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Building to Meet ZERH w/Multiple
Layers of Foam board: Lessons Learned

ZERO

ENERGY READY HOME

U.S. DEPARTMENT OF ENERGY

& Rocheste.r Area "
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Building to Meet ZERH w/Multiple
Layers ofFoamboard Lessons Learned




ZERH: What Is It?

- ENERGY.GOV
Offics of Energy Efficiency & Renewable Energy [ Sewcneneyoor Q]

SERVICES EFFICIENCY RENEWABLES TRANSPORTATION ABOUT US OFFICES >

Home » Residential Baddings » Zero Energy Ready Home

ZERO ENERGY READY HOME

TOUR OF ZERO

Are you ready for 3 ho

wining i

Tour of
Zero

Resources

5.5'/>)512+5.8D)8$38)3)'5.5C3E,5
5.5'/>)(>(85@)23.)%F(58)3,,)%") @°
%B)+8()3..&3,)5.5'/>)2%.(&@A6%.’

Become a SUCCESS STORIES
Partner

Partner
Locator

DOE Zero Energy Ready Home Case
Study: Mantell-Hecathom Bullders,
Shenandoah Circle, Durango, CO

A DOE Zero Energy Ready Home is a high performance home which is so energy

efficient, that a renewable energy system can offset all or most of its annual energy
consumption.

Rochester Area

J7 Habitat for Humanity’




DOE ZERH Requirements




DOE ZERH Requirements

Hot Climates Mixed Climates ﬁ‘;’gccé';;‘_;‘
IECC CZ 1-2 IECC CZ 3-4 except Marine &3
and 4 Marine?

ENERGY STAR
Window Specs U-Value SHGH U.value
Required for DOE

Zero Energy Ready
Home Projects! [CZ3]030 [CZ3]025

[CZ4]030 [CZ4]040

1. DOE Zero Energy Ready Home offers multiple compkance paths including area weighting and allowances for
passwe solar design. See the National Program Requrements, Exhibit 1 with footnotes, for details

2. These U & SHGC values are based on the ENERGY STAR v5.0 Window Specifications. DOE ZERH wil review
the feasitdity of adopting ENERGY STAR v6.0 Window Specificabions, which entail lower U values, penodcally. Any

program update to require the v6.0 window specs will be announced with a minimum 1-year phase-in.
Rochester Area

J Habitat for Humanity”
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DOE ZERH Requirements -Solar

DOE
Zero Energy Ready Home
PV-Ready Checklist ZEBQ

U.5. DEPARTMENT OF ENERGY

Oosnmuo a proposed array location and square footage on architectural diagram:
— sqft. (REMPVGwdo 1.1)

ummummzimth)olpmposedm location:
degrees. (RERHPV Guide 1.2)

wlndl'monofpmposedarrayloabm
degrees. (RERHPV Guide 1.3)

DOE Zero Energy Ready Home National Program Requirements Mandatory Requirement 7
(Renewable Ready) shall be met by any home certified under the DOE Zero Energy Ready
Home program, only where all three conditions of the following conditions are met. If any of
these three conditions is not met, the home is exempt from requirements contained in the PV-
Ready checklist.

1. Location, based on zip code has at least 5 kwh/m*/day average daily solar radiation based
on annual solar insolation using PVWatts online tool:

http://gisatnrel.nrel gov/PVWatts Viewer/index.html AND;

. Location does not have significant natural shading (e.g., trees, tall buildings on the south-
facing roof, AND;

. Home as designed has adequate free roof area within +/-45° of true south as noted in the
table below.

Provide code-compliant d ntation of the Jm allowable dead load and
live load ratings of the existing roof, recommended: alowable dead load rating can
support an additional 6 Ibs/sq. fi. for future solar system. (RERHPV Guide 2.1)

Provide architectural drawing of solar PV system components, (RERMPV Guide

Avadable free roof area within +/- 45° of true south

Location of panel or blocking for future mounting of PV system components
Location of Breaker or siot for future breaker in electrical service panel
Copy of the PV-Ready Checklist

- Minimum Roof Area within +/- 45- of True
Conditioned Floor Area of the House (sq. ft. South for PV-Ready Checklist to Apply ()

Install a 1" metal conduit for the DC wire run from the designated array locaton to
the d inverter location (cap and label both ends). (RERHPV Guide 3.2)

<2000 110

<4000 220

Install a 1" metal conduit from inverter location 10 electrical service panel
(cap and label both ends). (RERHPV Guide 3.3)

< 6000 330

> 6000 440

Note:
» If a solar pl ic system is i with the home, then i with the Cor
is not required.

Install and label a 4’ x 4" plywood panel area for mounting an inverter and balance
of system components. (RERHPV Guide 3.1)

Alernative: Blocking is permitted 10 be used as an altemative 10 the 4' x 4' panel.
The area designated for the future panel to mount PV components shall be clearty
noted in the system documentation

These requirements were adapted from the EPA’s Renewable Energy Ready Home Solar Photovoltaic Specification
Guide (RERHPV Guide). For further guidance on any of the above items, this checklist notes the section of the
guide. This guide can be accessed on the DOE Zero Energy Home program website at

-ihwww1 eere energy.govibuildings/residentialpdfsirerh pv quide.pdf

Install a 70-amp dual pole circuit breaker in the electrical service panel for use by
the PV system (label the service panel) (RERHPV Guide 3 4)

Alternative: Provide a labeled slot for a double-pole breaker in the electrical
senvice

=

Rochester Area

J7 Habitat for Humanity”
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Rigid Foam: choosing a method

ENERGY rnsrier,  BUILDING TECHNOLOGIES OFFICE

Incorporating Thick
Layers of Exterior Rigid
Insulation on Walls

J. Lstiburek, P. Baker

Nowrbe 2014

& Rochester Area
v Habitat for Humanity




Rigid Foam Concept

Cladding
Control layers

Structure

1

Figure 1. Optimum configuration of control layers

Rochester Area

J7 Habitat for Humanity”




What worked well? What didnOt?




Starting with ICF foundation design

10" 8"
EXTERIOR WALL:
1/2" SHEETROCK w/ LATEX PAINT CLASS i
VAPOR RETARDER PER MnRC R702.7.1
3 1/2" FIBERGLASS BATT INSULATION R-13
1/2" 0SB
TYVEKITYPAR HOUSE WRAP (or equiv)
3" XPS R-15
2x4 FURRING STRIPS
1" XPS R-5 BETWEEN FURRING STRIPS

SILL PLATE SET BACK 2 1/2"
FROM OUTSIDE EDGE OF ICF

112" x 12" ANCHOR
BOLT, MAX. 48" o.c.

APPROVED FILTER MEMBRANE
10" WASHED GRAVEL
4" DRAIN TILE

O

Ty

Rochester Area

Habitat for Humanity’




Foam board detail at foundation

SILL SEALER-__

" INSECT SCREEN | —

——— GROUNDBREAKER —— GROUNDBREAKER

‘ ,":» e / & Rocheste.r Area
A W 71 Habitat for Humanity




Foam board detall doors & windows

| SIDING

|
-
|

—— SIDING

CASING — | ———=—_"PVC BOARD

iz __~DRIP CAP
FOAM-FILLED -~ JAMB — BRICK MOLDING
GAP

—

CASING — || B
’ ~ PVC BOARD

FOAM-FILLED DRIP CAP
GAP

— PVC BOARD

Rochester Area

¥ Habitat for Humanity”




Foam board detall doors & windows

S

"{ SIDING

CASING — | S F=——=_"PVC BOARD
A= /. DRIPCAP
FOAM-FILLED ~ JAMB ~ BRICK MOLDING
GAP

4" CONCH ' PVC BOARD

— GROUNDBREAKEH

Rochester Area

J¥ Habitat for Humanity-




Foundation to framing

AIEENENNI

ELL Habitat for Humanity”



Foundation to framing
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Bdlng the Iayers of rlgld foam

NN N NN NN
- ‘ 0‘\\:\ ‘._:

Bl Habltat for Humanity




House wrap over top of walls

' - [\

(]

31+ Habitat for Humanity



Window/door bucks and furring
Strips

Bl Habltat for Humanity




Window/door bucks and furring
Strips

Bl Habltat for Humanity




Maintaining Air Flow

EL g 'I"-‘Ia‘bitﬂalt for Humanity




Evolution of Technique




Garage/House, Penetrations, Solt

e -
PR




Wlndows air/water control Iayers

¥ Habitat for Humanity




untersinking

v Habitat for Humanity




Preparing for Siding

W Habitat for Humanity
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Exterior




IS

Front Door/Stoop Deta

I

i

i

j xl_ _E

Ty Hdbiﬁt for Humanity



Roof to Wall Detall

Ty Habltat for Humanity

A :




Roof to Wall Detall

W Habitat for Humanity



Penetrations/Jamb Extension

i Habitat for Humanity
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Interior
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Celling Sealing
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v Habitat for Humanity




"ermal Imaging
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"ermal Imaging
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"ermal Imaging
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"ermal Imaging

Bl Habltat for Humanity



"ermal Imaging

Bl Habitat for Humanity




"ermal Imaging
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Final Testing and Completion Report (SV3)

Site Walk Date: 2034-03-20

Building Code MN Code
File Number £30085
Site Walk Date 14030

INNES
£ - [N[Rg_}a

Home Builder
501 58 Ave NW
Rochester Aea
Dodge Cemter. MN 55927
Selte 107

Fabitat for Humanaty -

1530 Geeenwiew Drive SW

Model

Producton

Type: Single famy detached
Sive: 1864

Rochester, MN 55902

ENERGY STAR Requirements NO

Chechlinte Chechlists Signed Meets Testing
Cempleted No Standards
Ne

HERS Index

EISOKT K g s oo vide & 10 Litivw o 0t oy wow bnde s cade d Ghr HIIOH I, which me pre sr ais dhe

Doma s enengy wiage o o perce stege of (he ¢ nargy wesge of e e ricen Standend Budding *

Beats 2006 IECC standard by 56.80%

TeC Falures need correcting

0

Issuves could use Improvement

0

Exceptional bullding practices
dentifled

,n-huan Features

Woat bw daton
N
Grade e

K Goade 1
Coiling Pt R 300 (Geade BUNK)
Vaulted Coling nla
Above Grade Wals K= 240 (Gonde B
Fowndation Walks R 200 (Gonde B
Framwd Foon s Target Flow (CPO
S2b R« 220 Bdge, 220 Under (Gande Actml Flew (CRE
BND Kated Flow (CIN

Uriew adase d

U= 0270, SHGC « 0.290

Tested COINDO

ACH

Heat Cooling
Efficiency Y50 (ARUD 2]
Brand /| Make Trare Not bwtaled Bradieat White
Model TUMSO®AYZAAA NA MITWS6 FEN
Size 3.0 BTU BTU ® Gal

Hot Water

Mowrorases Home 10 0300803 ARG Comcnpin | Sile Walk Buse 20 1400.20

Blower Door Test Results

CPMS0/ ¢ surface area
CPMS0 /¢ floor area

Ventilation Flow Test Results

Lwdromn
»
00

Duct Leakage to Outside 2

Ventilation Thermos tat

Tarwsoim Trare
Trarw

Fuel Summary

Organization
XRG Concepts, LLC
507-358-6156
Brandon Vagt

Property
801 5th Ave W
Dodge Center, M 55927

Weather Rochester, M

13XRG-168.08 Builder

11-XRG-168-08 801 Seh Ave NW Habitat for Humanity - Roch
Dodge Center MN 55927 REM Fnl

040214 blg

Annual Energy Cost
Hartural gas
Blectric

Annual End-Use Cost
Meating

Cooting

Water Heating

Lights & Appliances
Photoveltaics

Service Charge

Toul

Annual End-Use Consumption
Heating (Therms)

Meating (kWh)

Water Heating (Therms)

Uights & Appliances (kWh)

Total (Therms)

Total (kWh)

Annual Energy Demands
Heating

Cooling

Water Meating (Winter Peak)
Water Heating (Summer Pesd)
Ughts & Appliances (Winter Peas)
Ughts & Appliances (Sumener Peak)
Total Winter Peak

Total Summer Peak

Utility Rates
lectricity
Natural Gas

HERS

Confirmed

32012014

Rating No:13.XRG-163-08
Rater 1D:8182958

‘14 Xoel Blec UnGrng***
MERC 2014 Current'




Final Testing and Completiop Report (SV3)

e Walk Date: 20161122

Building Code
File Number
Site Walk Date

MN Code
258692
2161122

Home Builder
2290 Cedar Pask C1 SE

Rochester Ama
Rochester, MN 55904

Suite 107

Fabiat for Humanity -

1530 Gawenview Drive SW

Model
Production
Type: Single-famdy detached

Sire; 1983 1°

Rochester, MN 53902

ENERGY STAR Requirements ______ NO
Checklints Checklists Signed Meets Teating

Completed No Standards
No Yeu

HERS Index

Je © @ » w ®
- |

KENNET Kum g s provide & sviotne « nargy wie indie s cotbe d e FIES bndes which oo prese nm the

Binine & 4ot 1y ahige b0 & o rce mlage o1 ihe 4 mbrgy anige of e ‘At rian Sladind Balding

Beats 2006 IECC standard by 68.11%

TBC Faikres need correcting

~

.
Issues could use improvement

0

Exceptional bullding practices
dentified

Insulation Features

Womt b uaton y Tested O
< I/NK

Blower Door Test Results

CINS0 /10 srtace area

Y Grade B
Coiling Plat K« 30.0 (Gende BUNK)
Vauted Coling ala
Abowe Grade Walks K« 26.0 (Gende B0
Forandation Wals R 230 {Grade B
Framed Foon ala
R«200 I'.l’—_ 200 Under (Grade

UNK

A

Tanget Flow (C
Actual Flow (CRO
Kate d Fow (CFN)

Lvdow late d
Us0270, SHLC « 0290

Heat Cooling Hot Water

Effsckency 1A SE 086
Brand / Make Daln Not bntaled Beadford Whise
Model DA VIR IENAB NIA RGIFVOSEN

Size 350 BTU TV ® Gal

Wansaraner Home 1D 858493 KEG Comcapre | Sine Walk Do 10000000

CIMSO /12 (e area

Ventidlation Flow Test Results

LUrboown
o

00

Duct Leahage to Outside 1

Ventilation Thermonstat

Ve revar Prod
Ve roar Prol

Fuel Su

Property
2290 Cedar Park Cr SE
Rochester, M 55504

Weather Rochester, M

15-XRG-455-11

15-XRG-459-11 2290 Codar Park

mmary

Organization HERS

XRG Comcepts, LLC Confirmed

507.258.6%00 192116

Brandon Vagt Rating No:15-XRG-459-11
Rater 108182958

Builder

Habitat for Mumamsty - Roch

Ct SE Rochester M 55904 REM

Fnl 192816 BV.big

Annual Energy Cost
Hatural gas
Electnic

Annual End-Use Cost
Heating

Cooling

Water Heating

Lights & Applisnces
Photovoltaics

Service Charge

Toul

Annual End-Use Consumption
Heating (Therms)

Heating (kWh)

Water Heating (Therm:)

Lights & Appliances (KWh)

Toral (Therms)

Toeal (kWh)

Annual Energy Demands
Heating

Cooling

Water Heating (Winter Peak)
Water Heating (Summer Peak)
Lights & Appliances (Winter Peak)
Lights & Applisnces (Sumener Peak)
Total Winter Peak

Total Summer Peak

Utility Rates

Electncity
Hatural Gas

RPU 2016 07718/ 16"
MERC 2016 3/22/16™



Circ

oMCEPTS

Final Testing and Completiop Report (SV3)

ite Walk Date: 2016.12.27

Building Code MN Code
File Number 26534
Site Walk Date 2016127

Home Bullder
701 Blanch St

Manto rvilie, MN 35955
Sulte 107

Habaat for Hamanty -
Rochester Asea
1530 Geeenwiew Drive SW

Model

Production

Type: Single famiy detached
Size: 1982 0

Rochester, MN 55902

ENERGY STAR Requirements NO

Checklists Checklists Signed Meets Testing
Completed No Standards
No Yeu

HERS Index

TBC Falures need correcting

4

P © @ » 0 w0
N [

RESNET Ratin g provede & neluive oot 15y wie bnde s calie & o MRS S0t 1. which 40 prw ov ot e

heome s ene rgy sbage o6 & purie ninge ol the e agy whage of e “Ame rwan Sindond Budding *

Beats 2006 IECC standard by 70.10%

Issues could use improvement

0

Exceptional bulding practices
dentified

Insulation Features

Wornt s uation
Grade ockine

Blower Door Test Results

Tested CPVSO

CINB0 /0 suatace ares

Bun Grade: 1
Colleg Flat K« 800 (Caade BUNED
Vauked Ceileg nla ACES
Abive Goade Wals Ralf0 tGamie b
Towndaticn Wals Re2)0 iGade B
frarwd Foon nla
300 Under (Gmde

LT

CINS0 /v 1

Tanget Mow |

Kate d Flow K
Ursow wdate
U020, SHGC « .27

Heat Cooling Hot Water
e ALY (22 XY

Effsciency
Brand / Make Dabin Not b talied Beadtond
Model DMMVEDRIENAR N/A RGIPVE

)

Ventilation Flow Test Results

o

Actual Fow (CPVO

120

Dot Leabange 0 Ot ide

Ventilation Thermos tat

Whise Ve nmus Prol
ISAN Ve mmer Pl

Size 10 BTY "y © Gal

Fuel Summary

or

XRG Concepts, LLC
507.258.6500
Brandon Vage

Property
701 Blanch St
Mantorville, MN 55955

Weather:Rochester, MN

16-XRG-417-09 Builder

16-XRG-437-09 701 Blanch 5t Habitat for Humanity - Roch
Mantorvitle M 55555 REM Fol

122716 BV.big

Annual Energy Cost
Hatural gas
Electnc

Annual End-Use Cost
Hearing

Cooling

Water Heating

Lights & Appliances
Photovoltaics

Service Charge

Towsl

Annual End-Use Consumption
Meating (Therms)

Meating (kWh)

Water Heating (Therms)

Lights & Appliances (WWh)

Total (Therms)

Total (kWh)

Annual Energy Demands
Heating

Cooling

Water Heating (Winter Peak)
Water Heating (Summer Peak)
Lights & Appliances (Winter Peak)
Lights & Appliances (Summer Peak)
Total Winter Peak

Total Summer Peak

Utility Rates

HERS

Confirmed

12127116

Rating No:16-XRG.-437.09
Rater 1D:8183958

16 Xcel Elec UnGrnd™
MERC 2016 3/22716"

Electricity
Hatural Gas

Wonsaratar Wome 1D S4a504 ARG Concapre | Sive Walk Dave: 20141027 peps it




Mortgage calculator

$ 200,000

Monthly payments

Mortgage calculator

$ 205,665

Monthly payments

Monthly Cost Increase

Maximum loan

Maximum loan
30

$972

Mortgage calculator

Maximum loan
$ 202,832.5

Monthly payments
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Alternative?
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$36.40 $56.60
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Source:

bsc o
buildingscience.com

BA-1406: Final Measure Guideline:
Incorporating "ick Layers of Exterior Rigid
Insulation on Walls

JosephLstiburek,#Peter Baker - APRIL 15, 2015

http://buildingscience.com/documents/bareports/ba-1406-!nal-measure-
guideline-incorporating-thick-layers-exterior-rigid-insulation/view

https.//energy.gov/eere/buildings/maps/zerh-navigational-button-graphic
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