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Architecture 2030

Focus on energy consumption
— Real targets, not “% below something”
* Goal is Net Zero Energy
—60% until 2015
— 100% by 2030
Baseline is approximately the energy use of all

buildings of same type and location in 2003 or
o)

www.BuildingScience.com

Total Energy Intensity (kWh/m?/yr) during 2005

Actual Energy Consumption of Canadian Commerical and Institutional Buildings
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Single Family Housing
Chart 9. Energy consumption by year of
construction, 2007 (G) per household)

110 =30 500 kWh
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GJ per household

Period of construction
Natural Resources Canada, OEE, 2007 Survey




2180
5030
2030 CHALLENGE Targets: C A.A A"
Averages for Site Energy Use and ge Energy Targets by Type'
Commercial Space/Building Type Average Site EUI l 2030 Challenge Site EUI Targets (GJ/m™/Yr)
(OGN |"50% Target | 60% Target | 70% Target | 80% Target | 90% Target |
ST Vi {
Wnolesale Trade | 1.470 [_0735 | 0588 | 0441 | 0204 | 0147 |
Retall Trade 1.707 | 0.854 0.683 0512 0341 01mn
Transportation and Warehousing [ 1323 0661 | 0829 | 0307 | 0285 | 0132 | ° ° °
Information and Cultural Industries | 1892 0946 | 0757 | 0568 | 0378 | 0189 |
= EEErm Design Principles
Educational Services | 1.696 0848 | 0678 | 0509 | 0339 | 0470 |
Healthcare and Social ASsistance | 2212 1106 | 0885 | 0664 | 044z | 0221 |
Ats, Entertainment and Recreation | 2156 1078 | 0863 | 0647 | 0431 | 0216 |
Accommodation and Food Services [ 4670 2335 | 1868 | 1401 | 0834 | o467 | -
Other Services | 1439 0719 | 0576 | 0432 | 0288 | 0144 | -
Ontario Il - Z . R
Wholesale Trade 1.853 .926 741 556 .371 185
Retail Trade 1622 811 649 487 324 | 162
and 1.308 .699 .559 419 280 | 0.14
| information and Cultural industries 1734 867 693 520 .347 A7
Offices 395 kWh/m?/yr 1421 .710 568 426 284 | 14;
___ Educational Services 490 kWh/m?/yr  1.768 884 .707 530 354 177 |
Healthcare and Social Assistance 1 2.038 [ 1019 815 611 | 0408 | 0204
Arts, Entertainment and Recreation 1 2677 ] 071 0803 | 0535 | 0268
Accommodation and Food Services | 2597 [ 1299 1.039 0779 | 0519 | 0260
Other Services | 1.568 [ o784 0.627 0470 | 0314 | 0.157
Ontario
Single Detached 0.830 0.415 0332 0.249 0.166 0.083
Single Attached 0.830 0415 0332 0.249 0.166 0.083
Apartments 190 KWh/m?/yr] 0677 0.339 0.271 0.203 0.135 0.068
Mobile Homes 1.203 0.602 0.481 0.361 0.241 0.120

Process and Philosophy Available Strategies

° Sltlng (small impact)
— Orient with sun, wind, rain, earth shelter?
Set measurable targets, predict usage, » Shape and Form (small to moderate impact)

measure performance — Small, Compact, simple

Decide to value low energy consumption

Stamp out waste everywhere
. . . — Insulated, airtight, durable, sol trol

Use energy efficiently when you need to use it [ouiated, airtight, durable, sofar contro

Efficient Equipment (mod impact)

— Not there or off is best, controls help

Renewable Energy Generation (impact varies)
— Only after very significant reductions

Exceptional building enclosure (mod to large impact)

Do not sacrifice safety, comfort, health and
durability

www.BuildingScience.com Buildings, 11-09-27 8/175




Basic Goals (cold/mixed)

Keep heat in

— When it is cold Insulation
Airtightness

Keep heat / sun out Solar Control

— When it is warm/hot

Last a |Ong time Rain Control

— Reduce construction/repair resources over time

Use efficient equipment

— Efficient lighting

. . Off is very efficient
— Efficient computers, elevators

9/175 11-09-27
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I.l Natursl Resowces  Ressources ratureles
neda Carade

: _1,, Toronto Small Office Archetype

Service Hot Water
252 &
ekWh/m? - Fans & Pumps
B -
Source: Stephen Pope, OAA NRCan Lights

- Space & Vent Air Heat
- Cooling

Small Office Archetype:

4010m? conditioned floor area;
3 storey height, 3.65m floor-to-
floor; 1,337m? roof/floor plate

area; 1,604m? gross wall area.

Natural gas fired boilers
provide heat for space, DHW,
and ventilation air heating.
Electricity provides cooling,
lights, fans and pumps.

Canada

MNECB Electricity Heating Fuel 63.7%
Reference Building <MNECB

Climate matters

Seattle-C Phoenix-C Miami-C

5!
KWhe/mv/ year KWhe/m?/year KWhr/m/ year

] 1 gHHpEgN IIIIIIIIIIII
71% INTERNAL 52% INTERNAL % INTERNAL
Seattle-A Phoenix-A Miami-A
168
KWhr/m?/ year n

176
KWhr/m/ year

81% INTERNAL

61% INTERNAL

58% INTERNAL

Beware architecture magazines

www.BuildingScience.com

Typical market Building in
Toronto 55% heat+cool

Other things use energy

Toronto-C
207

KWhr/m?/year

MD40SQ-C

4-storey, square floor plate
50,000 sf GFA

% w-w-r (N, S, E, & W) =

Enclosure “C-Institutional” -
' Illl BpuupE

52% INTERNAL
. poce Heating .\,m.,.u..‘ Jon Feb Mar Agr May Jun Ao Sep Ot Wow Do
. & Lighting 1] Aves Lighting Toronto-A

MD40SQ-A
kWhr/m*/year
similar to above, except: 37% SKIN

Enclosure “A-Exemplary”

63% INTERNAL

From Ross. B
MArch Thwais

www.Bulldingscience.com




Canadian Offices 2007

W Space Heating

& Water Heating
Auxiliary Equipment

= Auxiliary Motors
Lighting

Space Cooling

207 million m2
Average 394 kWh/m?

Source: NRCan Office of Energy Efficiency

www.BuildingScience.com

Canada:

Significant heating
demand,
especially
Prairies and
North

Winnipeg 5750
Ottawa 4600

HDD 18C . Toronto 4000

www.BuildingScience.com

What is outside like where are you building?

« S

Rainfall

Climate Zone

Subarctic/Arctic

Building Science.com

Enclosures  No. 15/

Canwe do it?
* Is it possible or practical to drop energy use by

60% in cold-climate Canada?
* Getting office to 200? 100? kWh/m?/yr?

www.BuildingScience.com




Green on the Grand .
Enermodal Engineering 1995 2 Gra nder V|eW, 2010

* Mostly simple, standard technology
* Modest cost premium

*Measured-energy use: 120 ekWh/m?/yr B mm O E e
*much lower resource consumption
sbetter air quality

*lower first cost

B
W mw BN TR LN

s | LTI R lI!!i | PRSI
g =y

A Grander View Monitored Energy Use -
NRG Building, Vermont
A Grander View" - Predicted and Actual Average Daily Energy Use by Month - v
80
—IGH ESTIMATE 9
—EXPECTED
790 e LOW ESTIMATE
=t ACTUAL ENERGY USE
0
w0
wn
per
day 40
00
00
Annual Energy Use: 75.5 kWh/m?
100 Energy use - 65 kWh/m?/yr
g Purchased energy even less (25 kWh/m?2/yr)
& o $117/sf + $10sf for Renewable energy equipment ——
NOVD9  DEC N L) MAR AP MAY N M AVG sep OCT  NOV'IO -




Waterloo Apartment / Office

¢ Built for median cost in 2005

* Less than 100 ekWh/m? (Ont avg around 250)
» All standard
products

John Straube

Waterloo Region Health & Welfare

* Built 1990. 160 ekWh/m?2/yr. Less than half

national averag

S e T wmmry

—_—
e —
~ —

R —
— . — — —

London City Hall

“Greenest city hall in the world” 2002
“Virtually non-polluting” 2011
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[Thumbnail view

[Environment

[Energy efficiency -
Carbon cmissions -

[Green building

UK news

More on this
story

Nearly half of
FTSE-250
companics kecp

thei carbon
footprints hidden

Halls of shame;
UK's biggest
CO2 offenders

[Public building CO2 footprints revealed (8 pictures) guardian.couk

i
B B e

London UK City Hall

Measured: 376 kWh/m?/yr

E

6/

City Hall, London

Energy efficiency rating: E.

Annual C02 emissions: 2,255 tonnes of carbon

New buildings also fared bedly, rising questions about the validity of sustainability
claims made by architects and developers. London's City Hal, built in 2002, was
described by its architect Foster & Partners as a *virtually non.

building" yet has scored an E

Top Ten List

Commercial and institutional mid-size buildings, Canadian climates

Limit window-to-wall ratio (WWR) to the range of 20-40%, 50% with
ultra-performance windows

Increase window performance (lowest U-value affordable in cold
climates, including frame effects)

Increase wall/roof insulation (esp. by controlling thermal bridging) and
airtighten

Separate ventilation air supply from heating and cooling.

Use occupancy and daylighting controls for lights and equipment
Reduce equipment/plug & lighting power densities

Don’t over ventilate, use heat recovery & demand controlled ventilation
Improve boiler and chiller efficiency & recover waste heat (eg IT rooms!)

Use variable speed controls for all large pumps and fans and implement
low temperature hydronic heating and cooling where appropriate.

Use a simple and compact building form, oriented to the sun, with a depth
that allows daylight harvesting.

www.BuildingScience.com

HVAC

* Architect helps select

Critical role, as HVAC offers about half the
possible savings

Fancy, complex, expensive not often the
lowest energy choice

www.BuildingScience.com

Enclosures

Enclosures reduce space heating/cooling
— and help with lighting, ventilation

We still need energy for other things

— Lights, appliances, computers, elevators, etc
Still need to provide some HVAC!

Great enclosures reduce demand & hrs of
operation

Can’t “insulate to zero”

www.BuildingScience.com




The Enclosure: An Environmental
Separator

* The part of the building that physically
separates the interior and exterior
environments.

* Includes all of the parts that make up the wall,
window, roof, floor, caulked joint etc.

* Sometimes, interior partitions also are
environmental separators (pools, rinks, etc.)

Building Science Enclosures No. 29/

Climate Load Modification

* Building Enclosure (walls, windows, roof...)
— Separates climates
— Passive modification

Form &
Massing

* Keep it simple

* Cheaper, easier, faster
* Fewer

— thermal bridges, air leaks
— Material volumes

— construction challenges

11-09-27

Office: 12 1. floor-to-floor
Floor plate: 14,000 ft*

Size: Floor Area ‘/\WKI,.: /“;so‘é"T.:f
{-s4 88 08 g -gnll |00 pn gg £8
to Enclosure = @ ¢ ‘_:E::I EE
Area ERRIERY
| r
The higher the ratio, the | T
more enclosure design & I
climate impact

performance




* Fewer resources

ST'T']EI”_ll Cﬂmpaﬂt Form -+ Lessheatloss and gain

Large Buildings

Many buildings with
large cores require
cooling in winter
while heating the
perimeter

E Grafia, A Dir Fede /Envrpy sl Baildings 15 (2008 675497

Shape and Orlentation; Heating
Energy for cold climate, small

Fenulryg el
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Core / Perimeter

sPerimeter Zone
sperformance
dominated by climate and
enclosure
sCore Zone
sdominated by interior use.
Climate/enclosure almost
irrelevant
*In most occupancies, core
needs cooling and lighting all
year long, all day




Define “perimeter”

* Maximum distance about 25 ft/ 7.5 m
— Classrooms often 25-30 ft, open plan office
* Minimum often set by walls/partitions of
exterior offices
— Cellular offices often 15 ft/ 4.5m deep

Skin Dominated Building

N

=18 m /60 h

=“Skin-dominated”: Perimeter Zone over
most of floor area

sExcellent daylighting and cross ventilation
opportunities

* Best massing for many commercial
buildings

*Demands good building enclosure
because of increased enclosure area

Skin dominated

il
e

AN

Building Shape .

= Alphabet Soup

—HIABE

Daylight access, view
Cross Ventilation

Usually skin
dominated




Expanded Plans

* Better daylight, easier ventilation but more
enclosure heat loss and gain and air leaks

Grouping buildings

* Grouping units reduces heat loss/gain through
shared walls

* Reduces resource use per unit

42/175

Enclosure Intro Summary

* Enclosure often defines the H/C load

— Architecture defines massing, orientation,
enclosure

* Enclosure more critical for skin-dominated
— Heat flow, Solar control, air tightness

* Lighting, ventilation critical for deep plan

Building Science

Basic Functions of the Enclosure

e 1. Support

— Resist and transfer physical forces from inside and out
* 2. Control Functional Layers

— Control mass and energy flows
* 3. Finish ~N

— Interior and exterior e [~ spronr

surfaces for people ||
[ nas

Distribution — a building function

Building Science




Basic Enclosure Functions

* Support

— Resist & transfer physical forces from inside and out

* Lateral (wind, earthquake) Functional Layers
* Gravity (snow, dead, use)
* Rheological (shrink, swell)

¢ Impact, wear, abrasion :
-~ - SUPPORT
* Control ~ conTRoL
— Control mass and energy flows S pnash
* Finish
— Interior and exterior surfaces for people

Building Science Enclosures  No. 45 /

Basic Enclosure Functions
* Support

— Resist & transfer physical forces from inside and out
* Control
— Control mass and energy flows
« Rain (and soil moisture) Functional Layers
— Drainage plane, capillary break, etc.
* Air
— Continuous air barrier
* Heat
— Continuous layer of insulation
* Vapor
— Balance of wetting/drying
* Finish
— Interior and exterior surfaces for people

~ CONTROL

Building Science.com Enclosures No. 46 /

Other Control . . .

* Support

* Control
— Fire
* Penetration Functional Layers
* Propagation
— Sound
* Penetration
* Reflection
— Light ~~— CONTROL
* Diffuse/glare - SR,
* View
* Finish

- SUPPORT

Building Science.com Enclosures No.47/

Basic Enclosure Functions

* Support

— Resist & transfer physical forces from inside and out
e Control Functional Layers

— Control mass and energy flows
* Finish ~

- N~
— Interior & exterior surfaces for people ) T
~ CONTROL
* Color, speculance [ S -—

* Pattern, texture

Building Science.com




History of ch
Control Functions anges
= Masonry ) Veneer
- T - )
* Older Buildings Plaster % :
G Air space
— One layer does | /2 Buildi
. L} m uilding
everything 77 & e
+ /A Sheathing
L] E Insulation
* Newer Building iy e "
Z‘ 3 Drywall
— Separate layers, i/ ; Services
... separate functions e -
Then Now

What is a

The “Perfect Wall” .
High-performance enclosure?

* Finish of whatever
+ Control continuity Finish * One which provides high levels of control
— Rain control layer ” . . ..
- Perfect barrier Water control layer —fS——» * Poor continuity limits performance
* Drained with gap g . .
- Storage Areontrol layer * Poor continuity causes most problems too:
— Air control layer Theralicstie — . .
- Air barrier — E.g. air leakage condensation
— Thermal control layer Vapor control layer — Rain leakage
* Aka insulation, radiant barriers B,
— Vapor control layer Support > — Surface condensation
* Retarders, barriers, etc s : .
« Structure: anything that  Finish ” — Cold windows

works * This course: continuity + high levels
Fire Control may be needed
Sound Control optional

Building Science.com 51 www.BuildingScience.com




Building Science.com

Ballast

Filter fabric
Control layers

Roof structure

1l 1l Al Il i
Slab Roof
Slab
Control layers
Stones
Earth

Building Science.com

Building Science.com




Building Science.com

] ) — —

Wall

Roof

] ) — —

Building Science.com

= | | i ]

Roof

Wall

Slab

Wwall
Building Science.com 58
’_L Parapet
L Roof
L Wall
Slab
Building Science.com 60




Parapet

8 Roof
- Wall
Footing Slab

Building Science.com 61

Window

Building Science.com

Parapet

Roof
i
N
Wall
e
Footing Slab

Connections: Who is in charge

e DA SR

Open Cladding >

Wall control layers RS

Roof control layers

Building Science.com 63




Enclosure Design:
Details

* Details demand the same
approach as the enclosure.

* Scaled drawings required at

Building Science.com

Perfect Wall expanded

Cladding -
Thermal Control

Water-Air-Vapor Control

—
Structure :
Service Distribution
Finish =

Additional Fire Control may be needed
Sound Control optional

Building Science.com 66

Perfect Wall

* CMU/concrete

—
backup Cladding >
Insulation
Water-Air-Vapor Barrier ~
Structure
Finish =

Building Science.com 67

Any R-value, e.g.
4” PIC=R25

Brick veneer/stone veneer ——»|

5”XPS =R25 Drained cavity
6”MFI=R25

Exterior rigid insulation — extruded

polystyrene, expanded polystyrene,
i , rock wool, fi

Membrane or trowel-on or spray
applied vapor barrier (Class | vapor
retarder), air barrier and drainage
plane (impermeable)

Concrete block

Metal channel or wood furring

Gypsum wall board (GWB)

Latex paint or vapor semi-
permeable textured wall fiinish

-

Vapor Profile

P>




Perfect Wall

e Steel Stud

Backup

Cladding
Insulation
Air-Vapor-Water Barrier

Structure
Finish

Building Science.com 69

-\

A\

A\

EESEE =S T

e

Any R-value, e.g.

4” PIC=R25
5”XPS =R25
6”MFI=R25

Brick one veneer

Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

NININ

Membrane or trowel-on or spray
applied vapor barrier (Class | vapor
retarder), air barrier and drainage
plane (impermeable)

Non paper-faced exterior gypsum

sheathing, plywood or oriented strand
board (OSB)

Uninsulated steel stud cavity

Gypsum wall board (GWB)

Latex paint or vapor semi-
permeable textured wall fiinish

€

www.Bulldingscience.com

-

Vapor Profile

I
A\

I
A\

A\

Condensation & Dryin

| TOF .
)/'[—: 60F i

- 50F H

o

- 40F H
- 30F H
Ll 20F L

H 10F .

R10. L OF L

www.BuildingScience.com

\\

A\

\

L S

I

60 F
50 F
40F
30F
20F
10F

OF

Ratio:

Compromise

Exterior R-value

Studbay R-value

Brick veneer/stone veneer

Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray
applied water, air and vapor control
layer

Non paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

Insulated wood stud cavity
Cavity insulation (unfaced fiberglass

batts, spray-applied cellulose or
spray-applied low density foam)

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

www.BuildingScience.com

controls risk of condensation

Steel studs
compromise
the thermal
performance
Wood studs,
not so much

= Any R-value, e.g.
| 6” wood stud+
—l| 2" Pic=R30

— 3”XPS= R32
-
S

\

4”SPF= R40

(06996880




Compromise= Risks Specifics
- || = 70F
- e [] P - 60F * Now we will look at
111 i
. I8 ! N ] 89F — Rain Control
5 i\ | L 40F . > Durability, Health
g ‘“3 sBr?::tgi'ng || [ — Air Flow Control Energy urabiity, Hea
a il L
E I ml = = 30F &
5 Bl ] H — Thermal Control | comfort
q | dewpoint b L1 20F )
mt A , H * In some detail
I Exterior H = — 10F
0 air el | —
> - LI OF
Distance Through Wall
Tsheathing = Tin - (Tin'Tout)*Rcavity/Rtotal
www.BuildingScience.com www.BuildingScience.com

Rain Control

* Next to structure, the most important,
fundamental requirement

Rain ContrOI * Source of many serious building problems
* Major impact on durability
* Low-energy buildings & rain

— Different enclosure assemblies
— Reduced drying ability= need for better control!

www.BuildingScience.com




Wall System’

A Mass/Storage/Reservoir Walls

Joints Elements
\

Rain Control

Il
( ) l
. Imperfect Barrier Perfect Barrier O
* Elements and joints can be _
different ‘ ‘ '
° Massor Drained? or Perfect Barrier :
Storage Types Screened Types Types "
< B ) | I
|
I
I
and lower and more
permeability permeability J\ J\ I
‘ ar
. " F C led
Cavity? NoCaviy B8t~ BEwea Rubble Solid Masonry Compositel
77777777 Layered
i
Ventilated*  Vented® Unvented

Pressure moderated®

John Straube

Ventilated and pressure moderated

Surface features such as Overhangs, Drips, etc are important for mass walls

L o Wi G VT

No building paper, flashing, weepholes

—

SRR “=Rain Control 78 Rain Control 80




s Avced tharmal
flarking at
windows

Il Insulation R-value & vapor
Il |l permeance depend on:
1. Exterior climate (temp / drying)
2. Interior humidity levels
3. Rain exposure

|[ |l Freeze-thaw resistance of brick should be
I[ investigated
By observation and/or testing

— Akssal i beams
and reduce
insulaton to 1*

Wall System

—h—

Categorizaﬁon Joints Elements
( )
. Imperfect Barrier Perfect Barrier
¢ Elements and joints can be
different
Mass or Drained? or * Perfect Barrier
Storage Types Screened Types Types
1)
1
Less mass More mass )
and lower and more
permeability permeability
3 " Face Concealed|
Cavity No Cavity Sealed Barrier
””””” )
Ventilated*  Vented® Unvented

Pressure moderated®

Ventilated and pressure moderated

Perfect Barrier / Face Sealed

i

e—
.4—
i
N NN N NN

—
SAP

| !

/
Structural Glazing Steel-Clad Face-Sealed
Foam Panels EIFS

www.BuildingScience.com

It is all about joints, transitions, penetrations

www.BuildingScience.com




Wall System’

[
Joints Elements
\

Categorization

( A

. Imperfect Barrier
¢ Elements and joints can be

Perfect Barrier

different o ‘
Mass or “ Drained? or Perfect Barrier
Storage Types Screened Types Types

L<: W

Less mass More mass
and lower and more
permeability permeability
|
|
Cavity? No Cavi Face
y y Sealed
l
Ventilated*  Vented® Unvented

Pressure moderated®

Ventilated and pressure moderated

l

—

|
Concealed
Barrier

Drained Walls

* “Pressure Equalized Rainscreen” are a fictional sub-
set of drained walls

N\
N

N

Lap Siding Panel Cladding Masonry Veneer
Systems

Building Science 2008

Requirements for a Drained Enclosure

v
=

1. "Rainscreen” cladding ——»
Ww—

2. Drainage space i

3. Drainage Plane

4. Flashing —

Structure / Backup wall

5. Drain Opening
(Ilweepll)




Requirements for a Ventilated Enclosure

f

Ventilation space

-

Vent Openings -
/

il

Structure / Backup wall

www.BuildingScience.com

Shingle lap is the best,
most reliable

Beware vertical
installation and wrinkles!

www.BuildingScience.com

Formable or
fluid applied

Self-adhered

membranes 3

www.BuildingScience.com

Air-Water-Vapor

* Often thin layers

* Can be
1. Water control (vapor permeable, not airtight), or
2. Air & water control (vapor permeable), or
3. Air, water & vapor (vapor impermeable).

* Examples

— Building paper, untaped housewrap, sealed and
supported housewrap, fluid applied, peel and stick

www.BuildingScience.com




Air-Water
Control Layers

Sloped and complex

surfaces demand very

high performance.

LAPPING very Important

Details

* Air & water & vapor

transition membranes

htrol  No.95/79

Fluid-applied products ~ -
avoids laps >

5k S

Non-adhered, vapor
permeable
=modest performance

Supported flexible
membrane is better




Fully-adhered air-water barrier

Vapor Permeable!

www.BuildingScience.com

for transitions

Often use membranes

Mixed membrane + fluid-applied

www.BuildingScienc

Spray/Trowel Applled A|r/water

* Semi-permeable

Closed-cell spray
polyurethane foam:
ccSPF

-Rain control
-Air Control
-Thermal Control
- Vapor Control




Continuity is key!

¢ Must ensure no rain leaks
* Airflow control should be as continuous as

practical Air FIOW ContrOI

Thermal control
— We live with penetrations

— Minimize steel and concrete to small local

* Vapor control
— Not that important to ensure continuity

www.BuildingScience.com

Air moves more vapor than diffusion!

Air Barrier Systems - s o
+ i vapo+ conte ey S oy o SO0
* Need an excellent air barrier in all buildings
— Comfort & health oA s P
— Moisture / condensation o T
— Energy
— Sound, fire, etc.
* Can’t make it too tight. e L oy A
* Multiple air barriers improve redundancy =3 tablespoons Diﬁusmn.i::.:rely - J:;;p‘

Air leakage almost always is!

Calculations for a single stud bay, 8 ft tall, 16” wide

www.BuildingScience.com www.BuildingScience.com




Air leakage

Hard to save energy with the door open
Buildings getting tighter, but .. ..
— Many still leak way too much
— We can’t identify the leakers
— Need to test! Commission!
* Ventilation: Many try to improve air quality by
increasing quantity
— Target good air when and where needed

105/175 11-09-27

Air Barriers and Energy

Requirements

— Continuous (most important)

— Strong

— Stiff,

— Durable,

— Air Impermeable (least important)
Easily 1/3 of total heat loss is due to air
leakage in well-insulated building

106/175
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= _—
/‘// - == “
L,,,__L W Drywall caulked, glued or ‘[‘l s "-’ Polyethylene
i ¥
L
l
l
I
J

gasketed 10 top plate

Exterior sheathing caulked, Cauking / sealant

glued or gasketed to op plate
i

Claaden Polyethylene

Taped or sealed joints in

exterior sheathing

Exterior sheathing caulked, Caulking / sealant

= glued or gasketed 1o bottom plate
—

i Vapor permeable housewrap
| wrapped around floor assembly

= ==
- i Causking / seatant
1 Exterior sheathing caulked, i
glued or gasketed to top piate 1
Polyethylen
Tape or sealant, over joint in T olyethylene
exterior sheathing il
Tapod or sealed joints in u )
exterior sheathing b Coulkdng / snalent
| Polyethylene sealed
Exterior sheathing caulked, i to inside face of

glued or gasketed to bottom plate bottom plate

Bottom plate installed over sill gasket Bottom plate installed
over sill gasket
Note: shaded components designate Note: shaded components designate

Building Science air barrier system Airflow Control  No. 107/79 air barrer system
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vapour control
-Must be sealed and

have vapor control

rol 109

Poly combines air and

supported to be air barrier
-Cover most area and you

Rigid Exterior Air Barrier

Building Science.com 110

Lapped sheet or liquid-
applied water and air barrier

Rigid foam or semi-rigid

imimeral fiber insulation;
nominal 1" drainage gap

Insulation retention washer -

Vent and drain ——
openings @ 24" o.c

Stainiess steel
projecting drip flashing

Vent openings

Use backer rod to fill
deflection joint and debond
water and air barrier

\
N\

NN §
——

Intermittent steel angle to support
gusset that supports shelf angle

Bent sheet metal concrete
form closure

— Concrete fioor slab or

Moisture-resistant gypsum sheathing

Acoustic ceiling

Deck level vapor control membrane rarely required if closed cell foam used

Roof air barrier

Fully-adhered membrane

Coverboard

Two layers of rigid insulation
(joints staggered and offset)

Slope to drain
min. 2%

Fully-adhered membrane air barrier

Roof deck sheathing

Fluted metal deck

Building Science.com 1




Thermal Control

Thermal Control

* Insulation
— Slows heat flow in and out
* Windows
— Slow heat flow in and out
— Control solar gain : allow or reject?

. ”COOIH roofs c(mvecuon@
— Reduce solar gain R;\\S\ 2
. . ' 4 ( .
* Radiant barriers )~

P

www.BuildingScien f—

Thermal Insulation

Insulation R-value/inch k (W/mK)
Empty airspace 0.757-1.5" (20-40 mm) R2.0 - 2.75 0.36 -0.50 W/m2K
Empty airspace 3.57-5.5" (90-140 mm) R2.75 0.50 W/m2K
Batt (mineral fiber) 3.5-3.8 0.034 - 0.042
Extruded polystyrene (XPS) 5.0 0.029
Polyisocyanurate (PIC) 6.0-6.5 0.022 - 0.024
Expanded polystyrene (EPS) 3.6-4.2 0.034 - 0.040
Semi-rigid mineral fiber (MFI) 3.6-4.2 0.034 - 0.040
Spray fiberglass 3.7-4.0 0.034 - 0.038
Closed-cell spray foam (2 pef) ccSPF 5.8-6.6 0.022 - 0.025
Open-cell spray foam (0.5 pef) ocSPF 3.6 0.040
Acrogel 8-12 0.012-0.018
Vacuum Insulated Panels (VIP) 20-35 0.004-0.008

How much Insulation

* Heat Flow = Area * (T, q4e — Toutside)

. R-value
* Double R-value, halve heat flow. Always.
* Optimum depends on

* Cost of energy over life of building
* Cost of adding more insulation
* Savings in mechanical equipment, controls

www.BuildingScience.com




Thermal Continuity

Some short circuiting is normally tolerated.
High-performance walls tolerate few

Major offenders / weak spots

— Penetrating slabs (<R1)

— Steel studs (<R1)

— Windows (R2-R3)

Area and low R matter to overall significance

www.BuildingScience.com

25
® Steel Studs @ 16" o.c. | Wood Studs @ 16" o.c.
3 < ><
$ 2
-4
5 = ClearWall
C "4 * Nominal
[}
3 15
@
c
-
~
2
= 10
E
£
w
[
>
'g 5
s
w

0 Rsci 3.51n [R-13 3.5im] R-19 6in [R7.5¢| 6in] R10ci 6in |R-15 3.5in| R-19 6in | R-21 6in

* Clearwall 5.8 6.0 7.1 88 | 113 | 100 | 129 | 138
# Nominal 5 13 19 26 | 10 | 15 | 19 | 2

Source: ASHRAE 50.1-2007, Table AS.28. ¢l denotes a layer of continous insulation with no framing penetrations

x

Are studs usually 16” o.c.?

Building Science.com

. \

Are the studs within a heavier structure?

“ Building Science.com I 1 B
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Schick and

Free cantilever balconies are, and have always been, an
Impartant asset to any construction project, helping obtaining a
higher quality of living. When a balcony slab without a thermal
break at the perimeter is cast, it creates a thermal bridge.

The Schick Isokord® can eliminate this “Weak Link” in the
bullding envelope. Effective thermal insulation of the Schock
Isokorb® reduces the risk of condensation, mold formation and
associated damage caused by this effect.

Thermal leakage and energy 1oss is minimized with Isokorb®
The optimum thermal insulation of Isokord® is found in the
highly effective HCFC-free insulation layer made from Polystyrol
foam, used together with stainless steel load transfering
members.

Award-winning Aqua Tower *

'/ /

4

&

]

a

V77
!['! i/
177744

1]

Steel studs ——
\

Sheathing

Second layer of z-bars \

Thermal Bridge Examples o e

layer; orientation of the two 2.
layers will depend on the R\
requirements of the

® Balcon'es, etC cladding attachment

system.

* Exposed slab edges

- Metal panel

‘—First layer of z-bars embedded
in the insulation layer; should the
first layer be installed horizontally,
the exterior leg should be turned
down to promote drainage to the
exterior.




STOFIX® LEVELING SYSTEM ASSEMBLY
HORIZONTAL
Steel studs
Sheathing
Fully-adhered air and
water control layer
[ m—
Continuous insulation
layer o ¥
- \ -
» qoo == STE|
SECTION VIEW PLAN VIEW L2 T E
4 |
Cold STOFIX®LEVELING SYSTEM COMPONENTS : (o] b
formed 5
hat section S ; WALL BRACKET )| @‘
M LA e mel A
/ - =' o et '_n- 063 ALUMINUM
or @ (OR 18 GAUGE
Cold ot e vieo for E GALVANIZED STEEL)
formed T 1 WA Lo O
clip angle ety g
7~ OPTIONAL of
INSULATION, NOT BY K4
WALL BRACKET l
2°,4°OR 6"
ey
VIR, NOT BY KWS —




Fully-adhered air and water —&£44554
barrier, lapped at joints V// A
Continuous thermal insulation - &
(XPS, EPS, PIC, ccSPF, /R
semi-rigid MFI); nominal ,/
1" drainage gap >
Insulation retention washer
(depending on insulation
type) /
Vent and drain Y 7/ ,/
openings @ 24" o.c. N ¥ 7
Stainless steel \\\
projecting drip flashing ™\ .
Shelf angle supported on —~
stand-offs attached to
cast-in plates 7
Vent openings / - | B Gypsum
) board finish | it -

Use backer rod to fill = k I s Sy
deflection joint and debond 7// S - »
water and air barrier . A ¥ Small metal clips

V/ N i . dramatically reduce

/A < I\ | thermal bridging
W \ ; 2
2 \

Windows

* Our most expensive thermal bridges

* Aluminum is 4-5 times as conductive as
aluminum

* Difficult to buy commercial aluminum
windows / curtainwall over R3.

* Allow solar heat in
— Useful in cold weather
— Requires cooling in summer

www.BuildingScience.com




Sealant for air control Aluminum window

layer continuity Enddarh {shows
Wi

beyond)
Metal angle to receive
Tota eat Flow mermbrane back dam
Problem
i i Steel stud framing -
Curtain Wall Plan View ¢
Thermal flanking
2X wood blocking -
) Thermal control; extruded Brick veneer
flanking or expanded polystyrene,
- ° polyisocyanurate, rockwool
frame
Water, air and vapor control
layer
glaZing Exterior sheathing EZZZZ
system
centre of glass > | [ i
» U-value nterior finish » Sill beyond ——————» Solution
> Metal brake
edge of glass —— Carry membrane shape over
. onto curtainwall rigid insulation
shoulder, seal and Sealant and
mechanically )
clamp in place. backer rod
- Thermal control
Water, air and H (insulation) layer
vapor control
membrane
Bu”dmg Sclence 2008 Windows and Curtainwalls  No. 13380

& High tech?

Building Science Windows and Curtain 3 Building Science 2008 Windows and Curtainwalls  No. 13680




e W2

Thermal Break

* Critical for alu windows

* %" should be min
thermal break

Polyurethane

a
|-# Polyamide Nyt

Trecbmeny oo

Figure 4: Frame U-Value vs. thermal break thickness.

137

T

!
i

13

0.8 in rarmal break

Spandrel: glass, metal, stone, \
efc, cladding; air space; insulation,
metal back pan, air barrier

Firestop insulation, smoke seal
and compartmentalization seal

*Spandrels are not
very effective
*R20 in typical
curtainwall has R5

Kawneer

Building Science.com

Double Glazing, Centre of Glass

4.5
GAS FILL IN GAP SURFACES
— e AT L
4.0 — = = Argon 1.= 3
\ ------- Krypton 2 4
S Outside I Inside
35
S 304
8 i
% no coatings
O 25
ez
$5 .,
T 8 20 N\ \ . - e
w ol N =1 §
8 . Y _ coatings
1.5 ~ S P P :
o) \ e =0.10 on surface 2 or 3
s (e = 0.03 available commercially)
0.5
0.0 T I ]1 I T T T
0 5 10 .15 20 25|
1" 3g K £ 1"
Gap Width, mm

www.BuildingScience.com




Centre-of-Glass U-
Factor, W/(m?K)

457

3.5

Triple Glazing, Centre of Glass

GAS FILL IN GAP SURFACES
— - e AT 1 4
4.0 — — - Argon 2 5
——————— Krypton 3 6
Outside Inside
e p— i
—=.==-== NO coatings
e R5
- ——— =
e —w—COatings— R7
\ e =0.10 on surface 2 or 3
(e = 0.03 available commercially)
T T T T T
0 51 o T [ 20 23|
1y 3g" 73 3, 1"
Gap Width, mm

www.BuildingScience.com

Effective Overall Wall R-value (hr f F/ Btu)

w=t=1, Uwindow=0.45, Rwall=6
==2. Uwindow=0.40, Rwall=15
=&=3. Uwindow=0.35, Rwall=20

=4, Uwindow=0.25, Rwall=20

9

w5, Uwindow=0.15, Rwali=20
—+—6, Uwindow=0.15, Rwall=30

B

-

»

40 60
Window-to-Wall Ratio (WWR) %

www.BuildingScience.com

Overall Hective Thermal Resistance (R)

0 4

Building Science 2008

== 2x4 wood R12, wood/viry! double glazed air
=246 wood stud R21,4” polyiso, vinyl/wood double glazed low-e Argon

e 26 wood R21, vimy/wood

ble glazed kow-e argon
== 2x6 wood R21, 1.5"pokyisa, virylwood double glazed low-e argon

—=2x6 wood stud R21,1" extuded polystyrene, fberglass triple gazed low-e

krygton
| a::%% ~9~ 2xf wood stud R21,4" polyiso, fiberglass triple glazed low-e krypton

Window to Wall Ratio (WWR %)

Windows and Curtainwalls  No. 14380

Annual Energy Demand (kWh/m2/yr)

More Windows means more energy consumption in a cold climate

200
® Space Heating ™ Cooling  Lighting ™ Plug Loads ™ Pumps & Fans * Servers * Cooling Servers
175 r— pram—

g

-

N

u
™)

25

- -
° g 3 8

S Bw
-.‘
w

30% 60% 100%
Window-to-Wall Ratio




Enclosure Summary

Simple compact form, oriented to the sun
Identify functional control layers

— Rain, air, heat, vapor

Provide continuity of control layers

— Details, thermal bridging

Select high levels of performance

www.BuildingScience.com
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