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Zero Net Energy For the Rest of Us

il
2
3
4.
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Defining Zero Net Energy

. An approach to standardization

. Design Methodology

Materials and Assemblies

. Details and Documentation

. From Theory into Practice




A building is Zero Net Energy when the total
amount of energy consumed in a year is less than or
equal to the total amount of energy generated by
renewables on-site during that year.

Utility
System

Image courtesy Harper, harperlimbach.com




Zero Net Energy in a Cold Climate

D

It Works, with ...
Passive solar design

Super insulation, often 2X
code requirements

Efficient, cold climate-
appropriate mechanicals.

PV system size balanced
with superior building and
systems design.

Consideration of snow




Customized vs Standardized




Standardizing Zero Net Energy (Here)

GOALS HURDLES

v' Cost-effective Initial First Costs
v Understandable No “one size fits all”

v’ Durable Standardized but Adjustable
v' Available Continuous Insulation

v’ Reliable Reproducible details

v’ Repeatable Accounting for the compass




What can be standardized and how?

» Foundation details
» Wall assemblies

> Window details

> Roof assemblies

» Porch details

» Air sealing details

» HVAC systems

» House designs?

Image Credit Rachel Wagner and Leah Karmaker for Green New Deal Housing




An Approach to Standardization

Note: Typical Insulation Levels are 50% Beyond Code Requirements

Grid-Tied Solar Array
Photovoltaic (PV) system
turns the sun’s energy into
e!ectricity.

Overhangs

To manage solar gain.

N

Foundation: R-28
Slab: R-24

Wall: R-35

Attic: R-70
Windows: U £.20

LED Lighting

All Ductwork in

Triple Pane Windows ______§

Two Layer Insulation____ §
High thermal performance

Conditioned Spaces

& Airand Thermal

Barrier Continuity

Exceptional, Tested

with limited thermal bridging.

Floor Trusses

Air Tightness

Air Exchanger

To aid distribution systems.

Energy Monitor
Measures production
and consumption.

Insulated Doors

Super Insulated Foundation

To maintain a healthy
indoor environment.

EVCold Climate Al

Image Credit Rachel Wagner and Leah Karmaker for Green New Deal Housing

Source Heat Pump

Heat Pump Water Heater

Efficient space heating and cooling.




Design Methodology:
Utilizing Best Practice + Familiarity
(and KISS)

1. Building Form
2. Construction Methods
3. Energy Modeling

4. Mechanical Systems




Building Form: KISS = Keep It Simple & Stacked

Stacked stories above

grade and/or below (and

stacked bathrooms)
* No cantilevers
 No bays

Simple rooflines

Porches for protected
outdoor space

Avoid attached garages

Also: Keep It Small




Rectangles are Good

Simple (cost-effective)
Inherently efficient
Material friendly
Functional

Can be elegantly
proportioned

Work well with gable or
shed roof forms




Solar Optimization:
KISS = Keep It Simple & Southern

PV array placed on (closest to) south-facing roof
More windows south/fewer windows north

South overhangs sized to block summer sun and let winter sun in




Solar Optimized Space Plan
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Addressing the hurdle of the compass:
First Flsor Blarn PIa.n south needs 'Fo be site south, or close to it.
1494 square feet This plan can be flipped east-west.
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Construction Methods:
KISS = Keep It Simple and Strong*

* Strong = Robust + Durable

Use gutters and
ownspouts

A simple starting place:

Slab elevated 8 in.
minimum above grade

Flashing 6 mil vapor retarder

e QP Foundation that can be
readily adapted to a
basement

Insulated slab

Single stud framed wall




Familiar Foundation w/increased insulation
2 x 6 framed wall plus continuous insulation

L Sloped sill assembly at windows,

for drainage
Dense packed cellulose or ﬁbergfass

insulation in 2x6 stud walls

Latex paint over gypsum wall board b ‘o T plyWOOd Sheathing, —
e : as the air barrier

Finished flooring ——— EPSnailbase panels, sealed

4” concrete slab o/ Eee i Il | as continuous insulation
soil gas retarder ' - :

Grade s!oped away from

| ._____._--__'______Fgﬂw_cla_tion to manage water

2 layers of 3" EPS h r""{"ﬁ.'_.,'i:i'- il Insulation protection
| | to 6” below frade

4” compacted clean aggregate

o/ undisturbed soil or compacted fill Insnlskad concrete Farm

Foundation waterproofing




The continuous insulation conundrum

Climate Zone

Marine 4

IRC Interior Vapor Retarder Requirements *

Class | or Class Il required; Class Ill permitted
with:

Vented cladding (over wood structural panels,
fiberboard, or gypsum) or continuous insulation
(= R-2.5 over 2x4 wall or 2 R-3.75 over 2x6 wall)

Vented cladding (over wood structural panels,
fiberboard, or gypsum) or continuous insulation

(= R-5 over 2x4 wall or = R-7.5 over 2x6 wall)

Vented cladding (over fiberboard or gypsum)
or continuous insulation

(= R-7.5 over 2x4 wall or 2 R-11.25 over 2x6 wall)

Continuous insulation
(= R-10 over 2x4 wall or 2 R-15 over 2x6 wall)

Goals: 1. arobust assembly that can dry in both directions
2. a continuous insulation system with the fewest steps in assembly
3. a method easily adjusted for cold climate zones 6 and 7




Familiar, Robust + Cost-Effective Attic

Raised heel roof trusses

Insulation baffles to
maintain vent space

20” blown insulation

Sealed air barrier across bottom
of truss plane, connected to wall
plates to maintain continuity

Dropped ceiiing for ductwork installed
below thermal and air barriers

Asphait shingles

or standing seam metal roof

Roof under|ayment over

plywood roof sheathing

Top of nailbase sealed w/
selFadhering ﬂashing lapped
o/ WRB on face of nailbase

Vented Soffit

Metal siding o/ WRB fastened
w/ 6” screws th rough plywood
Sheathing and into studs per spec

Metal head flashing at

windows and doors



a )
: . . : cCc I dl'l0 2
MARC'S BUILDING LOAD COEFFICIENT CALCULATOR
Input cells are yellow Mouse over cells with a red mark in the upper right hand corner to read inserted commenis
|Design Temperature Difference, 90| Building Area, fi2 1 1494.00
R VALUES, fi2-hr-"F / BTU
Wall R Value 34.11 Flat Ceiling R Value 72.93 Slab on grade R Value 26.40
Floor over outdoors R Value Skylight R Value Foundation(heated) R. Value
Window R Value 5.30 Opaque Door R Value 10.00
Sloped Ceiling R Value (lass Door B, Value 7.00
ELEMENT AREA fi2 |UA, BTU/ hr-°F
ELEMENT AREA, fi2 UA, BTU / he-"F al . d
Walls 1245 36 1’7'1' s + ak 20
Floor over outdoors 0 F ?M ST DRSNS 2 0
Windows 205 39 Windows - 203 9
Sloped Ceiling il Sloped Ceiling 0 o
Skylight 0 Skylight 0 ]
Flat Ceiling 1494 20 Flat Ceiling 1494 20
Opague Door 0 0 Opague Door 2 v
Glass Door 38 5 ikes Do L 8
PERIMETER
Slab on grade 163 ] Slah o prade 163 22
Foundation Wall (heated space) 0 Foundation Wall (heated space) ] 0
Foundation wall height Foundation Wall height 0
Slab area 1439 i e 1439
Shell area 4421 Shell area 4421
CFM50/ssf 0.05 CFM350/ssf 0.05
Infiltration 14 Infiltration 48
Ventilation effectiveness 0.70 Ventilation effectiveness 0.70
Wentilation, CFM &0 26 Ventilation, CFM B0 26
Total UA - Building load coefficient 196
Heat loss, BTU/hr 17,672




Energy Modeling helped set the specifics:

Basement Walls

R-15 (sometimes R-10)

Slab Insulation

R-10

Slab Edge

R-10 (R-15 if heated)

Framed wall: cavity

R-21 (whole wall ~¥R-17)

R-21 (whole wall ~¥R-34)

Framed wall: continuous

None required

R-15

Windows

U 0.32 (R-3.1)

U 0.20 (R-5)

Attic

R-49

R-70

Air Tightness

3 ACH50

1 ACH50




Two models:

Identical Inputs
Very similar results for heating and
cooling loads.
EXCEPT

with regard to air tightness.

Heating (KBtu/Hr)

Walls

Floor over outdoors
Windows

Sloped Ceiling

Flat Ceiling
Skylight

Cpagque Door

(ilass Door

Slab on grade
Foundation Wall (heated space)
Infiltration
Ventilation

=
8
o

Ceilings/Roofs
Rim/Band Joists
Above Grade Walls
Foundation Walls ¢
Doors |

Windows/Skylights

Slab Floors

Crawl Space/Unht Bsmt ¢

Infiltration

o
o
o
(=

Internal Gains 8

Active Solar ¢
Sunspace
Internal Mass 8

chanical Ventilation

REM Design 14,600 Btu/hr

17,672 Btu/hr




Predicting actual

energy
ANNUAL ENERGY USAGE AND PV ARRAY SIZING

production or

Monthly electrical usage applied to heat offset 300

con S U m pt | O N ? Monthly electrical usage not applied to heat offset 150

PV Annual Production, kWh/kW 9.186

Annual . End Use kWh/year

Heating 1,967
DHW 1,671
HPWH load 304

Electricity 5,400
Weather Data Source Lat, Lon: 46.81, -92.1 1.1 mi Cooling 149

Location and Station ldentification

Requested Location 108 E 11th St. Duluth MN

Latitude 46.81° N

Total 9,492

Longitude 922.1°W

PV System Specifications (Residential)

Solar Electric System Size, kW

DC System Size 8 kW

Module Type Premium

Array Type Fixed (roof mount)
Array Tilt 39.8°

Array Azimuth 220°




Mechanical Systems Approach:
KISS = Keep It Simple and Supportive

1. All-Electric Home supports net-zero goal.

2. Appliances and Equipment will be replaced
more often than building enclosure.

* Create an enclosure that supports this.

3. Dropped ceilings and/or chases support
distribution, installation, and change.

4. Make it easy to operate for the occupants.




Standards for the Mechanical Design

1. Energy calculations used to size systems
* Should be redone for each new location

2. Grid-tied PV array sized according to the
energy calculations & site assessment

3. A mechanical plan w/equip & duct layouts

4. Electrical plan w/thoughtful lighting layout




Mechanical Distribution — things to notice

£-0" MIN. SEPARATION BETWEEN
STACK ERV-1 EXHAUST AND DRYER
EXHAUST VERTICALLY. DRYER o SVNEMPERAY.
EXHAUSTED BELOW WINDOW, ERV |
EXHAUSTED ABOVE WINDOW. O F
SHOWN SIDE-BY-SIDE FOR CLARITY

ERV-1 PROVIDE " WIRE-MESH SCREEN AND

INTAKE WEATHER PROTECTiN ATALL
[ D] l/ 6w
1

—

>

1 |/ % *-
HOTWATER TAN
CORNER OF UTILITY ROOM - =

SHOWN HERE FOR GLARITY, 10

5
I VENTILATION EXHAUST BOOST SWITCH.
(40 cfm] REFER TO MECHANICAL NOTES FOR

4 SWITCH SPECIFICATION (TYP)

=q

RANGE HOOD

COORDINATE DUCTS
WITHATTIC HATCH

|

Keep It Specific:
»  We have a mechanical plan.
ERV is separately ducted.
Duct design considered occupant comfort. =
All ductwork runs below the insulaterm attic, most in dropTYed «
Ductwork in the mechanical room is |eft exposed.
] | . ————

Image and content credit: Zero Energy Design




Some Mechanical Selections

1. Air Source Heat Pump (ASHP)
* integral back-up heat within the ductwork

2. ERV — 2 exhaust (bathrooms), 4 fresh
. Induction range with exhaust hood = better IEQ
. Heat Pump Water Heater
. Energy monitor

. LED lighting pretty much everywhere




Materials and Assemblies: What and Why

. Water Management
. Insulated Foundation

. 2 X 6 exterior walls + nailbase panel
continuous insulation

. Triple pane windows

. The Air Barrier Assembly




Water Management

For durability, this is first.

Everything else is second.
Thank you Building Science Corporation.

Overhang

"Kick out"—]
flashing

Driveway
slopes

buildingscience.com




Insulated Foundation

SIDING FINISH —_

ICF heights and core
—— FLOOR FINISH AS SPECIFIED thiCknesseS Can

SLAB ON GRADE
REINFORCEMENT AS SPECIFIED

TIAN (Sl iy S ? | — STUDS & INSULATION — INSULATION AS SPECIFIED re a d I | y b e a d j u Ste d

| ~ZRocomcTA to specific site or
R climate conditions

VERTICAL FURRING STRIPS
SECURE TO QUAD-LOCK PLASTIC TIES —_

VAPOR BARRIER — I | _——INTERIOR FINISH
i

PARGING AS SPECIFIED
MINIMUM & EXPOSED ABOVE GRADE -

Easy to adjust details
betopt ikt 0 from slab on grade to
s | full basement

FREE DRAINING FILL —

GEOQTEXTILE —

Many standard
products now with at
least R-14 to the
outside

~ QUAD-LOCK METAL TRACK
FASTEN TO STRIP FOOTING

gy e b ICF not required, but
easily standardized

ALTERNATE LEGS SIDE TO SIDE

Image/detail credit: Quad-Lock Building Systems




2 X 6 wall + nailbase panel

METAL SIDING G/ WRB
FASTENED TO NAILBASE

No furring needed with metal siding

NAILBASE PANELS
FASTENED INTO

FRAMING W/ SCREWS
PER SPECIFICATION

D LA L L L L L LA LA TS L LA LA T LA LA LA LA LA

NENENENENENY

CONTINUOUS SEALANT,
LOCATIONS SHOWN

2N}

PLYWOOD NAILBASE SHEATHING
CONT. AT CORNERS BY CUTTING OUT
EPS OR BY ADDING PLYWOOD

METAL SIDING OUTSIDE Plywood wall sheathlhg 15
CORNER TRIM O/ WRB sealed as the air barrier




Windows

Nail fin is familiar
Fiberglass is durable
Tripane essential
Fastening to the
exterior allows known
robust flashing and

WRB details

The biggest difference is
the use of a tripane




The Air Barrier Assembly

Ceiling membrane connected to framing
Window frames connected to bucks
Door frames connected to bucks

Window and door bucks connected to
sheathing

Plywood wall sheathing connected to slab
and framing

Concrete slab

Well, your toe bone connected to your foot bone
Your foot bone connected to your heel bone
Your heel bone connected to your ankle bone
Your ankle bone connected to your leg bone

- From “Dry Bones” by the Delta Rhythm Boys




The location and protection of the air
barrier and water management layers are
critical to long-term building performance.

SEALANT OR GASKET AT
INTERIOR SIDE

PIPE OR OTHER PENETRATION

MAILBASE PANEL —- || i ! : STUD/FRAMING MEMBER

WRE (SIDING

T
NOT SHOWN) INSULATED CAVITY-MAINTAIN

FULL INSULATION EXCEPT AT
PEMETRATION

SEAL GAP @ NAILBASE

FPAMNEL W/ MINIMALLY SEALED PLYWOOD AIR BARRIER
EXPANDING FOAM SEALANT

PROVIDE "QUICK FLASH" FLASHING CUT HOLE IN BLYWODD AIR BARRIER

PANEL/BOOT @ ALL PIPES, DUCTS, f JUST LARGE ENOUGH FOR PENETRATION

AND ELEC. BOXES, LAP WRB O/ SEAL PIPE AND SIM. MATERIALS W/

FLASHING PANEL PER PRODUCT SYNTHETIC RUBBER OR OTHER FLEXIBLE

INSTALLATION INSTRUCTIONS SEALANT. SEAL WIRES W/ MINIMALLY
EXPANDING FOAM SEALANT




Details and Documentation

Readable
Understandable

Buildable

Repeatable




Air Sealing:
S Standard
s Details

- CONTINUOUS GYPSUM WALLBOARD

FRAMING FOR SOFFITS AND
DROPPED CEILING NOT TO
PENETRATE GYP. BD. DR BARRIER

MNAILBASE PANELS INSTALLED AFTER
AIR SEALING IS COMPLETE

SEAL ALL JOINTS IN TOP PLATE W/
CAULK OR LIQUID APPLIED AIR BARRIER

SEAL EXTERIOR PLYWOOD
SHEATHING TO TOP PLATE W/ A
CONTINUOUS BEAD OF CALLK

SEAL SHEET GOOD CONT. TD TOP PLATE W/
ACOUSTICAL SEALANT OR OTHER SEALANT
AFPFROVED FOR AIR BARRIER MATERIAL

INSULATED STUD WALL

GYPSUM WALLBOARD O/ SEALED AIR BARRIER /
VAPOR RETARDER AT CEILING




Foundation Detail ...

2x6 TREATED SILL PLATE O/ SILL
SEAL W/ 2 CONT. BEADS OF SEALANT,
ONMNE EACH SIDE OF SILL SEAL

LAP POLY UP CUT EDGE OF
EPS, ADHERE TO SILL PLATE
W/ ACOUSTICAL SEALANT

4" CONCRETE SLAB 0O/
POLY SOIL GAS RETARDER
O/ 6" EPS O/ 4" AGGREGATE

|

TR e,

N ANANZR AN AR AN A NN ANAN

7T

F.O. SHTG SET TO F.0. CONCRETE

CONT. SILICONE OR POLYURETHANE
SEALANT BEHIND AND AT B.O.
PLYWOOD SHEATHING

METAL SIDING OVER WRB OVER
NAILBASE PANELS

HOLD NAILBASE PANEL 3/8"-1/2"
ABOVE ICF. FILL GAP ENTIRELY W/
2-PART URETHANE SPRAY FOAM

LAP WRB O/ BASE GUARD FLASHING

APPLY 3" WIDE SELF-ADHERING
FLASHING TAPE TO BOTTOM
OUTSIDE CORNER OF NAILBASE
PRIOR TO INSTALL OF WRB

METAL SIDING BASE GUARD FLASHING

METAL COUNTER FLASHING, FIT TOP
LEG SNUGLY INSIDE ANGLE OF BASE
GUARD FLASHING. FASTEN BOTTOM LEG
AS SHOWN OVER FOUNDATION
PROTECTION

METAL FOUNDATION
PROTECTION TO EXTEND
6" BELOW GRADE




Window Jamb

TX FINISHED JAMB

2X12 JAMB RIPPED TO 103"+ DEPTH

FILL GAP W/ MINIMALLY EXPANDING
FOAM AS F’ﬁ‘NEL ISSLID INTO PLACE ——

CAULK AND BACKER ROD TO SEAL
WINDOW TO 2X12 BOX FRAME

1/2" SPACE AT HEAD AND JAMBS, W/
LOW EXPANSION, LOW PRESSURE
POLYURETHANE INSULATING
WINDOW AND DOOR FOAM SEALANT
APPLIED FROM INTERIOR

WINDOW

CAULK JOINT BETWEEN NAIL FIN
AND WINDOW FRAME

CAULK

SEALANT AT JOINT, TYP.

2X6 WALL FRAMING W/ R-21
CAVITY INSULATION, TYPICAL

1/2" PLYWQOOD WALL
SHEATHING, TYPICAL

,ARANAZAAARARARARRRARATARY

J-CHANNEL TO RECEIVE SIDING

4\ WINDOW JAMB DETAIL

NAILBASE PANELS FASTENED INTO
FRAMING (PANELS 3 1/2" EPS + 5/8”
PLYWOOD), TYPICAL

METAL SIDING O/ WRB FASTENED
TO NAILBASE

CUT WRB EVEN W/ R.O., ATTACH WINDOW NAIL
FIN W/ SCREWS INTO 2X BUCK

PANEL PER MFR'S INSTRUCTIONS O/ WRB,
THEN APPLY SELF-ADHERING FLASHING TAPE
O/ FIN AND ONTO FACE OF WRB




BACKER ROD AND SEALANT,
CONTINUQUS TO CONNECT

WINDOW FRAME TO PLYWOOD BOX
FRAME/AIR BARRIER, TYPICAL ———__

3/4" SOLID WOOD JAMB
EXTENSION, TYPICAL

Window Sill

CASING, TYPICAL ‘é :

2X12 RIPPED TO DEPTH BOX
FRAMED R.O., WITH ALL JOINTS
CAULKED. FASTEN INTO FRAMING
TO RECEIVE WINDOW AND
NAILBASE PANELS

2x6 WALL W/ 1/2"
PLYWOOD SHEATHING

91/2" +/-

101/8" +/-

WINDOW SET LEVEL ON "REVERSED" SLOPED
SHIMS SET ON TOP OF FLASHED SLOPED

SILL OF R.O. - WINDOW NAIL FIN AT SILL LAPS
0/ SILL PAN FLASHING LAPPED O/WRB

(DO NOT TAPE OR CAULK NAIL FIN AT THE SILL)

INSTALL SLOPED SHIM CONTINUOUS
ACROSS ROUGH OPENING, PRIOR TO
INSTALLING WINDOW FLASHING.
INSTALL SELF-ADHERING FLASHING
TAPE CONTINUOUS ACROSS SILL,
LAPPED O/ WRB, AND EXTEND FLASHING
TAPE UP EACH CORNER A MIN. OF 6"

DRIP EDGE SILL CHANNEL, SEE
ENLARGED PROFILE:

METAL SIDING 0/ WRB

SIDING
MFR.
SPEC.
CONT. SEALANT AT JOINT
BETWEEN 2X12 BOX FRAME AND
PLYWOOD WALL SHEATHING TO
MAINTAIN AIR BARRIER, TYPICAL

NAILBASE PANEL

NOTE: METAL SILL TRIM EXTENDS
EACH SIDE OF WINDOW TO
ALLOW JAMB TRIM TO SIT ON
SILL TRIM




Doors set into the 2 x 6 wall

2X6 FRAMED WALL

DOOR HEADER

CAULK

2X6 BELOW HEADER \ E

CASING, TYPICAL

DOORR.O. PER

MANUFACTURER 7(—

DOOR FRAME

|
™

—

L

e

NOTE: GAP BETWEEN SIDING
AND WRB IS EXAGERRATED TO
ILLUSTRATE THE LAPPING OF
WRB AND FLASHINGS

WRB INSTALLED TO LAP O/
METAL DRIP-EDGE FLASHING

NAILBASE PANEL O/ SEALED
PLYWOOD SHEATHING

SELF-ADHERING FLASHING TAPE
LAPPED O/ EDGE OF NAILBASE PANEL,
LAP TAPE AT DOOR FRAME

METAL SIDING W/ CLOSURE
STRIPS AT DOOR HEAD

/HHDLD NAILBASE 1" FROM

R.0. @ HEAD AND JAMBS

SPECIAL METAL DRIP EDGE AT DOOR W/
EXTENDED LEG SET TO T.0. BRICKMOLD.
EXTEND DRIP EDGE ACROSS JAMB COVERS

2" BRICKMOLD

BACKER ROD AND CAULK, TO
MAINTAIN AIR BARRIER

LOW EXPANSION, LOW PRESSURE
POLYURETHANE INSULATING DOOR FOAM
SEALANT APPLIED FROM INTERIOR




Roof and Attic

"FACE OF "T.0.SQ CUT
TRUSS TRUSS TAIL
HEEL

INSULATION BAFFLE,
MAINTAIN 1-1/2" AIR SPACE

ASPHALT SHINGLE ROOFING O/
UNDERLAYMENT/ICE AND WATER SHIELD
0/ 5/8" PLYWOOD ROOF SHEATHING

SEAL TOP OF NAILBASE W/ SELF-ADHERING FLASHING,
TAPE AFFIXED TO PLYWOOD WALL SHEATHING AND
LAPPED O/ WRB ON FACE OF NAILBASE PANEL

(ATTIC)

VENTED METAL SOFFIT O/ 2X6 RAFTER TAILS, TYPICAL

)

UNDERLAYMENT LAPPED O/ DRIP EDGE FLASHING

CONTINUQUS DRIP EDGE METAL FLASHING

2X6 SUB-FASCIA AT TRUSS ENDS

METAL FASCIA COVER (L") 0/ 2x6 SUBFASCIA

J-CHANNEL TO TERMINATE METAL SIDING

SEAL PLYWOOD CONT. TO TOP PLATES

el \ SEAL POLY AIR BARRIER TO F.O.
4 TOP PLATE AND SEAL ALL JOINTS

NOTE: METAL SOFFIT PANELS AT IN TOP PLATE TO MAINTAIN

SRR R T SIDING 07 WRE O NALBASE PANELS
HRSTalls 0O/ SEALED PLYWOOD SHEATHING.
(NOTE: INSTALL SOFFIT AFTER SIDING)

L L LY L L L L LN L L S L L L L L




Attached Porches

Robust, reproducible details that reduce thermal bridging.

Pl
T TYPICAL SIDING AND WALL ASSEMBLY

/ EXPANSION INSULATION AT SLAB JOINT 10X10 CEDAR POST

e (4X4 AT BACK PORCH)

/ —— 4" CONCRETE PORCH SLAB W/ THICKENED ANCHORED TO SLAB W/
EDGE @ 3 SIDES, R/W 6X6 WWM SIMPSON APVB SERIES
@ MID-DEPTH OF SLAB O/ COMPACTED o ADJUSTABLE POST BASE
NON-FROST SUSCEPTIBLE FILL Z

CONTROL JOINT

#4 REBAR AT 20" O.C, TYP.

PORCH SLAB ELEVATION _
99-11" |© \.

(4) #5 REBAR

12" MIN. SOIL

il

CONTINUOUS WATERPROOF L (2) LAYERS 2" 25 PSI EPS * 1/2" TREATED PLYWOOD
MEMBRANE TO TOP OF ICF ALONG (R-17) W/ SEAMS STAGGERED PROTECTION BOARD CONT.
ENTIRE LENGTH OF PORCH O/ 4" COMPACTED GRAVEL @ PERIMTER OF EPS




Attached Porches

START PORCH ROOF TRUSS 0O/
WRB O/ NAILBASE PANELS

TYPICAL ROOFING O/ FELT O/
5/8" PLYWOOD SHEATHING

2X6 LADDER OUTLOOKER

TYPICAL RAKE METAL
FASCIA AND SOFFIT

J-CHANNEL TO TERMINATE
METAL SIDING

CORRUGATED METAL SIDING
INSTALLED W/ CORRUGATIONS
HORIZONTAL, Of WRE O/ 1/2°
PLYWOOD SHEATHING

PLYWOOD SHEATHING TO
TERMINATE 2-1/2"+/-
BELOW TRUSS BEARING

TRUSS BEARING 4
109'- 1 1/8" -

TERMINATE METAL SIDING W/
DRIP EDGE FLASHING
INSTALLED TO COVER JOINT
BETWEEN PLYWOOD SHT'G

T&G CEING, BLOCK AS REQ'D ."I AND 1X12 BEAM FASING
BETWEEN TRUSSES / TRIM. WRB TO LAP FLASHING

1X12 CEDAR BEAM FACING, SET B.O.

1224 SERARCTRIM, INSTALL FACING 1/4" BELOW HORIZ. TRIM

ALONG BEAM FACING,
TIGHT TO CEILING (3) 2x12 BEAM W/

J-CHANNEL AT TOP CONCEALED HANGERS

OF METAL SIDING 1x10 CEDAR TRIM, FASTENED

1/2" PLYWOOD FASTENED TO TO BOTTOM OF BOX BEAM
2X4 BLOCKING AS SHOWN, TO / BETWEEN POSTS

BOX OUT INSIDE FACE OF /

"BEAMS", TO ALIGN W/ INSIDE
FACE OF CEDAR POSTS




From Theory into Practice

Construction Costs estimated at ~ $230/ft2

Not including land, PV system or detached garage.

2021 average solar panel cost graph in Duluth, MN
for a 5)kW system

Market Average

Great Price $15,150 Above Market
$12,878 or less $17,422 or more

Solar installation costs do not include the 26% Federal Investment Tax Credit or local incentives. Learn more
about local MN incentives, tax credits & rebates.

Data from
energysage,com/local- Payback Period 20-Year Savings Cost per Watt

data/solar-panel-cost/ 12.26 Years $17,507 $3.03




Coming Soon ...

M e W N

greennewdealhousing.org




Additional Resources

greennewdealhousing.org
buildingscience.com

zeroenergyproject.org

Building Science Corporation BSI Insight-081: Zeroing In

Making Sense of Minisplits by Jordan Goldman, Fine Homebuilding No. 296
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