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4 special classroom

6 spacial use classroom
6 music dassoom

7 an cisssroom

8 computer classroom
9 Wndergarten classroom
10 libtary main media room
1 library moecka equipment
12 Sbeerian

13 gvmnarsiom

cafeterls dining
Kitchen

stage

aage storage
chalr storage
supply storage
20 admmistration
21 conterence
22 principle

23 health room

d@dIdes

24 guidance ctfice

25 teachers lounge
26 teachers workroom
27 faculty rastroom
28 swdent restroom
29 mechancal room
30 outdoor plavaround
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spatially efficient, energy efficient, materially efficient,

weekend house,
scalable to become an affordable full ime house,

scalable to become an affordable

Alivable, low cost, Zero-NetEnergy,
production housing system.
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Passlve House Instilute US
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Passlve House Instilute US



School Vorarlberg Austria, Architects Dietrich | Untertrifaller.
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Energie Agentur Oberoesterreich,
75 m tall office tower,
Linz Austria
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Z.ero Energy Buildings (ZEB) Detinitions

* Net Zero Site Energy: A site ZEB produces at least as much
energy as it uses in a year, when accounted for at the site.

* Net Zero Source Energy: A source ZEB produces at least as
much energy as it uses in a year, when accounted for at the
source. Source energy refers to the primary energy used to
generate and deliver the energy to the site. To calculate a
building’s total source energy, imported and exported energy 1s
multiplied by the appropriate site-to-source conversion
multipliers.

* Net Zero Energy Costs: In a cost ZEB, the amount of money
the utility pays the building owner for the energy the building
exports to the grid 1s at least equal to the amount the owner pays
the utility for the energy services and energy used over the year.

* Net Zero Energy Emissions: A net-zero emissions building
produces at least as much emissions-free renewable energy as it

uses from emissions-producing energy sources.

Source: Zero Energy Buildings: A Critical Look at the Definition--Paul Torcellini, Shanti Pless, and Michael Deru,
National Renewable Energy Laboratory, Drury Crawley, U.S. Department of Energy



The Passivhaus Standard

* Heating LLoad (Site): 4.75 kBTU/SF/YR

* Cooling Load (Site): 4.75 kBTU/SF/YR

* Total Energy Demand (Source): 38 kBTU/SF/YR
* Air Tightness: 0.6 ACH (@ 50pa

* Square footage referenced to “treated floor area” not gross

* A prescriptive standard—any number of strategies may be
employed so long as the building meets these performance
criteria

* 80-90% reduction in heating and cooling cost and 65%-
75% reduction in total energy use compared to typical new
construction
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Passivhaus Concept
Controlling Heat Loss... INSULATION




Passivhaus Concept
Controlling Heat Loss... ELIMINATE THERMAL BRIDGES
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Passivhaus Concept
Controlling Heat Loss... REDUCE AIR INFILTRATION

.6 ACH @ 50 PA



Principles of good passive house insulation:

1.
2.
3.
4.

5.

PH

Thick enough! (depending on climate)

Thermal bridge-free! (Thermal bridge coefficient <= 0.01W/(mK))
Airtight!

Wind tight! (House wrap)

No gaps! (No voids > Smm or 1/4 inch)



Wall Construction Components

Wall Type Insulation Type

Structural insulated panel (SIP) foam

Insulated Concrete Form (ICF)

Double stud wall cellulose, fiberglass, foam,
Wooden |-Joist cotton, wool, etc
Straw Bale Straw

No ‘best’ method, just must meet the thermal resistance
requirements of the building in the specific climate

Fassive Housz Insti
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Mineral wool exterior insulation finish system:
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WUFI® Animation1D
Location: St. Louis; cold year;
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Air Tightness Principle:

CC: 80% 1. 360 g of water/day/m2
1 rod ]

Comparison: diffusion is responsible
only for 1g of water/day/m2

Image Source PHI: www.passivhaustagung.de/Passivhaus_D/luftdicht_06.html
|PH IUS
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Wind Tightness Principle:

[ =

¢
énclbéed gapin o Gap in Insulation (10 mm)
Insulation (10 mm) '70 open to the outside
¥ = 0,017 W/(mK) ¥ = 0,32 W/(mK)

Image Source: PHI Protokollband Nr. 18 (2008)
PHIUS
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Boots and tapes- for envelope penetrations

yp—" e ; o - 5 )
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Site-made EPDM rubber
gaskets for Air Barrier
penetrations

PHIUS

Passive House Institute US




Continuous air barrier is ...Air Leakage (@ 50 Pa) of less
applied to achieve... than 0.6 house volumes per hour!

IPHIUS
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Passivhaus Concept
Capturing Heat Gains... PEOPLE




Passivhaus Concept
Capturing Heat Gains... EQUIPMENT




Minimimize Losses First-

Ma

ximize Gains

*®v® - — — — — — — — —_—
S = Solargain = ‘
120 — _—
_ 110 +— — -
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E 100 —
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10 3 : ~
: (Krapmeier and
0 Drossler 2001)

Gains

Multifamily apartment building to reference standards
(1995 German Thermal Insulation Ordinance WSV0'95)
Kassel lot 1 HHS/ASP 02-Kassel

IPHIUS

Passive House Instiute US

Multifamily apartment building to
passive house standards, as bullt
Kasse! lot 1 HHS/IASP  02-Kassel




Optimize Heat Gains:

Indoor Environmental Heat Gains
1 candle = 30W

1 incandescent light bulb = 100W
1 person = 100W
1 hair dryer = 1500W

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

Roughly 5200 BTU/hr or about 1500W

Equivalent to 15 people or 50 candles or 1 hair dryer!



Passivhaus Concept
Capturing Heat Gains... SOLAR ENERGY
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Passivhaus Concept
Controlling Gains Seasonally... WINDOWS, SHADING & ORIENTATION

,E\C‘)/: SUMMER.
/A
/ . \3 /

ﬁO: WINTER
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>.5 SHGC ON SOUTH WINDOWS

\

SUMMER SHADING



Windows that perform better than walls?

In a sense...YES!



Optimize Heat Gains:
Passive Solar Heat Gains=>

Net Gain Windows
Wm.dow Area Transmission Losses Heat Gains Solar Radiation

Orientation

maximum: kKBTU/yr kBTU/yr
North 825 338
East 1374 1339
South 4560 11518
West 550 548
Horizontal 0 0

7308 13743




Recipe for a Net-Gain Window:

*Very low U-value

*Very High Solar Heat Gain Coetticient

Glass Code, Low e

Glass Properties

Frame Properiies (for PHPP)

Window Properties

type* G Uge,"™ Ugys"* Visible E’:’I;‘het Uf ot psi | e U R ER

(SHGC) | wim®k [BTUm®F| wim?Kk |BTUME| Trans. | | wim®K | BTUIRF | WimK wim| BTUM | 2BTU | old | new

322 Gain+, Kr 063 | 074 | 013 | 081 | 014 | 063 | 0048 | 150 | 026 | 000 | 054 | o090 0.16 63 | 19 52

322 Gain+, 44mm ) ) 0.15 0.63 0.048 1.33 0.23 0.00 0.54 0.94 017

322 Gain+ 016 | 063 | o048 | 150 | 026 | 000 | 054 | 098 017

322 Gain+, air 019 | 063 | o048 | 148 | 026 | 000 | 054 | 115 0.20

322 Gain, Kr 060 | 074 | 013 | 081 | 014 | 062 | 0048 | 150 | 026 | 000 | 051 | 0.0 0.18

322 Gain 060 | 087 | 015 [ 090 | 016 | 062 | 0048 | 150 | 026 | 000 | 051 | o098 017 58 | 15 | 48

322 Gain, air 060 | 105 | 018 | 108 | 019 | 062 | 0048 | 149 | 026 | 000 | 051 | 1.14 0.20 50 |12 | 45

322 Shade, Kr 028 | 051 | 009 | 061 | 011 | 041 | 0048 | 153 | 027 | o000 | 024 | 074 0.13 77 1 | 38

322 Shade 028 | 070 | 012 | o071 | 043 | 041 | 0048 | 151 027 | ooo | o024 | o082 0.14 69 | -1 | 38

322 Shade air 0.28 041 | 0.048 000 | 024

321 Gain 064 | 119 | 021 | 120 | 021 | 068 | 0048 [ 151 027 | 000 | 055 | 124 0.22 46 | 12 | 44

321 Shade 044 | 120 | 021 | 109 | 019 | 055 | 0048 | 15 | o027 | 000 | 030 | 1.15 0.20 49 | 4 | 32

300 Clear 069 | 184 | 032 0.00 0.048 000 | ooo

211 Gain 0.71 172 | 030 | 074 | o048 | 178 | 031 000 | 061 | 173 031 33 | 5 |37

211 Shade 038 147 | 026 | 060 | o048 | 183 | 032 | o000 | 033 | 152 0.27 37 |10} 25

404 Shade*™ 04194 | 051 | 008 | 051 | 009 |o05219 | 0o4s | 252 | 044 0.00 |036115| 075754 | 043 [749533| 8 | 44




Passivhaus Concept
Providing Fresh Air... BALANCED ENERGY RECOVERY VENTILATION

=
R'K\\’ 5 bR

CO2 Sensor Controls so that ventilation matches
occupancy levels

>87% Heat Recovery (by US testing methods)

>75% Heat Recovery (by European testing methods)



Why Ventilate?

CO2
Volatile Organic Compounds (VOCs)
Sick Building Syndrome

Radon

“I am certain that no air 1s so unwholesome as
air in a closed room that has been often
breathed and not changed.” —Benjamin Franklin
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exhaust air (0 <+ e e ¢ e G e e ¢ e oot
exhaust air

+ Decentralized

Energy
Recovery
Ventilation
System



Subtract 12% from N.
Individual Components: American Testing for PHPP

Ventilation Must be greater than 75%

*Air flow: 70-210 cubic feet/minute (cfm)
*Motor: | ECM brushless motors
*Electrical Rating: 120/240 volts, AC, 60/50 Hz, 5
*Average electrical consumption:

*210 ¢fm (360m3/h) — 200W

*60cfm —34 W
eDimensions: 25" Hx 19" W x 25" D (63.5 cm x 48
*Unit Weight: 72 1bs.
*Shipping Weight: 80 Ibs.

*Mounting: Operates in vertical or horizontal position.

*Connects to 6" galvanized or flex ducts.

IPHIUS
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Passivhaus Concept
INTEGRATED SYSTEMS
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Passivhaus Concept
PASSIVE HOUSE PLANNING PACKAGE ENERGY MODELING

‘fear of Construction: 2010 Utilization Pattern: | Dwelling
T — “
Fumber of Chwelling Units: 1 Inkericr Temperature:é &68.0 F Type of Yalues Used: | Ztandard
Grosz Enclozed Wolume ', 19935 ! Internal Heat Gains:é 0.7 éE}TUﬂhr_ft‘
Mumber of Occupants: 33 ........................................................................ Planned Number of Occupants:
4 ‘l Werification
Specific Demands with Reference tothe Treated Floor Area '
Treated Floor Area: Vngt’
Applied: Monthly Method PH Certificate: Fulfilled? ¥erification: | Manthly Mathad
Specific Space Heat Demand: 4.66 KBTUI(Ttyr) 4.75 KBTUI(ftyr) Yes pecific Space Heat Demand, .
Pressurization Test Result: 0.6 ACH:, 0.6 ACH,, Yes Tpeecific Tpace Heat Demand, |
Specific Primary Energy Demand
[DHY', Heating, Cooling, Awziliary and Howsehold 28_5 I-[BTU_f‘ft"!llr} 38.0 KBTUN fRyr) Yeos
Electricity]:
Specific Primary Energy Demand
[DHY, Heating and Asziliary Electricity]: 14 hBTUf‘ﬂr}
Specific Primary Energy Demand
Energy Conservation by Solar Electricity: 29 kBTUI(ft'yr)
Heating Load: 5 BTUIfhr)
Frequency of Dverheating: 3 L over 77.0 F
Specific Useful Cooling Energy Demand: KBTUI(ftyr) 4.75 KBTUI(fRyr) I
Cooling Load: 4 BTUIfhr)
We confirm that the values given herein have been Issued on:
determined following the PHPF methodology and based
on the characteristic values of the building. The calcufations signed:
with PHPF are artached to this application.

 » W[ Intro . Conversion | Verification ,~cTFA ,Areas .~ R-List ,~ R-Values .~ Ground .~ WinEntry ' Window “WinType ,~ Shading .~ Venti [l




THERMAL ENVELOPE DEFINITION

Euilding: Kennedy Residence

Basic Building Geometry

Treated Floor Area 1865 ft? Gross Floor Slab Perimeter 66 fr
Gross Heated Building Footprint Area F40._ 006921 ft Envelope-Area-to-Treated-Floor-Area R 3.4
Gross Enclosed ¥Yolume 23192 ft?
Envelope Summary
Building Element Drervicw .Pu-eragle R-¥alue
G;‘o:p Area Growp ;::: Area Unit [Comments [(kr-FE2F)IETL]
1 Treated Floor Area 1865.00 P | LAumg ares o Lnadted ares T the thermrad emveinne
z North Windows A 2411 fr? North Windows 4006
3 East Windows A 17.44 fr? East Windows 4324
4 South Windows A 32044 fr? Fiezules are from the Windows worksheet. South Windows 4.055
|3 West Windows A 5.44 fr? West Windows 3.937 2
3 Horizontal Windows A 0.00 fr? Horizontal Windows Inehe JaDenmnal By
7 Exterior Door A 100.05 i | Sease subtract ares of Gonr ST FESRECTVE BiAnT eremremt Ezterior Door 2.912 mz = 0.083
2 Exterior Wall - Ambient A 2163038 i | it areas are S SCTEG ST e Snaiidtead arear speciied iy the Wi work sheet Exterior Wall - Ambient 34820 Mz = 0187
] Exterior Wall - Ground B G13_84 ! | Temmerattre Some M e smbiant it Ezterior Wall - Ground 34,168 Mz = 0250
0 | RooHCeiling - Ambient A 216002 i | Tempersturenome S5 e growsd RooHCeiling - Ambient 59.998 Mz = 0332
11 |Floor Slab B F40.01 fr? Floor Slab 29.750 5M2 = 0417
12 |Floor Slab 2 B 0.00 ! | Femmerattre ammes WY S I and N map e weed ST W Floor Slab 2 612 = 0500
13 000 | Femmeratune somes W 5P and N imapde wmed AT Factor for mz = 0583
14 H 0.00 i | Temperattre some NS AR [ICIITE User-GEiimed redictian faorar (e £ v i T5% 812 = 0667
-
Thermal Bridgs Orarsicu [ETWIkr_Ft_"F] Mz = 0_750
15 | Thermal Bridges Ambient A 000 i | At i Thermal Bridges Ambient oMz = 0,833
it | Perimeter Thermal Bridge P 000 Bt | Lt i Pemymer sl Aome 17 manimeter free Garound ok abeeld Perimeter Thermal Bridges 1Mz = 0917
17 | Thermal Bridges Floor Sla B 000 i | At i Thermal Bridges Floor Slab 12M2 = 1000
1% [Partition Wall to Neighbour| 1 0.00 [ i [ Modeatinsses oy cansioored for the heal fasd calowstion Partition Wall to Neighbd
Total Thermal Envelope 624944 [ o] Ave R-¥alue Therm Env | 23.208
Envelope Area Input L Additic
User- e Subiraction Correzponding M R-Yalue
ares Building Elcment Dezcription Graxp Aszigued to Growp 9.“-- x| i x b - De.t“- = | tractiom | - Wisdow = i Hulding Element L(kr- A F)FETUL E:I:teri_or_ Exter
Hr. Hr. tity [l [l mined e Arcas [ft'] Assembly Abzorptirity
Ift'] Lit']
Treated Floor Area 1 Treated Floor Area 1865
Morth wWindows 2 | Morth windows N 241 From Windows sheet 4.0
East Windows 3 |Eastwindows 17.4 From Windows sheet 4.3 th
South Windows 4 [South Windows Please complete in Windows worksheet only! 3204 From Windows sheet 41 Inputs or
west Windows 5 | 'west Windows 5.4 From Windows sheet 3.9 For consideratic
Horizonkal Windows & | Horizontal windows 0.0 From Windows sheet 0.0
Euterior Door ¥ | Exterior Door LD 3 H B BT + - ]1- = 100.1 Fi-alue Exterior Door 2.9
1 South Wall & | Enterior Wall - Ambient 1 |=#(| 2100 |:| 6000 + -| 27750 |- 3204 = 6621 Diuble Stud Wall [:] 1 348
2 Morth Wall § | Exterior Wall - Ambisnt 1 |=z(]|12 x| 60,00 - - 20 ]- 241 = 675.9 Daublo Stud Wall m 1 3.8
3 West Wall & |Euterior Wall - Ambient 1 |=[| 2100 |:| 2400 + - 20 ]- 5.4 = 4786 Diuble Stud Wall -| 1 348
4 East Wall & |Exterior Wall - Ambient 1 |=z(| 21 | 2400 - - 135 ]- 174 = 3516 Daublo Stud Wall m 1 4.8
b Roof 10 |RookCeiling - &mbient 1 | 2400 H 60.00 + 120 1- oo = 1560.0 |._|.;,.p;..f,|u,zx4“i|i“[j] 1 600
G Floor Slab 1 |Floar Slab 1 |=z(| 2400 |:| 35 - ]- 0.0 = §40.0 Faam Undor 4" Slab [T] 3 29.8
7 Ezxt. Wall Below Grade 3 Exterior wall - Ground 1 | 10.33 " 48 + 1- 0.0 = 4195 8 Eclou Grade ICF Wall [:] 2 342
] Floor above Garage 10 |RoofiCailing - Ambient 1 | = 25 ] 24 - - ]- 0.0 = G00.0 |-J.utn..rp|uzx4coilinqm 5 0.0
k] Insulated Slab Edge 3 Exterior wall - Ground 1 u[ " + 18 - ]1- 0.0 = 1120 Eclou Grade ICF Wall [:] 2 342

( » W\ Intro / Conwersion / Verification b Areas / R-List £ R-values / Ground / Ground 2 £ WinEntry £ Windaw / WinTpe / Shading £ ventilation / Annual Heat Demand  Monthly / Heat Load / Sum

dy




Envelope and Thermal Comfort Principles

1.

Continuous Insulation- creating steady

indoor temperatures that won’t drop below 50
degrees without heating source

Thermal Bridge Free Construction-
minimizes condensation/ building deterioration

Compact Building Shape- excellent surface-
to-volume ratio (< 1)

Airtightness- minimizes moisture diffusion into
wall assembly

Balanced Ventilation with Heat
Recovery with minimal Space

Conditioning System - exceptional efficiency,
indoor air-quality and comfort

Optimal Solar Orientation and Shading

— maximizing solar gains for winter, minimizing
gains for the summer case

|PHIUS

Passive House Institute US

SeperaiThiaAT]
Wareeturdgeeg L G L WAEY)

Energy Efficient Appliances and

Lighting- highly efficient use of
household electricity

User Friendliness - user manuals are
recommended to be given homeowners



Passivhaus Results

80-90% reduction in heating and cooling loads when compared
to Code

65%-75% reduction in total energy demand
Superior indoor air quality

Occupant comfort

Increased student performance

Lower annual energy costs

Smaller carbon footprint

Best Strategy to Net-Zero Energy: Reduce first, then
produce renewable Energy



