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+ Top Ten List of High Perf Design
Building Science

+ Code Envelope Overview
MO Energy Code Study
Mechanicals

* Inspection Checklist
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Energy Code Resources

https://codes.iccsafe.org/content/IECC2021P2

Technical assistance or training requests:
Matt Belcher, Energy Code Consultant
Matt@moenergycodesupport.org
314.749.4189

Energy Code Resources

Missouri Residential Building Energy Code Construction Practices Study:
https://energy.mo.gov/energy-codes/missouri-residential-building-codes-study

For additional information on other DOE Field Studies and participating states, please visit
https://www.energycodes.gov/compliance/energy-code-field-studies.

Additional education resources are available at www.southfaceonlinetraining.org.

www.southface.org

mikeb@southface.org
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Learning Objectives

* Grasp design priorities for a High-Performance Home

* Review Building Science basics

+ Identify 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)

+ Identify 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

4F Southface ()MEEA

Learn More at www.southface.org

* Energy Code Resources
* 12 BS webinars

* Heat Transfer
https://www.southface.org/insights/

building-science-webinars/

* Air Movement

* Moisture Flow

 Insulation Installation

» Ventilation — Concepts & Calcs
» Ventilation — Strategies & Apps
» Conditioned Crawlspaces

» Ducted Mechanicals
 Insulated Rooflines

» Combustion Safety
* HVAC Load Calcs Sy =

- Design High Perf el m
Homes . -- .--- - - .- -.' - -.

Learn More at MEEA

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

residential-energy-code-support-program
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Part 1

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 tight, well-insulated and
resilient

+ Air Distribution
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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Part1

High Performance Top Ten List

1. Pay Attention 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 tubes vs. big skylights.
Minimize Window Wall Ratio

Civerhangs
7

T
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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.”
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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 crawlspaces
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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

i)
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Top Ten - Humidity

6. Humidity Control
Variable speed equipment
Dedicated dehumidifier

15 IT S LMD TODAT?

ITFEELS B'BIT HIMID T MES
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63 (UFRESH <mmse>
Top Ten List - IAQ ,
7. Ind Al lit
ndoor LQually _ o
. o

Salvaged, Recycled
HVYI CERTIFIED PERFORMAMNCE

content
MODEL DUCTSIZE = STATIC PRESSURE SPEED WATTS

EPP, avoid Red List
Thick, pleated filters
Tight envelope with Fresh

Air System QFAM & 0.2 40 CFM 129
50 CFM 13
60CFM | 151
70 CFM 17.1
BOCFM | 195

90 CFM 2.8
100 CFM 263
110 CFM 275
120 CFM 301

13 4% Southface {)MEEA

. f
Top Ten List - Fresh Air S
8. Appropriate Ventilation . .
Positive / Balanced versus Exhaust Only S
Smart Controls and sensors, ERV, =
Ventilation Dehumidifiers =

To
hOUSQ
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Top Ten List — Plug Loads

9. Lighting and Plug Loads
100% good quality LED’s — economic no-brainer g
ENERGY STAR appliances — manage this
(5 refrigerators?!)

Smart power strips and vampire loads @
DC motor ceiling fans

LHEL
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_ Early Design Checkiist
Top Ten List - Renewables At ot - ok 930 0o

10. Production for Zero Energy boosrlegnhory bt oot

At least make the home solar ready - ik ks AN e gl sl s

(structure, conduit) - = st

Solar PV is much more affordable - P s ¥y o et~ R i

don’t rely on solar to offset poor design R S R

New technologies include on-site o pirrs e ae igo, Cae e

storage - batteries & EV’s SPOSRRN SInlis s S ol s

P i ] !Bmﬂ'fl]-u_

- i s oy A

Apakam ool mrpieaty Changecof plame s pleaied
NAOREE 30 (O CoPRpAOITER Tl DeTinemancE B
MR L k) sl TR O Ty o ey, e
Pl bmitey, sl 1Seretor sy sk o dhrlarh
ol i Memlality | Aleraamockits Clis g e B Sy i
e e, s o ] (s o el iy, oo o
OO VR (i, T

- —— *  www.greenbuildingadvisor.com
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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

' FOR HOMES

FH! S _@]’
ﬁ |PHIUS Wﬂ'ﬁ

i‘\ﬁ-ll#l-llhl-lﬂﬂl'l'\-q— d B Bryaiswd Sy donages
B g
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'-—-r|r -rl
Riih bRy T i
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Part 2
Building Science

A house is a %ystem made up
of interrelated patrts:

* 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?

=]
e

Building Science

Heat Transfer

*+ Heatis a form of energy
 Heat moves from hot to cold

* 3types of heat transfer:

¢« Conduction — heat moves
through a material

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

* Radiation — heat emits
from a hot surface to a
cooler surface
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Knowledge Check
Heat Transfer Problem

Your Choices:
* Radiation
* Conduction

« Convection
1 - 2= Radiation

2> 3= Conduction

3> 4= Radiation

5-> 6> 7=_Convection

£F Southface ()MEEA

Heat transfer: Radiation

» Low-emitting surfaces slow radiation




Building Science

Air Flow
Air moves from areas of higher pressure to areas of
lower pressure

Natural and man-made forces that can create
pressure differences cause air to flow

*+  Whenever air moves out of a home, an equal
amount of air enters the home (CFMin = CFMout)

a=f e ==e,
1t i T
g secoiy L '-HI" L
e T’:ﬂ =
Stack Effect

Mechanical Systems
¥ Southface ()MEEA

Building Science: Air Flow

Stack Effect

Positive
pressure

(with
reference
to outside)

Neutral
pressure

plane Negative

pressure
(with

reference

to outside)

Vermont Enerlgy Investment Corp. : -
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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

4F Southface (YMEEA

Building Science: Air Flow

Continuous Insulation & Air Barrier

Air barrier and insulation must be in contact.
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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
LT N

Bulk Moisture Control il
* Proper site drainage

+ Foundation waterproofing

+ Plastic ground cover ="

 Gutters channel water
away from foundation

| Pl wred gl
arciar sk

Wi P n pla ke
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Building Science: Moisture Transport

Diffusion Vs. Air Leakage

4x8 sheet of

oypsum board v nowra (| 11 10 10 (B (B
gypsum board
In:rel:liqo;;t"?':l'l’ with a 1in2 hole
meroraczee | (] [ 0 [ |
and 40% RH . . .
1/3 quart . . .
of water

30 quarts
of water

Particularly for a Mixed climate, air Ieaka%e is typically far
more important a moisture transport mechanism than diffusion
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Part3  Midwest Residential Energy Code Adoption
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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)

e Multi-family, 3 stories i
and less (R2 and R4) IECC
— |[ECC 2009

COMBITIONED SPACE. Por camagy purposes. spote w il
# bahbr ki bnprervabod wif sl asd o vading, e
N hmmmgﬁl‘ﬁ-tfuuiliilmﬂmpdﬁhmh-a
losigam, 30°E (R0°C) during ghe Bouding somcn and #3°F
[Z5°0) dhinilng e conilisg sousom, o8 oomoninkossss dine iy
wilh & rosdkred guace, lor methanceld pupoess. an e,
i o g e lag beaed i docdedd B sl el o
apEainnee

« Additions,
Alterations, Repairs

Exempt Buildings
* No conditioning

* Historical
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Scope of Residential Energy Code

*  Focus is on building envelope

o Ceilings, walls, windows, floors, foundations

o Sets insulation levels, window U-factors and SHGC

o Infiltration control

= Caulk and seal to prevent air leaks
= Verify envelope tightness 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

o0 High-efficacy bulbs required (50%, 75%, 90%, 100%)
. HVAC equipment efficiencies covered by different DOE

standard
* No appliance requirements

4F Southface (YMEEA

Energy Codes

Compliance Paths
IECC
Scope
I :
Insulation & Window
Requirements — T -
|
| | !
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.qg.,
credit for mechanical equipment efficiency)
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Energy Codes

2009 IECC- Section 402.1

. Oneg)rescrlptlve ‘answer” for how to build per climate zone (CZ: 4

¢ Includes lots of footnotes

GLATLD W0 llﬂl DALCEINT | susm?
FERESTRATION SHVLIGHT TEMESTRATION OCULIBG  FRASE MALL

. -
[
| CLIMATE | WALL | BMELLIC
MNE | USACTOEY | LFRCTOR | BMGEMY BUALUE BAVRMLUE H-ILII' n-'m-ul BVALIE | & DEPTH
| I 13 ars | A an 1 L I o L
| 2 BEF | am | oM i LE] s | 3 | 0 B B
| | [ (L] 8.5 a0 13 | Am | 14 | &F | &4 | E
| mooepl. [ |
| idacioe. | 0.3 e MR an 1 | 0 . 1% . N1 ; 2R . =
5 |
!“ o s nEn HE a8 Mar 1345 13T : ap 1213 [ ILZA . 3
] 0.3 [L01] HER 40 | Moridef | 1348 | B 1514 : idm | 183
T and B 35 il HR L 1] 2l w2 | e 1509 | I0dA | 103
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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 Rl 12
MALEATEIH BRI FERERTRETHW REGHREWENTS BY COMPOBERT

aLuTEs wees | mass | | naspuner | S | SR i
" | | | iR | B e ET | S| 4021408
2015
. _ _ I table for
NN T CE ITHE] IR | S lFAE | WIE ] U | 4
*;:;;‘I-l" |r Wis § 1% i i I PTHET Wit I Wik Lim2n| e U_faCtorS
.__._‘IJ iz s kK i Hig |45 imn e W e sy %%er:] U-values
fi i [ MNE 4% | ¥ed e 1pet| 13 o N N RESCheck)
12018
i — Uiz | mar | B ] & | o | B0 | W ] YiIF | 0 | B |
-In';;:r:r 1 EE & L T i [ BT [0} L [[ER N jlpt :
",:]_"_. 1w e Wi ' T e | mr | e wiw |man| s :
0 nm iR L] FH e T IF'_['-".!H_ 13 i I1II in I|| I'= r|
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Energy Codes * Buchanon, Caldwell, * Dunklin & Pemiscot,
Chariton, Clinton, are are now CZ 3A

2021 IECC now CZ 4A

* One prescriptive “answer” for how to build per climate zone
(now CZ: 3, 4, 5)

TARLE K417 1.3 DA THIN VEARATI WA VAL TEE IND "EHEX THATIDN R BEL TRAEY

T T T
2021 el i

O kT | Dl Tk T | G i ".‘:;,:_n_‘ | AL “:'_“_: J::"-: —'::":r ﬁ:'__

Lo LT urrmn | T AL v.".:‘u.:‘:\- =t [ R e &

IECC

m ~ |- w [l w | o ol 402.1.2 is
R - { similar table

. Ll | B gl [T Bliotof o for U-factors
« bsied]| | | (get U-values
: g vt i e from

S . . RESCheck)
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IECC Code Differences - ‘15to0 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
* DuctsR-8
*  Minimum surrounding insulation R-19 (R-13 for CZ1-3A, ducts >3’)
+ Effective R-25 when modeling
* Ducts in 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)

* ERIrelaxed targets
(62 for CzZ4, 61 for CZ5, backstop penalty for renewables)
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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 IECC _
* Basement options

* Sunrooms and heated garage separation 1
+ Ducts in 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 IM

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

+ Additional Efficiency Package - required

47 Southface Q)MEEA

IECC Code’21 IECC
« Section 408 Additional Efficiency Package - 1 required H
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IECC _

IECC Code’21

+ 408 Additional Efficiency Package (cont.) — 1 required

A e AR P + Water heater 5
efficiency

Tiw ol s ariderr abal myssl coe of the Siinonyg efcseres
o G Wi o e 1o [LED EF deied Timl 88 v widbind Fes g Syalar
v Greacwr Bam op suerin 30 EF secicc mns myme-hearng spemn
* Ducts inside

1 EHN0P il O s D0 00 Sokar Saanry B0A o eI SRR
envelope

BEIE Tk Mara aMeinr e Sereal d et e ree s
This v Sdiednol vy i beie @l ivmem ) rvie i 1lea Dl irwmeg) il B § ae's” wi
PO P o) ChACTE APl 0 P lns MR GITIOEy W TEN [T Duslsing e el
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* Tight home
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Energy Codes
2009 IECC Prescriptive Code R-Values

Exterior Wall _ R-13

Values for Climate Zone 4
R-19

Floor Over Garage

Sloped Ceilings R38 \
. R-13
Attic Knee wall 0
uninsulated flat
- R- ceiling R-13
Flat Ceiling Wall to Garage
3rd Floor 8 —
U-0.35 Attic
) SHGC- n/a R-10
Window / \ . PR R ‘Q\oo‘ Basement Wall
\'. 2" Floor L N\ (continuous insulation)
Cantilever I 9 . | ®
antilever Floor 15 Floor ‘6’6‘3() S0 N R-10,2’
O™ e Conditioned Slab
R-19 %ac,@“

Floor Over Crawl
Crawlspace
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Energy Codes

2018 IECC/IRC Prescriptive Code R-Values

Values for Climate Zone 4

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

Floor Over Crawl Crawlspace Slab _R-10,2

i 4% Southface {)MEEA
Energy Codes IECC

2021 IECC/IRC Prescriptive Code R-Values

Values for Climate Zone 4

R-60 -
Sloped Ceilings ‘ook\\“
N

R-30 or R-20+5 o
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 \{ 516 Floor
. R-19
Cantilever Floor /
15t Floor
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
| — E——
R-10
Basement Wall
(continuous insulation)

v\Cond.

Slab R-10,4’

4% Southface {(}MEEA




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 Attic — 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 )MEEA

Insulation Requirements

402.2.1 - Ceilings with Attics

« R-49 (CZ3) and R-60 (CZz4-5)
IS prescriptive requirement

* Rulers required every 300 s.f.
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Insulation Requirements

402.2.1 Ceilings with Attics

Eperpy Trais
wilhy il hesghl meutaion
drpooiTirerrce

g gl Vo W

R-49 complete coverage

49

complies with tapered R-60 Fuiiinm
(R-38 complete coverage n T- R
complies with R-49) o el

R4 21 Callinge wits at=a. [

Wheve Sacien RA0T 1 3 sequess R-10 irelilicn m T celling cr @0
namibing R ovar 100 parcend of thi eling or amc sred resnng
Frmgilion skal satinly the dpguaemen i B-40 madabon mhemve
T Bl Pt & wrtc Mg sl H-38 immulaion adeiis vl e wil
Tk M e el s Section REiE LY eoukes R00
ety ot Cwfangg o mibs, vl Rd8 cronn 2000 prawda] of s
palding of pFE @l gyl gl 10 el i ly TR gl e=ant fon
Rt muiakirn whesrgvas The bull height of ueeomgessad ®-40
raaililah edleids over $ie wal D plle bl e savei. TRis redusion
shall nor apyly % B insolabon @ nesTaisn ortana s Bactnn
G2 1.2 ard tha Total UA abermaiive in Sechiom B402.1.0
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Insulation Requirements

402.2.3 Eave Baffles

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

B i
(] o=
rigpt bl wan

B 3.1 Ewrea b [

Fer pr-panrmabin mudasns m varded alles, o heiife ahsll b reblee
ST 10 ¥ B0 fdve vurs. Ballies shal maliain & fe fres amoa
epmthey sl ¥ 5 graaar ki P B0 il M el The Baflo shal
wecwmid e ar tha top al Tha @tk s on, The bafla shall be persmed
i bt @ity kel rioriaelal. Th Bafte ahal e et 10 B o) elge
of He gripcior wal iop plain w5 a8 0 prosvids TairLEn Epass for e
inaulaiae parsrage melt tha mif pls Whors w0fE caminag & e
Gomimuiu g, saftme shall Do revialisd conimucyshy i prewer] yesilpion
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Insulation Requirements

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

+ Vaulted ceilings and foam sprayed rooflines will
need to perform an R-value trade-off

Roofline Installed Insulation Options

(i | D st gy [

My g b AL ]y e Ly g e B Vauhed urwestod ot -
e T LT T g IR D e et v alye sk inpemeabrle mrsukstion

Tk, 0T M O e L] bl L L Bl e A
Tl B WP WS ORE T T L TR
TR R s L LR
e ol kel e e ol ol
1 e e e T o e
T e i L ] V] i e A
prc e o e O pare of o fpon mrned owbrg e
TR e B Sk s By P P e

o vm o e BLCT T E
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Insulation Requirements

402.2.2 - Ceilings without Attics

+ 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
il Sl unvented attic assemblies
rocd e wr-pirmaenbb insidaisn

PEE. EOA TR . ST e S AR

i Bl e

RS P P
Emwr or pay il menned weih

i T e Wkilicn s 1], e e
B e b
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Insulation Requirements IECC

402.2.2 - Ceilings without Attics
« Old school approach

Caibedralized venied ceiling-

realline sir-permeatle insulation
A0, T, ceeE LUl

st -p il i b
jeg., Ereeham cofisvo

g S | A ! freiiE A charsse il
| Tty DornTE FFSF ot vl
i B B Fickpl el
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Insulation Requirements R S N

402 . 2 4 ACCGSS H a.tCheS & DOOTS fpzpss haiches and doors from cosdfones o wrcorsioned saces
+  Attic access at same R-value as such as athes and orawd spaces shill ba insfated tn the sane Atk
wall/ceiling rutuited by Table R40Z 1.3 fer e wail or ceiling in which thay ang
*  Exception for pull-down stairs CZ 0-4 instaked
Exceptions:

Viabegd duen rreery pass b sk g
S | GRS L LT SR NS

sasaes of Toms ALY 13 el & re sagecams

" For an attic st e
with 990 s.f. = e M o A = AU i
R—38, and 10 e L L T R A T oy pep———.

i el P e iy e e

Sf = R'l 'H.:'--r'\-.i-..-:r:r-: A
o ’ 51 T resrags L0 o G Tumch aked Da SeL e o
Effective R- ::: .I.Iﬁ_-_..:._.:-‘:m‘l- dil ERiEE FLEHRS R
Value = R‘29| LT Wl wy b M ey @ e e pee e b

= rrEEE s w6 e
THE RN AN O BE RRRE OPECTE A0 B bl e
o et b 1L s dean 1 3w

i Tee EEEEs O B AR s W R
A g

e Nominal R-13

4% Southface {)MEEA




Insulation Requirements IECC

402.2.8 Floors m
* |nsulation should maintain continuous

permanent contact against subfloor RE2 27 P g

Fros diwii Sdebdlin gl coavgdy alli e e iof T bk

| isnwigren dhall o Il 0 POSLER RYYSIEN NTES
wilhi e Fleeede 00 e b phall g b dEoaliday wlh
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welmidn Ol Fe Lige Dires] epaiabiyg M6 Dodly emil B
undonddored pooe e, The combred S-vhue @l e
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Insulation Requirements

Reality of Underfloor Insulation

Mo
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Insulation Requirements

Insulating Basements

www.eeba.org
www.buildingscience.com

Eaalant, adhesve or gasket
Eil skt
Conerele foundation wall

L rifzsoesd] s o
mdparded polysthyTens
nsulation {semi-pemea
wth 1aned or seaked jodnish

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

CHEsLIm Eoard e
Tuming sirips
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Insulating Basements

Systems Approach to Walkout Basements

Advantages to insulating all basement

walls:

+ Wall insulation 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
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Insulating Basements

Definition and Prescriptive Code

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

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

Try to avoid cavity insulation; continuous
insulation performs better

45 Southface (YMEEA

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

PRLMLR o
ALY Wilj]

4% Southface {)MEEA

Insulating Basements

Interior Insulation Strategies




Insulating Crawlspace Walls

R402.2.11 Crawlspace Walls

4 | Standard vented
crawlspace -

underfloor insulation
| Closed

Crawlspace with

T

Closed Underfloor insulation

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 Crawlspace Walls

» Seal ground with 6-mil plastic (6” up walls, 6” overlaps)
* Insulate interior of walls to satisfy code
(R-10 in CZz4, R-15 in 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 Direct condition ; e Pest Control and Code
(dehumidifier) Official awareness

45 Southface (YMEEA




Insulating Crawlspace Walls

Insulation techniques - Walls

www.crawlspaces.org

_ 4% Southface (IMEEA

Insulating Crawlspace Walls . Pest Control industry
Insulation techniques — Rim/band area strussles with band area fully
0 filled with SPF
Clpe”é el . SPF that fills band blocks
oseate inspection for pest control

Foam Air seal and then insulate

with movable insulation
product (batts, pillows, rigid

C.aulk and board, etc.)
Fiberglass

e b j2ial wres conie = chadasce o erde
Batt oM, WER T QOEIEN 1S ke g P

Thaplays b rabve P 12 eorpdiced s ul
m.-l.u'r- Ear lmpipdbrn om mkdneg o itk boren
o Fiba: rifar
. . i oo B ok C ot b ey
InSU|ate rlm/band con iz had with sown vaoben on-gee ten
. g 0 bt gm o sty Tz smpel
areain basements & lcsatos med il vy 3cohiing b he ska ot
ihim o peeid, datvd T P bt cotvn lm llee] o it

crawlspaces ' i ik il |
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* Must air seal and




Envelope Tradeoff Options

IECC
Scope
I :
Insulation & Window
Requirements B
|
| | !
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)

4F Southface (YMEEA

RECcheck Tradeoff Option

. www.energycodes.gov

o ENERTY
. Software evaluates specific

designs quickly

. Demonstrates SHGC
compliance

ey e
B
et

. Allows trade-offs

« Building envelope
components

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

. Spec|fy code edition T . Aoy kg y Lades Fegrer ﬁ

. Brey S b Py
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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

[ECT 1815 Ferformance Complano:

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 = vy [ naw
efficiencies
Likely to involve a HERS O Lighting, duct heiamin
rater insulation
» Ekotrope, REMrate &
Energy Gauge are « Compares energy costs
acceptable s

of actual home being built
against IECC reference ey 7 a2 ey S ey 2 g e
home’s energy cost

45 Southface (YMEEA

Energy Rating Index (ERI) path

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

¢ &7

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

70 47 Southface {)MEEA




How is the ERI determined?
* The ERI'is a numerical integer value

* Lower index numbers indicate lower RESNET
energy use .’ HERS
- The HERS Index is similar to the ERI INDEX
* A HERS Index is generated from a HERS was developed by the
HERS Rating using modeling Residential Energy Services
software Network (RESNET)
(e.q., Energy Gauge, REMRate,
Ekotrope)

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

4% Southface ()MEEA

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 B o
Water, Lighting and some "Elik i
Appliances

« 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

. Suuthface {IMEEA

Index = 100 x PEfraction




HERS / Energy Rating Index — What does it mean?

 HERS Index (lower is better) [ HENSndex |
+ Rated home with Index of 100 = il s
Reference home exactly meeting “I]]I_*
BT R NER EAR|ERECGEEE
2004/06 IECC i | BEEREE
* Net Zero Energy Home = HERS Index of O | LR E

40 30 30 50

[Rated Home’s Htg + Clg + WirH + L.A.] -
[Refer. Home’s Htg + Clg + WirH + L.A/]

70 20 30 80

Index = 100 X PE;ction X

PEfaction IS ratio of renewables to purchased energy

(e.g, a home that produces 20% of its annual energy would have a PE; ..., of 0.8) In this example, 0.8 x 75 = 60
fraction

4% Southface ()MEEA

Energy Rating Index: Target Values

¢«  The 2015/18/21 IECC sets a maximum ERI for each climate zone
« The ERIlis 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 R&EA
HAXIUM EHERGY RATHG IKDEX

—-;tﬂ CLWATE 704 | EEAG Y RATING NOEL ESERGE AA M MRES'
el | € 5T
P 1 & T
ﬂ, ' g ' i bl
¥ - 1 T (]
[ECC iy [ ] fil
] 5 [
'l L | 3
y | 8 ' 5 ]

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

« |[ECC 2009 threshold:

< 7 ACH50 ACHy = CEB0X S0
» IECC 2012-21 threshold:
< 3* ACH50 (CZ 3-8) % 2021 IECC
« Quantifies the Amount of Z"C%";ZL\'AF,’I:; <>
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 ()MEEA

How to Fail a Blower Door Test

Leave Big Holes
In Your Walls

S
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How to Fail a Blower Door Test

Don't Air Seal
Blocking

(Just Cover Over =
| With Insulation) !

Don't block

under Kneewalls
| (Just Cover Over With
3 Insulation)

How to Fail a Blower Door Test

)

Don’t sheath
or block

Kneewalls
(Just Cover Over
With Insulation)

| Don’t Cap
Chases




Air Sealing: Critical!

M
| Penetrations in
§ Top Plate Sealed

Cap and Seal Chases

Chase capped
and sealed
around duct
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Tubs on Insulated Walls

z

Complete air o
barrier behind tub

.

4% Southface {)MEEA

Band Area Between Floors

Spray foam at band

Sheathing sealed and |
sealed housewrap at band

45 Southface (YMEEA




Blocking at Cantilevers

Frammg Blocked
and Sealed

'f .-? i

Penetrat|ons Sealed

Rl 1

Garage on Other Side of WaII

Bottom Plate

45 Southface (YMEEA




Correct Practices — Block + Sheath Kneewalls

Alr sealing key painls aoees
Ty L o T

e vy wrm g o e r———

Install Kneewall blocking

|
<% Southface {)MEEA

Installing Insulation

* Voids / Gaps
» Compression / Incomplete Fill

4% Southface {)MEEA




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

4F Southface (IMEEA




Insulation Installation: Grade I, Il, or I
» Unless verified, assume Grade Il (worst) — see RESNET Appendix A-11-16

installation shall be at least this good to be labeled as
“Grade lII":

E ——

|

Mo more than 2% of surface area of insulation missing is -
acceptable for “Grade II” 8.«

¥ Southface Q)MEEA

RESNET Appendix A-11 - A-13

Grade |
» occasional very small gaps/voids

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

P em— Ty

| | I il — dk |

Compression

_ #5 Southface {)MEEA




Gl’ade I I RESNET Appendix A-13 - A-15
* <2% gaps/voids
* <10% compression/incomplete fill
(which may not be more than 30% compressed)
( | i
) |
._..l—_ JI.. al _h._ J J
Gaps Compression
4+ Southface {)MEEA
G rade I I I RESNET Appendix A-15 - A-16
N : * > 2% and < 5% gaps/voids
* (greater than 5% =
downgraded R-value)
* 10% or worse
compression/incomplete fill
|__— L‘. Gaps

47 Southface {(}MEEA




What
Grade?

EEA

e




Installing Insulation

Ind B0
2tk o

What Grade?

4F Southface ()MEEA
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What
Grade?




What
Grade?
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Voids & GapS Installing Insulation
Wall Insulation key points

Vioids [ Gaps
Pazsing Gade Uiracceptale Insfalbon
IPELEEEA I SIS B ATy TS | PR DT
B VR el Ee Al e L e

Installing Insulation

Compression & Incomplete Fill
Passing Grade Urtaccapiabig mefallaion

maERton o pmar aercienal e i o e Dehing sl wee

102




Insulation Installation Videos s

= Wil

Keys to Proper. Battinstallation

- FiII the cavity topRo-hatiam,

=|1|1 frnrrln e Sr5
|| 0P & B ttom plates |

Mt P AT g
B A1 5 o e
= i
_ i#SWthfar:e QHEEA

Ceiling Insulation

- See |IECC R303.1

104 T | 4% Southface ”H_EE A




Ceiling Insulation

105

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
5 which buildings failed to meet 2009 standards:

Duct Leakage (unconditioned space)

Duct Sealing (conditioned space)

Exterior Wall Insulation Installation Quality
High Efficacy Lights

Basement Wall Insulation

Patterns of
Noncompliance

nepwNhNR

4F Southface ()MEEA

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

47 Southface ()MEEA




12’

v

A

. H 18’
Loads: Conduction Heat Flow 20° S0x60
3‘8 pensreennesnonenees
\‘m\\c’,\ﬂ, | Window
Heat transfer through a solid object: the formula for A Q- . U=0.55
calculating conduction heat transferis g = U x Ax AT . T ‘
q = heat flow (Btu/hr) 20 ¢ | T
is.f.
U = inverse of R-Value [U=1/R, R=1/U] (Btu/hr ft2 °F) 9 ' Door!
A = area (square feet) R=2 | 200
AT = temperature difference across component (°F)

q=UXAXAT v (1/13) x 270 x 50 = 1038
NI

13  1/13 220

Manual J: g=AxHTM

2 % 20 50 500
where HTM = UxAT _ 0.55 30 50 825
2171

4+ Southface ()MEEA

Climate and Energy Efficiency

. .
Secion Tormoe 1 W7s 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

+ 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
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Manual J - Winter Loads

ey e L ity

e ‘et Bocra,
a. ;
] e i LS A Gy b vy IR Winter
i —_—T 1 Outdoor
E Hl Ml o oF, il .- - DeSI n
-H'\-n. | E;.?ﬂ'::::" - |_. C-a L3 Lann . 1k 9
\\\ ) T | Foume 70°F -4 Temp
o L 'I . - Flaai bann I
. . f e —— Cinsd Soume
: — - 14°F
=T - —— ——— Lam Treanph
'|-__--_—_—_— o ! FrEaL—

- .. .
vt T T 7 L |l>
S Pioar _r#_._._,_...---"": R

Loos Thimigh © — '
Beow ata [ —_ — e e
Fhi-l-'{._l:i:_n:lit;:l.:-:_"- ' l.w:r.i!l LT
Ol i W by e’y P L Apatmral Furay
= Argudira
111 “F Southface ﬁ*H EEA
Manual J- Summer Loads
O srosee R
L:m 21 beriislens M8 wrd Wlln Hioe
Pl L Toplror'h s i 1 b ::h'n:lm DR
{ e i
Summer
Outdoor
Design
Temp
91°F
LT
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Manual J Software

Why is proper equipment sizing
important?

¢ Equipment first-cost

¢ Longer/more efficient run times
* Limits equipment cycling

* Better dehumidification

L=i

| o rira i Lo R L L ] Hif] EaHT F
ar el i #dT 7 LR (Fhy 1

113 4% Southface “H_EE‘E

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
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4 Factors Affecting Comfort

« Air Temperature — around the person
» Relative Humidity — ~50% is best

« Air flow - affects how easily
evaporative cooling occurs

« Mean Radiant Temperature —
the temperature of the
surfaces surrounding people

Cooling Load Breakdown

Sensible
Infiltration 4%

. Infiltration
Ce|I|:|gs Humidity 24% » Sensible =

21% A Temperature

* Latent=
A Moisture

Walls Internal . Total =

. o
Humidity 13% Sensible + Latent

 SHF =S/ Total

12%

Doors
Windows 24% 2%
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Variable Speed Blowers

* Allow slower fan speeds in A/C mode to improve dehumidification
+ Utilize ECM motors
» 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

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

5

How does duct leakage affect
combustion safety?




* Types

* Design

« Sealing

* Insulation

Ductwork

45 Southface (YMEEA

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

e Cut duct to proper length

¢ Do not pinch duct to
change direction or at
connections

121

4% Southface Q)E-_&

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+)
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Site-Built Cavity Ducts

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

=

4% Southface {)MEEA
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IAQ Issues?

Duct Design

« Try to locate the ductwork
inside conditioned space
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127
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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)

il i e 7>
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Duct Design Details

. Dl_Jc_ts should not * Ducts should not
originate from the originate from the end
plenum cap or within of or within 6” of the
6” of plenum cap end of a trunkline

47 Southface ()MEEA
Duct Design-
Proper Return Path
-+ a0

Eredian
Install sheet 5 | |

metal duct

inside wall
Telpaidigl,  cavity
- v

s
w1 Bl
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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

EN N < Southface ()MEEA

Duct Sizing

* Manual D
* Duct Calculator
G oy ::: S D Teo | -

ST Hea Ds. flow Pr. drap Diarm
(Btuh; (cfim) {in H2C) {in)

hdatl

=
Eedroom 3 W 2047 12449 h (1= 2‘16 0.17 346 p & o 0 |v1Fx
Bedroom 2 sl |rhil 1757| 1z4a8 c 68 246  0.17 344 p 6 | o o0 [viFx
Laundry st1  |thil 796 415 h 26 246  0.17 303 p 4 [ o o [viFx
Kitchen stz |rhil 389 | 1644 | © 89 246  0.17 333 p 7 [ o o [viFx
Dining stz |rhl 1sas| 1135 h 63 246  0.17 218 p 6 | o O [viFx
Foyer stz |rhil 1263 718 h 42 246  0.17 308 p 5 [ o o0 [viFx
Master Bathroom st3  |rbl 1993 | 1058 h 66 246  0.17 337 p 6| 0 0 [viFx
Master Bedroom st3  |rbl 3565 | 2272 | c 123 Zd4s  0.17 353 p 8 | o 0 [viFx
Living stz |rbil 2915 1779 h 97 246  0.17 sgz p 7| o 0 [ViFx
Ereakfast rbi 1220 668 b 246 0. 287 p 5 | o 0 [ViFx
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Poor Duct Design...

B MY

i

—— . ——
e —
= —

—= ——— o
— = = ==
:—E—"__._ ey

Sealing Ductwork

* Mastic must be installed on
seams & joints of ductwork,
not the insulation!
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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.”

(MEEA

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




Seal

L

ing at the Unit Is Critical!
-~ -

A13 SEERA/Cina
(30%) leaky duct system
acts as an 8.5 SEER!
Neither the builder or
homeowner get what they
pay for!

140

Duct Leakage Affects House Pressure

Lt v

T aapze

drt

B
B
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 Supply Return Supply

t | t t | t
l l l l
l lAir T A'[—f
Hand | Hand |

Leakage in supply side of _— Leakage in return side of _—

duct system duct system

4 Southface (IMEEA
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Dominant Duct Leakage - Affects House Pressure

T
Impact on House pressure / \

due to small supply and
larger return duct leakage

What is the net

effect on house Supply Return Supply
u
l )
pressure due to 100 I — ]
cfm of supply and H‘;'n’_df
300 cfm of return 1E Unit 1l
duct leakage? 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!

4F Southface (YMEEA

IRC Reference—Duct Sealing

M1601.4.1 Joints and seams. Joints of duct systems shall be made
substantially airtight by means of tapes, mastics, liquid sealants, gasketing or
other approved closure systems. Closure systems used with rigid fibrous glass
ducts shall comply with UL181A and shall be marked 181A-P for pressure-
sensitive tape, 181A-M for mastic or 181A-H for heat-sensitive tape. Closure
systems used with flexible air ducts and flexible air connectors shall comply with
UL 181B and shall be marked 181B-FX for pressure-sensitive tape or 181B-M for
mastic. All metal to metal connections shall be mechanically fastened. All duct
connections shall be sealed. Mechanical fasteners for use with flexible
nonmetallic air ducts shall comply with UL181B and shall be marked 181B-C.
Crimp joints for round metal ducts shall have a contact lap of at least 11/2 inches
(38 mm) and shall be mechanically fastened by means of at least three sheet-
metal screws or rivets equally spaced around the joint. Closure systems used to
seal metal ductwork shall be installed in accordance with the manufacturer’s
installation instructions.

Southface strongly recommends
mastic or mastic tape, which
works better in the real world
than foil tape (mastic should be
at least 2 mm thick)
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403.2.2 Duct Tightness Testing*

* Duct systems must be leak tested
* When tested at rough-in
+ 4% Total leakage no AHU installed
* 6% Total leakage w/ AHU
* When tested at final .
. 0 Exception: Duct tightness test is
102A] Total Leakage ) not required if the air handler and
*+ 8% Leakage to Outside all ducts are located within
: conditioned space
B
F i

Total Duct Leakage < 4%
Ducts Inside Total Leakage < 8%

4% Southface )MEEA

Total Duct Leakage < 4%

Building Thermal Envelope Impacts Duct Testing

Farrgda 1 Eearrple § Eeample )
[N PR S ]
. a8
ff(.'(.' %b-,\ fra— L
I vl o il
_:;:5 :I""J I:nau.‘. T
lare .
B ,..:. e -
.....
] o i I T [#°53 R :
i b ] (= 3
l ! B 1
........ = [ .
il - 3 1 % H
i [ |
G ] wWes 3§ aFg | W= g
-3 i I
l_..--".E Arermacd I "
1 remttind - I ranir
Imgim § 'mea I TT—
g e [l | ey
LITTRIEE

+ Although these three homes look identical from the outside,
each has defined the building thermal envelope differently
* This affects the requirement for duct testing
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F| |teI‘S Practical Pleat

www.filtrationmfg.com

* Change every leap year?

: www.anykindoffilter.com
» El Cheapo vs. HEPA filters

+ Want thicker, pleated filters “AKF003" is discount code
+ Don’t accept installations that prohibit easy filter access

+ Seal covers with foil tape

* MERV rating

i
ll‘ll\élmli
Ty

J

J

|

il

Il
i
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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




HVAC and Humidity

* Don’t expect HVAC to fix bad
envelope moisture issues

* Remember Psychrometrics
+ “lt ain’t the heat, it’s the humidity”

* HVAC controls can help
* Variable speed blower

* Variable capacity equipment
(staged compressors,
staged burners)

» Dedicated dehumidifier

150
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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

kBtu/hr

45 Southface {(}MEEA
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Outside Temperature °F

Part 6

Energy Codes -

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

» Options for defining the building thermal envelope

Exampls | Eiampla Exmnple 3

Air permeable vs. air impermeable insulation

EPS Foam - air permeable

- . ! Open Cell
Spray Foam

Closed Cell : A3
Spray Foam i =y T F i
% -11-._*_“‘_ ; |
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5t Louis 2018 1ECC Energy Code - Comprehansiva Fleld mzpaction Chacklist

TReL L e ke T 21

Irdrurton s Overvive

The peurpreas ol thic fesbie b o sackt b Rald Irapsriien grimoe By lor sir esaliag and inealyilzn deisi
o the J18 IECT 5t leus Ereepy Code, Wiile nim myery detwl i rciuded, The B2 beioas ngnibure fhe
mag ity of cotttoal eapectad Serme 1w e by thas ceriain nams ars nos sppicabie io &l house

Wier 5 Loddet araraded b R-3E R ngd 30T B Dasemsrms

Thie atw ki hias bt soiymeated Gl Does sil b, e dagaanndiag to Biise e g itages ol
COASTTCTON. I an Ve does ol o ply and s b semieied, of F 0 canod be confrmid of Thes stige
o coeaivuction, thas Rem chgufd b werilfied o & loes mapeciion or, 3t their diars tion, by phalograshi
deusinlaban peirdded b thae code olligel, & B thal 5 eoll gesient fhedl be sedhed "RS",

Pevimilt
hike bnarvead and Wsalation detads sre kecatid on plass fan soodcad el

Pre-insulation, pre-drywall

156 4% Southface ” MEEA

FF =
P A= Pre-insulation, pre-drywall list: (Framing rough inspection)
re - ooo 1. Bottom Plate sealed to slab or subfloor — gasket or sealant on inside edge

. . ooo 2. Bottom Plate penetrations sealed — (electrical, plumbing knockout, etc.)
I n S u I atl O n y ooo 3. Top Plate penetrations sealed — (electrical, plumbing knockout, etc.)
ooo 4. Exterior wall sheathing seams are sealed OR completely sealed housewrap installed on exterior

p re - D rywal I (housewrap edges all sealed and housewrap penetrations sealed/repaired)
ooo 5. Cavities within headers, corners and intersecting T-walls are fully insulated
ooo 6. Attic kneewalls have blocking installed at ceiling joist intersection
ooo 7. Rim and band areas have air sealing performed
ooo 8. Windows and doors sealed into rough opening (fiberglass chinking not permissible)
ooo 9. Window spot check: U-factor and SHGC are reasonable and expected for DP low-e wood/vinyl
frame. Weighted average U-factor < 0.32, SHGC < 0.40 (Climate Zone 4)
° M ay CO | n Cl d e ooo 10. Cantilevered Floor joists have blocking (and air sealing) installed above supporting walls
ooo 11. Rafters have sufficient depth provided for insulation in vaulted ceilings.

Wlth framlng, ooo 12. Chases (e.g., to attic) are capped and sealed

fehianie als hin indeikod ai barrier al nsoleed wal|

rough_|n i ]nm] L% Tighm mnd Chosmm agansl exted o= walh have iniuleton and sealed ai Barar an inderer,
) . fu [ 1 | Le. Mambing pestralioni sedfad! by oogh vreclops floarm [eg.. lub draiea, sepply lives, verd
| nspe Ctlo n wlacks], wals (e g, Anpowil b, cowhpeos, wal plales) and ceibngs fe g, Shadiis and soilila)
-Hert weaber plping Baried in ylabs iz insapeed f0 1-1
ooo 15, flecticnl peesiralinn: weaind: Smils o plumblng, inciudes main sereics Ine mEny

(Rle st bl Pl G0 i o] B wd Pl s @ i vt il
[mEnm} L. MVALC peasirations sexbed - Fusl lines ard penetrations through chases wealed
[m | L7, Pantfiarrng imgttkcs har HWC & applances s s beaardens bor silicent depih af iegylation
[BEN] & LB, Fiispia vt
Saaripng b hase s sealed dor erreri hogsowrap seabe) beleoy weuani, nstaled
insul@rn Coverape HooDmpleie dwalls, g and boTm b and Sgns Wi e D
JFire-rafed caulc sesled ot Aus o ocap dranstion |snd fus inclode s deoper
Dl b otesrd oy it chactl Wt bed and Sbaled {@nd |nhndes shist oIl damper)
Fasl pan penaireyon sre sasled:
Mexi practce; fidly airseel prd raulaie belooe settng imeed|
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Pre-insulation,
pre-Drywall

1. Bottom plate
sealed to slab
or subfloor

Pre-insulation,
pre-Drywall

2. Bottom plate
penetrations

4% Southface {)MEEA




Pre-insulation,

=
=]

sap
WiN

pre_Drywa” OO 3. Top Plate penetrations sealed — (electrical, plumbing knockout, etc.)
3. Top plate

penetrations

sealed

Penetrations in Top |
Plate Sealed

§ 4% Southface ()MEEA

Pre-insulation,
pre-Drywall

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




Pre-insulation,
pre-Drywall

L0 & Eeberipr yall shegihing seams are sealed OR competely sealed boasewrap irstailed on exerion
[Fazncienwiriag al gt all dpabid asd Boudewsig penlralions whaled/mpaired)

Top Sash after
trim removed

Rotten Header

4. Sealed
housewrap
installed on
exterior

Windows

See WRB

(incorrectly)
have flange over | factsheet
housewrap for more

details

) - A k> ’th#H;EE-A

- Z
§Z

Pre-insulation, i

OO 4. Exterior wall sheathing seams are sealed OR completely sealed housewrap installed on exterior

p re— Drywal I (housewrap edges all sealed and housewrap penetrations sealed/repaired)

Seal attop plate,
fold over top plate and

secure with rocfing nails, or sandwich
between double lop laté — WEATHER-RESISTIVE
Sheating Pl cepped Hi b st il s el hmasdatan Al aiier s
nails to hold _ B
housewrap o SRR DATRTE
Seal floodlight mimm LT b L T T
at opening ATAETIoE Fa Wi

g o S Bl

o
Sajﬁm .
at ﬂpenin,g,//
£ ~~"Caullc under
housewrap and
seal gap between
electrical box

and sheathing

Modified “I™-cut, fasten flaps to
the inside of the framing

overlap
withtape




Pre-insulation,

pre_ Drywa” OO0 s.  Cavities within headers, corners and intersecting T-walls are fully insulated

=
-]

sap
vIN

Foam sheathing

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

oid

232 nailer added o
ouiside and flush to
the exterior of
window opening to
provide naili
surface for srlmng
ana window trim

v/

4% Southface {)MEEA

X

“Standard” arss
T-Wall g e

164

Pre-insulation,
pre-Drywall

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

“Standard”
3-Stud Corner

X

165
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Pre_l nsu Iatlon ! OO0 s. Cavities within headers, corners and intersecting T-walls are fully insulated

pre-Drywall

saA
w/N

5. Cavities within
ge_atders, (;(,orn(%rs Energy «standard”
intersecting T- orner
walls are fully 3-Stud Corner
insulated
“California
Corner”

“Ladder

Corner”
47 Southface ()MEEA

Pre-insulation, F22
pre-Drywall

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

167




Pre-insulation,
pre-Drywall

£
>
OO0 6. Attic kneewalls have blocking installed at ceiling joist intersection

6. Attic kneewalls
have blocking |
installed at
ceiling joist
intersection

168
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ATTIC
KNEEWALL

- PICS SHOW
NEED FOR
BLOCKING &
SHEATHING
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PROPER
BLOCKING
UNDER ATTIC
KNEEWALLS

=z =
T e =

Pre-insulation,
pre— Drywa” DDS 7. Rim and band areas have air sealing performed

7. Rim and band joist areas
are air sealed




Pre-insulation, ¥33

OO0 8. Windows and doors sealed into rough opening (fiberglass chinking not permissible)
pre-Drywall

8. Windows and doors
sealed into rough
opening
(no flberglass chlnklng)

backer rodl i
or speC|aI ; 'i

_ % Southface ()MEEA

-(zz

P re I nS U Iatl O n y UDU 9. Window spot check: U-factor and SHGC are reasonable and expected for DP low-e wood/vinyl

p re D rywal I frame. Weighted average U-factor < 0.32, SHGC < 0.40 (Climate Zone 4)

9. Windows spot
check on U-
factor & SHGC
(U<0.32,

SHGC < 0.40)




ENERGY STAR Windows

Wl Fismis
Worhd's Best ] Marm-Cors
Wincdowy Co,
ell vy 2000 ] Srank-Canngl
.+:.1.-.l-|l'|l'r|lr-.l
Rt b e g 7 il ) oy =
Froria- Fyr YacHael Sder B Stk
EMEAGY PIRFOSMANCE FATINGS || Samaiz AEr
Li-Fartos f18 130 Sid Him G Cooffoeri & Facior
030 0.25 pmmy -
% ML‘FIHHHHMFATHEI | ]
Wisibie Trarereiiance hir L US89 P— . : I - :
n 41 n 2 Ry i Clhmals Zone  U-Fack' - SHEC?
& Parfiaerii P
o s . < -
oy | 3030 | = Modi-Cenidl 5053 | s0.35
B ins0  sass = 028
K D40 K25 =28
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Pre-insulation, #3:

p re D rywal | OO0 10. cantilevered Floor joists have blocking (and air sealing) installed above supporting walls

]
10.Cantilevered floor joists have .

sealed blocking at junction
with supporting wall

‘l:._ﬂ*"‘
V& ,.E@’M
quﬂ:nﬂ:nhq with SUBSOGE (aif barries
wall redguilad at any B.hp'l'.l&ﬁ'ﬂ El-d'g-l:-l

of msulation)




Pre-insulation, D
pre-Drywall

10.Cantilevered floor
joists have sealed
blocking at junction
with supporting wall

B R

-1 ] _;’“ ]
4% Southface ()ME

o T

P re - | n Su Iatl O n , OO0 10. Cantilevered Floor joists have blocking (and air sealing) installed above supporting walls

pre-Drywall

sa)
YN

10.Cantilevered floor
joists have sealed
blocking at junction
with supporting wall
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DZZ

. . s S
P re - I n Su |at| O n ] OO0 10. cantilevered Floor joists have blocking (and air sealing) installed above supporting walls

pre-Drywall

10.Cantilevered floor
joists have sealed
blocking at junction
with supporting wall

=< 2
352

. . 2
P re -1 n S u Ia'tl O n ] OO0 11. Rafters have sufficient depth provided for insulation in vaulted ceilings

pre-Drywall

11. Rafters have
sufficient
insulation
depth for
vaulted ceiling
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saj
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P re-insu Iatl on ! OO0 12. chases (e.g., to attic) are capped and sealed
p re- D rywal I (chase walls have interior air barrier at insulated wall)

12. Chases are capped
and sealed

4% Southface {IMEEA
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Pre-insulation, ¢

OO0 13. Tubs and Showers against exterior walls have insulation and sealed air barrier on interior
pre-Drywall

4% Southface {IMEEA

13. Tubs & Showers against thermal
envelope walls have insulation and
sealed air barrier on interior side




Z
o

sSap

z
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P re - | n Su I a’“ O n , OO0 13. Tubs and Showers against exterior walls have insulation and sealed air barrier on interior

pre-Drywall

13.Tubs & Showers
against thermal
envelope walls
have insulation
and sealed air
barrier on
interior side

_ 4% Southface (IMEEA

== Z Z
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Pre | nsu Iatl (@) n OO0 14. Plumbing penetrations sealed: through envelope floors (e.g., tub drains, supply lines, vent
stacks), walls (e.g., kneewalls, crawlspaces, wall plates) and ceilings (e.g., chases and soffits)

p re_ Drywal I -Hot water piping buried in slabs is insulated to R-3

14.Plumbing
penetrations;
R-3 hot water
piping (in
slabs, etc.)




=z =z
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S

Pre-lnSU|at|0n, 000 15, Eerica penatrations sealed Similar to plumbing, inchudes main serviee lise entry

p re- D rywal I {Rest g actice; bacats garsl Bax in pon-insidsbed wall

15.Electrical
penetrations

Pre-insulation, #83

OO0 16. HVAC penetrations sealed — Fuel lines and penetrations through chases sealed
pre-Drywall

16. HVAC
penetrations
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Pre-insulation,
pre-Drywall

OO0 16. HVAC penetrations sealed — Fuel lines and penetrations through chases sealed

16.HVAC
penetrations

- Z2 Z
g8

Pre-insulation,
pre-Drywall

OO0 17. platforms in attics for HYAC & appliances are elevated for sufficient depth of insulation

17.Platforms in attics elevated
to allow room for insulation




Pre-insulation,
pre-Drywall

-:zz

18.Fireplaces

O00 1= Fupslace nseris - kh,.lul'q:lql-n..-' Il i Lot

-Sherattung in cheoe |5 wealed jor esierier hoaawrnap segked | before mrultian insiafes (=S PR te={i gy L] | P el e
brmulation cower dgge 1 carmphietls [walls, Yep and ot aind @8 wilh or karner oWl T NN e Heir oy
Free-rated eaulk sented o Bue b cap lransiion Gand Nue mdodes danper| P o B e ' Y A
Lhptuide combustion air duct nstabed and sesled Jand inckades gt off dampser| W

~Fual gas panstewtizne ara asled,
CHeal practee bully aiv-asl and woiulals balam '-IInF irsarl

i} Southface {)MEEA
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'[ E Hre D]GCES Fue! gus peretrabons ar e sealed:

[Reak practive: fully ar-ceal and invelste before wiling o)




Pre-insulation
.. pre-Drywall

oo 18, Fraglace mpsris -
rtarmig | hChase & seabed for el nior Pvsearas weplel | betare Fousion neadled
“inpdskon cowverags menmplets |ws b, bz aed beficen) ard slgne arih s boeeer
Fre-rated caoli s=abed af M 13 cap transition |and Sue ndudes damperd

<Dus e o i dul frstalied aed sedled Cand Snciuades shist off Sarrger)
~Faatl gt e reiata i o T

DBait praction Tolly wiv el and ookt balos willisg rmst]

* 18.Fireplaces

Pre-drywall, Post-insulation
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St. Louis 2018 IECC Energy Code - Comprehensive Field Inspection Checklist

Pre_d rywal I , 8§ Pre-Drywall, post-insulation (Insulation installed properly)

ooo 1. Wall insulation installed in substantial contact and continuous alignment with the air barrier(s)
post_insu Iation ooo 2. Wall insulation neatly fills cavity (ne voids, no insulation compression due to wiring & plumbing)
ooo 3. Attic insulation prep properly performed

« Dams and vent baffles extend over top plate of exterior walls
« Dams installed at attic access and to adjacent uninsulated areas (porches & garages, etc.)
# Insulation installed under elevated HVAC/appliance platforms in attics

. ooo 4. Attic pull-down stairs sealed into rough opening
o | nSU Iatl O n ooo 5. Cantilevered floors insulated properly (R-19)
H ooo 6. Rim/band areas insulated properly (R-20)
InSta”ed pro perly ooo 7. Ducts insulated to R-8 in attics, R-6 in other unconditioned space.
Visually check for sealant at seams and fittings
ooo 8. Floor insulation supported and in full contact with subfloor sheathing
ooo 9. Floor assembly end-dam barriers installed under attic knee walls
(such as for bonus room floors above garages)
ooo 10. Mechanical spaces receiving outdoor combustion air have continuous, air sealed and insulated

thermal envelope (walls, floors, ceiling as applicable) to isolate from main house
ooo 11. R-3 Hot water piping insulation installed (and recirculation system pipe insulation & controls)
Piping #/+inch and larger in nominal diameter
Piping serving more than one dwelling unit
Piping located outside the conditioned space
Piping from the water heater to a distribution manifold
Piping located under a floor slab & buried in piping
Supply and return piping in recirculation systems other than demand recirculation systems

192 4% Southface a MEEA

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

* Insulation NOT aligned
with ceiling air barrier

193
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Installing Insulation

* Voids / Gaps
+ Compression / Incomplete Fill
+ Alignment with air barrier

45 Southface )MEEA
782
Pre_d rywal I OO0 1. wallinsulation installed in substantial contact and continuous alignment with the air barrier(s)
]

post-insulation

1. Wall insulation
in substantial
contact and
continuous
alignment
with air barrier
(typically
sheathing and

drywall)

| § ad
4% Southface {)MEEA
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s34

P r e _ d ryW al I OO0 2. wallinsulation neatly fills cavity (no voids, no insulation compression due to wiring & plumbing)
7
. . Woids ! Gaps
post-insulation g g [ Unaccaptable nstallation
IngprEn 8 TRECRA BAO DTS
Saatain smcreal b

2. Wall insulation
neatly fills
cavity
(no voides,
no insulation
compression)

[ P [
Immumiay Sl His I'I.n'rnn:n'h Irmumbee raa el s oy
ety il b5 el S ioh adh B S O Sy Pl iriin i el
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pr e e i

782
Pre_drywa”’ OO0 2. wallinsulation neatly fills cavity (no voids, no insulation compression due to wiring & plumbing)
post-insulatior Gomprassion / incomplate Fi
1 B ETEIME & W (] s s AVE

2. Wall insulation

neatly fills

cavity

(no voides,

no insulation
compression)

el aodwiede o Fropai Wl rrmda b doa el e Prpespwt woilth Ferabon
et po bk, e naily L LT SN P [T EEE T o T L o ]

e i cheky Bl rmToey carely
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Wall Insulation Details

* Batt is slit or split to allow the
wire to bisect the cavily &
not compress the insulation

Wall Insulation Details

* Wire is
compressing
the
insulation

* Voids
around
electrical
outlet

* Missed a
whole cavity

45 Southface )MEEA




Wall Insulation Detalls

Installation
Videos

Kevs to Proper Battlinstallation
8y topraRatiom;
L=L0=front
SUlaorn

H2re =S de anad
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CICIEN & MaEis sl idion pieg pr o | ar el
PI"E-dr} u“* & Damy and vest hl."::-t:z::d over fop plate of esteror walls
post-insulation e B e 0
3. Attic insulation preparation e
(dams, baffles, elevated b e

platforms)
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Pre_drywa”, iﬂgg 1, e Peulaten pren gropedy periormed
o | | = Dwers and wenl balfies estand aver top plaite of ssterior walls
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+ [nsulation installed urder elevated HYAL fapoliance platiomes in atbics
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3. Attic insulation preparation
(dams, baffles, elevated platforms)
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Pre-drywall,
post-insulation

. Attic pull-down stairs sealed into rough opening

4. Attic pull-down stairs
sealed into rough opening
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Pre-drywall,
post-insulation

. Cantilevered floors insulated properly (R-19)

5. Cantilevered floors
insulcited properly

'. I'It' T "ﬁ h‘-— i |
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. = Underfioar insulation must be S| e
m}m ™ :ﬁtﬂ&dmpamaw oonisc |"-. .;il S
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of insulation) i | MY
Sl .—::i:_ ,!: —
2 4 Southface t)MEEA
Pre-drywall, F52
post_insulation OO0 6. Rim/band areas insulated properly (R-20)

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

Batt
Insulation

Bagged V
Insulation
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Pre-drywall,
post-insulation oo

4
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O wn

7. Ducts insulated to R-8 in attics, R-6 in other unconditioned space

Visually check for sealant at seams and fittings

7. Ducts insulated properly
(including boots)
Visual check for sealing

Pre-drywall,

OO0 7. Ducts insulated to R-8 in attics, R-6 in other unconditioned space

pOSt- I nsu I atl on Visually check for sealant at seams and fittings

7. Ducts insulated properly
(including boots)
Visual check for sealing




Pre-drywall, 152
post-insulation ©5@=

8. Floor insulation
supported and in full
contact with subfloor

- Z z
=

P re—d rywal I y IEIEIEI:, 9. Floor assembly end-dam barriers installed under attic knee walls
post_ | nsu Iat| on (such as for bonus room floors above fjrages)
9. Floor assembly //
insulation has =
end dams ]
installed under it

attic knee walls




Combustion closol

Pre-drywall, RS mon
post-insulation WLl -

10.Mechanical spaces (i.e.,
combustion closets) are sealed and
insulated to isolate from main house

4
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00 10. Mechanical spaces receiving outdoor combustion air have cantinuous, air sealed and insulated
thermal envelope (walls, floors, ceiling as applicable) to isolate from main house
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FFe
Pre-d r'ywa I i o b Rl et et piping insilasion westalled {and mecircudation sgstem pise msulation & canak)
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& Sl ekl i ey e s i syt ot s i recinctibil i 5

11.R-3 hat water Fibarglass
pipe insulation
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Final Inspection

£F Southface (IMEEA

Final Inspection

Final inspection (confirm prior to Certificate of Occupancy)
1. Blower door and duct leakage passing results correctly displayed on energy code certificate

. 2. Mechanical ventilation system installed for homes < 5 ACH50
o CO nf”'m a” 3. Duct boots insulated and sealed to drywall and/or subfloor

. . 4. Underfloor insulation installed in complete contact with air barrier and permanently secured in

Ite ms p”or to place (e.g., wire staves)

Certifica‘te Of 5. Crawlspace has complete (min. 6-mil poly) vapor barrier (overlapped and sealed to foundation)
6. Conditioned Crawlspace Wall has insulation installed as per code (402.2.11)

OCCU pan Cy 7. Basement wall insulated as per code (R-13-cavity-erR-10-continuousforCZ4; amended to R-0)
8. Attic access (pull-down stairs or hatch) meets R-38 insulation and air sealing requirements

(pull-down stairs door is sealed into rough opening)

9. Utility (e.g., gas piping) penetrations sealed at exterior|

10. Plumbing penetrations in drywall are sealed
11. Attic Ceiling insulation is properly installed: coverage is consistent, proper depth throughout
* Attic contains Loose-fill Insulation Card and Rulers (1 per 300 sf)
* Dams and vent baffles extend over top plate of exterior walls at eave/soffit vents
* Dams installed at attic access and to adjacent uninsulated portions (porches & garages, etc.)
* Insulation shield around appliance vent pipes and chimneys
12. Refrigerant line-set insulation is protected from elements and air sealed at envelope junction
13. Efficient lighting for 90% of bulbs— CFL’s, linear fluorescent & LED (not incandescent or halogen)

F Southface (IMEEA
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Final

i nspe Ctl 0 n 00 1. Blower door and duct leakage passing results correctly displayed on energy code certificate

s34
v/N

1. Blower door
(<3 ACHgp)
and duct
leakage
(< 4%) passing
results correctly
obtained and
displayed on
energy code
certificate

216
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s34
vIN

Fl n a_l | ns peCt| O n 00 1. Blower door and duct leakage passing results correctly displayed on energy code certificate

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

45 Southface )MEEA




Final inspection A ——————
- Z2 Z é-‘: .- - !-.1- .-. .-I.I.I "-.
e~ e N i
00O 1. Blower door and duct leakage passing results — & = — e -

correctly displayed on energy code certificate T - - B conm = -
e —— e
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1. Blower door and i e v
duct leakage o 2018 [ECC Enorgy - == mem|
passing results = = — ﬁ Efficiency Cartificats —=
correctly =
obtained and —r— ——— -
displayed on i
b e ]
energy code — mm
certificate T
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Final inspeCtion OO0 2. Mechanical ventilation system installed for homes < 5 ACH50

2. Mechanical
ventilation
system
installed for
homes
<5 ACH50

T 4
P’ )
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F| nal InSpeCtIOn OO0 3. Duct boots insulated and sealed to drywall and/or subfloor

3. Duct boots
insulated and
sealed to
drywall/
subfloor
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OO0 4. Underfloor insulation installed in complete contact with air barrier and permanently secured in

Final inspection Place e, wiee staves

4. Underfloor
insulation
installed in
complete
contact with
air barrier and
secured
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W/N

OO0 4. Underfloor insulation installed in complete contact with air barrier and permanently secured in

Fi nal inSpeCtion place (e.g., wire staves)

4. Underfloor
insulation
installed in
complete
contact with
air barrier and
secured

4F Southface (YMEEA
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Fi n al i n S p e Cti 0 n OO0 4. Underfloor insulation installed in complete contact with air barrier and permanently secured in
place (e.g., wire staves)
e

4. Underfloor
insulation
installed in
complete
contact with
air barrier and
secured
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OO0 4. Underfloor insulation installed in complete contact with air barrier and permanently secured in

Final inspection Place ug, wire staves)
Passing Grade |

4. Underfloor rstabied weadanon i in oot
. . OOALACT Wil i e (b0
insulation \\
installed in .
complete

contact with
air barrier and
secured

Wiire nlaee.
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Final inspection

OO0 5. Crawlspace has complete (min. 6-mil poly) vapor barrier (overlapped and sealed to foundation)

5. Standard vented and conditioned
crawlspaces have 6-mil poly vapor
retarder sealed to foundation
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Final inspection

OO0 6. conditioned Crawlspace Wall has insulation installed as per code (402.2.11)

6. Conditioned crawlspaces have "’”';:lLfE:’a“i';;'.i ooy e
wall insulation per code T e
nady feieerd oo te wall amd ol 2 m"rl

E‘iﬂ}l 211} {R-10 continuous for Sy Bitok b s Yl ik sl sl
I-4) heally o eeizcatally foc e e fhae o2 whdhon) 14

ioches {810 mnn. Evpossd earth in mnesed o] space

[oondutioms whall b= coversd 'mith & coptimatun Clam |
THRAE {eander i aoadatoe with e Panersuncna’ Suld-
P Unds o Iarevmaone! Randmeial Deds s applicalkls
['ints of the vaper retarder skall overiey by 6 medes (]33
=auml wnl e wealed o lped The ol tw vagd
Tetacder chall exiend not lew: Sum 6 mches {158 mm) wp
L 'u:l:l.'ll:llllnd thall s aitached o Bwr sem walls

Final inspection ¢

OO0 7. Basement wall insulated as per code |

7. Basement wall

insulated as per Ny
code (R-13 cavity PR

or R-10 continuous :

for CZ-4)
Note: St. Louis

amended to R-0

v/N

; amended to R-0)




Final inspection :::

OO0 7. Basement wall insulated as per code (R-13-cavity or R-10-continuousforCZ 4; amended to R-0)

Cellulose Rigid foil-faced Fiberglass batt w/ vinyl
7. Insulated blanket/batt poly-iso foam board  backing
basement
wall
methods

45 Southface )MEEA

Final inspection :::
OO0 7. Basement wall insulated as per code (R-13-cavity-orR-10-continuousfortZ4; amended to R-0)

Rigid foam board Fiberglass batt in AGW, Spray Polyurethane
foam board on concrete Foam

7. Insulated
basement
wall
methods
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FI n al I nS p e Ctl O n DDD 7. Basement wall insulated as per code (R-13-cavity-o+R-10-continuousfortZ4; amended to R-0)

7. Insulated
basement
wall
methods

230
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Final inspection

OO0 8. Attic access (pull-down stairs or hatch) meets R-38 insulation and air sealing requirements

(pull-down stairs door is sealed into rough opening)

8. Attic access Attic scuttle
(pull-down stairs
or hatch) meets  ColaBoiil s i pustes g vt
air sealing and e R L e
insulation (*R-38)
requirements

g s

Southface {IMEEA




FI n al I n S pe Ctl O n OO 8 Attic access (pull-down stairs or hatch) meets R-38 insulation and air sealing requirements

(pull-down stairs door is sealed into rough opening)

8. Attic access (pull-
down stairs or hatch)
meets air sealing
and insulation Total R-38
(*R-38) requirements

'+ Southface {}MEEA
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Final inspection g,

sap

Utility (e.g., gas piping) penetrations sealed at exterior

Extericr penetrations

9. Utility (e.g, gas

piping) OND) roemsion smes, coremsase s, o
penetrations
sealed

S
)

45 Southface @YMEEA




4
-]

saj,

=
b

Final inspection

OO0 10. Plumbing penetrations in drywall are sealed

10.Plumbing penetrations

sealed to drywall =
Seal plumbing | |

\-v |

4% Southface {)MEEA

Before ceiling insulation...

Drywall is the only ceiling Air Barrier

— After drywall, but before ceiling
insulation is added, interior wall |
plate leak paths are sealed with !
caulk, foam, or gaskets

— Light fixture boxes are caulked

— Bath vent fan rough openings sealed
with foam and caulked to the drywall

4% Southface {)MEEA
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FI n al I n S p e Ctl O n OO0 11. Attic Ceiling insulation is properly installed: coverage is consistent, proper depth throughout

* Attic contains Loose-fill Insulation Card and Rulers (1 per 300 sf)

* Dams and vent baffles extend over top plate of exterior walls at eave/soffit vents

* Dams installed at attic access and to adjacent uninsulated portions (porches & garages, etc.)
* Insulation shield around appliance vent pipes and chimneys

11.Attic ceiling
insulation is
consistent,
proper depth |
throughout
(card & rulers,
dams &
baffles,
shields)
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Final inspection

11. Attic ceiling insulation
is consistent, proper
depth throughout
(card & rulers, dams &
boffles, shields)
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£ 11 A Crbng iy lation is prog ey insiaflad: coverage & consivient, proper depth theooghout
. . . ooo & Bitic conkairs Locsa-HE Issulitior Cand sd Ralers (1 per 3005
F| N al NS p ection » Dams and vent balfles eaend ower Lo e of muerar wills a1 eavesoleen
= D inwitafled ok otiic accom and ko sdjsmant wninmad sbed paricna (poechen & gaiagea, ake.|

= inuudabics shield arcund sacbanos st pemsand chmn

11.Attic ceiling
insulation is
consistent,
proper depth
throughout
(card & rulers,
dams & baffles,
shields)
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11 Ak Celling inpeiatiog is progerdy insiafled: coverape & cosshient, proper depih Dheoogou!

w Ak £oatdirg Losde I issulitior Card aod Ralesa [0 par 300 &)

= Oami dnd vard ballled mberd e bop plite of sstarar walls 5 eaee /ol seres

= Opmn nadnied ol gitic accescand bo adjsmn i wrd rol sbed sorlcns (poec e & garages. obc. |
8 LIT:T'J-IHF' Lialt ir'D'II'IEI FHAnDE Wk pipe s and chimneys

11.Attic ceiling
insulation is
consistent,
proper depth
throughout
(card & rulers,
dams &
baffles,
shields)

4% Southface Q)MEEA
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Final inspection oo

OO0 12. Refrigerant line-set insulation is protected from elements and air sealed at envelope junction

Exterior penetrations

12.Refrigerant
line-set
insulation is
protected
(and air
sealed)

Seal axianor witll pereiakons e
Teinigeration ines, condensate ine, gic

s
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Final inspection °°*

OO0 13, Efficient lighting for 90% of bulbs— CFL’s, linear fluorescent & LED (not incandescent or halogen)

13.Efficient light
bulbs — 90% are
fluorescents,
CFL or LED
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Biggest Changes in IECC 2021 IECC

« 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
* Ductsinside, < 8% Total Leakage
* Ducts outside, < 4% Total Leakage
« Verified fan (kitchen, bath, whole house) airflow
» All efficient lighting and controls
* Must choose your Additional Efficiency Package

4F Southface ()MEEA

Sample Saving
Energy Efficient Mortgage

SAMPLE COMPARISON of HOMEOWNER COSTS *

Older Same Home with
Existing $10,000 Energy
Home Improvements
Home Price $200,000 $210,000
Mortgage Amount (96% of Price) $192,000 $201,600
Monthly Payment ** (30-year mortgage
i o e $1,090 $1,145
at 5.5%, rounded)
Monthly Energy Bills (Electric, Gas) $186 $110
Monthly Cost of Homeownership $1.,276 $1,255
Monthly Savings n/a $21

Home Comfort During Hot or Cold

s ] S,‘F Southface (IMEEA




Wrap up and Q&A

Thank you!

matt@moenerqgycodesupport.orq

mikeb@southface.org
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