Al
“ZAmeren

MISSOURI

FOCUSED ENERGY. {or [t’z‘é.



Impact of Energy Codes on

Exiting Homes
Improving Efficiency, Comfort, and Health

Matt Belcher

Mike Barcik, Southface
MO Energy Code Support

www.southface.org

NI
“iAmeren

MISSOURI



http://www.southface.org/

Energy Code Resources

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=> Resources => GA Energy Code Resources
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Learning Objectives

* Quick Building Science review

« Safety issues:
Asbestos, Lead, Mold & moisture, Combustion Safety, Radon

« Using the Code: Correctly Air sealing and Insulating the house
* Ductwork
* Lighting
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Importance of Energy Codes

« Saves energy - Buildings consume 40% of
energy in U.S.

« Saves money - Energy costs continue to
escalate, and energy codes help keep money
within local economy

« Additional benefits:
* Increases comfort, health and durability of homes
* Increases value of homes in local community
« Reduces liability for builders and subcontractors

IECC

ENTERMATIONAL
EMERGY CONSERVATION CODE
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Scope of Residential Energy Code

 Focus is on building thermal envelope
Ceilings, walls, windows, floors, and foundations
Sets insulation and fenestration levels, and solar heat gain coefficients
Infiltration control — caulk and seal to prevent air leaks, and test

 Ducts, air handlers, filter boxes — seal, insulate, and test

« Limited space heating, air conditioning, and water heating
requirements

« Federal law sets most mechanical equipment efficiency levels, not
the I-codes (similar for appliances)

« Lighting equipment — 90% of lamps to be high-efficacy lamps or
90% of lighting fixtures to have only high-efficacy lamps
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Residential Buildings

* New construction
1 and 2 family (R3)

Multi-family, 3 stories and less
(R2 and R4) — IECC 2015

Additions, Alterations, Repairs

ALTERATION. Any construction. retrofit or renovation to
an existing structure other than repair or addition. Also, a

change 1n a building. electrical. gas. mechanical or plumbing
system that involves an extension. addition or change to the

arrangement, type or purpose of the original installation.

Exempt Buildings
 Low energy < 1 w/sq.ft.
* No conditioning

 Log homes — ICC400

CONDITIONED SPACE. An area, room or space that 1s
enclosed within the building thermal envelope and that 1s
directly or indirectly heated or cooled. Spaces are indirectly
heated or cooled where they communicate through openings
with conditioned spaces. where they are separated from con-
ditioned spaces by uninsulated walls. floors or ceilings. or
where they contain uninsulated ducts, piping or other sources
of heating or cooling.
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Building Science

Improving Efficiency, Comfort, and Health in Existing Homes
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The house as a system

* A house is a system made up of
interrelated parts:
« Building thermal envelope
« Space conditioning
« Ventilation
« Water heating & distribution
« Lighting & appliances

* Building science represents a holistic
view of a house and applies an
understanding of the flow of:

Heat, Air, and Moisture Al
““Ameren
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Section R402 — Building Thermal Envelope

* The building thermal envelope
Is the barrier that separates
conditioned space from
unconditioned space

* The envelope should consist of
a continuous thermal
boundary (insulation) and a
continuous air barrier that are
iIn complete contact
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Thermal Boundary (Insulation)

 Limits heat flow between inside and outside
« Easy to identify by presence of insulation

* The location of insulation in relation to other building
components is critical to its effectiveness

« Even small areas of missing
iInsulation are critical Thermal

Bounda
* Voids of 7% can reduce 5
effective R-value by 50%

AN

Graphic developed for the US DOE WAP Standardized Curricula
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Air Barrier

 Limits airflow between inside and
outside

* More difficult to identify

* Not always where you think it is

* Must be co-located with the =
thermal boundary = v

+ Must be continuous ==

» Blower door is used to locate & e
verify air barrier | AN
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Thermal Envelope Example

Conditioned conditioned

jEEEEEEEEER

Garage

Indirectly-conditioned

k)
Conditioned

Conditioned Conditioned =

Basement

Garage

Basement/

iconditioned or |
Important air
sealing location

conditioned)
AN EEEEEEE

crawlspace

*Although these three homes look identical from the outside, each has defined the building thermal envelope differently
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Heat Transfer

* Heat is a form of energy
* Heat moves from hot to cold

* 3 methods 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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Radiation

Radiation is the movement of heat from a hot surface to a cold
surface with nothing solid or opaque in between (low-emitting

surfaces slow radiation)
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Convection

Outdoor air of different
temperature replacing indoor air

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
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Conduction

* Heat moves through a material

 |nsulation can slow down conduction
« How well a material slows conduction is called resistance
 Resistance is measure of R-value, inverse is U-value
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Air Leakage

« Airflow is measured in cubic feet per minute,
also written as ft3/min, or CFM

1ft3

« 1CFMout=1CFMin

* Airflow takes the path of least resistance

* Air moves from high to low pressure areas

« Air usually moves from high to low temperature areas

N2
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Air Leakage

Ventilation = Controlled air leakage

Infiltration =
Air leaking In

Graphic developed for the US DOE WAP Standardized Curricula

Exfiltration =
Air leaking out
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Heat Flow: Temperature Difference

Winter AT Summer

Heat Flow is from to

N
The higher the AT, the more heat and air will move “aAmeren
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Air Leakage: Pressure

AP

Positive | : Negative !l
= =
— —
Flow is from to
. Al
Flow takes the path of least resistance FWAIIIEIBII
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Air Leakage: Driving Forces

Three forces create pressure differences in a home:
 Wind

« Stack Effect
 Mechanical Fans
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Driving Forces: Wind Effect

Wind creates a Which creates a
positive pressure negative pressure
on the windward on the leeward side

side of the building of the house

(+) =

Positive Negative
Pressure Pressure
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Driving Forces: Stack Effect

Warmer air rises and
escapes out of the top
of the house

Which creates a
suction that pulls in
outside air at the
bottom of the house

' ﬂ_____ = .g’{"
“ Ameren
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Driving Forces: Mechanical Effect

Combustion Equipment & Exhaust Fans

!

e,

Exh .
aust Z e
pressure Fan="= -
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Negative
pressure
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Driving Forces: Mechanical Effect

Duct Leakage

Duct leakage can create positive
and negative pressures in different
areas of the house

The pressures associated with
duct leaks can be larger and more
significant because the driving =
force is stronger I
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Driving Forces: Mechanical effect

Room Pressure Imbalances

Whole-house

return in hallway

Living Room
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10-inch dia.
flex duct (typ.)

Correcting Pressure Imbalance
W|th a Proper Return Path

Sealant

- Grille located hightn =~~~ — IR
;;agﬂub;dmﬁmgfﬁ? Ceiling—7 f “ Y Celling
furniture grille grille

Install sheet
metal duct inside

wall cavity
Cavity is sealed tight,

drywall glued to studs and
plates on both sides

- Wall cavity

L~
~————Grille located low in
wall on hallway side
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http://www.tamtech.com/store/airpressure-interior-balance-relief-hvac-ashrae-energystar,Product.asp
http://www.tamtech.com/store/indoor-air-pressure-balance-ashrae-energystar-tti-rap124,Product.asp

Driving Forces: Mechanical Effect

Use a Blower Door as a A

Controlled Driving Force /l l 1

Using the blower door
depressurizes the house,
drawing air through all the
holes between inside and
outside

Negative

P—

] Pressure @
P——)
P>

Blower
Door

z

A,
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MOISTURE TRANSPORT
Moisture moves...
..from wet to dry

* Liquid Water

+ Bulk (rain/drainage, plumbing)
 Capillarity (wicking)

¢

f‘ : 4 .'::.F fo

P Y .r.- : Appropriate

1? measures for
E | g ; moisture control

¢ Water Vapor i ! .5 i' .a-f:'t . are essential!

'y

- Diffusion (molecular)
 Air Leakage (infiltration)

Geography matters!
What works in one region may
not work in another Wﬂmgm”
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Gutters '
Sy  Proper site drainage

« Foundation waterproofing
 Plastic ground cover
» Gutters channel water

Slope ey away from foundation

foundation .. ™

< Capillary break

-—— Drainage
board

Foundation drain

Fﬂapillan_.r break

Plastic and gravel
under slab

N2
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- VAPOR DIFFUSION - - - AIR LEAKAGE

Moisture Vapor

Another reason to limit
air flow in a home is to
reduce moisture i ad™ () o
intrusion. Even a small . mouno —
hole can allow a large B e A

amount of water into B 2
the building. 30 aussrs o e

OVER & PERIOD OF
ONE MONTH

448 SHEET
* OFDRYWALL [
WITH 1-SQUARE- , [
INCH HOLE

# o
IBSHEET |5
" OFDRYWALL |

o
0 O

VAPOR DIFFUSION V5. AIR LEAKAGE SLL

INTERIOR TEMPERATURE = 70° F
RELATIVE HUMIDITY = 20%
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Safety

Improving Efficiency, Comfort, and Health in Existing Homes
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Asbestos

Asbestos can be located in:
 Siding, walls, ceilings, etc.
* Vermiculite insulation

* On pipes, furnaces, and other
small covered surfaces

This scanning electron micrograph A RN

of asbestos shows the tiny, glass- LR \

like fibers that make asbestos so | 1
dangerous. These miniscule fibers JATR AN Y
become lodged in the lungs and can . B T L AR
cause mesothelioma or other _, Hig NN
cancers. - o

Photo courtesy of U.S. EPA
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Asbestos

- -u—"-

Photo source: LS. Dept. of Energy
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L ead-Based Paint

» Assume presence of lead in pre-
1978 housing stock

 Lead-based paint is the primary
source of lead-contaminated dust
in housing

* Lead dust can harm everyone
The most vulnerable are:
« Babies/Children
* Pregnant women

* Youl! N2
“Ameren
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Renovation, Repair and Painting (RRP)

* ALL paid contractors who work in pre-1978 % mrom oo §
housing where there's a risk that lead-based LE
paint will be disturbed, or lead-based paint Safet
dust will be created, must comply with the for RenovitioR

EPA's Renovation, Repair and Painting (RRP)  oen

Painting

Rule or HUD's Lead Safe Housing Rule .

« Consult your state environmental protection _dz |
office or local jurisdiction for info on training -_—l.
requirements. Initial trainings are usually

required with refreshers every 3-5 years Al
““Ameren
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Mold and Moisture

* Moisture problems generally occur
In bathrooms, kitchens,
crawlspaces, and basements.

» Always treat the source or the
problem first!

* Installing a bath fan or range
hood can mitigate moisture
problems — consider push g
button pre-set timer controls

.

Ly
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Mold and Moisture

Do not use a plastic moisture barrier in basement walls!

N2
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Gutters and

downspouts carry
rain water away —.__
from foundation

Pratective
facing

Ground slopes away [~
from foundation

(6 in. per 10 ft)

| ——5ill gasket above

and below termite
shield

T T e
g T P

- :'- s
perme

directly to wall
axterior

i, -
L]

o,
S
~ .
2 3
&
o
. el
: B
TR W W W
ettt e e N

h ]

o
a

o,
=

g

o

-
Tty

v

W

i Free-draining
Y back fill material
"'.l or drainage mat
i

.
LN L
LK K ¢

Expansion joint
sealed with poly-

.i

Ii

e

]
Capillar; break E:: : urethane caulk
between footing R "

[ Dly‘!thﬂene
e fﬂunrh'ﬂu-n ol E vapor retarder

L :: " T

: ..I Gravel drainage
L pad (no fines)

Perimeter drain system

Mold and Moisture

« Some details might be harder
(more expensive) to correct in
existing homes

« Some techniques to consider:

« Regrade the site to direct water
away from home

* Install footing or French drains

» Use dimpled plastic moisture
barrier on exterior surfaces of
below grade walls

 Utilize pervious surfaces to
allow water to drain properly

2
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Combustion Safety

» Carbon Monoxide is a byproduct of
iIncomplete combustion

 Improperly vented appliances and
negative pressures in the home can

magnify the problem

» Air sealing a house saves energy but
means the oxygen available for
appliances is reduced — Provide fresh
air for the occupants and upgrade the

appliances to have their own separate

combustion air Al
Wﬂmeren
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Combustion Safety

Proper air sealing with
ventilation from a known
source is key

Making the house tighter
without proper ventilation could:

1. Make existing problems worse

2. Create new problems

These existing and new problems
could be lethal

1. Carbon monoxide, Gas leaks, Back-
drafting, Moisture (and mold)

Energy efficiency should not be a
health hazard

A2
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Two Essentials for §afe Combustion

J Combustion closat
x El o
| F

1. Separate source / |
supply of Oxygen < ;
2. Flue pipe that .

exhausts combustion
products to outside

) Jil- o ___-—L “4Ameren

m - MISSOURI



Sealed Combustion Furnaces/Boilers

==Combustion Air In

« Safer because
. . Products of «_
COmbUStIOn alr ComeS Combustion Qut
from exterior (if vented

properly)
* More efficient because a
secondary heat

exchanger extracts more
heat before venting .
ower Exhaust

 Produces condensation Bt
and must be drained Drain

Heat Exchanger

Burner Assembly

Burner
Sight Glass

Indoor Blower

Al
Diagram courtesy of Building America Wﬂmere”
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“ORPHANED"
WATER HEATER

|| SEALED FLUE

FOROLD FURNACE

ATMOSPFHERICALLY VENTED 1
GAS WATER HEATER III

HIGH-EFFICIENCY
DIRECT-VENT FURNALCE

I ]
Mwﬂmwlﬂtﬁ‘m

After upgrading to a high efficiency furnace, there may be insufficient “draft”in the chimney to properly exhaust
the flue gasses from an atmospherically vented gas water heater. Under certain conditions this can lead to \! ’ /
dangerous levels of carbon monoxide and other pollutants. Selutions include adding a power vent fo the =

existing water heater or replacing with a new direct vent water heater. WA mer 8”
MISSOURI




Direct Vent Water Heater __.cmi s

 For new construction & retrofit
replacement of electric water \}
heaters ¢

* Requires no electric power
» Uses double wall vent pipe

« All air for combustion is taken
from outside. No chimney to

~- o N7
“aAmeren
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Power Vented Water Heater

» Uses 3" PVC or CPVC or ABS vent
piping
* Vents horizontally or vertically

 High efficiency- up to 11% more than
a standard EF water heater

* Electronic ignition (eliminates pilot)

* Pressure switch reduces backdraft
risk

7
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Tankless Water Heaters

* Only heats water when it is being
used

* Eliminates standby energy losses
associated with storage water
heaters

» Can use multiple units in parallel for
larger heating loads or in
combination with traditional units

» Retrofits have “hidden cost” of
running larger gas lines

N2
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Unvented Appliances

 All gas appliances can produce CO

 Fireplaces & other combustion equipment should be equipped
with (a) flue pipe and (b) outside combustion air supply

* Don’t use unvented gas appliances!

N2
“Ameren

m MISSOURI




House as a System Problem

DHW
Dryer HVAC

[ YI° 4R

00 L 4

-

Louvered Door

In this configuration, all equipment operated properly. %ﬂmeren
MISSOURI




Negative Pressures

HVAC blower comes on;
with doors closed and (o) Cco

exhausts on, pressure @ @

imbalances occur

1© -

00 @CO

A Ol O

co
co

7
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"House As A System” Approach

Best approach is to use all sealed
combustion appliances (or non-
combustion appliances)

Sealed Ductwork

A

Comb.
air with

Transfer Grilles Minimize 7
Pressure Imbalances

FEIEEIrY B
e R

Solvents
00

Solid door that is

- weather-stripped with

threshold; Insulated

and air sealed walls Al

“Ameren

There are numerous ways to solve/prevent this problem! MISSOUR




Radon

* Radon is the second leading
cause of lung cancer and the
number one cause of lung
cancer among non-smokers,
according to EPA estimates

* Must test to know if radon is
a problem and requires
remediation

* Test after upgrades

Invisible killer: Spreading the word about
radon cancer risk

N2
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Thermal Boundary

Improving Efficiency, Comfort, and Health in Existing Homes
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402.2.1 — Cellings with Attics

R-49 iIs the prescriptive requirement in
Zones 4 and 5

Complete coverage of continuous R-
38 (raised heel) is deemed to comply

Rulers required every 300 sq.ft. for
blown attic insulation

First perform attic air sealing and
prep, then add insulation

Okay to install new insulation over 1
existing (unless existing insulation is S
compromised) .

N2
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402.2.1 — Cellings with Attics

* Insulation coverage needs
to 100% of the ceiling area

» Best performance is full
height, uncompressed R-49
iInsulation that extends
completely over the wall
top plate at the eaves
(meets or exceeds code)

Standard Truss
with taperad
insulation depth

Insulation

AN 1
o Saiffit daxm
f{: LN } or
[ [
= | -'._ '._L

Energy Truss
with full height insulation
(recommendecd)

A S
- | Skt dam
, | {eardboard e
| foarm board)

l:rfrrn'ﬁ:l
it
| i

4l S < Sofitven!

2
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R402.2.1 Ceilings with attic spaces. Where Section
R402.1.2 requires R-38 insulation in the ceiling. installing
R-30 over 100 percent of the ceiling area requiring insula-
tion shall satisfy the requirement for R-38 wherever the
full height of uncompressed R-30 insulation extends over
the wall top plate at the eaves. Where Section R402.1.2
requires R-49 insulation in the ceiling, installing R-38
over 100 percent of the ceiling area requiring insulation
shall satisfy the requirement for R-49 insulation wherever
the full height of uncompressed R-38 msulation extends
over the wall top plate at the eaves. Thus reduction shall
not apply to the U-factor alternative approach in Section
R402.14 and the Total UA altemative in Section
R402.1.5.

e & ‘\
A NG

Mo space far
R-30 or B-38

ol N |
ol N

- with tapered

- Energy Truss
with full height insulation

Standard Truss

insulation depth

(recommended)

NOTE:

R-38 complete coverage |

is deemed equivalent to
prescriptive R-49

BA

Insutation baffie

InsuAation

X000

FANAXAN)

| Soffit dam
{cardboard of r
foam board)

N2
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Eave Baffles

* For air-permeable insulation (fiberglass or cellulose insulation) in
vented attics, baffles must be installed adjacent to soffit and eave

vents

« At a minimum, 1 inch of space must be provided between the
insulation and the roof sheathing and at the location of the vent

* The baffle must extend over the top of the insulation inward until
it is ~4 inches vertically above the top of the insulation

* Any solid board material or thin insulating sheathing is
permissible as the baffle /insulation dam

A2
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R402.2.3 Eave Baffles

Standard Truss
with tapered
insulation depth

Energy Truss
with full height insulation
(recommended)

NOTE:
R-38 complete coverage |

is deemed equivalent to
prescriptive R-49

Al
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R402.2.2 Cellings Without Attic Spaces

If vaulted ceiling design does
not allow sufficient space for
required insulation, insulation
can be reduced to R-30

The area of the reduced
insulation shall be limited to 20
percent of the insulated ceiling,
(maximum 500 s.f.)

For prescriptive path only

MISSOURI




Old School Vault with Vents

Cathedralized vented ceiling-

roofline air-permeable insulation
(e.g., fiberglass, cellulose insulation)

Air-permeable insulation
(e.g., fiberglass, cellulose
insulation) R-20 minimum if
trade-offs are used
(Georgia requirements)

Air-permeable insulation
(e.g., fiberglass, cellulose
insulation) R-20 minimum if
trade-offs are used
(Georgia requirements)

2" drywall

1 Li]
V2" drywall interior ceiling

interior ceiling

d T Rar : Disclaimer:
7. ONAE S— Vent baffles and dams This document was created by Southface and
g.“é% 8 @laTer create a channel that F is intended solely to help graphically
LA e | full Soffit vent demonstrate the air leakage and insulation
AVICIY a; JA?; | ks ;_Eft&ﬁdﬁ from provisions of the 2015 IECC (2020 Georgia
— soffit to ridge vent Energy Code). It does not cover all air sealing

locations, materials or techniquas, Other coda
provisions may be applicable az well.

N2
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Unvented Vault with SPF

Appendix RA

Roofline Installed Insulation Options

Reference Table 402.1.1 and 402.1.6 in the Georgia Energy Code
amendments fo the 2015 [ECC and Section 806.5 “unvented aftic
assemblies” in the Georgia Amendments to the 2012 IRC

Vaulted unvented attic —

roofline air-impermeable insulation
(e.g., spray foam insulation)

Air impermeable insulation
(e.g., open- or closed-
cell spray foam)

Alr impermeable insulation
R-20 minimum if trade-offs are used
(Georgia requirements)

N2
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IRC 806.5 Unvented Roof Assemblies

TABLE R806.5

e To reduce risk of INSULATION FOR CONDENSATION CONTROL
pondensation_, AR RG]
install a certain SLIET P —
amount of “air- MSULATION A-VALUES®
impermeable” 000 36 SleToce Ity 0 (none required)
insulation before 1,24, 28, 34, 38, 3¢ R-5
using an “air- 4 R-10
permeable” 4A, 48 R-15

i

product in an 5 R-20
unvented roof 6 R-25
assembly 7 R-30

. 8 R-35

* Provides Thermal
8, Contributes (o but does nof supersede the requirements in Section N1102

break and aISO b. Altermnatively, sufficient continuous insulation shall be installed directly above the structural roof sheathing to maintain the monthly average
“CO n d e n Satlo n ternperature of the underside of the structural roof sheathing above 45°F (7°C). For calculation purposes, an interior air temperature of 68°F {20°C) is

b rea k,, azsumed and the extericr alr temiperature s assumed to be the menthly average outside air temperature of the three coldest months Al
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Peachcrest Community Center — Roof Retrofit

VO A

o 4
" "H" g
%ﬁ?ﬂ oY
e ¥ ol

3
N
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Vaulted unvented attic —

roofline air-permeable insulation
(e.q., fiberglass, cellulose insulation)

Air impermeable
msulatmn

Air-permeable
insulation
(e.g.. fiberglass,
cellulose insulation)
R-20 minimum if trade-offs are used
(Georgia requirements)

Hybrid Insulation Approaches

Option 1
/ Air impermeable

insulation continuous above
rafters (e.g. rigid foam board)
combined with air-permeable
insulation
(e.g., fiberglass,
cellulose insulation)

R-3 minimum in
climate zones 2 & 3
R-15 minimum in
climate zone 4

Al
“ Ameren

MISSOURI
Option 2 —
Air impermeable
insulation between

WelaTarare. Air-permeable insulation
UL ?ﬁ A E d (e.g., fiberglass, cellulose
rafters (e.g. rigid foam L -muﬂjw insulation) R-20 minimum if
board or spray foam) combined with trade-offs are used (Georgia
air-permeable insulation (e.g., fiberglass, requirements)
cellulose insulation)

5.3. Where preformed insulation board is used as the air-impermeable insulation layer, it shall be sealed at the perimeter of each

individual sheet interior surface to form a continuous layer.




Dams and
baffles at eaves
Electrical okay
Air sealing
performed
Bath fans
ducted to
outdoors
Decking/
catwalk
elevated
Rulers
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Dams and
baffles at eaves
Electrical okay
Air sealing
performed
Bath fans
ducted to
outdoors
Decking/
catwalk
elevated
Rulers
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Attic Air Sealing Before Insulation

e Top plate to drywall
(interior wall
cavities often
connect to attic)

e Duct and electrical
penetrations

N2
“Ameren
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Attic Air Sealing Before Insulation

e Seal plumbing,
HVAC, and
electrical
penetrations

MISSOURI




« Dams and

baffles at eaves

 Electrical okay
* Air sealing

performed
 Bath fans ducted

to outdoors
* Decking/ catwalk |

elevated gt sl
* Rulers S
NI
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lce Damming

* If there are air leaks or the
iInsulation is not
continuous (e.g., does not
cover the top plate), heat
from the interior will
transfer through the
compromised insulation to
the roof, causing snow to
melt on the roof and cause
ice damming

Al
“Ameren
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Foam board stairs cover

Atth Sta | rs (assembled with mastic

and nails, batt glued to top)

.

Cover box pushes up and
out of the way for access

Insulation dams prevent
loose-fill insulation from
falling through access )

Seal gap between frame
and rough opening with
caulk, backer, rod or foam

Panel -+~

Graphic courtesy of http://www.energysavers.gov . . .
P yor e ysaversg Insulation in stairs door &/~
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Attic Access Options

Al
“Ameren
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Insulation dams prevent
loose-fill insulation from

falling through access )

Air seal gasket behvee:) a
trim and panel

Hatch lid pushes up and
out of the way for access

A
Graphic courtesy of http.//www.energysavers.gov Wﬂmem”

m MISSOURI
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Attic Doors

Vertical doors should have
a minimum of R-5 and
must be weather-stripped
for air sealing.

|deally, should have same
R-value as knee wall.

Rigid insulation
(recommended)
Minimum R-5

Caulk and seal
i rough opening

E____'“—&"‘:—ET:__,E_:.:H <
Weather-strip door
opening and
threshold
Al
““Ameren
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Knee Walls

No blocking under

knee walls
A
Air permeable knee wall
insulation needs to be
encapsulated on all sides
Al

“ Ameren
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Knee Walls

S

——
———
o —r

—— .
e
&

i, L
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R402.2.8 Floors

 Floor insulation must maintain permanent contact with the subfloor.

N
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Floor Insulation

GOOD!

Installed insulation is in complete
contact with air barrier {sublioor)

Insulation is slit around plumbing
and wiring and securely fastened
willh manimal compression

Insulation coverage
is complete

BAD!

Insulation is not nstalled in complate
contact with air barrier (subflooar)

R

o~ rrenend|

o
" T

Insulation is compressed anound
plumbing and wiring and is not
securely astened

Insulation coverage is incomplete
due 1o obatructions (plumbing,
electrical, ductwork, efc.)
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Problems W|th Floor Insulation

Al
“Zmeren
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Insulation
. _~— Gypsum Wallboard
Slding — | - 2% Studs

I o -t Closed Crawlspaces

I
0SB Sheathing —__ ] - Conlinuous Sealan! Bead (Typ.)

.

" Tightly Flt R : il : : :
s O - | — * In mixed-humid climates,
o | re i crawlspace encapsulation is

Radon Exhaust Stack

2x Sl Plate —_ - .
(prossuro eated) | Flpor et S e v an excellent option
Sl Sealer - \ .~ .
e - B Sl o * A properly sealed, moisture-
L « flfl~ ™ Termite Shietd .
soertih W protected, and insulated
Slope Grade —- |1 _..:-‘ . 2" Rigld Insulation 11.
Foundation Wall — —| | |- 4 8 mil Vapor Retarder (overiap edges) extend CraWISpace W|”
Damp Proofing or Water — 3 fir:;:-;::tfn?ﬂg:rr::ﬂngﬂmhm ¢ |n r mf I’t
Proofing Membrana (o x‘-m A= b // / | Daylight (Optional: 3" concrete slab) crease COmiort,
IO g W/ [ ot Ridon ol * save on energy costs
F"E':Li":l'l‘l _ﬁ. - ,},:,;,;,,;;}_ * Improve th_e du ra_blllty homes
Foundation -\ \ =11 . , TS [Roves: * reduce moisture intrusion
ek Flp-|-3_ ii..__.; ;.}- | =], Il I_ , | I = 1. :n;;a:mnrvemtngmmmnale . d t t
SR el b P T on e ket reauce pest entry
J=— & | E }‘x - |f.'_5.:... : 3. Tack s wdmmughrﬁg'lu
il Ll 1. Mochanca ventlaton pa 0oe. %’]
e ==EI=EEEER B i “@Ameren

| |— ™ Caplilary Break
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Closed Crawlspace Case Study

Crawlspace Moisture Levels
Summer 2002

100

7% If crawlspace is
vented, the humidity
levels will often be at
least as high as the
ambient air

90

80

70 -

60

Relative Humidity (%)

50

6/3 613  6/23 713 M3 7123 8/2 8/12 8/22 9N

— Wall Vented — Closed — Qutside

NI
www.crawlspaces.org Wﬂmﬂr en
MISSOURI




R402.2.11 Crawlspace Walls

« Air seal & insulate band area = |

* Insulation must be permanently
fastened and extend at least to the
finished interior grade

« Pest control inspection strips required
INn some areas

« Complete plastic sealed to walls at —_|
least 6 inches up the stem wall

* QOverlap seams by 6 inches

i AAmeren
m MISSOURI



Insulation techniques — Crawl Walls

T —

i

f

y
:H d

'gesti_on: taped, hinged “plug” of

" rigid insulation board in gap

T "ﬂEE Gap for pest
inspection
¥ i
Lo — |
.
““Ameren
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Insulation techniques — Band area

- Pest Control industry
struggles with band area fully
filled with SPF

- SPF that fills band blocks
inspection for pest control

- Air seal and then insulate
with movable insulation
product (batts, pillows, rigid
board, etc.)

Caulk and
Fiberglass
Batt

The band joist area can be

a challenge to insulate

correctly. For installers

working with blown

fiberglass or cellulose, a

_, fire-rated bag can be filled

~ Pillow with blown insulation on a3/,

site, then friction fit Fﬁflﬂmemn
between joists. MISSOURI

 Must air seal
and insulate
rim/band area in
basements &
crawlspaces



Crawlspace Walls

Seal ground with minimum 6 mil
plastic (6" up walls, 6" overlaps)

Eliminate all vents and leaks (access
doors sealed and insulated)

Insulate all walls to R-10 continuous

Use a sealed combustion/direct vent
furnace or install a heat pump

Condition crawlspace
*  Supply air
« Dedicated dehumidifier (Best!)

Install moisture sensor and alarm

N2
“aAmeren
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Atmospherically Vented Appliances

* Do not use atmospherically vented appliances in closed
crawlspaces or attics

m MISSOURI



Systems Approach to Basements

Advantages to insulating all
basement walls:

« Wall insulation lasts
longer and stays in
place better (R-10 wall
in CZ4 vs. R-19 floor)

e Ducts and AHU are
brought inside thermal
envelope

« Main floor level is
more comfortable

« Basement may be
finished or unfinished

N2
“Ameren

m MISSOURI



Basement Walls

* Basement Wall — Average gross wall
must be > 50% below grade and
enclosed conditioned space

« CZ4: R-10 continuous or R-13 cavity

« (CZ5: R-15 continuous or R-19 cavity

Try to avold cavity insulation;
continuous insulation performs better

N2
“Ameren
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Basement Insulation Strategies

Cellulose batt Fiberglass batts Foil-faced rigid
with vinyl backing foam board

“Ameren

m MISSOURI

https://www.youtube.com/watch?v=Ila0ihgfgRDw



https://www.youtube.com/watch?v=la0ihgfqRDw

Basement Insulation Strategies

Rigid foam Foam board on Spray
board concrete Polyurethane foam

Al
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Interior Insulation Strategies

N2
“Ameren
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Blanket Basement Insulation Options

N2
“Ameren
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Exterior Wall Insulation

* Insulation must be applied to wood-frame, steel-frame, and
mass walls that are above grade and associated with the

building thermal envelope
* R20 or R13+5 c.i. is current IECC

« Continuous insulation is
desirable because it prevents
thermal bridging and is more
effective overall

2
“aAmeren
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Thermal Bridging

63.9°F

» Studs conduct heat better than
Insulation, so each stud acts as a
thermal bridge

 Continuous insulafcion creates a
thermal _break, vv_hlch slows down
conduction considerably

» Consider continuous insulation when e o
renovating exterior walls. It can be R * -
installed on the interior or exterior ~
(preferred) depending on the scope
of the remodel

£=0.95 i | TdD;tl?;fU:a

- Green Building

C —
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Insulatlng Exterlor Walls

Al
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Insulating Exterior Walls

L

[ =il
S -
H—L_H‘_qr._._,._:"':_,_,-—:_'_'_,_,.-—_—'_'_'___
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Insulating Exterior Walls: from inside — drill holes and patch
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Siding Remains: Drainage Plane Retrofit —
Interior Stripped to Studs

Install vertical spacer
strips (sill gasket or
foam strips) into sides
of cavity

Install 2" foam board
piece (~14.25" width)
against strips

Seal edges with caulk or
foam

Slightly compress batt
into cavity against foam
board

Al
“ZAmeren
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Siding Remains: Drainage Plane Retrofit —
Interior Stripped to Studs

! _




Wall and Celiling Vapor Retarders

Not required in CZ 1-4

Class 1 or 2 vapor retarder is required on
the interior side of frame walls per IRC in
zone 5. Except for:

1. Basement walls.
2. Below-grade portion of any wall.

3. Construction where moisture or its
freezing will not damage the materials

Al
“Ameren
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Passing Grade B

Insulation is notched and completely
surraunds elecirical box

N\

Wall Insulation Detalls

Voids / Gaps |
Unaccepiable Installation

L

Insulation fully fills

Mlarrow cavity

Incomplete insulation coverage
around electrical box

I\

Insulation does mol

ety ZAAIICIEN

m cavity at log and botiom Tully insulated extend to bottomn of cavity not insulated MISSOURI




Wall Insulation Detalls

Compression / Incomplete Fill

Passing Grade IE' Unacceptable Installation
Insulation is slit around alactrical wire Insulation s compressed behind alectrical wira
) :. J r

N l

. 4 v, 4

/ t i | AL
Insulation extends | P width Insulation does not | width insullation is
front 10 back and fully insulation hlly lonirocavty | compressed o anowcavty 24 J1ITICIEN

fills entire cavity fills narmow cavity MISSOURI



Wall Insulation Detalls

 Batt is split to allow
the wire to bisect
the cavity

Al
“ZAmeren
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Wall Insulation Detalls

e Wire is
compressing
the insulation

 \Voids around
electrical
outlet

* Missed a
whole cavity

N2
“Ameren
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Wall Insulation Detalls

« Complete fill
* Goes behind tub

* Plumbing penetrations are
neat

N2
“Ameren
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Wall Insulation Detalls

)
C
©
e
-
)
| -
-
=
O
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>
(©
| -
Q.
)
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| .
O
e

©

)

| .

@))
12

&

©

o
LL

If installed

retrofits,

properly
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Siding Drainage Plane Retrofit —
Interior Wall Stripped to Studs

. B Install %” foam

" B Install vertical

spacer strips into
sides of cavity

board piece
(~14.25” width)
against strips

B Seal edges with
caulk or foam

B Slightly compress

st foum ! %}}j—-q
meren
board MISSOURI



Air Barrier Installation

Improving Efficiency, Comfort, and Health in Existing Homes

N2
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Shower/Tub on
Exterior Wall

Al
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Shower/Tub on Exterior Wall

« Coordinate with your subcontractors so
that insulation and air sealing details
are not missed before it is too late!

=

Complete air
barrier behind tub

N2
“aAmeren
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Plumbing and wiring

Install insulation and sealed air

S barrier behind tub (required)
—)
)
it t 7
= @ v
— ) |l |
[ I
I : I I
— ) \ ! I J
c— T T
=K - - r&‘:—! =Ys M YavalataValaYaVal
| ﬂ‘i ‘—’ | IULVOUOUUL
.
" ______________________________________ =
oy A
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Alr
Sealing
Tub Drains

___..g /2
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Cantilevered floor

4
| Didn’t Install Blocking

(Just Covered Over With Insulation)

o nﬂh- S
| 7[
Sl B i AN M R nﬂss’qgnce 4

Ch o —————_




Install expanding-foam

sealant at perimeter
gaps around rigid \

insulation.

Continuous
bead of sealant

1¥z-in. rigid insulation

Cantilevered floor

The blocking above the bearing
wall helps to define the home’s

air barrier, so each piece of
blocking needs to be sealed at the
perimeter with caulk or canned
spray foam. As long as both layers
of rigid foam are installed with
attention to airtightness, this type
of cantilevered floor performs well.

/

Diagram courtesy of Green Building Advisor

7 1V¥2-in. rigid insulation with

el /— ¥&-in. gap for expanding foam

J’ . ~
/ Sealant —/
C

over foam with
plywood, fiber
cement, or other _:}A'L
solid soffit material. ““Ameren
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Garage Separation

N2
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Garage Separation

Garage on Other Side of Wall § x

1

B - [— =
— __-..'.-\.Fl""'

Id Framing Blocked ——==
L |
_ i

enetrations Sealed
% ) ,—-_':
|

N
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Chases are BIG Holes in the Envelope!

* First, cover
with sheet
material
and seal

* Then
Insulate

A L

m — MISSOURI



Duct Shafts

Cap chases with
rigid material and
seal tight around
ducts or flue pipes

m MISSOURI



Duct Shafts

FEESA
| Sealed with foam

A
“Ameren
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402.4.5 Recessed Lights
Airtight and I Rated

3
[_]

» Standard Can Light

* All recessed luminaires shall be labeled
as having an air leakage rate not more
than 2.0 cfm tested at 75 pa

* All recessed luminaires shall be sealed
with a gasket or caulk between the
housing and the interior wall or ceiling

covering ..\!’/

“ Ameren
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Sill (bottom) plate

Bottom Plate Sealed
(but batt installation fails!)

m MISSOURI
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Dirty Carpet?!

* Dirty carpet on exterior
wall indicates leak at
wall sill plate

 On interior wall
indicates wall leaking to
and from attic

N2
“Ameren
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Whole House Fan

Al

“ Ameren
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Whole House Fans

e ]

S
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Unused
Fireplace

* First, close
flue damper

* Then use
mastic and
foam board to
glue a ledger

* When dry,
seal foam
board to
ledger with
mastic & A2
fasteners “ZAmeren
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Ducts

Improving Efficiency, Comfort, and Health in Existing Homes

N2
“Ameren
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Duct Sealing

* All duct connections must be
mechanically fastened

* Regardless of duct location, the
joints and seams of all ducts, air
handlers, and filter boxes should be
sealed with mastic or mastic tape that
is at least 2 mm in thickness (0.08
inc:E),I approximately the thickness of a
nicke

* Mastic shall be installed at the inner
liner of rigid metal and flexible duct Tl
(not the outer insulation jacket). Ty

“Zmeren
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HVAC Register Boots

Seal box to subfloor

= r fj{r‘f

] || Seal all cracks
5 | and penetrations

e Apply mastic
Seal joints and edges to all seams

of sheet metal box
with mastic

Seal flange
with mastic HVAC register boots that penetrate the
¢ thermal envelope must be sealed to
1 the subfloor or drywall.
Seal elbow gores §’4
with mastic WAIHEIPII

m MISSOURI
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Remove registers
Vacuum duct

Seal with mastic —
start as far in as
you can reach and
work your way out
Finish by sealing
boot to
floor/ceiling

___..:gl!g_.
“aAmeren
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Remove registers

Vacuum duct

Seal with mastic —

start as far in as you

can reach and work

your way out

Finish by sealing

boot to floor/ceiling
AT L

Al
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drywall and boot Al
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Pan Returns

* Unlined building cavities should not be
used as ducts, returns, or plenums!

S,
“Ameren
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Lighting

Improving Efficiency, Comfort, and Health in Existing Homes

N2
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R503.1.4 Lighting

New lighting systems that are part of the alteration
shall comply with Section R404.1

Exception: Alterations that - 2
replace less than 50 percent y

of the luminaires in a space, £
provided that such alterations o /

do not increase the installed AR

interior lighting power. . -

2
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R404.1 Lighting Equipment

* This requirement is mandatory

* Not less than 90 percent of the permanently installed lighting
fixtures shall contain only high-efficacy lamps

 High efficacy lamps include
« Compact fluorescents
e T8 or TS fluorescent bulb
 LEDs

» Exception — low voltage lighting

2
“aAmeren
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Benefits of LED Lighting

« LEDs boast a 25,000-hour average
life, which means less maintenance Ji
for your clients

* LEDs use 6 times less energy than
comparable incandescent bulbs

* |deally, upgrade all bulbs to LED
* Look for the ENERGY STAR® label .'

ENERGY STAR

E N2

“Ameren
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Economics of Incandescent Lighting
9 bulbs x 60 watts each = 540 w

540 w x 4 hours a day = 2160 wh

2160 wh x 365 days = 788,400 wh a year

788,400 / 1000 = 788.4 kWh

788.4 kWh x $.127 = $100.13 per year Al
“Ameren
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Economics of LED Lighting
9 bulbs x 9 watts each =381 w
81 w x 4 hours a day = 324 wh
324 wh x 365 days = 118,260 wh a year

118,260 / 1000 = 118.3 kWh

118.3 kWh x $.127 = $15.02 per year

A\,

i AAmeren
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The Economics of Lighting for Builders

* [t would take ~3 weeks to payback LEDs
If half the lights are left on during
construction

» Just ~10 days if all lights are left on!

Bulb Cost Assumption: Electricity Rate:  0.12 Sfkwh
e - Incandescent = $0.25
$Costforlmonth-ONhalfthetime @~ Simple Payback |
. Incand LED Total S Savings (months) (days)! Bulb Wattage
» 100% IncandHouse $ 15811 § - S 15811 0 EPremium Incand LED
'50% Incand /50%LED S 79.06 S 1318 S 92.23 S 65.88 0.80 24.3)- 60 10]
100%LEDHouse $ - $ 2635 9 2635 S13176 080 243\
50% LED House 30 30 55250 60 10) :_-.\_!’/f_-
. 74
100% LED House 0 60 $105.00 60 10| Amem”
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Color Temperature

« LEDs are available in a wide range of color temperatures

« Some smart bulbs have color temperature ranges from 2000K-
6500K + 16 million colors

Warm White Cool White

NI
westinghouselighting.com Wﬂmem”

m MISSOURI



LED Retrofit Issues

* “Dimmable” LEDs might not be compatible
with all existing dimmer switches
« LED bulbs may flicker, blink, hum or buzz

* Problems are more prevalent in track lighting
fixtures or other fixtures with multiple bulbs

« Recommendation — Replace dimmers with
standard switches or LED compatible
dimmers

« Smart bulbs offer dimming capability

N/

“ZAmeren
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Questions / Thoughts?

* When does code apply to additions and alterations (the short
answer: pretty much always...the question is, how can you do
it cost effectively)

 Historic preservation ® leaduciatteg
* Mass wall improvements?

- edrthcraft

> |
‘ ’ A Program of Southface

Q¥ M Register your EarthCraft Sustainable Preservation Project
iy Al
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