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Designing Foam-Free Passive House
Assemblies in Climate Zone 6 & 7
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University of Technology, Registered Architect in the Netherlands

- Served on NYC Building Code Committees

- Certified, consulted on and built several Passive House projects

in New York and Vermont

- Adjunct professor at The City College of New York

- Certified WUFI ORNL Instructor

-Blcycle advocate

Floris Keverling Buisman
CEO- 475
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AComfortable
AHealthy
AEnergy efficient
AResilient
AAffordable
ABeautiful
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Plastics!

Credit: The Graduate, 1967,
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oen(O)- e, «(O)-Neo(Dangerous Toxic Ingredients
NCO Unacceptable Fire Accelerant

@_cﬂz_@_ nco Thisfire started during -
installation due to an excessive

NCO exothermic reaction
@-cuz@ High Level of Embodied
OCN Energy & Global Warming
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Pure MDI's

Unreliable Performance
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Embodied
House Carbon
(minimize)

Electrify Clean Climate
(everything) Energy Action
(100%)

Credit: Passive House Accelerator

¢Global climate change Is the challenge of our generétk
- Mayor Bill de Blasigo One City: Built to Last

586t vghntkl: %4 3:



END-OF-LIFE
MANAGEMENT

-
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RAW MATERIAL
EXTRACTION

61%

EMBODIED
CARBON

N

Source: Building Green

TRANSPORTATION

2%

MANUFACTURING

-h-

Embodied Energy = Sum of
all energy needed to
produce any product, as if
that energy was
incorporated or "embodied"
into the product itself.

Carbon Footprint = Sum
of all greenhouse gases
emitted by the full life
cycle of a product.

586t vghntkl: %4 3:

HHHHHHHHHHHHHHH
UUUUUUUUUUUUUU




1000 kg CO2e / year

50

40 .
By 2050, embodied
emissions still far
30 outweigh operations
|
20
]
|
: Materials &
10 ; Construction
I
: 60%
l
0 1
2015 2025 2035 2045 : 2055 2065 2075 2085 2095 2105 2115

Building Material . |
&U&J:sgtruit?;ma ) . Building Operations

Carbon Emissions
(Typical High Performance Building) e

Source: © 2017 2030, Inc.  Architecture 2030. All Rights Reserved

Data Sowurce: Embodied Carbon Benchmark Study, 2016; The Time Value of Carbon;
Why reducing embodied carbon s critical to meet global climate goals, 2016
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Robust enclosure
Quality daylighting

Less toxic and more
sustainable.

Healthy indoor air quality

More predictable and durable
Low Energypdz[ f sp! F«
SfbezlLJ




FERE l?(“w " ; Yk ‘."‘. xS e - 33 " N5 s ?f;
N PN OGN e

The Order of Importance

Enclosure Performance

WATER CONTROLT shed it.

Ever greater AIR CONTROL 1 toward Passive House
More resilient VAPOR CONTROL 17 avoid mold
THERMAL CONTROL - toward thermal bridge free

B
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Why is airtighthess
so important?

It disproportionately affects fundamental
aspects of building performance

) "n.il-'.rnling bath sides of the wall is
. more Impaortant than the fluffing of the
Order of impartance insulation in the cavity.”
Ry
1. W ater cantrol

2. Air control

3. Wapor control

4 Thermal control

Indoor Air
Quality

Energy
Consumption

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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insulating
envelope

airtight
envelope

The Primary Air Barrier
should be inboard of the
Insulation

crucial joints too meet the
rules of avoiding thermal
bridging

| hot air=less dense

top opening

warm & humid side

cold outside

bottom opening

cold air = heavy

<«—— Missing
! Air Barrier

]
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What is airtight?

5
(factor of 15 range)

4

3

2

1

y L
Historic: 2012 |[ECC US Bldg Science: Passive House
5 ACH50 (zones 4-8): 1.5ACH 50 Certification:

3 ACH50 0.6 ACH 50

Air Control Progression
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Ir Control:
Heating Load/Demand Correlation

Passive House verification

|

Annual
Heating

ACH50

Building:

End-of-Terrace Passive House Kranichstein

Street:

Postcode/City::D-64289 Darmstadt

Country::Germany /Hesse

/| BB 1

Building Type:i Terraced House/Dwelling

Climate::Standard Germany

Year of Construction: 1991
Number of Dwelling Units: 1
Enclosed Volume V.: 665.0
Number of Occupants: 45

Interior Temperature:
Internal Heat Gains:

0.60 ACH50

use:

Specific building demands with reference to the treated floor area

Treated floor area ) 156.0 im Requirements Fulfilled?* 1 5 O AC H 5 O 2 O > ®
~
Space heating Annual heating demand 14 kWhI(mza) 15 KWhi(m?a) yes ’ ‘\S e
~
Heating load 1 0 Wim? 10 Wim? yes _.. \ (4
Space cooling Overall specific space cooling demand 1 kWh/(m?a) 20 kWhi/(m#a) yes o - (: }
Cooling load 9 Wim? : yes L () "
Frequency of overheating (= 25 °C) 06 % N - \ e\ J) ) -
s ’ ®
> Space heating and cooling, 2
Primary Energy dehumidification, household electicity. 61 KkWhi(m’a) 120 KWhi(rva) yes ) J J
DHW, space heating and auxiliary electricity 34 kWh/(mza) = - 2
Specific primary energy reduction through solar electricity kWh/(mza) 5 T - /I I I
\
Infiltration air change rate ‘\
Wind protection coefficient, & - 0.07
Wind protection coefficient, f - 15
Air Change Rate at Press. Test h - 0.22

Sheetl | Verification ,~ Areas ~ U-List -~ U-Values ,

Ground ~ Windows .~ WinType

Shading ~ Ventilation

Additional Vent




Ir Control:

Heating Load/Demand Correlation

Passive House verification

|

Annual
Heating
Demand Heating Load

Building::End-of-Terrace Passive House Kranichstein

Street:
Postcode/City::D-64289 Darmstadt
- 14 kWh/(m?2a) 10 W/m?
Building Type:i Terraced House/Dwelling
Climate::Standard Germany
Year of Construction: 1991 Interior Temperature:
Number of Dwelling Units: 1 Internal Heat Gains: 2 2
15.4 kWh/(m2a) | 12 W/m
Number of Occupants: 45 - a
Specific building demands with reference to the treated floor area use: 0
Treated floor area 156.0 im Requirements Fulfilled?*

' : 20 kWh/(m?2a) 17 W/m?2

Space heating Annual heating demand 14 «whim?) 15 KWhi(m=a) yes

~

Heating load 1 0 Wim? 10 Wim? yes

Space cooling Overall specific space cooling demand 1 kWhI(m’a) 20' KWhi/(m?a) yes 2 7 kWh/ n.] 2 25 W/ n,.lz
Cooling load 9 Wim? : yes a'
Frequency of overheating (= 25 °C) 06 % : -
> Space heating and cooling, 2

Primary Energy dehumidification, household electicity. 61 KkWhi(m’a) 120 KWhi(rva) yes

DHW, space heating and auxiliary electricity 34 kWh/(mza) s - Q 2 2
Specific primary energy reduction through solar electricity kWh/(mza) = - | 5 " OO C H 50 38 kWh/(I I I a) 36 W/I I I

Infiltration air change rate

Wind protection coefficient, & - 0.07
Wind protection coefficient, f - 15
Air Change Rate at Press. Test ns th - 0.22

Sheetl | Verification .~ Areas . U-List .~ U-Values . Ground .~ Windows .~ WinType .~ Shading Ventilation Additional Vent
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Wettlng of the enclosure from
I n S I d e Moisture Load: Diffusion and Convection

Difference of 1600x

Gap width:
0.04in

55in
nnoa—-i

Without gap: Diffusion 0.3 perms:

e.g. Intelligent vapor retarder: 0.0170z water/10 sqft x24h

Without a gap: Diffusion 35 perms
e.g. Painted sheetrock: 5.30z water/ 10 sqft x24h

With a 0.04 in gap: No vapor diffusion
Only vapor convection: 28.2 0z water/3,17 ft x 24h /

475.supply | 800-995-6329
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Disproportionately effects:

1. Indoor air quality: control

VAPOUR ™ i - -
OU ; the air to control the quality

CONTROL 2. Comfort: drafts are
uncomfortable
3. Air transported wetting:
T a_bigg_er Iiabili_ty than
T diffusion wetting
mmmm 4 Heatloss&energy
AIR T r efficiency

CONTROL bl L.

AENN

Air Control Fundamentally Effective w

475.supply | 800-995-6329
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Mark Siddall

To optimize insulation
surround it with
airtightness on all 6 sides.

Primary Inboard
Secondary Outboard
(windtight)

Thermal bypass

475.supply | 800-995-6329

ROOF JOIST WITH
DENSE-PACK



- - —\% I 1. Robust materials
S 2. Simplify the details
ne= plify
N L, 3. Consider the seguence
) - 4. Seal penetrations
| = 5. Repairable and verified
- 6. Protected
L] Il s

NN R |
Continuity: In Design & Construction

475.supply | 800995-6329 . .
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| nbo:ar d
I Primary Air B
I Tightest PHI
Me mbr ane Syst
I Vapor Control

Out board
I Secondary Air

I VeRgfRRRT
I FLATROOF memb

ASTM E2357 Testing '
|

Air Control -

475.supply | 800:995-6329 e
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Robust Al B a ) Tasted?!s ?

475.supply | 800-995-6329




Foam Is Not airtight or optimal

475.supply | 800995-6329 . .
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Traditional New Approach
A Many sealants dry, = 4 |
embrittle and fail over

time

....it doesn't tear
air tightness not compromised

Robust Connectionn

475.supply | 800995-6329 . .
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Exterior

- O

Method of § ' F
Connection§ | —

Adhesive
Surface:

Window mteqratlon

475.supply | 800-995-6329
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Service Caivity

Service
cavity
protects
airtight
layer
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VAPOR CONTROL
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Passive House Institute (PHI)

- C =

nsul at ed
es dry.

| t assemb
vapor dif

happens so

stur e

Smart Vapor Control

t od er ant
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Wor k wi t h e Domi nant Vanp

Go with the Flow %

475.supply | 800-995-6329
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Out3|de Wlnter Inside
Vapor Open

Vapor Retarding
(or variable)
How variable?

DryingOut

WI nt er Dri ves Olugl

475.supply | 800995-6329 . .
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Outside SummMer |nside
Vapor open H Vapor Open

(retarding/variable)

How variable?
Vapor

1 (} Drying In
Dri ve

|

Summer Drives Inward '
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Credit: Synergy Companies Construction LLC

Why are we installing vapor dams?
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1>
Outside a Inside
How much foam to raise ' ¢
{J| 70°F

sheathing temp to 50F?

\ Dewpoint

(50% RH, 70°F)
Dewpoint at 50°F

Location of

> condensation
Exterior ——>+ é) and frost
sheathing

/| NBRAGY . dzAftRAYy3 {O
G666 d®odzA f RAy 3a0A 0 S

Foam is Addressing Dew Point /

475.supply | 800995-6329 . .
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Foam I s Hydrophobi c
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100

90

80% RH

70 A ! -

Sl 1L B L' 1] U 1 oy

—Case 1b - 2x4 Standard Construction

Relative Humidity (%) at inside of exterior sheathing .

e (C3se 12 - 2xB Standard Constructon 1
o B ——Case 2a - Adv. Framing wi 1" XP3 i 1 8 I Minneapolis MN |
—Caselh - Adv. Framing wf 4" XPS . 30% winter indoor RH
3 | | it | | | |

1-Oct  29-Oct  26-Nov  24-Dec  21-Jan  18-Feb 18-Mar 15-Apr 13-May  10-Jun &-Jul 5-Aug 2-Sep  30-Sep
Figure 9 : Winter time sheathing relative humidity for Case 1 and Case 2
Credit: Building Science Corp, Building America Special Research Project: High R Walls Case Study Analys

Foam can make wetnhess -

475.supply | 800-995-6329
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Vapor Control

In winter construction is
00006808 exposed to moisture

‘ 0 [ 02 ounce

Diffusion

Only Diffusion is calculated
during the planning process

1 " 8 ounces

Flank
diffusion

Conclusion:

1 L 1 ounces

There is no absolute
protection against moisture

Convection
1 mm gap

2 8 ounces

Note: Many sources of moisture 1,

475.supply | 800995-6329 . ..
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Vapor Open Sheathing at Exteriorrﬁ

475.supply | 800-995-6329
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Or No (exterior) Sheathing

HIGH PERFORMANCE
BUILDING SUPPLY

| 800-995-6329
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Or No Sheathing at All! /

475.supply | 800995-6329 . .

UUUUUUUUUUUUUU
FOURSEVENFIVE.COM



ROENFIidihg K L A RJ

% o Vented gap

ﬁ}
“ Airtight / vapos . (Roofs and Walls)

open
membrane

e

Back Vented Rain Screens A /

475.supply | 800995-6329 . .
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Traditional New Options
Vapor barriertape = LJ2 NJ LISNYSF o6t S {1

+

-
- ; 1
3 A

OR Pl

Vapor Open /
Tapes And
Membranes

V'Y<

_

At sill, high quality modified
butyl-acrylic tape-is vapor
closed
0dzi R2SayQi f
no vapor damming!

DonoOot Dam Mol st ur e,

475.supply | 800995-6329 . .
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A Enclosure

I Continuous
Insulation

I Thermal bridge
free joints and
penetrations

A THINK
THERMOS

475.supply | 800-995-6329
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I SACSr . g
A2M, Passive + Architecture

Ther mal Br eaks '
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Thermal Control

- Sheeps Wool

475.supply | 800-995-6329
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OQutboard

Vapor
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Open, |
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