Passive House: The Silver
Bullet for Affordable,
Healthy and Energy Efficient
Homes
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Habitat for Humanity

International Christian Housing Ministry
Qualified families partner with Habitat
New, rehab, repair, weatherize, preserve
Homes and services are sold at cost
No-interest mortgages

Volunteer Supported VO
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Passive Solar vs. Passive House

« Passive Solar Design
— Building design concept
— No standards for energy efficiency
— Utilizes solar heat gains
— Utilizes shading to control solar heat gains
— Uses thermal mass to store solar energy

 The Passive House Standard
— Utilizes Passive Solar Design principles

— Added strategies to create measurable
high-performance energy efficiency



Passive House Institute US

Passive House ©
PH (Passive Haus):
*The world’ s most stri |
energy efficient building standard

* Achieved using a variety of technologies,
designs and materials

* Elegant in its radical simplicity
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Passive House Features:

* Virtually air-tight
« Very well insulated
* Nearly thermal bridge free

 Primarily heated by passive solar and
Internal gains

« Super efficient windows, proper orientation
* Intentional, effective ventilation strategy
« Comprehensive integrated design strategy



Moving Towards Simplicity

19th Century 20th Century 21st Century

ARKT Archutects

Albent, Righter & Tittmann Architects Inc.

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Passive House Concept
Controlling Heat Loss... REDUCE AIR INFILTRATION

6 ACH @ 50 PA

GETTING TO PASSIVE HOUSE in VERMONT

Albert, Righter, & Tittmann Architects & Vermont Energy investment Corporation




Passive House Concept
Controlling Heat Loss... INSULATION

R58 WALLS: R90 CEILING: R60 SLAB
High Performance WINDOWS U value 0.16

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Passive House Concept
Controlling Heat Loss... ELIMINATE THERMAL BRIDGES

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Passive House Concept
Capturing Heat Gains... PEOPLE

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Passive House Concept
Capturing Heat Gains... EQUIPMENT

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Passive House Concept
Capturing Heat Gains... SOLAR ENERGY

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Passive House Concept
Controlling Gains Seasonally... WINDOWS AND ORIENTATION

U VALUE .10: TRIPLE GLAZED: >.5 SHGC ON SOUTH WINDOWS

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Passive House Concept
Providing Fresh Air... HEAT RECOVERY VENTILATION

MINIMUM .35 ACH

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Passive House Concept
INTEGRATED

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




The Passive House Standard
Heating, Cooling Loads (Site): 4.75 kBTU/SF/YR
Total Energy Demand (Source): 38 kKBTU/SF/YR

Air Tightness: 0.6 ACH @ 50pa

Certification: Passive House Planning Package energy modeling
prior to construction, verified by the Passive House Institute U.S.
(PHIUS)



Passive House Planning Package
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Passive House Planning Package (PHPP) is
the Excel-based energy modeling tool, $225
with free updates

Many energy-efficiency experts believe it is the
most comprehensive and powerful energy
modeling software available today.



Recommendations for Meeting
Passive House Standard

« In addition, the following are recommendations,
varying with climate:

— Window u-value<s 0. 8 WFARAQ / K

« Thermal transmittance - watts per square metre per kelvin

— Ventilation system with heat recovery with> 7 5 %
efficiency

— Thermal Bridge Free Constructions 0. 01 W/-I4mK)

« thermal conductivity - watts per meter kelvin
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Standards Comparison

Annual Site Energy Usage

& household
B ventilation
M hot water
M heating

2 o
KBtu/ft/yr

Energy Star

X
3
O
X
2
A
a

Building America
Program - DOE
Conservation Code
Old Buildings

International Energy

IECC 2009

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation
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Sovrce g Kaproet & Dedasier 2001



Optimize Heat Gains:
Indoor Environmental Heat Gains

1 candle =

1 incandescent light bulb =
1 person =
1 hair dryer =

What is the Peak Heating Load for a 1200 sq. ft.
Passive House?

Roughly 5200 BTU/hr or about 1500W

f\m Habitat

for Humanity



Passive House Concept

QUELLE/SOURCE: DR. WOLFGANG FEIST, PASSIVHAUS INSTITUT DARMSTADT
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Passive House Results

* 90% reduction in heating and cooling loads
— Much lower energy costs

* 70%-80% reduction in total energy demand
« Superior indoor air quality — Healthy Home
 Occupant comfort

* Increased durability

 Lower maintenance

* Quiet

 Smaller carbon footprint — Healthy Planet



» Add

ability



Passive House Certification

« $600 to certify a building

 PHPP, blower door test, air balancing report, plans and
specs required for certification

« 25,000 Passive Houses i n the EU
« Dozens in the pipeline
« Partnership beginning with RESNET

« ~ 300 training Certified Passive House Consultants
(CPHC) in the U.S.

%% Habitat

for Humanity




PH Components: Superinsulation
Wall Construction
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PH Components: Superinsulation
Wall Construction

Wall Assembly R-44.3

- Fiber-Cement Board
siding
- Furring strips / airspace
- 3” Polyisocyanurate
insulation
- Plywood sheathing (air
barrier)
- 8” framing with blown-in
fiberglass insulation
- Gypsum Board

2x8 wall w/ 3” polyiso Larsen Truss with fiberboard and
Core House, Portland, OR rainscreen screwed into 2x4of
Everhart retrofit,Portland, OR

f\m Habitat

for Humanity
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Wall Section Examples

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation



WUFI Analysis
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WUFI Analysis
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PH Components: High Performance Windows

Sustainable foam
Proprietary triple reverse seal

EcoSpacer™
Inert gas fill
Suspended film

Wide IG

— High strength, low conductivity fiberglass frame

. Wet glazing

— Triple-fin weather stripping

High-Performance Windows have insulated frames, multiple

glazings, low-E coatings, gas fills and warm edge spacers.
Source: Serious Windows

f\-m. Habitat

for Humanity



PH Components: Air-Tight Envelope

Air Permeance of Building Materials

Material Air Leakage Rate (I/s-m2@75 Pa)

* Modified Bituminous Self-Adhesive Membrane Non-measurable
*  Plywood Sheathing, 9.5 mm Non-measurable
»  Extruded Polystyrene, 38 mm Non-measurable
* Foil Back Urethane Insulation, 25.4 mm Non-measurable
« CementBoard, 12.7 mm Non-measurable
*  Plywood Sheathing, 8 mm 0.0067
 Flakewood Board, 16 mm 0.0069

«  Gypsum Board (M/R), 12.7 mm 0.0091
 Flakewood Board, 11 mm 0.0108

* Particleboard, 12.7 mm 0.0155

« Gypsum Board, 12.7 mm 0.0196

* Particleboard, 15.9 mm 0.0260
 Tempered Hardboard, 3.2 mm 0.0274

« Expanded Polystyrene, Type 2 0.1187

* Roofing Felt, 30 Ib. 0.1873

* Non-Perforated Asphalt Felt, 15 Ib. 0.3962

* Plain Fibreboard, 11 mm 0.8223

* Asphalt Impregnated Fibreboard, 11 mm 0.8285

+ Expanded Polystyrene, Type 1 12.2372

* Glasswool Insulation 36.7327

*  Vermiculite Insulation 70.4926

* Cellulose Insulation, Spray-On 86.9457

Research Report: Air Permeance of Building Materials, 1998



PH Components: Minimized HVAC

4

="
Minisplit heat pump: Friedrich SEER 22

— jet nozzel termination for ventilation
f.m o Habitat system. Far throw and good mixing

for Humanity



PH Components: Efficient Appliance & Lighting

Some Options to meet Primary Energy Demand of 38 kBtu/sf/yr

Shower Drain Heat Heat Pump Water No dryer, clothes line, Condensing Dryer plus
Recovery, $550 Heater, $1,000 or closet dryer behind Centrifugal Dryer
S refrigerator, $0
-m— Habitat
g for Humanity"



Habitat for Humanity Passive House
Footing Detail

DOW XPS

DOW THERMAX

CLOSED CELL FOAM

B criiuLose

" HUBER ZIP SYSTEM
ALBERT, RIGHTER & TITTMANN ———— —
Am!n}'nm INC. : . AIR BARRIER

1 WINTER STREET, BOSTON, MA 02408

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Therm Model of Foundation Details

Passive House Insulation — 12”

= "L'ir"" o

Crrrrrrrorr— XPS Under Slab & 10” on Wall

Code Insulation — 2” XPS Under
Slab & on Wall

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Habitat for Humanity Passive House
Sill Detall

DOW XPS
DOW THERMAX
CLOSED CELL FOAM
B ceuiuiose
B HUBER ZIPSYSTEM

ALBERT, RIGHTER & TITTMANN . AIR BARRIER

ARCHMIVECTE INC.
§ WINTER STREET, BOSTON, MA 02406
T A17.451 57 " %1 U9

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Habitat for Humanity Passive House
Eave Detalil

DOW XPS
DOW THERMAX
CLOSED CELL FOAM
B CELLULOSE

I HUBER ZIP SYSTEM
ALBERT, RIGHTER ¢ TITTMANN
ARCHITECTS INC. . AIR BARRIFR
A WINTY v 3

TRE STREET, BOSTON, MA 02108
Teks 637451 5740 Fase 617 A5 NS
GETTING TO PASSIVE HOUSE in VERMONT

Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Morehead, KY Habitat Passive House

Kentucky
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Kentucky

Habitat

for Humanity"




Morehead, KY Habitat Passive House
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Morehead, KY Habitat Passive House

Morehead, Kentucky
5,135 HDD

* 4,531 CDD

< 43" rainfall

* 990 SF (TFA)

*“3'BR/1 BA B T RO
« Expect ~$53,000 hard building-costs™

=



Morehead Habitat Passive House

5“}

Specifications

12.5” Double 2x4 stud wall, HD blown
fiberglass or Mineral wool batt, R=51

2x12 + 27 XPS over crawl, R=54 .2
24” Raised Heel Truss w/ cellulose
Fixed windows, except bedrooms
North Star Windows

— Ug =0.165; SHGC =0.633
Ultimate Air RecoupAerator
drain heat recovery
Condensing dryer

Habitat

for Humanity
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Fuller Branch House, Vanceburg, KY
People’s Self-Help Housing
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Fuller Branch House, Vanceburg, KY
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Fuller Branch House Thermal Performance

Cloudy Weekend, No Heat
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Cutside Temp
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Sunny Weekend, No Heat

Fuller Branch House Thermal Performance
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Incremental Cost to Reach Passive House

Costs

« Base Home Cost ~$45,000
« Downsized HVAC (- $3,000)
* Net Cost for Habitat PH $8,400
« Total Cost for Habitat ~$53,400

Enerqy Cost Savings

« Passive House Energy Cost $321/yr
« Code Home (HERS 100) Energy Cost $1,533/yr
« Net Energy Cost Savings $1,212/yr

* @ $0.08/kWh

SN Habitat

for Humanity




Quantifying Values :
Homeowner Cash Flow (Habitat Case)

« Energy Cost Savings of PH $101/month
« Incremental Cost of Passive House,
25 yr, 0% mortgage, $8,400/(12 x 25 yrs) -$28/month

 Positive Cash Flow for Habitat Homeowner $73/month

For Comparison
* Annual Return on Investment for Passive House (first year)

$73 x(12)/$28 x(12) 261.0% APY
« Average Interest Rate for savings account 0.4% APY
» Value of Paying off credit cards 24.0% max. APY
« Value of Paying off Pay Day Lender 780.0% max. APY

- < Habitat

for Humanity
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