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Building to ZERH/Lessons Learned
& FORTIFIED Build
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Building to Meet ZERH w/Multiple
Layers of Foamboard: Lessons Learned




ZERH: Alordable?

Definitions ENERGY ' " Solution ENERGY | fuaein tomn

Affordable Housing Formula for Affordability

Wikipedia: “ housing which is deemed Produce a Home that incorporates :
affordable to those with a median household

income as rated by the national government or a Good Desian ti ¢ starts w the ok
local government by a recognized housing - Boo "GN Practice (it starts w the plans)

affordability index.” . Superior Energy Efficiency
. High Efficiency “right sized” mechanicals
HUD: “housing for which the occupant(s) is/are . Highly trained Workforce (invest in your staff)

paying no more than 30 percenle . Don’t skimp on Quality!
income for gross housing costg, including utilities.”

Marketing Zero Energy Ready Homes ENERGY abie

Affordable + Sustainable =

“Attainable
Housing”

Rochester Area

J7 Habitat for Humanity”




ZERH: What Is I1t?

:1)<0=)>5'%)=.5'/9)453-9) 2% @5)+()

$+/$)A5'B%' @3.25)$%@5)C$+29$)
5.5'/9)512+5.8D)8$38)3)'5.5C3E,5

5.5'/9)(9(85@)23.)%F(58)3,,)%") @ A(B8) ks
%B)+8()3..83,)5.59)2%.(&@A6% .

I Lower True Cost

MORE VIDEOS

cc] Auc YouTube T2
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J7 Habitat for Humanity”




DOE ZERH Requirements

DOE Zero Energy Ready Home

National Program Requirements (Rev. 06)
ZERO April 20, 201709

Py

DOE Zero Energy Ready Home Performance Path

While all mandatory requirements for labeled homes in Exhibit 1 shall be met, the performance path provides flexibility to
select a custom combination of measures that meet the performance level of the DOE Zero Energy Ready Home HERS
Target Home (Exhibit 2). Modeling is required, but measures can be optimized for each particular home or builder. Follow
the stgpe-be suse the performance path with RESNET-accredited Home Energy Rating Software programs:

The HERS Inde) of the DOE Zero Energy Ready Home Target Home is determined. The DOE Zero Energy
me~Target Home is identical to the home that will be built, except that it is configured with the energy

efl' cnency features of the DOE Zero Energy Ready Home Target Home as defined in Exhibits 1 and 2. Note, any
state energy code requirements that exceed those specified on Exhibit 2 take precedence for purposes of
determining the DOE Zero Energy Ready Home Target Home®. The HERS Index of the Target Home is
automatically calculated in accordance with the RESNET Mortgage Industry National Home Energy Rating
Standards.

2. A size modification factor is next calculated using the following equation:

Size Modification Factor = [CFA senchmark Home / CFA rHome To 8e sune] *%°, but not to exceed 1.0

Where:
CFA gencrmark Home = Conditioned Floor Area of the Benchmark Home, using Exhibit 3
CFA nom 1o5e su = Conditioned Floor Area of the Home to be Built

Since the Size Modification Factor cannot exceed 1.0, it only modifies the HERS Index score for homes larger than the CFA of
the Benchmark Home.

The HERS Index of the DOE Zero Energy Ready Home Target Home is calculated next?:

DOE Zero Energy Ready Home HERS Index Target =
HERS Index of DOE Zero Energy Ready Home Target Home x Size Modification Factor

Complete HERS software calculations for preferred set of energy measures and verify resulting HERS Index
Score at or below DOE Zero Energy Ready Home Target Home HERS Index Score modified, as required, for
house size.

5. Construct the home using measures that result in a HERS Index at or below the DOE Zero Energy Ready Home
HERS Target, calculated above, and the mandatory requirements for all labeled homes, Exhibit 1.

6. Verify that all requirements have been met using an approved verifier.

All homes certified through the Performance Path shall be submitted to DOE by submitting the compliance verification
artnerslic.

v napinat for Humanity”



DOE ZERH Requirements

n DOE Zero Energy Ready Home
National Program Requirements (Rev. 06)
ZERO April 20, 20170g

- AT

oro Energy Ready Home Mandatory Requirements for All Labeled Homes

|

. ENERGY STAR for c . ; 10, 11
Homes Baseline | [J Certified under ENERGY STAR Qualified Homes Program Version 3 or 3.1

[0 Fenestration shall meet or exceed ENERGY STAR requirements. See End Note for specific U,
2. Envelope™ SHGC values, and exceptions. '

0 Ceiling, wall, floor, and slab insulation shall meet or exceed 2012 or 2015 IECC levels'*- 'S

O Duct distribution systems located within the home's thermal and air barrier boundary or an
optimized location to achieve comparable performance'®
4. Water Efficiency | [0 Hot water delivery systems (distributed and central) shall meet efficient design requirements'’

[0 Allinstalled refrigerators, dishwashers, and clothes washers are ENERGY STAR qualified.

5. Lighting & 0 80% of lighting fixtures are ENERGY STAR qualified or ENERGY STAR lamps (bulbs) in
Appliances'® minimum 80% of sockets

0 Allinstalled bathroom ventilation and ceiling fans are ENERGY STAR qualified

6. Indoor Air Quality || O Certified under EPA Indoor airPLUS '

7. Renewable Ready | [J Provisions of the DOE Zero Energy Ready Home PV-Ready Checklist are Completed '®

Exhibit 2: DOE Zero Energy Ready Home Target Home ##
([wacewipmeney —

Hot Climates Mixed Climates Cold Climates
(2012 IECC Zones 1,2)® (2012 IECC Zones 3, (2012 IECC Zones
4 except Marine) 4 Marine 5,6,7,8)

v Habitat for Humanity-



equirements

DOE Zero Energy Ready Home

National Program Requirements (Rev. 06)
April 20, 2017

ENERGY STAR EER and COP Criteria
1.4 cfm/W; 1.4 cfmW; 1.2 -
no heat exchange no heat exchange heat exchange with 60% SRE

suon revers shall meet the 2012 IECC and achieve Grade 1 installation, per RESNET standards.
e Infiltration — Detached Dwellings®* (ACH50): 3inCZs1-2 | 25inCZs34 | 2inCZs57 | 15inCZ8
o Infiltratioo e Attached Dwellings (ACHS0): 3 (all Climate Zones)

Hot Climates Mixed Climates Cold Climates
(2012 IECC Zones 1,2)) (2012 IECC Zones 3, (2012 IECC Zones
4 except Marine) 4 Marine 5,6,7.8)

ovels for the system Energy Factor, as follows
- Gas/propane systems of £ 55 gallons, EF = 0.67
- Gas/propane systems of > 55 gallons, EF = 0.77
- Electric systems, EF = 2.0

IS or calculating the DOE Zero Energy Ready Home Target Home HERS Index, homes shall be modeled with an
ENERGY STAR dishwasher, ENERGY STAR refrigerator, ENERGY STAR celling fans, and ENERGY STAR lamps (bulbs) in
80% of sockets or 80% of lighting fixtures are ENERGY STAR Qualified.

Rochester Area

J7 Habitat for Humanity"




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’




"\ INSECT SCREEN

——— GROUNDBREAKER

Foam board detail at foundation

Rochester Area

J7 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

CASING — | ———=—_PVC BOARD
~ DRIP CAP

FOAMFILLED ~~| | JAMB ~BRICKMOLDING
GAP




Foundation to framing

AIEENENNI

ELL Habitat for Humanity”
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Bdlng the Iayers of rlgld foam

NN N NN NN
- ‘ 0‘\\:\ ‘._:
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Window/door bucks and furring
Strips

Bl Habltat for Humanity




Window/door bucks and furring
Strips

& Rochester Area
v Habitat for Humanity
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Evorlution of Technique
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Garage/House, Penetrations, So"t

e .
7




Wlndows air/water control Iayers

¥ Habitat for Humanity




#ermal control layers

¥ Habitat for Humanity



__Fasteners

6

Countersmklng

§i Habitat for Humanity
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Roof to Wall Detall
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Interior Celling Sealing

& Rochester Area
M7 Habitat for Humanity



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




Monthly Cost Increase
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Alternative?

i“}i
Ll = B
Tl Pj
VS.
Per $23.25
40 x 80
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Source:

hsc

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
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What is FORTIFIED?

//%@

ELi Habltat for Humanity”




What is FORTIFIED?

Rochester Area
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FORTIFIED

HOME

HOME

HOME

Rochester Area
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Why FORTIFIED

Q::k

~ Ly - Y ) BN N\
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FORTIFIED Build

Research Testing Background Information
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Why? #e Quick Visual Answer:

NisasterSafetvorg September 15, 2010

>_, >|~ iD 0:03/0:51 -y i
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Advantage of Bronze Minimum:
Deck Seal

"/

Ly
i
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Bronze - Surroundings

&> Rochester Area
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Gold - Continuous Load Path:
Foundatlon

¥ Habitat for Humanity




Gold - Continuous Load Path:
Openmgs for Windows/Doors

H*'




Gold - Continuous Load Path:
Openings for Windows/Doors




Gold - Continuous Load Path:
Wall to Plates & Roof Truss

B Habitat for Humanity




Gold - Continuous Load Path:
Wall Plate to Plate & to Floor Truss

B Habltat for Humanity




Gold - Garage Door:
Higher Wind Load Rated
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Forti%ed Costs
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Questions?

#ank You!
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