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Industry Partners Temvenirie: AR
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Design Goals Temvenirie: AR

@ Positively Influence a Home Slated for Construction
f Focus on Methods to Be Performed “In-House” by Industry Partner

/‘ﬁﬁ High-Performance Home to Appeal to Target Market

o@‘]o Create Regional Connections Between Home Builders
AARAA
E} Build Excitement in Bloomington for Zero Energy Ready Homes
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Site Inventory e O

Marine (C) Dry (B) Moist (A)

Climate Implications:
* Need for Solar Shading

* 6 Mild Months

* Strong Temperature Swings
* Solar isViable

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Morthwest Arctic, Dellingham,

Southeast Fairbanks, Fairbanks N. Star, Zone 1includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands

Figure 3. US Climate Zone Map

Figure 4. Indiana Climate Zone Map
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Architectural Design et

Shelter from Visual Connection  Physical Connection
the Road to the Outdoors to the Outdoors
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Architectural Design et

Reduce to 1600 SF Plan

Reevaluate Glazing Situation

Livable Space to South Side e e AN 1

S B i
Functional Space R L
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. Team Woodridge
M ate rl a I S Ball State University

Reclaimed Exterior Materials
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Architecture Interiors | Constructability Finances LEED



Plan Transformation e

Plan Presented by LVWB Team Woodridge Transformations
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I nte rl O rs Ball State University




. . Team Woodridge
L I g h t I n g Ball State University
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Surface-mount LED A Haiku fan, 52
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. Team Woodridge
AP P I I a n C e S Ball State University

ENERGY STAR
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Continuous Wall System e AR

ZIP System® R-Sheathing

2” Insulation
|/2” Sheathing
Integrated + Parallel Control Layers

Builder-Approved

LWB has experience with ZIP System®

2
Ej
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Team Woodridge

Foundation + Roof hrpining

Pre-engineered Clinch Plate Truss Insulated Concrete Form Foundation
Installation Efficiency Thermal Performance
Reduced Material Robust System

Aligned Control Layers

Figure 12. Clinch-plate roof truss
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I C F - Wal I JO I nt Ball State University
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. Team Woodridge
I C F = Wal I JO I nt Ball State University

Z|P sheathing :
ZIP tape —] : ‘ ‘ :

Caulk N e

fluid applied @\ .O

water and air =t
4 . :“(
barrier iy ‘. HI ST

T o -l..d--.- 1e- '. [

Figure 16. Wall — Foundation Control Layer Joint
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Ball State University

Roof —Wall Joint Team Woodridg
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ZIP tape

ZIP sheathing air-tight drywall

caulk

Figure 17. Wall — Roof Control Layer Joint



Team Woodridge
S Oftwa re Ball State University m

™
REM/Rate Official HERS Index Value
‘hq/ BEOpt Corroborate HERS, Optimization

HEED: Home Energy Efficient Design Passive Envelope Performance

. o |
@ WUFI Hygrothermal Modeling
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HERS Analysis Temeecrire AR

‘_QP ] Original plan, modeled with 2009 IECC

o, B0 |7 Original plan, modeled with 2015 [ECC
2 B @105 WFAf£om|33% % dion
. :000 88 nve o% %t%tara plzﬁ*%féa ?8d"Pecirculating
e R Balancegd i BB
2 R P47 45 4 g
!m Tankrhipt WRC herter fladaciseiifrangestaller 3
H,}g?" . 6 kW photovoltaic system
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Moisture and Dewpoint e e

DO ble St d a” Ex] WUFI® Animation1D /2" OSB
u u _ W Location: Indianapolis, IN; cold yeat; I/Z” EPS WUFI&
e 70°F —
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50° F >400 5 Temperature L
300 5 _——__dew poipt
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0
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Bulk Water Control Toam Woodridge

Sloped roof with overhangs ZIP system insulated sheathing

Image from Huber Wood Systems



. Team Woodridge
AI r C O nt ro I Ball State University

Field Observation

| ACHS50
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Thermal Control remveetriee AR

“Spider” blown fiberglass ZIP system insulated sheathing

PANEL THICKNESS
2-1/2"
A-VALUE

12.6

R-4.2 per inch R-12.6 total continuous

R-23.1 total for cavity



Vapor Control Temweotrie AR

Building Science Corp. Forest Refuge Home
Recommendation Adaptation
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Resilience

Team Woodridge

Ball State University

Passive Survivability

O
<

Indoor Tmm
Scheme 8 : Rio? Passive

Project : RtoZ Round 2

Building Type: SINGLE FAMILY RESIDENCE

City Location: Monroe Co,IN,USA,TMY3,72
|scheme 9: Energy Code Fassie ~|

Forest Refuge Home

SEp | N
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. Team Woodridge
M E P D e S Ign Ball State University m

Design Process Design Loads
18
REM Rate Calculations ‘
14
&1
Contractor Design g 10
Conversations =8
E 6
Optimal System B
Selection ’
0

REM Rate

B Heating B Cooling
Figure 27. Heating and Cooling Design Loads



Mechanical Equipment Tamvendrie: AN

Heat Pump Outdoor Unit Ducted Mini-Split Indoor Unit (2)
:: | Variable Capacity | . Dual-Zone Control
g, o 9k BTU + 12k BTU
A ey
Wl fmww 20 kBTUs Cooling MERYV 8 Filtrati
E! “l"lﬂﬁmﬂI!|IHHH!Hmllllmllllllll" (SEER 15.0 / EER 11.0) fitration
\|
i‘ Heating COP:
Ve = 370@47°F

253 @ I7°F

Whole-Home ERV
Cooling COP:
3.22




Team Woodridge

DUCt Layout e

Figure 30. Return Duct Layout

Return Air

Supply Air

Air Plenum

Figure 28. Ventilation Strategy Figure 29. Forest Refuge Home Duct layout



Hot Water System remveetriee AR

Design Process Selection
Rinnai Ultra

Tankless Unit

Speculative Design

Builder Design
Conversations

|deal System Selection




ayout Design T W

Figure 31. Plumbing Layout



Team Woodridge

Recirculation .

Built-In Recirculation On-Demand Operation
Integrated Pump Keep Benefits of Recirculation

No Water Wasted Minimizes Excess Wasted Energy
Layout Already Optimized for Recirculation Control-R System Integrated w/ System

Figure 32. Plumblng Layout



Interior Air Quality i 9\

Sealed Contaminant
Envelope Mitigation
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Team Woodridge
S e a I e d E nve I O P e Ball State University

* Bathroom Ventilation
* Rangehood Ventilation
* Home Ventilation

* PlumbingVents

* Minimize Ceiling
Penetrations

* Seal Wall + Ceiling
Penetrations

Figure 33. Envelope Sealing Plan
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Contamination Mitigation Temweotrie AR

* No Open Combustion
*  Walk-off Entrance Mats
* (Garage Separation Y
* Range Hood Ventilation

* No Carpet
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s . Team Woodridge
Ve n tl I atl O n Ball State University

“Build Tight, Ventilate Right”

* Pressure Balanced Ventilation
* Recover Humidity and Heat when Possible

Whole Home Ventilation
* ERV in Conditioned Crawlspace

Localized Ventilation

* Humidistat-controlled Ventilation (ERV)
in Bathrooms
* Rangehood w/ Makeup Air
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Bloomington, IN e o

Industry Partner

2R 4

Architecture Interiors Constructability Envelope IAQ LEED -




Bloomington Market Toam Woodridee

Bloomington, IN Real Estate Market Trends e

Median Listing Price Median Days on Market Median Listing Price/Sq Ft 1¥r 2Yr 3Yr

‘ —— Compare city, neighborhood, or ZIP Q —— Bloomington, IN

$250K

$200K

$150K

$100K
$50K

$0
2015 2016 2017

Figure 35. Bloomington Real Estate Market Trends, 2014-2017



Team Woodridge

Bloomington Market e ey

Bloomington, IN Real Estate Market Trends e

Median Listing Price Median Days on Market Median Listing Price/Sq Ft 1¥r 2¥Yr 3Yr

‘ —— Compare city, neighborhood, or ZIP Q —— Bloomington, IN
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40
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Figure 36. Bloomington Real Estate Market Trends, 2014-2017



Cost Estimate e

NAHB 2013 Average 5q. Ft.  Team sq.ft.

2607 sq it 2600 5q.ft
NAHB Lot Size Sq. Fi. Lot Size Sq. Ft. IMa el in columa His colered green’, justilicaliangn
10359 sq b, 32234 sq.ft is equired,
NAHB 2013 Tearn Default
Value Share Estimatefor  Team Estimate
af Share of Share of Team
Construction Construction  Construction  Estimate Notes  Justification/Notes (Required for Values different than
Construction Cost Breakdown Value Persqft.  Vake value Persq.ft. Required? Default Value)
Site Work (sum of A to E} $  1g825 5 G645 5 16780 $ 1076100 5 413
A Building Perm t Fees : 3,647 &% 140 5 3637 5 520 5 020 YES Reviewed city permit fees for new single fam ly.
B Imaact Fee s amz 5 127 8 3303 8§ 2975 5 114 VLS average cost ay lacation
C Water & Sewer Fees Insnactions s ams § 167§ a1 8 3808 § 146 ¥ES awerage cost ay lacation
 Architecture, Engineerng s 3m1 § 143 EEICH 1864 5 064 vCS custom design 1as Vgher fees tnan tygcal buide-
E Other s 1799 5 nag s 1794 H 1784 5 069 YES Using defaut estimate.
Foundations {sum of F to G} S 23401 § 898 5 23338 § 27453 § 1083
Cxeavat on, Faundation, Concrele, Retalning added 13% for ICF construction based o1 ocal
F walls, and Backfil $ 2028 % 883 5 2906 % 27,081 $ 1042 ¥ES contractor's advice:
& Otrer s 71 5 014 S 172 5 372 5 014 YIS Using default estimate.
Framing (Sum of Hto L} $ 47,036 $ 1804 $ 46810 5 47588 § 18.25
Stractural system inc uding OVE walls, roofing, 21P
H Framing {ncluding reof) S 43§ 1398 5 36340 § 46,391 5 17.84 VES sneathng, jost floar system, stairs, and connections.
I Trusses (F notincluded above] S 561 5 209 S 5406 5 -5 - ¥E Trusses included above
J Sheathing {if not included above] . 7 2,332 % 083 5 2,326 5 4 YES included atove
K General Melal, Stee $ 1604 5 082 3 1600 3 3 ves ot needed
L Otrer $ 1201 % 046§ 1198 § 1198 § 046 ¥ES default
Exterior Finishes (sum of M ta P} $ 3sA73 § 1361 $ 3538 § 79419 § 3046
including rainscreen far exterier finish, roofing and
1 Exterior Wal Finisa S 6me7 §  Ga7  § 16822 & 16,428 5 632 VES connections
N Roeling -3 7932 % 204 H 7911 % 10,120 $ 3.9 YES melal ganel roaling

PR S T
PR T ST
IR Y R T S

gypsum wa lkoard on wa Is, standard, tased and finshed
v Drywal S 93T 5 360 S 4331 8 4741 3 182 YES {level 4], 1/2" thick

includes high perfomance windows {Zala titand-trn)
© W ndows and Deors {including garage deo) 10,117 $ 388 10,090 52,315 $ 2012 ¥ES curta n wall, exterior daers, raling and garage doors
P Otner 557 5 021 536 556 5 021 VLS default
Major Systems Reugheins (sum of @ to T) 32,959 § 1264 32,871 37301 § 1431
@ Plumb'ng {except fixtures) 11823 5 asa 11,791 10,296 5 396 ¥ES Efficient plumbing runs and fewer bath-cams tan typ.
R Electrical texcent fixtues) 9967 § 382 2940 1312 5 S traditional clectr cal work for house of th's size
5 HUAC 10380 5 421 10,851 15505 % direct quote from Commercial Services
T Olyer 189§ 007 188 185 § 007 YES el
Intarior Finishes (sum of U to AE) 72,241 § 291 72,047 79,756 § 3058
including blown fiberg ass insulation far walls, rcafing
U Insulation 4786 5 184 s 4,773 B 8713 5 335 YIS ‘nsulation a1d otner items.

W Interior Trims, Doo's, and Mrrors S 10536 5 404 S5 10508 5 5554 5 214 ¥ES minima iteror doors
sainks & voal ngs, wialls & cel ings, inlerior toncrele,
X Paintng s 8335 § 320§ 8333 s B35 & 322 YIS dryawl| or plaster, ze7e VOC latex, 2 coats, smoath fin'sh
¥ Lightng S 3008 5 115 S 3000 & 758 5 290 ¥ES ngh eff ciency and LED ighting as specif ed
Flooring systems include hardwood floaring and concrete
2 Cabinets, Countertops s 2785 5 4s0 & 12731 6 1,048 5 425 ¥ES garage slab s ssecied.
A Apgliances $ 4189 5 161§ 4178 % TELE 5 293 YES High effic’ency energy star appliances as soecied.
Flooring systems include fardwood flooring and concrete
AB Foarng S 12378 5 475§ 12345 ¢ 16412 5 631 ¥ES slah a5 specifed
AC Pumuing F xtures s axs § 164 S 43234 3 9266 5 356 VIS tradit ol number of fixtures for o house Lhis size
AD Frep ace s 2057 5 078§ 2051 8 s s Ko fireplace
AE Other s 506§ 019§ 505 |8 505 5 0.9 YES Defautt
Final Steps {sum of AF to Al) $ 16284 § €23 5 16210 § 2705 § 9.48
AF Landscaping 5 5744 5 220 § 5.729 5 790 & 261 YES ‘adscaping with natives plants and shrubs
AG Gutdoar st-uttares {decs, satio, sorches) $ 2891 %5 11l 6 2883 $ 12611 5 485 YES dec neluding posts, floaring system
AH Driveway S 3T s 143 S ERETR 1436 5 055 VIS sho'l driveway
Al Ceanus s 215 087 0§ 2255 § 2255 5 087 VES Defau't
A1 Gther S 1617 5 062 S 1613 8 1613 5 062 ¥ES Defautt
Other $ 2265 5 07 5 228§ 16350 § 6.8
AK Other $ 2265 § nx7 s 2239 $ 2259 5 087 YES Defautt
AL Renuwaby e Cergy Systems [Optional) $ -8 s E $ 1400 $ 542 YES Solar PV systm {27 panels @ 2288001
Total $ 246454 $ 9452 § 205792 § 323343 $124.36
TeamDefault  Team Adjusted lustificatigf¥Stes (Reguired for Values different than
NAHB Sales Price Breakdown 2013 value Estimate Estimate Defan e}
F nshed Laf.Cast (nc uding financng costsl: & B £0,000 vEs rd casts
£ rancing Costs s s 5454 6,656 ¥es fandard Tinancing fee 2.5%
Guerhead and General Expenses 3 s 17283 standard ove-neads and general sxpenses 8%
Marketing Cost s s 2,249 standard mar et g cost of 1 7%
Sales Commission $ s 14197 sales commission of 6%
Foofit s I FXEE] aofit of 123 ncluding contingency
Total sales Price $ 399,532 $ 398,459




Construction Cost oo Moo ke

M Site Work
$16,359 210,761
$323,343 : ,
’ $24,705 LT ®m Foundations
Forest Refuge $16,254 | $16,825
Home >2, 3

$23,401 M Framing

$246,454 Exterior Finishes

$79,756 NAHB 2013 $47,036

B Major Systems

Average , o
M Interior Finishes

$32,959 M Final Steps

$37,301 B Other/Renewable Energy

> | momen ||

Figure 37. NAHB Average and Forest Refuge Construction Cost Breakdowns




Affordability e AR

Debt-to-Income

28% households
[ | \ 37% $100,000

Family Income Distribution

%]
(%]

g

- 14.8%

- 31% $125,000
Z 0 o 7.5%

"l S-T | _ 27% $150,000
il 1l

sk s200k  ormore 23% $175,000

-

[ @B 47408 Zip Code @ Indiana 8 US.

21% $200,000

Figure 38. Affordability and Family Income Projections



LEED for Homes Temvenirie: AR

Design Team «------ ARCH 632 Team

4

I | _
| .
n :_ ____ ForestRefuge ___1

ZERO Home BALL STATE

ENERGY READY HOME
U.S. DEPARTMENT OF ENERGY UNIVERSITY.
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Projected LEED Points Temeecrire AR




Team Woodridge
Ball State University

 Location constrains Platinum O s/

, 36 /38
* Impressive EA Score L
e Good MR, IEQ Scores 135/ 16

@ 26
4/4

745/ 110

Figure 39. Projected LEED Points
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. Team Woodridge
I n n Ovatl O n Ball State University

Figure 40. ICF Wall Foundation Detail

Architecture Constructability Envelope
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Team Woodridge

Ball State University

ENERGY READY HOME

U.S. DEPARTMENT OF ENERGY

Chris Reinhart Luke Kamp
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