Requirements

8. Product Performance Requirements for Electric Water Heaters:

Table 1: Criteria for Qualified Electric Water Heaters

Criteria ENERGY STAR Requirements
| <55 gallons ‘ EF 22.00
Energy Factor > 55 galions EF 2220
First Hour Rating FHR 2 50 gallons per hour
Warranty . Warranty 2 6 years on sealed system
Safety | UL 1 74 and UL1995 - |
Lower Compressor Cut-Off Report ambient temperature bc!ow wﬁlch the
Temperature compressor cuts off and electric resistance

(Reportlf]g Requ.rement On|y) : | Only Operali()ﬂ beglns




Energy Star Water Heating Requirements

for Resistance Heaters

b. Gas Instantaneous Units:

Table 3: Criteria for Qualified Gas Instantaneous Water Heateljs

Criteria ENERGY STAR Requirements
Energy Factor EF 20.90
Gallons-Per- GPM 2 2.5 over a 77° rise
Minute

Warranty 2 6 years on heat exchanger and
Warranty 2 5 years on parts

Safety ANSI| Z221.10.3/CSA 4.3




EPA Water Sense, DOE NZE

Ready Spec’s

! Hot water delivery systems shall mee! effiiency requirements found in Section 3.3 of the EPA WaterSense Single

Family New Home Specification, Under the DOE: Zero Energy Ready Home program, the approved venfier may also

confim compliance wih these requirements. These requirements are stated below
ot Water Dieivery System « To minimize walor wasted while waiting for ot water, he hot waler distrbution
gystem shall store no mor than 0.5 gallons (1.9 iers) of waler in any piping/maniold between the hot waler
source and any hot water fixture. In the case of occupant-controlled or occupancy sensor-based recirculation
systems, the 0.5 gallon (1.9 ber) storage imit shall be measured from the point wheve the branch feeding the
fixture branches off the recirculation loap, to the fcture self, To verfy that the system stores no mare than 0.9
gallns (1.9 Hers), verifiers shall calculate the stored volume using the piping or tubing inside diameler and the
length of the piping/tubing.



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‘?

a
’ .
H =
N =
-
i -

Copynight:Steve Easle;) 2014
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Bullding America Case Study
Yochnology Solutions for
New & Existing Homes

Measure: Heat Pump
Water Heater Retrofit
West Paim Beach, Florida




How does a Heat Pump
Work? Cont’d

Hot
Water Out

EXPANSION
VALVE
Cold
Water In

s Lapmt Cold Lipad U
N g Freamaw N Lyw DNosmar

HEAT EXCHANGER EVAPORATOR
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
iIntermittent demana

Climate

Copyright Steve Easley, 2014




Costs

= Basic Unit

Retail Range -$1100 to $2500
Cut Your Water Heater Energy Costs by More than Mall

= |nstallation 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

|
!
i

Steraded € b ¢ ENERGY STAR
QuaifNes
_ Heat Pamg
Copyright SIEYER=ESICYAASE!
TRMAL O RN RORReTOAT AT L R GUDRpatL U S Camaen, e
T EERR————N




Location Requirements

= HPWHSs need adequate space to operate
properly

= Depending on make and model, HPWH's
typically needs between 750 ft® and 1000 ft°

Equivalent to a 10'x10" room with 8’cellings

Some models can be installed in smaller,
confined spaces following manufacturer’'s
ventilation requirements

* Appropriate spaces
include Basements,
Garages & Storerooms

Copyright Steve Easley, 2014




Location Requirements
Cont’d

= |nstallation Iis 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

Copyright Steve Easley, 2014




Intake air
from a

minimum
750 Cu Ft
Space

—

AN FLOW

CONFINED
SPACE

—— e ———

OUTLET DOCT
T ADAFTER

1.9 e ————

“ WX
.

Exhaust air to
a minimum
750 Cu Ft
Space




Location Requirements,
Cont’d

= HPWHSs 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

Copyright Steve Easley, 2014




Enerqgy Efficient
Appliances & Plug loads

Copyright StL/e Easley; 2044
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LED Lighting

= 2-4 years ago 30 LPW
= Today 90 LPW
= Soon 200 LPW

Copyright Steve Easley, 2014




HIGH-EFFICACY RESIDENTIAL LIGHTING




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

2'iype gallen
rilride

Metal contact




Maximum Versatility

focanind



Applications

Performance and Economy




An Overlooked Energy Savmg
Opportunity




Typical Home Energy Use
Homes with Pools

C ‘

Copyright Steve Easley, 2014




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

Copyright Steve Easley, 2014




Residential Inground Swimming
Pool Installed base by State

Inground Pool Insatalled Base

200,000 - 1,122,236
75,000 - 200,000
55,000 - 75,000
35,000 - 55,000
15,000 - 35,000
1,500 - 15,000

Copyright Steve Easley, 2014




Estimated Residential Inground

Table 1: 2007 estimated residential inground pools by state.

State Inground Pools
1,122,236  Arkansas 43,658
757,016  South Carolina 41,811
458,196  Washington 39,479
209251  Wisconsin 39,447,
250,494  West Virginia 37,0764
203,774 Oregon
138 661 New Hampshire
126,861 New Mexico
118,241 Colorado
85,263 Kansas
86,363  Minnesota
B4,771 lowa
77,978  Rhode Island
76,253 Maine
69,901  Delaware
68,820 Utah
68,038  Jdaho
67,922  Nebraska
65921  Vermont
61,790  MWyoming
58,941  Montana
57,181 South Dakota
47,564/  North Dakota
42372  District of Columbia




Measure Guideline: Replacing
Single-Speed Pool Pumps
with Variable Speed Pumps
for Energy Savings

A Hurt and S. Essley
Buiding Amanca Reroft Alance (BARA)

May 2012




Retrofit Case Study

= Northern California

= 20,000 gallon poal,
built 2002

= Tiered Utility Rates $.
12 - $.40/kWh

,p-ﬁ: e :-:; !
- v . a .
. —
R < 3 .
- i : ! \
.
\‘ o
o

NE o
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Retrofit Case Study,
Before

= {1 Y2-horsepower single speed pool pump
(for filtration and solar heating)

= Sweep-style pool cleaner with a 72-hp
booster pump

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

Copyright Steve Easley, 2014




Retrofit Case Study, After

= \ariable-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

Copyright Steve Easley, 2014




Retrofit Case Study, Summer, No

Solar
= Original pump 6 hrs/day total run time

= Pump, 2,092 W x 6 hrs/day = 12.5 kWWh/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 kVWWh/day.
Retrofit total energy = 3.6 kWh/day

= Savings = 15.9 — 3.6 = 12.3 kWh/day

Copyright Steve Easley, 2074
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