Net Zero - Residential



IECC 5
New Construction - Easy
Retrofit — Not so easy...but doable
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All of Alaska is in Zone 7 except for

the following boroughs in Zone 8: 1
Bethel, Northwest Arctic, Dellingham, Zone 1 includes Hawaii,
Southeast Fairbanks, Fairbanks N. Guam, Puerto Rico, and

Star, Wade Hampton, Nome, the Virgin Islands

Yukon-Koyukuk, North Slope
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Conservation — IECC 5
5-10-20-40-60-1.5

Windows, Slab, Crawl/Basement, Wall, Roof
1.5 ach@50 with ERV

....Distributed Thermal Mass....
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Renewables — IECC 5
2,500 ft2 home - 7.5 kw PV
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IECC CLIMATE ZONE 5: VENTED ATTIC, 2X4 WALL
INTERIOR INSULATED BASEMENT

Roofing

Fully adhered roof membrane
underlayment

Roof sheathing

Insulation baffle

Raised heel truss; »“—] i \ l AV
16" deep . 19 9900909900!

Continuous 4/‘ 1 “R-43 insulation;

cellulose/fiberglass

soffit vent .
or mineral wool
Cladding —— R-6 closed cell’high
density spray foam
Air gap/spacer

R-5 rigid insulation with joints
taped; extruded polystyrene/foil-faced
polyisocyanurate I

2X4 frame wall

R-20 high density spray ————
polyurethane foam |

1/2" gypsum board with
a Class Ill vapor retarder
coating (latex paint)

1/2" gypsum board with
permeable (latex paint)

hid Wood stud frame wall
/ ~ held away from concrete
Capillary break ¥ 2" installed prior to spray
) foam application (2x3 or

2x4 framing partially
embedded in spray foam)

Cclrlu:rete foundation ———+» - [ R-15 closed-cell, high-
wal [1] density spray foam
Dampproofing —— 1] Rigid insulation as
Free-draining backfill ———» bond break
Treated wood bottom

Al plate

Y Sill seal thermal break

A and capillary break

Polyethylene
vapor barrier

— 4" concrete slab

Filter fabric

Coarse gravel
(no fines)

Perforated drain pipe
R-10 rigid insulation;
extruded polystyrene
Granular capillary break

and drainage pad (no fines)

Capillary break over footing
(dampproofing or membrane)

Concrete footing
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IECC CLIMATE ZONE 5: VENTED CATHEDRAL

CEILING, 2X6 WALL, SLAB ON GRADE

Roofing

Roofing paper

Roof sheathing

2" vent space

16" |-joist rafter

Insulation baffle prevents wind blowing

through insulation and maintains

2" clearance under roof sheathing
R-50 insulation; cellulose/
fiberglass or mineral wool
Water protection membrane
(ice dam protection
where required)

Continuous soffit vent

Sealant

Polymer based (PB) stucco

Drainage mat

Water control layer (building
paper, housewrap or building
wrap)

Plywood or
OSB sheathing

Perforated plastic bracket
for insect/rodent protection
of rigid insulation

Weep screed/capillary ————
break/termite shield for

stucco rendering over
housewrap

Ground slopes away from —?
wall at 5% (6" per 10)

Rigid insulation as bond
break material

Concrete foundation wall

Concrete footing
below frost depth

Attic ventilation
through continuous
ridge vent

R-10 rigid insulation with joints taped;

extruded polystyrene/foil-faced polyisocyanurate

Wood furring 24" o.c.

Wall gypsum must be installed and caulked
to foam with sealant before ceiling gypsum
board installed

R-20 insulation,; celluloseffiberglass

or mineral wool

1/2" gypsum board with Class Il

vapor retarder coating (latex paint)

R-7.5 rigid insulation; extruded
polystyrene/foil-faced polyisocyanurate
or mineral wool

2X6 24" o.c. advanced framing
Sealant

Sill gasket

Masticed membrane strip (also acts as

capillary break)

Granular capillary break and drainage
pad (no fines)

Concrete slab
Polyethelene vapor barrier
R-10 rigid insulation; extruded polystyrene
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IECC CLIMATE ZONE 5: VENTED ATTIC

STRAPPED 2X6. INTERIOR INSULATED BASEMENT

Roofing

Roofing paper

Roof sheathing

Insulation baffle prevents wind blowing
through insulation and maintains 2"
clearance under roof sheathing

Raised heel roof truss
provides increased depth of
roof insulation at perimeter

Water-protection membrane
(ice-dam protection where required)

Continuous soffit vent

R-60 insulation; celluloseffiberglass
or mineral wool

Wood or fiber cement siding

Furring or spacer strip

Building paper, housewrap
or building wrap

Plywood, OSB, gypsum,
or fiberboard sheathing

2X6 24" o.c. advanced framing

R-20 cavity insulation in 2X6 outer wood
framing; cellulose/fiberglass or mineral wool

Vapor-permeable building wrap
wrapped around floor assembly

Sill plate installed over
sill gasket and air barrier

Impermeable backfill
("clay cap")

T Polyethylene air barrier/
vapor barrier

Ceiling gypsum board installed
before wall gypsum board with
room perimeters caulked
with sealant to top plates

2X4 horizontal straps

Polyethylene air barrier/vapor barrier

R-13 cavity insulation; cellulose/fiberglass
or mineral wool

Jjj«—— 1/2" gypsum board with

semi-permeable (latex) paint

Sill gasket
Foam filler

R-5 rigid insulation with joints taped;
extruded polystyrene/

foil-faced polyisocyanurate

2X4 wood frame wall

R-13 insulation,; cellulosef/fiberglass
or mineral wool

«—— 1/2" gypsum board with a

Sealant bead sealing

permeable coating (latex paint)

rigid insulation to
foundation wall

Free-draining backfill ——

Dampproofing

Concrete
foundation wall

Course gravel
(no fines)

Filter fabric —————————»

Perforated drain pipe

Capillary break over
footing (damproofing
or membrane)

insulation to slab

Joint in rigid insulation to facilitate
application of sealant
ﬁ Sealant bead sealing rigid

Y Sill gasket

Treated wood bottom plate

4" concrete slab

Concrete footing

Polyethylene vapor barrier
R-10 rigid insulation; 2"
extruded polystyrene

Sub-slab stone layer (no fines)
— Rigid insulation as bond break

Drain pipe through footing
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IECC CLIMATE ZONE 5C: UNVENTED ROOF.
2X6 WALL., VENTED CRAWL SPACE

Roofing

Roofing paper
Roof sheathing
R-20 rigid insulation with

joints staggered; extruded
polystyrene/polyisocyanurate

Roof sheathing

membrane underlayment__ 2x12 wood rafters
air control layer
under entire

roof R-40 insulation; cellulose/fiberglass
or mineral wool
Blocking Ceiling gypsum board installed before wall

gypsum board with room perimeters

Vinyl or aluminum caulked with selant to top plates

siding
1/2" gypsum board with a Class Ill

R-10 rigid insulation vapor retarder coating (latex paint)

with joints taped; extruded
polystyrene/foil-faced
polyisocyanurate

2X6 24" o.c. advanced framing

R-20 insulation; cellulosef/fiberglass
or mineral wool

Sealant

R-20 insulation; celluloseffiberglass
or mineral wool

R-10 rigid

insulation with joints taped;
extruded polystyrene/

foil-faced polyisocyanurate

Perforated plastic bracket
for insect/rodent protection g/ -
of rigid insulation =

J-channel starter
strip

~ ,FProtect n board

Crawlspace ventat ——# :: Capillary break

top of foundation wall H Sealant

Concrete—————————————» Treated wood nailer

foundation wall

Ground slopes away X
o (6" g .

ascwrann || ot

Dampproofing overlapped and taped)
Concrete footing

Capillary break over — below frost depth

footing (damproofing

or membrane)
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Net Zero Retrofit — Residential Buildings
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Energy Flow

There is no such thing as a free
thermodynamic lunch....
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Capillarity




Capillary rise versus diameter

100
90
80
70
60
50

40

capillary rise [inch]

30

20
10
0

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

diameter [inch]

Building Science Corporation



Building Science Corporation
Joseph Lstiburek 19



Film of water on >
surface of siding

Water film draws up —/

between laps of
siding by capillary
suction

Building paper

Sheathing
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Attic Venting
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Net Zero Retrofit...
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3" spray polyurethane foam
(2 Ib/ft® density)

11/2” metal stud wall

Gypsum board thermal barrier

—3/4” drainage mat (filter fabric side
facing up)

—2” extruded polystyrene (XPS)

rNew concrete slab
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Asphalt shingles

Roof underlayment
142" plywood roof sheathing

Two layers of 2" polyisocyanurate rigid insulation

Existing board roof sheathing

6" high-density (2.0 pcf) sprayed polyurethane -
foam insulation

Self-adhering ice/water membrane
4" from roof edge

Existing attic joists extended, widening
soffit to accomaodate exterior insulation

Metal starter strip with drip edge

Existing 2 X & wood rafter

12" gypsum board interior
sheathing

1 X 3 frim

2 X 12 facia board o

Continuous beadboard soffit

5/4" X 8" frieze board

Siding over /4" pressure treated wood strapping ————————

o=

e R e L e
R s

&

Existing attic flooring

removed at perimeter to allow
for installation of sprayed poly-
urethane foam insulation seal
to top plate

Existing interior plaster
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New roof deck

New crown
molding

New fascia —»

New soffit 4/

Dentil molding

Frieze board

Siding
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New roof deck

New crown \
molding 1

New fascia —t[
New soffit —/ \{

New dentil molding

New second frieze board

Original dentil molding
removed

Original frieze board
remains

Siding
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Transition From A Hydrocarbon Based
Economy to a Carbohydrate Based
Economy
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Wood is good.... it grows on trees...
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Wood Is A Battery For Energy From The Sun
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Carbon + Water + Sunlight = Wood
(photosynthesis)
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Wood Is a Pretty Good Building Material

When We Are Done It Turns Back To Carbon
and Water and Releases The Energy
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Plants Do A Better Job Of Converting Solar
Energy Than Rocks
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Let The Plants Do It
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Wood Wall Evolution
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Timber frame

Plank infill




Interior plank lining

Timber frame

/ Daub

Waddle
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Timber frame

Interior wood lath
and plaster

Exterior sheathing

Rosen paper

Wood clapboard
siding
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Multiple Layers

Base Assembly Rigid Insulation Rigid Insulation + Furring Truss Wall/Offset Double Wall
==
| | | | | 1 | | 1
Fiberglass Cellulose SPF  Fiberglass Cellulose SPF Fiberglass Cellulose SPF Fiberglass  Cellulose Fiberglass  Cellulose
| | | 1 [ I I I
EPS XPS Foi- Stone | | i | Fiberglass Cellulose Fiberglass Cellulose
P';"‘I‘cgg_ wical EPS XPS Foi- Stone
& anyurate Faced Wool
Y Polyiso-
cyanurate
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Single top plate
2x6 stud wall @ 24" o.c.

Taped and painted /2"
gypsum wall board as
interior finish

Cellulose insulation in
wall cavity

OSB sheathing with
water control layer
facing; joints taped/
sealed

Mineral fiber insulation
boards

1x4 wood furring strips

Wood or fiber cement
siding

Cellulose
insulation at
rim joist

Capillary break

EPS insulation
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Single top plate 12" plywood connecting interior and exterior walls

2x4 structural stud wall

at 24” o.c. 2x3 frame wall

Latex paint on '/2” gypsum

1 ” -
board 12" fiberboard,

plywood, OSB
or gypsum
sheathing

Building paper,
housewrap or

3'/y”" cellulose insulation building wrap

Furring strips

/,” plywood or OSB
with joints taped

4'/,” space between
sheathing and offset
framing <

Cladding

Cellulose
insulation at
rim joist

Cellulose cavity insulation
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Single top plate

Taped and painted
/,” gypsum wall board
as interior finish

2x6 interior framing
member @ 24" o.c. \

Plywood cavity
closure at top of
assembly

2x3 exterior truss

Cellulose
insulation in

Plywood/OSB sheathing; — wall cavity

joints taped/sealed

Plywood/OSB
sheathing

Housewrap

Furring strips

Cladding

Cellulose
insulation at
rim joist :
Capillary break ———x

Ledger board
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Wood Building Evolution
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Production Housing
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