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Learning Objectives

«  Grasp design priorities for a High-Performance Home
+ Review Building Science basics — Heat, Air, Moisture

+ ldentify standards for insulation requirements and fenestration performance
from 2021 IECC

+ Define the building envelope and identify best practices for air sealing (and
understand blower door testing requirements)

+ |dentify opportunities resulting from
Missouri Residential Energy Code Field Study

» |dentify requirements and best practices for heating and cooling (mechanical
and ductwork) and fresh air ventilation systems

+  View example compliance checklist & images
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Learn More at www.southface.org  |Learn More at MEEA

https://www.mwalliance.org/ameren-missouri-

* Energy Code Resources residential-energy-code-support-program
* 12 BS webinars
* Heat Transfer ——
. https://www.southface.org/insights/ - el 0
Air Movement building-science-webinars/ " apheesiaret 58
* Moisture Flow % e 12
 Insulation Installation - i B 5
« Ventilation — Concepts & Calcs ot

» Ventilation — Strategies & Apps
» Conditioned Crawlspaces

» Ducted Mechanicals
 Insulated Rooflines

« Combustion Safety

* HVAC Load Calcs e = 2

- Design High Perf . m
Homes i e e a2
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Part1

Design Approach for a High-Performance Home

« Building Science as guide
Understand physics of heat air and moisture flow
High Performance Enclosure
Sound structure, shell is fight, well-insulated and
resilient

+ Distribution - Air (& hot water)
Sealed & insulated ducts — located inside building
envelope, intentional fresh air delivery

* Reduced Equipment & Loads
Efficient Heating, Cooling, Hot Water, Lights,
Appliances

The Key: It’s not necessarily the stuff in the building — it’s how
it’s all put together! (The house is a system)
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Part 1

High Performance Top Ten List

1. Pay Aftention to the Sun

2. Ductwork

3. Thermal Package

4. Equipment

5. Bulk Moisture & Cladding
6. Humidity Control

7. Indoor Air Quality

8. Appropriate Ventilation

9. Lighting and Plug Loads
10. Production for Zero Energy

Use Tools and Technology to help us!
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Top Ten List - the Sun

1. Pay Attention to the Sun
Glazing on South and North
(minimize East/West) —
overhangs, exterior shading
Glazing — DP low-e with wood,
vinyl, Extruded Fiberglass frame
Sun fubes vs. big skylights.
Minimize Window Wall Ratio

Overhangs
zl-

1"

Top Ten List - Ducts

2. Ductwork
Ducts located
inside building
envelope —sealed
with mastic
Returns — path
from every room;
upsized over
supplies

“According to NREL researchers David Roberts and
Jon Winkler, moving the ducts from a vented attic to
a new location inside the conditioned space will
reduce electricity used for cooling by 15% to 20%,
and will reduce the size of the needed air
conditioning equipment by 0.5 to 1 ton.”




Top Ten List - Insulation

3. Thermal Package
Prescriptive R-values from 2021 IECC
prescriptive chart Walls ~R-20+
thermal break with continuous insulation
(rock wool) & efficient framing
Insulate foundation walls versus floors —
basements, conditioned crawlispaces
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Top Ten List - Mechanical

4. Equipment
Heating — gas 95%, Cooling — Variable Speed -
Right Sized furnaces & heat pumps, mini-splits
Hot Water —safe gas units, HP electric —
insulate lines, distribution




Top Ten List - Water

5. Bulk Moisture and Cladding
Sheathing seams sealed — air barrier

and weather barrier — (ZIP)

Drainage plane behind all cladding

Foundation drainage details Flashing

integrated with WRB

Top Ten - Humidity

6. Humidity Control
Variable speed equipment
Dedicated dehumidifier
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Top Ten List - IAQ

7. Indoor Air Quality
Material selection —
Salvaged, Recycled
content
EPP, avoid Red List
Thick, pleated filters
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Top Ten List — Fresh Air —

8. Appropriate Ventilation . "

Positive / Balanced versus Exhaust Only -

Smart Controls and sensors, ERV,
Ventilation Dehumidifiers

To . ———i
house l m ;e;sh 1_ r
r = ¥ =]

From T m:

. house !"T S

razam
[
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Top Ten List - Plug Loads

9. Lighting and Plug Loads
100% good quality LED's —economic no-brainer o=
ENERGY STAR appliances — manage this
(5 refrigeratorsel)

Smart power strips and vampire loads Ef
DC motor ceiling fans

Southface ()MEEA

‘Tarly Design Checklist
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Technology / Programs Can Help

* Use the Tools
+ Energy Modeling - target EUI's, Performance
Monitoring, IAQ Sensors, IR Camera, Blower Door
and Duct Leakage Testing, Inspections and
Certifications
* Beyond Code Programs L EED
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Part 2
Building Science

A house is a dysiem made up
of interrelated parts:

+ The building thermal
envelope

+ Systems
* Heat and air conditioning
« Ventilation

+  Water heating and distribution

+ Lighting & appliances
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Building Science

Building Thermal Envelope
|[ECC Definition

The basement walls, exterior walls, floor, roof and any other building
elements that enclose conditioned space or provide a boundary
between conditioned space and exempt or unconditioned space.

2

What parts of this
house are enclosed by
the thermal envelope?

Building Science

Heat Transfer
* Heatis aform of energy
»  Heat moves from hot to cold

+ 3 types of heat transfer:

* Conduction - heat moves
through a material

+ Convection - heat energy
carried by a fluid (including
qlir)

» Radiation — heat emits
from a hot surface to a
cooler surface
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Heat transfer: Radiation

» Low-emitting surfaces slow radiation

Knowledge Check A

Heat Transfer Problem -J@L-
o

Your Choices:

» Radiation

+ Conduction

+ Convection
1 - 2 =_Radiation

2> 3= Conduction

3> 4= Radiation
5->6-> 7=_Convection
£ Southface ()MEEA




Building Science

Air Flow
Air moves from areas of higher pressure to areas of /&h\

lower pressure -
- T [E by
+ Natural and man-made forces that can create o 1= ~ )
pressure differences cause air to flow : :
*  Whenever air moves out of a home, an equal Wind
amount of air enters the home (CFMin = CFMout)
S

|
Stack Effect

Mechanical Systems

45 Southface ()MEEA

Building Science: Air Flow

Stack Effect

Positive
pressure

(with
reference
to outside)

Neutral
pressure
plane ! £ Negative

' pressure
(with
reference
to outside)

Vermont Energy Investment Corp.

47 Southface ()MEEA




Building Science: Air Flow

Thermal and Air Barriers

The thermal and pressure boundaries in the building envelope
must be complete and aligned

Insulation products such as fiberglass batts must be completely enclosed on all sides

Insulation is most effective when it is continuous and located outside the structure
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Building Science: Air Flow

Continuous Insulation & Air Barrier
AIr barrier and insulaftion must be in contact.




Building Science: Moisture Transport
Moisture Transport
Moisture moves...
 From wet to dry

* Asliquid or vapor

« By capillary action (wicking)

Geography matters! What
works in one region may not
work in another

Appropriate measures for moisture control are essential!
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Building Science: Moisture Transport
Gt

Bulk Moisture Control —
» Proper site drainage
« Foundation waterproofing

» Plastic ground cover

+ Gutters channel water
away from foundation
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Building Science: Moisture Transport

Diffusion Vs. Air Leakage

4 sheet of
gypsum Bsurd

o SRRy
e CREReRye
ey
CREf Rt
Ry
N

ol waber

Particularly for a Mixed climate, air leakage is typically far
more important a moisture transport mechanism than diffusion
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Part3  Residential Energy Code Background
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Part 3

Energy Code: Residential Building
Applies to:

« New construction
« 1 and 2 family (R3)

«  Multi-family, 3 stories
and IesséRYQ and R4) IECC ...
— |[ECC 2009

« Additions, .
Alterations, Repairs

CONINTIONED SPACE. Foe eosvgy parprses, spuscr ‘withia
& Db v iy s e o ik Do g i d! osnding] i
oo 3 yuieton capalibe of muistsiningg. Sioegh deign o beal
leralgain. SO°F [10°C) doricgg e beaiing seanon snd B5°F
(L g e oaaliog weanian. oF ooireimin s digecily
wiblh @ dovel e oo, el seerbain el parpiers. an sve
rosm o wpuce beingg, heated o el by mmy squipos o
ETE I g

Exempt Buildings

* No conditioning

* Historical
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Scope of Residential Energy Code

*  Focusis on building envelope

o Ceilings, walls, windows, floors, foundations

o Setsinsulation levels, window U-factors and SHGC

o Infiltration control

= Caulk and seal to prevent air leaks
= Verify envelope fightness with blower door test
(or visual inspection for 2009 code)

. Ducts

o No building cavities as ducts (post-2009)

o Seal properly and insulate

even if all ductwork is in conditioned space
o Verify tight with duct pressurization test (2009 on)

+ Lighting equipment

o High-efficacy bulbs required (50%, 75%, 90%, 100%)
HVAC equipment efficiencies covered by different DOE

standard
«  No appliance requirements

47 Southface (Y)MEEA

Energy Codes

Compliance Paths
IECC
Scope
I :
Insulation & Window
Requirements —TTYF =
|
| | !
2009, 12-18, 21 IECC UA Trade-off Section 405/6 2015,18-21 IECC

(prescriptive chart) (RESCheck) (annual simulation) “HERS/ERI"”

—| Mandatory Requirements |. _____ !

» The Energy Rating Index (ERI) path gives the most design flexibility (e.g.,
credit for mechanical equipment efficiency)
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Energy Codes

2009 IECC- Section 402.1

. Ongg)rescripﬁve “answer” for how to build per climate zone (CZ: 4
an

* Includes lots of footnotes
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Energy Codes

2015 IECC vs. 2018 IECC

* One prescriptive “answer” for how to build per climate zone (CZ:
4 and 5) TABLE Rigd. i3
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Energy Codes * Buchanon, Caldwell, e Dunklin & Pemiscot,

Chariton, Clinton, are are now CZ 3A
2021 IECC now CZ 4A
* One prescriptive “answer” for how to build per climate zone kY
(now CZ: 3, 4, 5) N )
Tap B Sy, v 5 s Foliy dloymiuinh Bogd LU ES dowD FEE§ DL Foley Bf Guelinifin e §v {ODsiilend g :‘-[ . -rt -I
L T ¥ v L] 3 L 3 - 1".':_\.
2021 R =8 LI L TR ] - T SATER il —— ﬂ S P R A—Ty u:.. :-:T. E_ ¥ .‘ I ‘I"-
IECC - pEl I I o A
1 _ 2 ol wenl 402121
- . - - similar table
e L o e | ] T for U-factors
L (get U-values
from
. | . | RESCheck)
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IECC Code Differences-‘1510'18

+  Window Ufactors dropped slightly from U35 to U32 & U30 (CZ's 4-5)
+ Exception for log homes built according to ICC 400

+ ERV/HRV ducts exempt from leakage testing (if independently
ducted)

* Ducts allowed to be buried in ceiling insulation
Ducts R-8
Minimum surrounding insulation R-19 (R-13 for CZ1-3A, ducts >3')
Effective R-25 when modeling
» Ductsin conditioned space
Completely inside thermal envelope

Buried ducts with AHU inside envelope plus < 1.5% Total Leakage plus
threshold of ceiling insulation

+  90% Efficient Lighting (LED’s)

+ ERlrelaxed ’ror?e’rs
(62 for CZ4, 61 Tor CZ5, backstop penalty for renewables)

45 Southface (YMEEA




IECC Code Differences - '18 to '21

+ Redefined CZ's for 6 counties in MO
+  Window Ufactors dropped (more stringent)
+  Wall and ceiling R-values increased
+ Attic pull-down stairs details — R-13 okay for CZ1-4
+ Floor insulation options
* Basement opftions
+ Sunrooms and heated garage separation
+ Ductsin conditioned space
*  Must now be tested < 8% Total Leakage
» Ducts outside, still tested < 4% Total Leakage

+ Ventilation fans (kitchen, bath, whole house) have airflow verified to
meet minimum required by IMC

+ 100% efficient lighting and controls (dimmer, occupant sensors, with
exceptions; exterior)

« Additional Efficiency Package - required
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IECC Code’21 IECC _
« Section 408 Additional Efficiency Package — 1 required 1
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IECC Code’21 B
« 408 Additional Efficiency Package (cont.) — 1 required
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Energy Codes

2009 IECC Prescriptive Code R-Values

Values for Climate Zone 4

Sloped Ceilings R38 \
Attic Knee wall R13 \O°

Exterior Wall _ R-13

Floor Over Garage R-19
uninsulated flat
. - ceiling R-13
Flat Ceiling Wall to Garage
) 3rd Floor 8
U-0.35 Attic . /
) SHGC-n/a R-10
Window / \ . [ ‘Q\oo‘ Basement Wall
\'. 2" Floor L N (continuous insulation)
R-19 i
Cantilever Floor ; @Qe . ,;\0066 R-10,2’
t \\
R.19 1%t Floor & ({0(\66“\20& Conditioned Slab __—
Floor Over Crawl 22
Crawlspace
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Energy Codes

2018 IECC/IRC Prescriptive Code R-Values

Values for Climate Zone 4

R-49 -
s AN
Sloped Ceilings .&ec\‘ o R20 or R-
\C 13+5
R-20 or R N I Exterior Wall
-1 .
Attic Kneewall T 13%5 flat ceiling
— uninsulated
R-19
Floor Over Garage
Flat Ceiling i) 3 Floor
ttic
U-0.32 ?;(; or R-
: SHGC- 0.40
Window \{ 2dFloor ] | Wall to Garage
Basement Wall 10
) R-19 ; ; S —
Cantilever Floor / . @ge S 0‘ ] (continuous insulation)
1t Floor Cﬁ/ e \
° Cond.
R-19 ’

Floor Over Crawl Crawlspace Slab _R-10, 2

s 4% Southface ()MEEA
Energy Codes IECC

2021 IECC/IRC Prescriptive Code R-Values

Values for Climate Zone 4

R-60 -
Sloped Ceilings ‘oo’ﬂ\\“
N
R-30 or R-20+5 N N N
Attic Kneewall o R:13+10 flat ceiling
E— uninsulated
Flat Ceiling R-60 3 Floor
ttic Attic
U-0.30
Window SHGC-0.40 \{ 514 Floor
; «
. R-19 3 3
Cantilever Floor / . o 6\@(@ —
1st Floor & O e
S
R-19
Floor Over Crawl Crawlspace

R-30 or R-
20+5 or

-13+
Exterior Wall R-13+10

Floor Over Garage R-19

R-30 or R-20+5

R-13+10
Wall to Garage or
L—

Basement Wall 20

(continuous insulation)

v\Cond.

Slab R-10, 4’
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2021 IECC
Section 402.2: Insulation Requirements

« Details for insulating various aspects of the
building envelope:
+ Ceilings with Attic - 402.2.1
Ceilings w/out Altic - 402.2.2
Eave baffles - 402.2.3
Access hatches and doors- 402.2.4
Mass Walls — 402.2.5
Steel Framing — 402.2.6
Floors — 402.2.7
Basement Walls - 402.2.8
Slab-on-grade - 402.2.9
Crawlspace Walls - 402.2.10
Masonry Veneer — 402.2.11
Sunroom & Heated Garage — 402.2.12

45 Southface (YMEEA

Insulation Requirements

402.2.1 - Ceilings with Attics

* R-49 (CZ3) and R-60 (CZ4-5)
is prescriptive requirement

* Rulers required every 300 s.f.




Insulation Requirements

402.2.1 Ceilings with Atftics

RAGT 11 S mith BB [
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RADZ 1 3 il o Tisdsd UV mlirulileads i Battesn RO02.1 6
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Insulation Requirements

402.2.3 Eave Baffles

Hlanclard Tnpes.
Wit Inpened
wmutalon dioplh

REIT 3 Bawg hafla [
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Ereegy T 10 e ity S0 Matssal Th haffe shall s Paraled 10t Dolie! S04
el bl Fainei il Dt - ol T sripncr wal lop pirks wn s o prosvicle maneue ipacs for aflc
frearrestried) il B Sdrewcige cved i iop plat. Wisie S0 vansing & not
ol , B P @l D nsmked SOty 53 poinesi] vielation
& i e adnes RO from Dypaisn] Ta tafs

R-49 complete coverage
complies with tapered R-60
(R-38 complete coverage
complies with R-49)
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Insulation Requirements IECC

402.2.2 - Ceilings without Attics
« R-30 for 20% (up to 500 s.f.) acceptable for CZ4&5

« Vaulted cellings and foam sprayed rooflines will
need to perform an R-value frade-off

Roofline Installed Insulation Options

D ] Cpegn il e [
Fiewe e BT | e i ot pua B B Waiiling drrenbad Fitc -
Tr Fe e s mena saeg e mes be s o0 ol gl gl imdabl el it
e e P e e o ey mm—ys T e e Mg ErE e ik

(R L R R e e s S ]

Pk it B i Ay e el e B T

e et e iy oo

RIS r—— L il g e |
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Insulation Requirements IECC
402.2.2 - Ceilings without Attics 1
+ Can use fiberglass or cellulose in vault for unvented =
roofs (air-permeable insulation) with added:

* R-15(CZ 4) rigid foam board Reference IRC Section 806.5

unvented attic assemblies




Insulation Requirements

« Old school approach

Cathedralized verbed coiling-

roiling air-permeable (nsulation
{og, SEnpacs, coluods insulston)

402.2.2 - Ceilings without Attics

4% Southface ()MEEA

Insulation Requirements

402.2.4 Access Hatches & Doors

+ Atfic access at same R-value as
wall/ceiling

*  Exception for pull-down stairs CZ 0-4

e For an attic
with 990 s.f. = |
R-38, and 10
s.f.=R-1,
Effective R-
value = R-29!

R{E 3 & Ao Ratchen and doaty

Accgds hatchis and doors Trom conditonsd o uncondilionsd soaces
such 38 aics and crawl spacis shal be msuiaied i the sama Fwvalue
required by Table A402.7.3 for #w wall or Ceding in which they am
niialed

Excepticns:
Vil i ey i e o] i
A ek g B ety m Bm e
vy ol Tabdy MEE 1 ) bavend o Fw srolkessis

ST L e B e
PR =108 BET-EE B0 Pamihes T osng
....... e jriealn .
sorcireram = peroreTed spaewn o e
o O g & e Fe O R I PR S T
Frbaleds Mevkl o D IRy T vl P
R e P |
Tom v ag L e of B b B wband b s, By =
w U0 o s an eeag s =
vk 2 A-1Y
o R e man T T O TE R FeE B T
e ki B i B0 e e
1 TPt wmin il Bl Bl sy Wl b i Wt

2w i T e b 71 79

m el o B e el dhal e
ST TR

*Nominal R-13
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Insulation Requirements IECC

402.2.8 Floors 1
* Insulation should maintain continuous

permanent contact against subfloor - s

Finin S0 ey o il bl ooy iy O O ol Mol

i AP el AT D PRELLE. el TP OO
il Ty undepdy of e plfior deciong n scoordees el
mndsose minuciore T raaraan eeesd Noabks o

thaldy U e Sviidlie Lol A

7 Flooy femeg cowmy raadsmcn ahed be parrensd o b
Dkl Wl W S el of diukiry) Y] P vl
wedl e uroordiorad space beoe irmdisicor shal eserd
o Be Bofiom o e op of ol el oo ey
PaTPe i ] P P ] PeEmAy s Pl o el

| & comsraior o cowely W oniruous FEesshon sl be
il e i Tl W ey amekalins W F O will Pl S
o o e oovireoun mldefon T m mised o B
ureiEnss o e nE e e e STy s e
sl ] Afsae Feabs Thep Coavdeieel Bk @ T

ety W] (i pell e Wial il e cepaie] B

wus b Bonen. imedsen shall wisnd fom B Eodon i B
a of & pETass foon Semeg meciEs Bd e b

ol § Al Tk g i
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Insulation Requirements

47 Southface ()MEEA




Insulation Requirements

Insulating Basements

Eaalant, adhesve or gasket
Eil skt
Conerele foundation wall

L rifzsoesd] s o
mdparded polysthyTens
nsulation {semi-pemea

www.eeba.org with faped o sealed jois}

www.buildingscience.com

Gygsum board themal
barTier reoessany whan
rigid inmulafon s not saled
for e posed apploation

CHEsLIm Eoard e
Tuming sirips

£F Southface (YMEEA

Insulating Basements

Systems Approach to Walkout Basements

Advantages to insulating all basement
walls:

+ Wallinsulatfion lasts longer and works
well (R-10 wall in CZ4 vs. R-19 floor)

« Ducts and AHU are brought inside
envelope

»  Main floor level is more comfortable

* Basement may be finished or
unfinished

£F Southface (YMEEA




Insulating Basements

Definition and Prescriptive Code

« Basement Wall: Average 7
gross wall must be > 50%
below grade and enclose
conditioned space

e (CZ4-5: R-10 continuous or R-
13 cavity
e 2018 CZ5=R-15/19

Try to avoid cavity insulation; continuous
insulation performs better

%= Southface QYMEEA

Insulating Basements

Interior Insulation Strategies

Cellulose Rigid foil-faced
blanket/batt poly-iso foam board

Fiberglass batt w/ vinyl
backing

I & Southface ()MEEA




Insulating Basements

Interior Insulation Strategies
Spray Polyurethane

Fiberglass batt in AGW,
Foam

foam board on concrete

Rigid foam board

4% Southface (IMEEA

Insulating Basements

Interior Insulation Strategies

4 Southface QYMEEA




Insulating Crawlspace Walls

R402.2.11 Crawlispace Walls -

Standard vented
crawlspace -
|| underfloor insulation

r—' Closed

Crawlspace with

V. e |

Closed Underfloor insulation

: L
crawlspace with

wall insulation * Note: all crawspaces must meet vapor retarder

requirements, as per IRC
(exception for open crawlspaces)

4% Southface ()MEEA

Insulating Crawlspace Walls

R402.2.11 Crawispace Walls

« Seal ground with é6-mil plastic (6" up walls, 6” overlaps)
* Insulate interior of walls to satisfy code

(R-10in CZ4, R-15in CZ5)
+ Eliminate all vents and leaks (access doors)

«  Satisfy IRC exception to vent requirement (IRC section R408.3)

Venting Exceptions: Critical Details:

. ¢ No drainage problems
e Continuous exhaust (radon)

¢ Use a sealed combustion /
direct vent furnace or
install a Heat Pump

¢ Direct condition crawlspace
(supply)

e Pest Control and Code
Official awareness

e Direct condition
(dehumidifier)

47 Southface QYMEEA




Insulating Crawlspace Walls

Insulation iechnlques Walls

" & insulation board in gap

www.crawlspaces.org

_ 4% Southface ()MEEA

Insulating Crawlspace Walls
g P Pest Control industry

Insulation techniques — Rim/band areq strugsles with band area fully
Open/ filled with SPF

Closed Cell SPF that fills band blocks
oseate inspection for pest control
Foam

Air seal and then insulate
with movable insulation
product (batts, pillows, rigid

Caulk and board, etc.)

Fiberglass
Batt

T Pl ool o £ Gup i of Puiillarsgpe 15 el
o, & s conirEmizen apling b
Blterplams b 1oiwer fun e complloriom, o
map lnam i rrlplein sobig vl e
Bhpiein o caliles s hakansl T ks Flan
Ferded o L raud C ok & 5 redased bag
F Blown ey e Bl st byes ipdsten ooyt P

J i Bag/ Pt B beibvrkei O pomm. The Seream

insulate rim/band
area in basements & PilloW  iotrson cunst w vary sccesseg st sire o
B apce s T oot can b Bed-nplace

crawlspaces Il o whin, Malnnc ks

P < Southface (YMEEA

* Must air seal and




Envelope Tradeoff Options

IECC

Scope

Insulation & Window

Requirements N A
|
| | !
009, 12-18, 21 IECC UA Trade-off Section 405/6 2015,18-21 IECC
(prescriptive chart) (RESCheck) (annual simulation) “HERS/ERI"”

—| Mandatory Requirements |. _____ !

» The Energy Rating Index (ERI) path gives the most design flexibility (e.g.,
credit for mechanical equipment efficiency)

47 Southface (Y)MEEA

REScheck Tradeoff Option

* WwwWw.energycodes.gov

. Software evaluates specific
designs quickly

. Demonstrates SHGC
compliance

. Allows trade-offs

« Building envelope
components

* No trade-offs for better heating &
cooling equipment efficiencies

. Specify code edition

4% Southface ()MEEA




Section 405 Simulated Performance Alternative - Sample Report

Annual energy usage
simulation demonstrates

Compares total annual
energy costs

SIMULATED PERFORMANCE ALTERNATIVE - 2015 IECC ANNUAL ENERGY COST COMPLIANCE

IECE 2008 Priformands Complance

g e T

that the proposed Q Window U-factor
building’s energy costs
are < “standard code” and SHGC
building Q Envelope and duct
No credit for mechanical testing - . ad
efficiencies
Likely to involve a HERS O Lighting, duct . e
rater insulation :" : e
» Ekotrope, REMrate & e e,
Energy Gauge are « Compares energy costs e
acceptable \\" ! ;
of actual home being built

against IECC reference e e e R T T s
home’s energy cost

I <= Southface @)MEEA

Energy Rating Index (ERI) path

The ERI may allow more options in materials choice, technologies |
and innovative strategies than the simulated performonce path

e The Energy Rating Index (ERI) path gives the most de5|gn flexibility (e.g., credit for mechanical equipment efficiency)
e |talso credits items not covered by the code
(e.g., appliance efficiencies)

70 4% Southface ()MEEA




B | IECC
Bl IECC
How is the ERI determined? H 1

» The ERIis a numerical integer value

. o RESNET
* Lower index numbers indicate lower
energy use .‘ HERS
* The HERS Index is similar to the ERI INDEX
« A HERS Index is generafed from a HERS was developed by the
HERS Rating using modellng Residential Energy Services
software Network (RESNET)
(e.g., Energy Gauge, REMRate,
Ekotrope)

www.resnet.us
« HERS stands for Home Energy Rating
System

45 Southface (YMEEA

—-_

ECC

Determining the Energy Rating Index

1. Simulate two homes
* Rated Home — what will be built
* Reference Home - same home but
exactly meets ‘06 code

2. Compare Annual Energy
* Space Heating & Cooling, Hot =
Water, Lighting and some ' R
Appliances B
* Multiply by 100
(lower w/ renewables) 40 30 30 50

[Rated Home’s Htg + Clg + WirH + L.A.] — 75
[Refer. Home’s Htg + Clg + WirH + L. A]

70 20 30
E < Suuthface QOMEEA

Index = 100 x IDEfraction




HERS / Energy Rating Index - What does it mean?

« HERS Index (lower is better)

« Rated home with Index of 100 =
Reference home exactly meeting

2004/06 IECC

= | 1 i i
« Net Zero Energy Home = HERS Index of O | __ T
40 30 30 50

Index = 100 X PE;ction X

[Rated Home’s Htg + Clg + WirH + L.A.] _
[Refer. Home’s Htg + Clg + WtrH + L.A.]

70

20 30 80

PEf.ction IS ratio of renewables to purchased energy
(If a home produces 2/3 of its annual energy, the PE; o, is 0.33) In this example, 0.33 x 75 = 25

47 Southface (Y)MEEA

Energy Rating Index: Target Values

«  The 2015/18/21 IECC sets a maximum ERI for each climate zone

- The ERl'is not a "magic bullet” or “easy”

+  However, it opens more options and allows builders more credit for
innovative strategies (“the ERI shall consider all energy used in the residential

building”)

TABLE Rdd 4
MARIMUS ENERSY RaTHG MDEX

"CUMATE ZONE

ENERGY AATING INDEX.

ENERGY RATING MDEX"

i

8T

£~

3

£y

4T

4

i

&2
&l

53

]

53

%3

%
k]

The rated design must have an ERI less than or equal to the above table to comply with IECC

45 Southface (YMEEA




Blower Door Envelope Testing

« |[ECC 2009 threshold:

<7 ACH50 ACH5, = S50
» IECC 2012-21 threshold:
< 3* ACH50 (CZ 3-8) % 2021 IECC
« Quantifies the Amount of Z"&";Zﬁ:ﬁ <>
Leakage Across the Home’s Simulation
Thermal Boundary based trade-off

» Should be administered by

a Certified Professional
(e.g., DET Verifier, BPI, HERS)

* Reported to Builder and
Code Official via Certificate

47 Southface (Y)MEEA

Don't Install Blocking
"| (Just Cover Over With Insulation)

b SE—

e s

_.."'.id e , /:F - P '.
|

!
\_‘-;.ﬂr":' |

ey ﬂ-:gilﬂlﬂ' vy i

£F Southface (YMEEA
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How to Fail a Blower Door Test

N

Don't Air Seal
Blocking

| Just Cover Over
With Insulation)

Don't block

under Kneewalls
| (Just Cover Over With
| Insulation)

4% Southface ()MEEA

How to Fail a Blower Door Test

Don’t sheat
or block

Kneewalls
(Just Cover Over
With Insulation)

4% Southface (JMEEA

| Don’t Cap
| Chases




Air Sealing: Criticall!

.r! i 4

_..-r Penetratins in
| Top Plate Sealed

Cap and Seal Chases

Chase capped
and sealed
around duct

4% Southface (JMEEA




Tubs on Insulated Walls

=

L]

4

Complete air
barrier behind tub

o 4% Southface (JMEEA

Band Area Between Floors

li
Spray foam at band i‘
{
" £
Sheathing sealed and i
sealed housewrap at band | \1
|

45 Southface (Y)MEEA




Blocking at Cantilevers

f |

Frammg Blocked
and Sealed

'|'
1 ! 1i [l I l
‘ Penetrat|ons Sealed

Garage on Other Side of WaII

Bottom Plate

4% Southface (JMEEA




Correct Practices - Block + Sheath Kneewalls

Install Kneewall blocking

|
&7 Southface ()MEEA

Installing Insulation

* Voids / Gaps
» Compression / Incomplete Fill

4% Southface (YMEEA




Continuous Insulation & Air Barrier Installing

Insulation

* Building Thermal Envelope
(air barrier and insulation must be in contact)

Installing

What's Wrong with This Picture? Insulation
R L <0 ¥}

1 ?" ;h rl ; i

4 W

- -

e ] ETT——

=

&
e,

q ;
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Insulation Installation: Grade |, II, or lli

+ Unless verified, assume Grade Il (worst) — see RESNET Appendix A-11-16

stphpbor shell Gy i g B good ko [m Wkied o
..Ii I II. L-

= Jl. 4

B o & o TGN P o - .
e o s B [l ey S s, B CDEDNAR K " |

I - Southface )MEEA

Grade | RESNET Appendix A-11 - A-13

» occasional very small gaps/voids

* less than 2% compression/incomplete fill
(which may not be more than 30% compressed)

| ——

T T T I T—

Gaps Compression

EI - Southface ()MEEA




Grade Il RESNET Appendix A-13 - A-15
» <2% gaps/voids
» <10% compression/incomplete fill
(which may not be more than 30% compressed)
p— —a— - --Tr_ — :
| | ¢
I [ {
)|
S " | il. A L | JI-. j
Gaps Compression
¥ Southface ()MEEA
Grade 1l RESNET Appendix A-15 - A-16
T [ —— [

* > 2% and < 5% gaps/voids

* (greater than 5% =

downgraded R-value)

* 10% or worse
compression/incomplete fill

PSS S—— - J Gaps

_ 4% Southface (JMEEA




What
Grade?




Installing Insulation

T 112" 1] L5 ] 1]
What Grade? . | R
. aal 113" &1

R-1% | R-23 | R-11
1ur




What
Grade?

97
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Voids & Gaps

Installing Insulation
Wall Insulation key points

Pasaing Gmde

s |
st by i Eimrreow cwhy
cawip i bespy e Bediom Py e pdarbed

Good!!!

R . Installing Insulation
Compression & Incomplete Fill
Passing Grade

WA B B BT SEITCE W

Unacceplabie Instalizton

TR A B OISR Doere] SETTR A W




Insulation Installation Videos

iy - EI '||! arand '.i.ur.ng
ﬁul'ﬂ hFI‘lII‘I:I F-|F'I. rru.TI I:'-L.':Eli and
i

Ceiling Insulation

- T D S —
Ly R Rl

GOOD'

See IECC R303.1




Ceiling Insulation

_ BAD!
B
]
~
105 = 2+ Southface “H_EE“'!‘!‘

Ugly Ceiling Insulation
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Part 4

Missouri Residential Energy Code Baseline Study

In 2016, the Midwest Energy Efficiency Alliance (MEEA) was contracted
by the Missouri Department of Economic Development Division of
Energy (DED/DE) to collect data about current Missouri residential
construction practices as they relate to the 2009 International Energy
Conservation Code (IECC).

The study found five “patterns of noncompliance” in

which buildings failed to meet 2009 standards:
5 1. Duct Leakage (unconditioned space)
2.  Duct Sealing (conditioned space)
3.  Exterior Wall Insulation Installation Quality
Patterns of 4. High Efficacy Lights
Noncompliance 5. Basement Wall Insulation

o7 4% Southface (JMEEA

o Sizing the Mechanical System

“Heating and cooling equipment shall be sized in accordance with Section
M1401.3”

“Heating and cooling equipment shall be sized in accordance with ACCA
Manual S based on building loads calculated in accordance with ACCA
Manual J or other approved heating and cooling calculation methodologies.”
- IECC R403.7

* Building orientation

* Glazing, walls, foundation & roof
* Design conditions

* Infiltration

* Internal loads

Ventilation load

4% Southface (IMEEA




Loads: Conduction Heat Flow

Heat transfer through a solid object: the formula for
calculating conduction heat transferis g = U x Ax AT

g = heat flow (Btu/hr)
U = inverse of R-Value [U=1/R, R=1/U] (Btu/hr ft2 °F)
A = area (square feet)

AT = temperature difference across component (°F)

q=UXAXAT

Manual J: g=AxHTM

where HTM = UxAT

12’

A

v

9  Door!

5'0x6'0

. Window
| U=0.55

| R=2 |

(1/13) x 270

70°

50 = 1038

nnmn

13 1/13
2 Y
- 055

50 500
50 825
2171

4+ Southface (IMEEA

Climate and Energy Efficiency

« St. Louis Summer 91 —-75=16 F AT

* Load Calcs & Energy Code

- IECC Section 302.1: Interior design temperatures
(72°F heating, 75°F cooling)

- MUST BE ACCURATE

. L]
PP — Yy Design Temperatures
» Heating, for 99% of the season the outdoor
Atlanta 24/92 temperature is above this value
. * Only 1% of the Cooling season is hotter than this
St. Louis 14/91 temperature value °
Fairbanks -40/78 « Design Temp Example
Miami 51/90 » St. Louis Winter 70 — 14 = 56 F AT

4+ Southface (IMEEA




Manvual J - Winter Loads

Rogl-Cailing Loss

Infiltration Loss
at All Windows

Loss Through mo— - —
Exposed Waks . " FEondustion Losd —
] Thigugh Doofs [ Celing Loss
NI 7
Lg:L*La.wVindows ToAe  7QOF
’ :
L P . 7____1%%

Loss Through
Partition =

ang Doorg, and H
at Cracks in the Wlnter
Envelopa Outdoor
Design
Temp
Flgor Loss To
[ Crawd Space
14°F
| Duet Losz To
Unconditioned
Space

Loss Tnrough
Slak Floor

Logss Thraugh T Y

Below Grade N - P,

Wa'ls LI S
Heat For Gombustion Air
ar For Yentilation May

Be Aequired

4+ Southface (IMEEA

<
~ e

N [
~

Loss Thraugh

Basemenl| Floars

Manual J- Summer Loads

Qutdoor Deslgn Temperature

BO*F to Ovar 100°F

T

Surtace Temperature of
Roats and Walls Expogsed

to Sun - 100°F to 140*F Aftic g

125°F

Sonsibla & Lalent
Infilbrallon Gain al
Windows, Doors and al
Cracks or Fanitrationa
in ihe Envalopa Rnols and Walls Not
Expasad ta the Sun
Close to Outdaar
Degign Tempaature

Roof-Celling Galn - Calling Gal
(o il Summer
Gain Thraugh v Outdoor
Exposed Walls enduciion Gain Sensible and Latant~ Design
hrough Boors Gains From Lighis
and Windows Feapls and £ 75°F Temp
Solar Gain Appllances X
hrough Glass—| 91°F
_____ { — Sensibla
[ — [ & Latant
— - - | Aastiance | [OF
- "Loads

Ne Gain gt on Grade
Slaby or Below
Grade Waly and
Floors

Coaling for Yentifation
May be Required

4+ Southface (YMEEA

Gain Through Walls
and Floors From
Uncondilluned
Space




Manual J Software

Why is proper equipment sizing
important?

¢ Equipment first-cost

* Longer/more efficient run times
* Limits equipment cycling

* Better dehumidification

T ot ey IraRd bR T 1BEEd
A P ] L E] 4HT AT a5

i;'F Southface )MEEA

MO Equipment Sizing Study
Installed AC Units

Tons Oversized

30

24

25

# of Observations

-0.5 0 0.5 1 1.5 2 2.5 3 3.5

Tons Oversized

4% Southface {)MEEA




Cooling Load Breakdown

Sensible
Infiltration 4%
. Infiltration
Ceilings Humidity 24% - Sensible =
21% A Temperature
e Latent =
A Moisture
Wall Internal Total =
alls . . o . =
12% Humidity 13% Sensible + Latent
 SHF =S/ Total
Doors
Windows 24% 2%

£+ Southface (YMEEA

Variable Speed / Capacity Equipment

* Allow slower fan speeds in A/C mode to improve dehumidification
» Utilize ECM motors or inverter-driven technology
* Reduce fan wattage up to 1/10 at low speeds
* Must operate most of the time at low for energy savings
*  Will consume more energy to satisfy flow if duct restrictions
are high
*  Permit modest upsizing
» Staged or variable speed
compressors offer the greatest
efficiency potential

» Moisture removal is a function
of the condensing unit, indoor
coil, & fan speed (airflow)

* Proper refrigerant charge is
also critical

Southface ()MEEA




Equipment Location

» Locate the air handler within conditioned space to
reduce energy penalty from leakage.

* Don’t have leaky air handler next to an atmospheric
combustion appliance!!!

+ Design Goal:
Get all the ducts and the
air handler within
conditioned space so no
energy penalty from
leakage

How does duct leakage affect
combustion safety?

¥ Southface (JMEEA

+ Types
Duciwork . Design
« Sealing

* |nsulation

47 Southface (Y)MEEA




Types of Ductwork

Round Metal: Minimal air pressure loss retards growth of fungus and
mildew; joints leak unless well sealed; must be insulated (in unconditioned
space only); installation is more expensive

Flex Duct: Few joints to leak; inexpensive to install; poor design &
installation can crimp duct and reduce air flow; easier to damage

4% Southface ()MEEA

Proper Flex Duct Installation

Short straight runs from
rigid trunk preferred
Upsize diameter from
rigid by 1"

Support with 1" or wider

straps spaced no more
than 5’

Sag no more than 2" per
foot

Cut duct to proper length
Do not pinch duct to
change direction or at
connections

4% Southface (YMEEA




Types of Ductwork

» Fiberglass Ductboard: Must be sealed carefully to be airtight;
good noise control; exposed fiberglass; less durable; can be
field fabricated

» Building Cavities: panned ducts; shelf systems that support
for air handler; often violated (not permitted in IECC2015+)

4% Southface ()MEEA

Site-Built Cavity Ducts

« Do not use as supply or return duct (example,
toe-kick under cabinets should be fully ducted)

£F Southface (YMEEA




Violated ductwork

- = i

IAQ Issues?

=

hface {OMEEA

125




Duct Design

« Try to locate the ductwork
inside conditioned space

4% Southface ()MEEA
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Proper Duct Design Details

* Dampers allow easy alteration of
flow to each room

» Hard metal elbows should be used
for tight turns

» Flex ducts turns must be gradual
(radius of turn must be > than the
duct diameter)

4% Southface ()MEEA

Duct Design- W g
Proper Return Path m i

Chri ksl higs

Install sheet
metal duct
inside wall

Carvty i vl b cavity

gl s 12 el ]
i (% D ki

(il incabisd kv in
wall 2n hallsmy sie
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Ducts in Buildings

* Don’t use building components (stud
cavities or joist cavities) as ducts

« If air must run through these spaces,
use ducts designed to fit inside those
spaces

MEEA

Duct Sizing

* Manual D
* Duct Calculator

Bedroos 3 h 8.17 MEp &f o O

Bmdroom I o 8 I4E  0.17 e p & m o [vite
Lauidiry ] 6 Iad -1 LLE I ] L o @ hars
Eitchen e 88 a8 9.17 a1 p 7 0 o WiTx
FLnisg h B ded 8T yi# p 4| o @ pharx
Foyer h 42 248 0.17 08 ¢ 5| @ o [Virs
Essrar Bachroos =k bl _Lg_}:l 1o%8 h i Idk o, 17 5¥T p [ E =] ;j]'_g
Enstar Fsdrocos L] (1 ] AEdy e il 123 I4d L= 55y p 1] -] B MiFfs
LAV iIEg at2  |cbi || ZoiE| 17D K ¥ 346 @17 i p 7| o B fvirx
[T EIT T at2 |ebd 123w| e88 b 41 FWE 817 Wre 5 l_:- 0 [viTe
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Poor Duct Design...

m
- e
— —
jm— 1
— -
- —-
— —
g — =
[r— . =
R
a
- i ==
-— - =
-— -
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* Mastic must be installed on
seams & joints of ductwork,
not the insulation!

4% Southface ()MEEA




Sealing Ductwork is Code

* Rigid fiberglass ducts must be sealed with UL181A-P tape, UL181A-M tape, UL181A-H tape,
or water based mastic

» Flex duct must be sealed with UL181B-FX tape, UL181B-M tape or water based mastic

International Residential Code, M1601.3.1

“Tapes and mastics used with rigid fibrous glass ducts shall be listed and labeled in accordance

with UL 181-A. Tapes and mastics used with flexible air ducts shall be listed and labeled in
accordance with UL 181-B. “Duct tape” is not permitted as a sealant on any ducts.”

4% Southface ()MEEA

135
Sealing Ductwork
Sealing end of
rigid supply run
with water
based mastic
137
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Sealing Ductwork

1.Put mastic on collar to plenum
connection

2.Put mastic on sheet metal
connection

3.Slide liner over connection and
install compression strap (zip tie)

4.Mastic over liner & zip tie (about 1"
on either side of liner edge

5.Pull insulation over connection and
zip tie

Sealing Ductwork

All duct connections must be sealed with
mastic, including connections to:

* Plenums

* Y-joints

4% Southface ()MEEA




Sealing at the Unit Is Criticall!
A i

A 13 SEERA/C ina
(30%) leaky duct system
acts as an 8.5 SEER!
Neither the builder or
homeowner get what they
pay for!

Duct Leakage Affects House Pressure

Leaky Supply Duct Leaky Return Duct
(makes house pressure go (makes house pressure go
negative) positive)
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Duct Leakage—Driving force for Infiltration

/A\ /A\

Supply Return  Supply
T—==r
I L[]
Air
Hand ||
Unit —
L] L]

Leakage in supply side of

duct system

Supply

Return Supply

| f

Tl l
===l

Air
Hand |
Unit

L]

Leakage in return side of -

duct system

&% Southface (IMEEA
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Dominant Duct Leakage - Affects House Pressure

/A\

Impact on House pressure
due to small supply and
larger return duct leakage

What is the net

effect on house
pressure due to 100
cfm of supply and
300 cfm of return
duct leakage?

St;pply Return SUP?W

!
| — ]

—

Air r

Hand —

Unit
L]

L]

Some leaks in supply &
More leaks in return
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Testing Duct Leaks

Don’t use
tape on ducts!

Although it is permitted in
the code, Southface does not
accept / endorse using UL181
tape to seal ducts!

4% Southface ()MEEA

403.2.2 Duct Tightness Testing*

» Duct systems must be leak tested
* When tested atf rough-in
« 4% Total leakage no AHU installed
* 6% Total leakage w/ AHU
*  When tested at final

12% Total Leakage
8% Leakage to Outside *Exception: Duct tightness test is

not required if the air handler and
all ducts are located within
conditioned space

Total Duct Leakage < 4%

Ducts Inside Total Leakage < 8%

4% Southface ()MEEA

Total Duct Leakage < 4%




Building Thermal Envelope Impacts Duct Testing

Examplao 1 Exmmpla 2 Exmergda 3

T
[ et Lowdtired
e o L]
...... Ervrnsmreanmy o
H
i Lemdisored I Conciored
Y e ] AHGE e LIE E e
- = semiset = [T ene
. Izl @ - B R
.-I“b::“- b e -1':lrr|1-rra % ermbrucs
BuidsREriam

+ Although these three homes look identical from the outside,
each has defined the building thermal envelope differently
* This affects the requirement for duct testing

7 4% Southface (JMEEA

Fi"'eI'S Practical Pleat

www.filtrationmfg.com

+ Change every leap year?
» El Cheapo vs. HEPA filters
« Want thicker, pleated filters “AKF003” is discount code

www.anykindoffilter.com

+ Don't accept installations that prohibit easy filter access
» Seal covers with foil tape
MERYV rating




IECC Section 403.3—Ducts

Mandatory
Requirements:

« Insulation required for ducts
outside of envelope

* R-8 Insulation for Supply &
Return ducts in attic

* R-6 Insulation — all other ducts in
unconditioned space

* No Insulation required if ducts
inside building thermal
envelope (but should insulate
to prevent condensation)

» Sealing required with
mastic or UL 181 tape

* May not use building
cavities as supply ducts

7 4% Southface (JMEEA

Section 403.1—HVAC Controls

Mandatory Requirement:
* Programmable thermostat required

* Heat Pump requires lockout capability to prevent
unnecessary strip heat

4% Southface ()MEEA




Heat Pump Balance Point

The winter outdoor temperature at which the heat pump can deliver
exactly the same amount of Btu’s that the house is losing

60
40 = —— Heating
Capacity
kBtu/hr 30 ~+ House

20 / Load
10

1 Y T T

0 10 20 30 40 50 60
Outside Temperature °F
+% Southface ()MEEA

e e [T —————

Part 6 ——— T

Energy Codes -
The Power of a One-Page Checklist!
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Building Thermal Envelope

» Options for defining the building thermal envelope

Examgio 1 Exmmpia 2 Exnmpda 3

154 ‘gF Southface @)MEEA

Air permeable vs. airimpermeable insulation

EPS Foam - air permeable

Poly-iso Foam

e w g
e g

£F Southface (YMEEA

Closed Cell
Spray Foaimi




St, Lowis 2008 1ECC Enengy Coda - Comprehensive Fisld Inspection Checklist
Semprioharg wpaar BB

ey g e Chemrwirs

Thep @i st F This cha kL1 & ba SE40T bn Tepkl Indgectine pravidity 10 oo saading S ilinben datedy
of ke JOLE QT &, Livgdn Enengy Coade, Wlhidd mat @iy densd i inghaled, the T beloey pedmaina. fhe
maw iy ol ericical Inapectisd inema. I L Bhely £haT CRMen NETE 358 AT SEpRabde 1o B hoaiet

Kt B Uodis enancked 10 A-18 celngs s RO belsmnen

Fred chit kit Pt bardn epparated ires thss gt 000 peonchng b shiss dlfseamt weagea of
fommingtan. Hantem doss s comaly and mauns be remedeed, o il i cannct be conlamed o7 Bhic ctage
of gt et e, fhu e uhesks b e e o1 0 Lt inipenctinen o ok 1 hee diarret ko, bry e g regrher
dorumerdation provided io the code officisl. An Bem that i s prewsn® shell b marked "RFAT

Parms
for barrer asd imulston drish are ko sded o= plam [ expstalie

Pre-insulation, pre-drywall
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P Fre-insulation, pre-drpwall Ihi: (1 rarmang 1ough mupeciion]
re- (m [ ] Betorn Plale seabed 10 dlah or duldkary - gasket or 1ealanl s sside edge
° ° Bettom Phile pefsirstom wealed = [electnics, phumbing brockout, ele )
Insulatlon, m |m fop Mals peralratans seated — delestnes, plu=hing beochout, ateh

iletermr wall shralhing wearm sre sealed O completely iealed Fousewrap inslalled on ekerior
pre- Drywa" {houmrwrag sdpes sl inaked snd hownssrap peastratiom sraed/repsred|

ulain] Canities within Baadery, comen snd inkarecking T-sally are fully nsuisted

8]

i ]

oo «
e

5
(= [ [ ] 6. At kneewally have Blociing imtalled st osilng joivt inbersction
ooo T Emm e band ereas ke sir seakng perioemad
oo K. Wirdow arsd doon sealed info rough opening [Bberglais chinking not perminibie|
ogog 0 Windom joalcheck Wilscbor ared SEIC are rpaccoable 5ol pxpecied Tor DP low-» weodbeingl

drama . ‘Waighted s sge U-tsctor £ 01, SHGED « B0 (Clirardes Tonae d)
° 1 1 (=] == 10, Cantiesed Flosr poits have Blockiag fand sir sraling) lntalied sbove uppariing walls
Moy COInCIde mmi 18, Balters have sufficient depih providesd for iraulation in veuted celings

1 i (& @i 13, Chacues [#40., b0 afiic] are copped snd sealed
WITh fromlng' fohase walls have wvtenion sir bares ot nsulan ed wall)

rough_ln ooo 1% Tubs snd Showern agabeai exisrior walh. hawe inuslstion snd pealed gir barries oninberior,

. . [S]mm} 14, Py gt ations seabsd: freough envvelops Soom (e.g., Tub draine, wpply bnes, vent

|nspec1'|on ek, wally [8.g. bnadwally, crawlipeoss, wall pletes) snd oasngs (8.4, chades arad pofteg)
-Hait watey gipeng e epd i alabis 18 leiadaned 1o R-3

OO 1% Firrisl persieaons seabed: Smied 10 plusbieg isabiides s danens e enlry
Bt pratt b Wt panet B 5 e irislabed wall
oo 16, AL pebreatsanapins seabed — Fusl Rres and penetralbied 1hiough ohuaues seabed
ooo L, Pagloerrg bn satecs o HVALD & spplanies ain elavatog for poflabenn digt® of sriadat n
[ ] 18, Figglis el -
Shouthisg in chidi b deaked (of dobeigs howdewing Fraked)] Bolors riulaton imtalled
Srviuialion coeer age nocomplete (wath, lop and boflom | ared sligm with ar barrsr
Firw-ratod cislh wibed 8 Bus o cip ramiibon [and Mo noksdes damper]
Ot il ottt aif it writalbed and seabed (and irchudes ihin ol dasped)
Fuel gad peretrslions ane smaled,
dheal practioe. oty airoreal and maulsie beloe e sefling maer)
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Pre-insulation, 1
pre-Drywall

1. Bofttom plate
sealed to slab
or subfloor

Pre-insulation, iEg
pre- Drywq" OO0 2 Bottom Plate prnetrations seabed = (elecirical, plumbing kmockout, etc.)

2. Bottom plate
penetrations
sealed




Pre-insulation,
pre-Drywall

3. Top plate
penetrations

PEz
OooO 3. JopPlate penetrations sealed - (electrical, plumbing knockout, etc.)

)

Penetrationsin Top |
| Plate Sealed ;

Pre-insulation,
pre-Drywall

4. Exterior Wall
Sheathing seams
are sealed OR
completely sealed
housewrap
installed on

exterior

- x
Iﬁi_-

OO0 4. Exiecgr wal sheathieg seams are seabed OR completely sealed housewrap Installed on exterior
|housewrap edpes Al sealed and housewrap penetrations seabedrepained)




Pre-insulation, il

OO0 4. Exgengs wal sheathieg reams are weaked OR completely sealed housewrap Installed on exterior
pre - Drywq I I |housesrap edges all sealed and housewrap penetrations sealed/repained]

A [————
— WEATHER-RESISTIVE
BARRIERS

How fo safect anel instal Boasswran ane odher fises
of weaiher-resaie harmans

-
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Pre-insulation,
pre-Drywall

FEZ

OO0 5 Cavithes within headers, cormers and intersecting T-walls are fully insulated

5. Cavities within headers,
corners & intersecting T-
walls are fully insulated

oid

X

“Standard”
T-Wall

Ladger wall uses
le=s wood and allows
for Insulation
coverage benind
partzion wals
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Pre-insulation, PEg
pre_ Drywq" 000 5. Cavitlies within headers, corners and imbersecting T-walls are fully insulated

5. Cavities within
headers, corners
& intersecting T-
walls are fully
insulated

“Standard”
3-Stud Corner

X

EFE
OO0 5 Cawities within headers, cormers snd interiecting T-walls are fully insulsted

Pre-insulation,
pre-Drywall

5. Cavities within
headers, corners
& intersecting T-
walls are fully
insulated

“Standard”
3-Stud Corner

“California
Corner"

“Ladder
Corner”

£F Southface (YMEEA




Pre-insulation, PRz

pre- Drywa" OO0 % Cavities within headers, corners and intersecting T-walls are fully insulated

5. Cavities within headers,
corners & intersecting
T-walls are fully insulated

167
5t. Louds 2018 IECC Energy Code - Comprehensive Field Inspection Checklist
- it 5 Fra D el pasinorieed ag i (s la i Ead. ity
Pre drywa"' (s m ] i Wmlm:;uuhn;;wm:r:mud ciamtmuzus algement with The s barress]

post-insulation ooo

:

+ Insulation 860

installed properly  |aoa

s
o ]min

ooo

oo

4
i

- W e

|- ]

12

1L

Wl irnulation newthy ity cavity |ra woish, no maulstion compreision dee b wining & slumbing|
A ngslation grep projery peromed
» Dlarrn and werd Eaflei exberd ower iog plabe of exterior walh
u Qarra e bed Gl atne sotes ind Ie sdpid st usimiukined ot e |perdie B g, e0e )
= nulation inpca bed onser slevaned HYAC applisne® patioe ma in sTriee
B pl down jrpiny sealed into rough ogesing
Eanifeesres e imwleied propedy |R-19]
Rimhand wrew inpelated progasly [R-1H
Craiis brepalaned 10 BB im ainics, B8 in other urondinisned space.
Witally check for sealant ot weams snd TRtings
Floor inguigton reppared sad in ull contact with widinor sheacking
Flpgr grsenmidy erdd-tam bhamess britaled urde ST knee wals
[nusch s Tor borse roam Mo sbow peeages)
Fehanical Lpacey receking cuideor pemBuian sr have contingoss, sir pealed and imulsjed
il it |mdlH, Aobrd, DEdAE 35 appEoahke] o HolAE 110 M hinse
Bl bt it Cipiiet eyl izn imtatled (aod prgbfitnn yotem pee nuslatios B contral]
Popmig o sinch sl lerger o8 ovedioral damesr
Preng soriving suey than ooe deorleg ol
Poparg bocutind carad Bl ool tatind b i
Popeg from the wakr bl 40 8 dodmboien msfold
Poprisigf bbbl ilmey i fiony’ alak & basivinl i pagiong
Sappply anad retum prpaeg @ recrcolateon vy cther don demnd recooudston syiaon

@ & & & & &
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Pre-drywall,
post-insulation WHAT'S WRONG WITH THESE PICTURES?

* Insulation NOT aligned
with ceiling air barrier

Installing Insulation

* Voids / Gaps
» Compression / Incomplete Fill

+ Alignment with air barrier

47 Southface ()MEEA




FE2
Pre_drywq", OO0 1. Well inaulation inakalled in wabidantial conkact and conbinucun sl grevent with the s Barren|i|

post-insulation

1. Wall insulation
in substantial
contact and

continuous

alignment

with air barrier

(typically

sheathing and

drywall)

FFE

Pre-drywall, e s i i e o s il
post-insulation © i s ndrsvsted FARCgponc o s
3. Attic insulation preparation Wi s f-:'.'L

(dams, baffles, elevated i > et b

S
Ly 1 ‘f‘r

platforms)

H]
© e b mah

'.I. \ TN L
D.9,0.9.9.9.9.9.01¢10) R




Pre-drywall,
post-insulation

5. Cantilevered floors
insulated properly

174

Uinschesrfion: insubation must be |
: instalied in permanent contac | e
with SubAcor {air Datrier

el ; required at any exposed edge :.'.'....—/_'-\ H
ot InsAabon) I

= x
IE;_-

HOEPE B

‘ RN
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Pre-drywall, FEZ
posi‘-insulqﬁon 000 &. Rimfband areas insulated properly {R-20]

6. Rim/band areas
insulated properly
(R-20 or R-13+5)

Batt
Insulation

Bagged V
Insulation

Final Inspection

Final inspaction |confirm price to Certficare ol Dotupandy)

1. Blower door and duct Ieakige passing results coerectly displayed on enengy code certificate
2. Mechanical ventdation syytem instaded for homes < 5 ACHS0

° CO ﬂﬂrm O” 3. Dyt booty innslated and sealed to drgpwall ansdifor subfloor
. . 4 nder i latige mitalled in complete contact wath air hadvinr and permanently segured in
items prior to piace (6.8, wire stives]
Cer-l-lflccﬂ-e Of 5 Crawlspece has complete fmin G=mil poly] vages Basvier {overlapped and sealed 1o foundatian)
6. Condtioned Cravlspace Wl has inssfation installed 3 per code (400711}
OCCUDOHCY T, Bgyement wall inguladed as per code |Rddcaviipor B30 coniinugsidoe Cld; amended fo B-0)
E. At sfcedd {pull-down sbaien of habch] maets R-EE imulstihcn and siv iealing reguitements

{pial-dawn stk door b wedled info rough cpening)
9. Uility (e g, gas piping) penetrations ssaled ot exvtedion.
10. Plumbing peretrations in drywall are sealed
11. Agtic Ceiling indulation is propery installed: coverage is consistent, proper depth throughout
w At coniaing Loose-fill insulation Card and Rulers (1 per 300 3d)
= Dpmi and vent Balled extend aver top plate al exterion walls at eave sdlis venits
® [ams installed af attic access and to adjacent uninsulaied postions {porches B garages, ebc.)
® Insudation shield around applarce vent plpes ard chimeeys
12. Refrigerant line-set insulation is protected from elements and air seaded at envelope junction
13. Efficient lighting for 30% of bulbs— CFU's, linesr Auorescent & LED {not incandescent or halogen)

£F Southface (YMEEA




Final

inspection

1. Blower door
(<3 ACHy,)
and duct
leakage

(< 4%) passing
results correctly
obtained and
displayed on
energy code
cerfificate

177

FEZ
- *
D00 1. plower doce and duch leakage passing results corectly diaplayed cn gnergy code certificate

4% Southface (IMEEA

Final inspection

1. Blower door and
duct leakage
passing results
correctly
obtained and
displayed on
energy code
certificate

FEZ

OO0 1. Blower doge and duct keakage passing results comectly daplayed on gnergy code ceviificate

o i

4% Southface (YMEEA




Final inspection
FEZ

000 1. Blowss dogr and duch leakage passing results
correcily diplayed on grevgy code certificate

1. Blower door and e ST R
duct Iec:koge T e 2048 IECC Energy e
pdssing results P . @ Efficlency Cerlificate
correctly ~m s
obtained and _ I -
displayed on e ity
energy code — s
certificate V ==

47 Southface ()MEEA
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Final inspecﬁon ooo 2. hanical ilation system installed for homes < 5 ACHS0

2. Mechanical
ventilation
system
installed for
homes '
<5ACH50 77 o

(as per IRC) ‘ g,

180




PFz

Flnql |nspeC“°n 000 3, Dasct boots insulated and sealed to drywall and/or subfloor

3. Duct boofts
insulated and

sealed to
drywall/
subfloor
=
)
181 !';’f- Southface “H_EEA

Biggest Changes in IECC 2021

* Redrawn Climate Zones (6 CZ's in MO)
* Improved Window Ufactors & Wall and Ceiling R-values
+ Attic pull-down stairs — R-13 okay for CZ1-4
* Floor insulation — 3 options
* Basement option details
+ Sunrooms and heated garage separation
* Ducts Testing on all systems

Ducts inside, < 8% Total Leakage

« Ducts outside, < 4% Total Leakage

+ Verified fan (kitchen, bath, whole house) airflow
+ All efficient lighting and conftrols
*  Must choose your Additional Efficiency Package

IECC
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Wrap up and Q&A

Thank you!

matt@moenergycodesupport.org
matt@verda-solutions.com

mikeb@southface.org

4+ Southface (YMEEA
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